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SUMMARY

o ike all living things, fish and other aquatic
animals can carry parasites. This is entirely a
natural occurrence, Most pose little public health
concern. Some parasitic worms, or helminths, can,
however, be transmitted to people who eat infected
fish or fish by-products.

Worldwide, over 30 species of parasitic helminths—
commonly known as roundwornis, tapeworms,
flukes, and thorny-headed worms—are known 1o
causce human intections. They are found in fishes,
crabs, craviishes, snails, and bivalves, such'as clams
and oysters. Most ol these parasitic infections are
rare and cause only slight to moderate illness. Some
infections are more prevalent, however, and mav
pose scrious potential health bazards.

At one time, the majority of marine lish-borne
infections aecurred primarily in coastal regions,
where sealood products were most likely to be
consumed. However, continuing improvements in
transportation, technology, and food handling now
allow fresh fish o be shipped throughout the world.

Although the overall risk of human infection
remains slight in developed counuies like the
[nited Stares, increased exploitation of marine
resources, changes in dictary habits {especially the
growing consumption of raw fish dishes like sushi
and sashimi), and the wendency o reduce cooking
times when preparing fish products, all increase our
chances of hecoming infected with rhese parasites.

Nonetheless, with the exercise of common sense and
proper precautions, fish dishes will continue to be a
safe and wholesome component of our diet.



INTRODUCTION

ish is correctly regarded as a healthy compo-
e nent of the dict; it is an excellent source of
protein and is low in saturated fats. In additon,
most fish and seafood products are sale ro eat.
Just as there are risks to cating raw or undercooked
meat, however, there are risks associated with cating
raw, undercooked, pickled, and lightly or cold-
smoked fish dishes.

Compared to the large-scale and indisputable public
health hazards associated with natural toxins,
bacteria, and viruses found in seafood, human
infections by parasitic worms in edible fishes are
comparatively rare. Risks do exist, however, and the
consumecr should be aware of them and know how (o
cvaluate their potential consequences.

Acceptance of certain risks should be voluntary, as is
true with other loods. For example, most consumers
are aware that raw beef (steak tartare) may be the
vector for the beet lapeworm or cause toxoplasmosis,
just as they know that undercooked pork may
transmit the pork tapewarm or cause trichinosis.
When consumers choose 1o eat uncooked or
undercooked beef or pork, they accept the risks.
Similarly, there exist possible hazards to cating raw
or underceoked seatood.

The parasitic worms we will describe use the aquatic
food chain to complete their life cycles. Fach link of
this chain is host to a different stage of the parasite’s
life history.

We can become infected when we consume freshwa-
ter or marine fish or seafood containing an infective
stage of the parasite. The infective stage is usually,
but not always, a larval stage,

Over 30 species of parasitic worms are known to be
transmitted to humans by aquatic animals such as
fishes, crabs, crayfishes, snails, and bivalves (Sprent
1969; Williams and Jones 1976), The most commonly
observed parasites in marine {ood fishes ure round-
worms called nematodes. Another common parasite
of fishes, especially freshwater fish like trout and
anadromous fish like salmon, are tapeworm larvae.

Thorough cooking and adequate freezing of seatoods
arc good preventive measures, but these practices are
not always followed and are diflicult to enforce.
Further, interrupting the parasite’s life cycle is
diflicult, and it may not be possible to improve
sanitary conditions in some regions. Prevention and
control of these parasitic discases are probably best
accomplished by educating consumers, health care
workers, and those in seafood industries and govern-
ment agencies as to the risks of cating raw and
undercooked seafoods,

In this brief review, we will discuss how food habits
and geographic location make certain groups of
people more susceptible to worm infections, We also
describe how improved methods of (ransportation,
and even political decisions, have increased the
chances of hecoming infected with certain parasites.
Most importantly, we will provide information on
how to prevent infection,

LIFE CYCLES OF AQUATIC HELMINTHS

i

t is surprisingly difficult to define “parasite”
o precisely. In general, however, parasites are
organisms that live in, or on, ()thcrlorganisms for
much of their life cvcle, deriving food from their
host {or hosts).

