Fish Poisoning: A Problem in Food Toxication

ALFRED F. BARTSCH and EARL F. MCFARREN'

INTEREST IN POISONOUS FISHES has intensified
greatly in recent years. World War II brought
many Americans and FEuropeans to tropical
areas of the world where fish poisoning is com-
mon. Also, interest in the welfare of native
populations of the Pacific islands has developed
widely, and there is an impression that fish
poisoning is increasing. In spite of an extensive
literature, there is considerable confusion on the
subject.

Some marine organisms are dangerous be-
cause of their venomous stings or bites, while
others are poisonous to eat. Among the latrer
are shellfish of several kinds, including mussels,
clams, and oysters. Some fin fishes also are poi-
sonous to eat. They are intrinsically poisonous
and, like the roxic sheilfish, do not produce their
undesirable effects through bacterial spoilage.
Such fishes are the subject of this paper. The fish
poisoning problem is especially insidious be-
cause of its inconsistencies. For example, a
species is not always poisonous and therefore
summarily rejected; it may be eaten safely in
some localities and not in others, or at some
times of year and not at others. Large specimens,
otherwise attractive as food, are believed more
likely to be dangerous than smaller ones.

Different from the usual fish poisoning epi-
sodes is Haffs” disease noted among fishermen
along the Baltic Sea coast of East Prussia and
at Lake Ysmen in Sweden (Schwimmer and
Schwimmer, 1955). The more than a thousand
victims had consumed eels, eel livers, and a few
other kinds of fish. Animals that ate the fish
also became ill and died. Selenium was once
thought to be involved in the etiology (Betlin,
1948); toxic blue-green or other algae in the
food chain of the fish have been suspected, also.

Another atyp1c'11 episode occurred recently
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along the shores of a small bay in Japan, where
local people were poisoned by eating fish and
shellfish. Their affliction has been called Mina-
mata dzsease after the name of the bay. Investi-
gation® has shown the causative agent to be a
mercury compound accumulated in the tissues
of the sea food. Mercury was reaching the bay
as a component of wastes discharged from a
vinyl chioride manufacruring plant. Remedial
waste handling measures recently installed at the
plant, coupled with 2 ban on fishing, bave been
fairly successful in curbing the number of new
cases.

Typical poisonous fishes are limited princi-
pally to the warm seas lying mostly between 30°
N. and 30° S. They are most numerous around
isolated islands far from continental shores, such
as those of Micronesia, Melanesia, and Polynesia.
In the Caribbean, they are common around the
West Indies.

In spite of the numerous shore and reef fishes
available as food in the tropic seas, potential
toxicity is a deterrent to commercial harvest as
well as to use by native populations. Because
recognition of poisonous specimens presently
requires tedious and time-consuming techniques,
a tremendous poundage of potentially useful fish
cannot be brought to market nor used freely
to meet the food needs of local populations.
This problem is far from solution at the present
rime.

HISTORY

Existence of poisonous fishes became much
better known during World War II. They ate
believed to have killed more than 400 Japanese
military personnel in Micronesia alone (Hal-
stead, 1959). American military manuals warned
against poisonous fishes, one (Smithsonian In-
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stitution, 1944) stating: “All these fish [with
poisonous flesh} lack ordinary scales such as
occur on bass, grouper, and sea trout. Instead,
these poisonous fish are covered with bristles or
spiny scales, strong sharp thorns, or spines, or
are encased in a bony box-like covering. Some of
these have naked skin, that is, no spines or scales.
Never eat a fish that blows itself up like a bal-
loon.” Subsequent military literature has been
revised in the light of more recent knowledge.
Nevertheless, some service men by mistake have
partaken of poisonous fishes, with painful result.
A number of cases have been cited in the litera-
ture (Halstead, 1951, 1954). U. S. occupation
or trusteeship of many Pacific islands has em-
phasized to Americans the problem of poisonous
fishes.

Centuries ago, however, poisonous fishes al-
ready had made a mark in history. Captain Cook
and several officers of HMS “The Resolution”
almost ended their voyage in 1774 because they
were poisoned from eating a puffer obtained
from natives in New Caledonia (Courville ez al.,
1958). Down through the years many articles
have been written by persons whose scientific
interests or economic pursuits have brought
them in contact with the problem. Their reports
of case histories invoke a healthy respect for
the dangers of fish poisoning. The following ex-
amples show why.

Ciguatera

In May of 1956 in a rooming house at Fort
Lauderdale, Florida, a fine-looking 6V5-1b. bar-
racuda (Sphyraena sp.) was taken from a deep
freeze, where it had been kept since capture the
day before, and prepared for the evening meal
(Paetro, 1956). It was served to five guests and
all of them became ill within 2 hr. Three of the
victims were hospitalized. Recovery took from 2
to 6 weeks, with symptoms persisting in one
case almost 4 months.