The helminthic parasites we will be considering have
cvolved very complicated and fascinating life cycles.
We will give specific, though simplified, examples
throughout the text. In general, their lite histories
involve a common pattern in which an aqualic
emhbryonic or larval stage is followed by one or more
larval stages spent in intermediate hosts. Finally, the
adult stage of the parasite is found in the definitive
host, which is usually a different specics trom the
intermediate hoses,

®

In this publication, we have illustrated the major
hosts of the intermediate and adult stages of
number of common parasites in freshwater and
marinc fishes. We have described which life-history
stages are potentially dangerous, the factors affecting
transmission, and ways in which consumers can avoid
becoming infected, We have alse provided a table
organized by the following taxonomic groups:
Cestodes (tapeworms), Trematodes (flukes), Acan-
thocephalans (thorny-headed worms), and Nema-
todes (roundworms). This table summarizes
information on the epidemiology, discase, diagnosis,
and treatment of the infection.

Epidemiology of Human Helminthic Infections
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FACTORS AFFECTING TRANSMISSION

0 number of very different factors affect the

transmission of parasites. These include

human cating habits and behaviors, particularly
consumption of raw or "lightly cooked” seafood; the
geographic distribution of host species; the possihil-

ity of incidental infection; and importation of
scafood from around the world,

Uncooked Fish Dishes

Examples ol raw fish dishes known to transmit

parasitic helminths include the following:

* Japancse sushi (may have raw scafood with
rice and scaweed)

* Japancse sashimi (thinly sliced raw fish)

* Japancse “salad” (raw fish, fresh lettuce, and

S0Y sauce)
® Hawaiian {emi lomi (chopped salmon,
bell peppers, and tomatoes)
¢ ‘luko poki (Japancse and Hawaiian squid
or octopus dish)
® Pgiu (fish head and visceral organs ripened
in a closed container)
* Dutch green herring {pickled herring)
* Scandinavian gravlex (cold-smoked salmon)
* Laun American cevicke (raw fish marinated
in lime juice)
* Philippine bagoong (uncooked whole Aish)

¢ Cantonese yue-shan chuk (sliced raw carp in soup)
= Pacific Island poisson eru (fish fillets marinated

in coconut juice).

Adults in intestine.

Larvae in tissues. E‘

—

Eggs pass
out with feces,
develop,
release
free-swimming
ciliated larvae.

4

®
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Eating Habits and Human Behavior

Social and behavioral patterns often play a significant
role in the transmission of parasitic diseases. For
example, in the United States, Jewish women once
had a higher rate of infection of the broad fish
tapeworny, Diphyliobothrivm latum, than did people
from other cultures (Desowitz 1981). This was because
housewives unknowingly ingested the infective stage of
the tapeworm while sampling the raw minced-ish in
preparation for gefilie fish (Fig. 1).

Major hosts of the genus Diphyllobothrium. The
fite cycle of the broad fish tapeworm involves
fish-eating mammals {such as humans, dogs,
bears, or sea lions} as definitive hosts, and
crustaceans and fishes as intermediate hosts.

Eggs are excreted by the mammal in its feces
and enter the water. An embryo hatches from
the egg, develops into a free-swimming ciliated
larva, and is consumed by a minute crustacean
called a copepod. The infected copepod is then
eaten by a fish, and the larval parasite develops
in the muscle or viscera of the fish. This is the
infective stage to mammals.

When a suitable predatory fish consumes an
infected fish, it will become infected. if infacted
fish are consumed by humans or other mam-
mals, the larval parasite matures into an adult
tapeworm in the host's intestine. An adult broad
fish tapeworm may grow to 10 meters in length,
produce up to a million eggs a day, live 25
years, and reach infection intensities of 200
worms per persen. A human with a moderate
infection might experience nausea, vomiting,
weight loss, and a number of other symptoms
{see the table).

Larvae develop in
small crustaceans
{copepods).

1S



Infectious larvae
in tissues of fish.

Another example of how social and cultural habits
can contribulte to the transmission of aquatic para-
sitic infections is the current trend of cating raw or
“lightly cooked” seafoods. This trend has created a
notable increase in the incidence of a parasitic
disease known as anisakiasis, which is caused by
larval anisakid nematodes, sometimes called “her-
ring worms” or “seal worms” (Fig. 2). In the United
States, for example, the number of cases of
anisakiasis (suspected and confirmed) rose from 4
between 1951 and 1960 to 31 between 1981 and 1988
(Fig. 3). In Japan, where raw fish and squid are an
integral part of the diet, the number of cases exceeds
1,000 per year (Oshima and Kliks 1986).

The recent increase in reported cases of anisakiasis
worldwide may well reflect advances in diagnostic
technology (for example, endoscopy, radiology, and
immunology), as well as increased physician aware-
ness. Explosive growth in marine mammal popula-
tions in recent years may also he a contributing
factor. Still another explanation for the increase may
be that we are now consuming many different kinds
of fishes than we did.

Eggs pass out with

feces, develop, release

free-swimming larvae.

Larvae develop in small
crustaceans, possibly to
infectious stage.

Major hosts of Anisakfs simplex.* These
roundworms, sometimes called “herring
worms” or “seal worms,” are stomach para-
sites of marine mammals such as dolphins and
sea lions. The intensity of infection may be
enormous, and stomach lesions filled with
worms have heen reported. One scientist
reported more than 10,000 aduit roundworms
in the stomach of the gray seal (Brattey 1989).

Eggs pass into the seawater with the mammal's
teces and develop into first- and second-stage
larvae within the shell. Free-swimming larvae
emerge from the egg to infect small crusta-
ceans such as krill and certain amphipods or
Juvenlie mysids, which thus serve as intermaedi-
ate hosts. if the infected crustacean is eaten
by a sultable fish or squid, the larvae wiil molt
into a third stage, which is the infective stage
to marine mammals and humans.

- When a predatory fish consumes an infected
fish or squid, the third-stage larvae become
astablished In that host. Serial infections (that
is, infections that occur when one fish eats
another and acquires its parasites) can lead to
high intensities of infection in older or strictly
fish-eating fish. The life cycle is completed
when these intermadiate hosts are consumed,
and the fourth-stage matures into an adult in
the stomach of a marine mammal. Humans
represent a dead-end In the life cycie of these
nematodes (see the table, and Oshima 1987,
Sakanari and McKerrow 1989.)

*The closely related nematode Pseudoterranova decipiens
{=Ascaris d., Porrocaecum d., Terranova d., Phocanerma d.)
has a similar life cycle.

Epidemiology of Human Helminthic Infections
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Suspectad and confirmed cases of anisakiasis
in the United States from 1951 to 1988 (from
Deardortf and Overstreet 1990). These data
are hased primarily on reports in scientific
Iiterature or personal knowledge; the actual
number of occurrences may well have been

higher.

An uncommon example of the link between human
behavior and parasitic infection was provided by the
case ol a 17-year-old male who was stricken with
severe abdominal pain (Eberhard et al. 1989).
During surgery, two red nematodes of the genus
Eustrongylides (Fig. 4) were removed from his body
cavity. The larvae of this worm are found in fresh-
and brackish-water fishes, and it was later discovered
that the patient had a history of swallowing minnows
and other live bait while fishing.

Similarly, three cases of peritonitis in Maryland were
traced to the peculiar habits of two tavern patrons,
who gulped live bait while drinking beer, and a
bored fisherman who swallowed live minnows. Two
of these patients required immediate abdominal
surgery; a pair of worms was recovered from each.

[n another case, a New York City resident who had
eaten sashimi earlier in the day was admitted to the
hospital with a preoperative diagnosis of appendici-
tis (Wittner et al. 1989). During surgery, it was
observed that the patient’s appendix was normal,
but a 42-mm worm (identified as a larval
Fustrongylides) migrated out of his abdomen,

Note that all the above cases occurred in the North-
cast. It has been suggested that the high prevalence
of the nematode Kustrongylides in northeastern fishes
may account for these human infections (Eberhard
et al. 1989}, One study found Eustrongylides in 48%
of minnows necar Baltimore, Maryland.