Puffer Poisoning

At about the same time, a 65-year-old tour-
ist in south Florida ate the liver of a puffer
(Sphraeroides testudinens Linnaeus) common in
the area (Benson, 1956). Symptoms appeared
within 5 min. and the victim died 45 min. after
eating the fish.
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Moray Eel Poisoning

At Saipan during May of 1949 several Fili-
pinos captured a G-ft. moray eel (Gymnothorax
flavimarginatus [Ruppell) which they dressed,
sliced into steaks, and cooked, including the
head (Khlentzos, 1950). All 57 persons who
ate the fish became sick. After 3 days, 50 who
were bedridden and unable to talk were taken
on litters to the Saipan dispensary, and the
sickest 17 of this group were moved by air to
the general hospital at Guam. Two died, one
after 14 days and the other after 20 days. In the
others, recovery was prolonged, in some cases
taking 2 months or more.

Scombroid Poisoning

In Hiroshima during the winter of 1953,
three households bought dried mackerel pike
(Cololabis saira Brevoort), known locally as
“samma sakuraboshi,” from a peddler (Kawa-
bata ez al., 1955a). After broiling, the fish was
eaten by 11 persons, who within 215 hr. de-
veloped flushing of the face and upper half of
the body, palpitation, severe headache, dizziness,
and nausea. Fourteen outbreaks of this type of
poisoning, involving 1,215 persons, occurred in
Japan during a 2-yr. period ending October
1954 (Kawabata et al., 19554). In this fairly
mild poisoning, victims commonly recover in a
day or less.

STATUS OF FISH POISONING IN
THE MARSHALLS

Although many species of fishes known to be
poisonous occur in tropical areas, much atten-
tion has centered on the Marshall Islands. Start-
ing in 1924, Matsuo, a Japanese medical officer,
studied the poisonous fishes at Jaluit Atoll for
a number of years (Matsuo, 1934). He listed
36 of 180 species there as poisonous. In 1941,
Hiyama studied the fishes at Jaluit and wrote a
superbly illustrated report (Hiyama, 1943). At
that time, other island groups in the Pacific
seemed little involved with fish poisoning, and
even now Jaluit is considered by some as the
center of the problem.

Scientific interest in the United States was
stimulated by outbreaks in the Line Islands in-
volving 95 persons out of a population of 224.
Subsequent studies by Halstead and his asso-
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ciates (Halstead, 1959; Halstead and Bunker,
1954) led them to conclude that fish poisoning
at Midway, Johnston, and the Line Islands rose
to a peak in 1947 and has since declined. As re-
cently as 1958, however, Marshallese of Majuro
and Jaluit atolls believed that fish poisoning
was still increasing and expressed their concern
to the Trust Territory. As a result, an explora-
tory survey was made at request of Trust Terri-
tory officials to accomplish several objectives,
including the following:

1. Define the extent of the fish poisoning
problem in the Marshall Islands (especially at
Majuro and Jaluit) in terms of human mot-
bidity, and other epidemiologic characteristics
available, in relation to the fishes involved and
their toxicology.

2. Ascertain if poisonous fishes are currently
available in the area for human consumption.

3. Collect sufficient information to permit
development and proposal of a long-range de-
finitive study of the problem, if indicated.

Epidemiological Characteristics

Epidemiological data came from reviews of
Out-Patient Department (OPD) records of the
Marshall Islands Memorial Hospital on Uliga
Island of Majuro Atoll, questionnaires distrib-
uted in the Majuro area, and house-to-house sut-
veys at a number of islands. Included were
Darrit, Uliga, and Majuro islands of Majuro
Atoll, and Jabor and Imroij islands of Jaluit
Atoll. Survey conditions at Jaluit were difficule
and less than satisfactory because of appalling
damage and disruption caused by a recent
typhoon.