A closely related species of roundworm, [Xectophyma
renale, is also known to infect humans; its life cycle is
similar to that depicted in Figure 4, except that tts
definitive hosts are fish-cating mammals, such as
minks and raccoons. Males may grow to 200-mm
long and 6-mm wide and females to 1000 mm by 12
mm. Eggs pass out in the urine of the definitive
mammalian hosts and develop into infectious larvac
in the oligochaete worm and encyst in fish, crusta-
ceanls, or amphibian hosts, When fourth-stage larvae
are consumed by a mammal, they migrate from the
intestine to the kidney.

There have been three reported human cases of 1.
renale infections, two in the United States and one in
Thailand (Gutierrcz, Cohen, and Machicao 1989).
(In each case, the infections were subcutaneous. )
The large, red larvac are easily detected in the flesh
of fishes. Infected fishes may appear luinpy, have
flesh lesions resulting from migrating worms, or
have encysted larvac in the body cavity—factors that
can lessen the aesthetic value of the catch. Cooling
the fish, however, may prevent larvae from migrating
into the fillets (Deardorff and Overstreet 1994)),




Major hosts of the genus Eustrongylides. The
adult worm of the genus Eustrongylides
infects the intestinal tract of shorebirds like
herons and mergansers. Eggs pass into water
with the bird's feces, and first-stage larvae
develop in the eggs. The eggs are eaten by
worms (oligochaete annelids) and continue to |
develop inside the oligochaete. For at least
one species of this parasite, Eustrongylides
tubifex, fishes are necessary intermediate
hosts, and development continues to the third
and fourth stage. Larval worms may also
encyst in reptiles and amphibians. Adult
worms mature and embed in the stomach, :
intestine, and esophagus of fish-eating
ghorebirds, and have caused mass mortalities.
Infected fish, reptiles, or amphibians may also
pass the parasites to humans.

Recent cases of human infection in Mexico have
underscored the need for caution when one species
of fish is substituted tor another in raw fish dishes, A
case of gnathostomiasis, caused by the larval stage of
the spirurid nematode Grathostome spinigerum (Fig.
5), was reported when marinatec tilapia, a freshwa-
ter fish, was substituted for a more expensive marine
fish normally used in eerviche. Although marinating
fish fillets in lemon juice changes their texture and
appearance, it has little atfect on many parasites,

L

Fggs pass out

Adults in stomach. with feces,
develop,
release
free-swimming

. larvae.

I
-/-_-\ "
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Larvae
develop in
cruystaceans

{copepods),

-~m..... P T
)

Infectious larvae

develop in tissues.

Eggs
pass out
with feces.
Adults in stomach, }
intestine, esophagus.
Larvae
develop In
annelids.

|

Infectious larvae develop in tissues of fish.

Major hosts of Gnathostoma spinigerum. The
third-stage larvae of this roundworm can
cause gnathostomiasis, or "creeping erup-
tion,” as well as various neurological disorders
in humans. Adult worms, which range from 30
to 50 mm in length, are found embedded in
the stomach of numerous domestic and wild
carnivores such as cats, tigers, and dogs.
Eggs pass into the water with feces, and first-
stage, free-swimming larvae are released.
When consumed by minute crustaceans called
copepods, the larva molts and becomes-a
second-stage larva. If an Iinfected copepod is
eaten by a suitable vertebrate, the infective
third-stage larva develops. Acceptable
intermediate hosts include fishes, amphibians,
birds {Including ducks and chickens), and
reptiles. The life cycle is complaeted when the
infected intermediate host Is eaten by the wild
carnivore. In humans, the migrations of the
infective third-stage larvae can cause hoth
visceral and cutaneous larva migrans. In
addition to other tissue and organ damage,
the brain and eye can be affected. The larvae,
up to 10 mm In length, can live for many
years in humans (Harinasuta and Bunnhag
1989).

Epidemiclogy of Human Helminthic infections
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In developing countries where human feces are
used to fertilize (reshwater fish farms and where
fishes wre not sufficienty salted, cooked, dried,
smoked, or pickled, parasitic infections are com-
mon. In mainland China, for example, itis esti-
mated that there are 20 million people infected by
the liver {luke Opisthorchis sinensis, and there may be
4.5 million cases in Korea (Bunnag and Harinasua
198Y: see Fig. 6). The prevalence of infection in
Hong Kong is estimated to be 14%, and may reach
80% in rural areas {Bogitsh and Cheng 1990},
Drefinitive hosts of . sinensis include camels, tigers,
cats, dogs and other canines, and minks; in some
areas, 100% of these animals are inlected. Humans
may also be delinitive hosts.

Flukes similar to €, sinensis are O, felimens, O,
viverring, and Amphimerus pseudofelinens. All differ
from O. sinensis in the species of snail used as first
intermediate host. In Europe, where O, felineusis
primarily a cat parasite and more prevalent than (2,
sinensis, several million human cases are estimated
to occur. Hosts of O, viverrmini include domestic and
wiled carnivores. Thailand is estimated to have 7
million human cases, and some villages have a 90%
infection rate (Bunnag and Harinasuta, 1989). In
addition to humans, A. pseudofelineus infects North
American cats and wild carnivores (Schmidt and
Roberts 1985).

Adults in liver.

infectious larvae
develop in tissues
of fish.

HEALTH

Major hosts of Opisthorchis (=Clonorchis)
sinensis. This parasite is also called the
Chinesa liver fluke. Adult worms reside in the
liver of definitive hosts such as humans and
release their eggs, via the bile ducts, into the
host's intastine. An aduit worm can produce up
to 4,000 oggs per day {Schmidt and Roberts
1985) and may live over 30 years (Bunnag
and Harinasuta 1989). Eggs passed out with
feces reach frashwater ponds, where they are
consumed by a suitable aquatic snail. After
several genarations of asexual reproduction in
the snail, larvae are released {Schmidt and
Roberts 1985).

Upon contacting a fish, a larva embeds itself
under the scales or in the tissue of the fish
and encysts. An infected fish may have up to
1,000 encysted larvae. When Infected fish are
consumed by a human or other appropriate
host, these larval flukes are released in the
small intestine and migrate to the liver via the
bile ducts, where they develop into adult
worms. Although severe symptoms can result
from as few as 500 to 1,000 worms, as many
as 21,000 worms were seen in one Individual
at autopsy [Noble et al. 1989). Note that
humans, cats, or other fish-eating mammals
are the definitive hosts of this parasite.
Humans do not contract the infection from
their pets.

Eggs released with feces,
develop, eaten by snails.

Larvae reproduce asexually in snails;
snails release free-swimming larvae,



Geographic Distribution of Hosts

[n nature, parasites are restricted (o certain
geographic arcas by the availability of specific
intermediate and definitive hosts, Hence,
particular parasitic infections only occur in
certain geographic locations, For example,
sed lhons, which are the delinitive hosts for
the broad fish wpeworm {(Diphyllobothrizom
pacificun, see Fig. 1), inhabit arcas along the
Pacific coast of Peru, but not the Gulf of
Mexico. The life cycle of this parasite is there-
fore maintained along the coast of Peru, not
Panama. This is the reason why Peruvians /
become infected with the broad fish tape- .
worm but Panamanians do not, even though ‘
both cultures eat the same raw fish dish
{Deardorl and Oversweet 1990).

Tourists and immigrants represent one potential
vehicle for introducing a parasite into a new area,
but only it there are appropriate hosts. For exam ple,
the broad fish tapeworm (1. latum) was introduced
into the United States by European immigrants in
the middle of the 19th century (Deardortt and
Overstrecet 1990). It became established because
proper conditions and suitable intermediate hosts
{copepods and freshwater fishes) and definitive
hosts (bears) existed in the lake regions of the
central United States.

The present-day incidence ol the broad fish tape-
worm in the United States is uncertain, However,
based on indirect evidence, the Centers tor Disease
Control has reported an upward trend {Deardorff
and Overstreet 1980). In some North American
lakes, 50% ta 70% of the northern and wall-eyed
pike are hosts of the infective stage of this parasite
(Bogitsch and Cheng 1990).

The British Isles, Argentina, Australia, Venezuela,
and The Federal Republic of Madagascar also have
reported cases of tapeworm infection as a result of
importation of parasites by travelers {von Bonsdorff
and Bylund 1982).