OPD summaries for 1955-57 yielded infor-
mation on the number of persons with fish
poisoning and those with a diagnosis of gastro-
intestinal illness (Table 1). Respiratory illnesses,
constituting a group of diseases unrelated to fish
poisoning, were examined for comparison. Dur-
ing this period visits increased 60 per cent,
whereas fish poisoning and gastrointestinal ill-
nesses increased two to three times. Trends in
incidence of respiratory illnesses also showed
only a very slight increase and thus no apparent
relationship to the other two. Information on
population change that would be reflected in
these trends was not at hand, but it was thought
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to be slight. There appears to be no reciprocal
relationship between gastrointestinal illness and
fish poisoning, suggesting that the former had
stayed near its expected level and was not being
misdiagnosed as fish poisoning. However, paral-
lelism of the trend curves raises the question of
whether fish poisoning may be mistaken for
gastrointestinal illness. In August 1957 Trust
Territory medical personnel distributed a ques-
tionnaire to all atoll dispensaries in the Mar-
shalls. Use of this form identified the victim,
described symptoms, treatment, and outcome,
and gave the name, origin, and mode of handling
of the fish. It is believed that such information
has not been available in the past to students
of the problem. Questionnaires for the area
accessible to the hospital were selected as a com-
parable group susceptible of analysis. The fol-
lowing information is based on 91 cases.

Twenty-seven species of fishes were impli-
cated in these outbreaks. Eleven cases were
caused by red snapper (Lutjanus vaigiensis Quoy
and Gaimard), 8 by rock cod (Epinephelus
fuscoguttarus Forskal), 5 by mijmij (Lethrinus
microdon Cuvier and Valenciennes), 4 by each
of two other species, 3 by one species, 2 by
each of seven, and each of the remainder by
separate species.

The victims were in the following age groups:

PER CENT OF
TOTAL
DISTRICT
PER CENT | POPULATION
AGE NO. OF |OF TOTAL OF
GROUPS PATIENTS | NUMBER AGE GROUP
0-5 5
6-14 ’ 2 } 8 ‘ } 39
15-44 | 73 80 39.4
454 | 10 11 214
unknown | 1 - -

The small number of victims under 14 yr. is
striking, 8 per cent, since this age group consti-
tutes 39 per cent of the population. Because
common varieties of gastrointestinal diseases
usually involve children more frequently than
adults, these reported illnesses probably are not
classical enteritis. Based on a year’s data and a
population of about 2,500, the fish poisoning
attack rate was 9.3 per cent.
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Of the persons who partook of the fishes in
question, 76 per cent became ill; 24 per cent of
them were hospitalized. The onset of symptoms
ranged from 30 min. to 12 hr. after eating, with
a median of 3 hr. Symptoms reported for the 91
victims were:

|

NG, OF
SYMPTOM PERSONS PER CENT
numbness and tingling 52 57
muscle aches 9 10
nansea 45 49.5
vomiting 50 55
diarrhea 60 66
abdominal pain 54 59
weakness 27 30
dysprea 8 9

In some island areas the view is expressed
that only fishes taken on the outer reefs are
likely to be toxic; elsewhere the view is re-
versed. Here 72 per cent came from the lagoon,
18 per cent from the reef. Obviously, select-
ing fish by place of capture is poor protection
against poisoning. Although some fish were con-
sumed within 30 min. of capture, others were
kept for as long as 48 hr., so that spoilage seems
a distinct possibility in some cases; 46 per cent
were prepared by evisceration, but 40 per cent
were not cleaned at all. Uncleaned fish com-
monly are eaten in their entirety.

The erratic distribution of fish poisoning
among Pacific island groups still challenges in-
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terpretation. There is little reason to believe that
fish taken in other coral reef areas are handled
in a significantly different manner or with better
sanitation than in the Marshalls. It is assumed
that they also are left routinely ar air tempera-
ture until consumed and that the extent of
cleaning varies widely. Accordingly, fish han-
dling is not considered a significant factor, and
it is more likely that distribution of poisoning
reflects the intrinsic toxicity of the fishes, ac-
quired in the ocean or reef environment from
which they came.

During recent years fish poisoning has been
common in the vicinity of Majuro Atoll, but ab-
sent at Koror in che Palau Islands lying at the
same latitude 2,000 mi. west (Table 1). In
public health statistics for the entire Trust Terri-
tory, fish poisoning episodes are included in the
accident category. The accident rate in the Mar-
shalls is higher by at least 50 per cent than the
rate for the entire Trust Territory. These pieces
of information, though limited, still suggest a
greater prominence of fish poisoning in the
Marshalls than elsewhere.

Survey Information

At Rita and Uliga islands, 35 families with
a total membership of 375 persons were visited
to obtain information on their experiences with
fish poisoning during the previous year. During
the questioning it became obvious that at least
some persons differentiated common diarrheal
disease from fish poisoning. Fourteen per cent

TABLE 1

SUMMARY OF MARSHALL ISLANDS MEMORIAL HOSPITAL DISPENSARY (OPD) REPORTS

TOTAL OFD GASTROINTESTINAL FISH RESPIRATORY
YEAR PATIENT VISITS ILLNESSES POISONING ILLNESSES
1953, last haif 3,439 97 22 862
1956 7,696 190 100 2,304
1957 11,686 791 211 1,615

SUMMARY OF KOROR HOSPITAL (PALAU ISLANDS) DISPENSARY (OFD) INFORMATION

1956 23,604

1957 31,355

1958 9,143
(Jan—~Apr.)