As we have seen, marine mammmals are conmumon
hosts to parasitic worms. If a parasite is capable of
infecting a marine mammal, it may also infect
humans. Some marine mammal parasites known to
infect humans include the genera Diphyliobothrium
(Fig. 1), Diplogonoporus (see table), and Anisakis, as
well as the species Pseudoterranova decipiens (Fig. 2),
Corynosoma strumosum, Acanihocephalus rauschi, and
Bolbosema species (Fig. 7).

AN < 7

Eggs pass
oul with
feces,
develop,

are eaten

by small
crystaceans.

Adults in intestine.
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* Infectious larvae
develop in small
crustaceans.

T

Infectious larvae present,
primarily in viscera.

Major hosts of Corynosoma strumosum. Adult
acanthocephalans (or “thorny-headed” worms}
infect the intestines of pinnipeds, such as sea
lons. Eggs are released with feces into
seawater and eaten by minute crustaceans.
The infected crustacean may be eaten by a
pinniped; if so, the parasite develops Into an
adult, if the crustacean is consumed by a host
such as a fish, larvae will become astablished
in the fish, mostly in its internal organs. Other
hosts include dogs, otters, and birds.

C. strumosum and Acanthocephalus rauschi
have been reported from Alaskan Eskimos who
ate infected salmon. Larvae in fish are found
primarily in the internal organs rather than the
flash and because few individuals eat raw fish
viscera, the number of Infections is low
(Schmidt and Roberts 1985; Deardorff and
Overstreet 1990). Another example of thorny-
headed worms infecting humans is Bolbosoma
$p., a closely related species, which caused
serious intestinal problems in two Japanese
patients. This worm parasitizes aguatic
animals found in Amaerican waters (Deardorff
and Overstreet 1990).

@ Epidemiclogy of Human Helminthic Infections
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Because the life cyele of these parasites begins and
ends in marine mammals, it is logical that fishes
would have a greater ()pporlunitv of btrcominp;

areas where marine mammals are abundan[. Sm VeYS
conducted for ascaridoid nematodes along the
Atlantic coast (Cheng 1976; Jackson et al. 1978), the
Gulf of Mexico coast {Norris and Overstreet 1976;
Deardorft and Overstrect 1981), the coastline of the
Pacific Northwest (Myers 1979), and the waters near
the Hawailan Islands (Deardortt et al. 1982) con-
firmed this association. The fishes of the U.S. Pacific
coast had a greater prevalence (percentage of
population infected) and intensity (number ol
parasites per infected host) of potentially inlective
worms than did fishes from the other areas. As
might be expected, fish along the southeastern coast
of the United States did not show heavy infections
with marine mammal parasites. However, both the
prevalence and intensity of infection increase along
the northeastern coastline of the United States and
Canada, where there are large populations ol harbor
and gray seals.

Preliminary findings of a survey of Pacific herring
(Clupea pallasi) from the waters along the Pacific
Northwest of the United States showed that all of the
herring caught in Puget Sound, Washingron, and
99% of those from Prince William Sound, Alaska,
were infected with juvenile anisakid nematodes
(Adams et al. 1990). The average number of worms

HEALTH

Eges pass

out with

) develop, release
g Ay free-swimming

] larvae which
penetrate snails.
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Aduits in intestine.

Larvae reproduce
asexually in snawls
snails release
free-swimming

feces,
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Major hosts of the species Nanophyetus
salmincola. This small fluke and its symbiotic
rickettsia, Neorickettsiae heiminthoeca, are
the cause of “salmon poisoning” in dogs and
other canines. if untreated, the rickettsia (not
the parasite alona) will kill up to 90% of
infected canines. In humans, this infection
probably does not involve the rickettsia or
cause fatalities.

Eggs containing the flukes [which are, in turn,
Infected with the rickettsia) are released into
the water with feces of fish-eating birds and
mammals. Eggs develop and hatch, and the
free-swimming larvae penetrate a freshwater
shall, Juga plicifera, whose distribution limits
the area of infection. in the northwestern
United States, seasonal prevalence of infection
in snails can reach 50% {Eastburn, Fritsche,
and Terhune 1987). After asexual reproduction
in the snall, free-swimming larvae are re-
leased. This stage of the parasite can pen-
etrate numerous species of fishes, notably
juvenile {i.e., freshwater) saimonids and the
Pacific salamander.