1,105 NR*
1,220 NR
511 NR

# NR =No cases reported.
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of the persons questioned reported that they had
been victims of fish poisoning; 6 per cent were
hospitalized and the other 94 per cent reported
to the OPD for treatment.

Rock cod (Epinephelus fuscoguttatus For-
skal), red snapper (Lutjanus vaigiensis Quoy
and Gaimard), mullet (Chelon vaigiensis Quoy
and Gaimard), and rabbitfish (Siganus puellus
Schlegel) were each involved in only three in-
cidents although many families normally ate
these fish. Similar data on Majuro Island gave
an attack rate of 15 per cent for the previous
year. Here the implicated fishes were rock cod
(probably Anyperodon lencogrammicus Cuvier
and Valenciennes), scavenger (Lethrinus sp.),
and parrotfish (Callyodon pulchellus Ruppel).

Information obtained from native popula-
tions is filled with inconsistencies and is difficult
to interpret. In some cases a fish pointed to as
toxic would be accepted readily and used as
food. Taboos and customs add confusion. Much
difficulty results from faulty communication and
the language barrier, especially as to names of
fishes. Toward alleviating this problem, it was
necessary to translate Marshallese names to Eng-
lish and technical names, although this did not
solve the problem completely.

Availability of Poisonous Fishes

In most efforts to ascertain the presence of
poisonous fishes in a given area, it has been
common practice to capture as many fish as pos-
sible and subject them to animal assays. Fish
tissues were fed to cats, rats, mice, chickens,
mongooses, and other animals, or tissue extracts
were injected intraperitoneally into mice. Ob-

taining an understanding of the logistic prob-

lems to be faced in a future on-the-spot inten-
sive study of the problem was a main reason for
collecting fishes and undertaking exploratory
tests to determine their toxicity. It provided a
first-hand, thorough, personal “feel” for the ob-
stacles to be encountered by future investigators,
and suggested solutions. Concurrently, some
idea of the availability of poisonous fishes was
obtained.

Fishes were taken at Majuro and Jaluit atolls
by spearing, poisoning, or angling, and a few
were obtained by Marshallese fishermen using
throw nets. There were various collecting sta-
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tions representing lagoon, outer reef, and oceanic
habitats. Of the many fishes collected, 66 speci-
mens frepresenting 41 species from Majuro
Atoll and 41 specimens representing 26 species
from Jaluit Atoll were selected for study. Some
were assayed by mouse injection, others by both
mouse injection and cat feeding. The mouse as-
say method is the same as used in assaying for
paralytic shellfish poison (McFarren, 1959). It
is known to be applicable to puffer fish poison
(Hori, 1957; Hashimoto and Migita, 1951), and
other investigators (Hiyama, 1943; Halstead
and Schall, 1955) have used a similar method
for other species of fishes and presumed it to
be applicable.

In our tests each of three mice were injected
with 1 ml. of the supernatant fluid obtained by
centrifuging an aqueous acid extract of ground
whole fish, muscle tissue, or visceral organs such
as liver, ovaries, or intestines. Mouse responses
were observed thereafter for at least 18 hr.

Fishes were prepared for cat-feeding tests by
cooking small pieces of muscle or other organ
for 30 min.; 100 g. of such material offered to
a mature cat previously fasted for 24 hr. was
always eaten readily; occasionally 200 g. were
fed without difficulty. Puffers (Tetraodon his-
pidus Linpaeus), although available, were not
tested with cats because positive mouse response
was sufficient indication that fed cats would
become ill (Murtha ez 4l., 1958).

Test results are summarized in Table 2. In all,
171 preparations wete used, 124 extracts from
98 specimens injected into mice and 47 portions
from 43 specimens fed to cats. These repre-
sented 51 different species. Of this total only 3
specimens of puffer (Tetraodon bispidus Lin-
naeus) .were clearly toxic to mice, while 4
specimens—3 of red snapper (Lutjanus gibbus
Forskal) and 1 scavenger (Lethrinus miniatus
Bloch and Schneider )—caused illness in cats.
On the basis of the tests used, only 7 of 98 speci-
mens comprising 3 of 51 species tested could be
considered potentially toxic to humans. Actually,
the muscle of only 2 of the puffers was found
toxic and the viscera of the third only mildly
toxic. The muscle of another red snapper and of
6 other species of the snapper family (Lutjani-
dae) were nontoxic by cat-feeding test (Table
2).

