The parasite then encysts in most tissues, but
predominantly in the fins, muscles, and
kidneys of the fish. Heavy infections can be
fatal to young fish. Salmonids retain their
infections during their oceanic phase and are
infective upon returning to frash water. If
canines eat infected fish, the symbiotic
rickettsia will cause “saimon poisoning.” Adult
flukes that are not infected with the rickettsia
cause little disease in canines. Birds, rac-
coons, and spotted skunks serve as the main
natural definitive hosts (Eastburn, Fritsche,
and Terhune 1987).

In human infections, the flukes cause irritation
of the mucosa of the intestine. In eastern
Siberia, 98% of humans may be infected. It is
believed that the onset of clinical symptoms of
infection requires at least 500 adult flukes.
The increase in reported cases of N.
salmincola in the western coastal states of the
United States Is most likely the result of the
recent popularity of consuming incompletely
cooked or smoked salmonids, or fresh fish
eggs [Deardort! and Overstreet 1990).




per fish was 27 and 20, respectively. These results Importation

correlate with the geographic distribution, as well as Today, improved modes of transportation, advanced
the increase in population of marine mammals technology, and refined methods of food handling
(especially sea lions) in the Pacific Northwest allow fresh fishes to be shipped throughout the
(McKerrow et al. 1988), Correspondingly, world. In 1987, for example, 65% of the seafood
approximately 90% of all U.S. cases of consumed in the United States was imported from
human anisakiasis have occurred along 141 countries. Canada supplies approximately 20%
the West Coast, Alaska, and Hawaii. of U.S. demand for seafood, Europe about 12%, and

Incidental Infections Thailand 8%.

Occasionally parasites infect humans in rather Some scafoods imported into the United States
unusual ways. In one case (Kikuchi et al. 1981}, a 40- harbor parasites that are infectious to humans, For
year-old Japanese patient complained of pharyngeal example, scallops may be infected with larvae of the
pain, which began about 3 hours after he had eaten gnathostome roundworm Fekinorephalus sinensts, and
raw squid { Ommastrephes solani pacificus). During live freshwater crabs with encysted larvae of the
examination, a larval tapeworm (Nybelinia Oriental lung fluke Paragonimus westermani
surmenicole) was tound firmly anchored by its ten- (Deardortt and Overstreet 199(1). The broad fish
lacles to one of his tonsils. This was a highly unusual tapeworm was introduced info several countries of
infection since the hooked tentacles of this parasite South America during artificial stocking of fishes
are not normally extruded in the larval stage. into lakes (Williams and Ballard 1982).

There have also been reports of cases which resulted
from handling infected seafood. In ane, involving
the fluke Nanophyetus satmincole (Fig. 8}, human Adult parasite a
transmission occurred during the handling of freshly may enter 1
killed coho salmon (Oncorhynchus kisutch). Ttis likely open skin
that the patient ingested the larval parasite when he lesian.
simultaneously cleaned fish and smoked cigarettes
(Harrell and Deardorff 1990). The second incident
of contact rransmission by a marine parasite involved
an adult worm (Deardorff et al. 1986) and repre-
sented the first known casc of an adult parasitic
nematode entering the human body through an
open lesion. The worm, Philometra sp. (Fig. 9,
invaded a puncture wound in a fisherman’s hand
while he was filleting an infected fish { Caranx
melampygus) from Hawaii. This accidental infection
represents a previously unrecognized risk in han-
dling uncooked infected fish.

crustaceans

_ {capepods).
N

Major hosts of Phifometra sp. Adult worms of this nematode \ _
are found in fish. The aduit female parasites release free-

swimming, first-stage larvae into the water through ulcers

in the fish’s skin. In the case of the parasitic species

P. oncorhynchl, the female worms themselves are released
with the host's eggs and burst, releasing their larvae (Schmidt
and Roberts 1985). The larvae are eaten by copepods and
develop to infective third-stage larvas. When the copepods
are consumed by a sultable fish, the larvae moit, mature into
adults, and mate; the male dies and the female migrates to
the definitive site. Humans are accidentally infected when the
adult worms move into an open wound.

Adult female worm
under fish's skin.

Infectious larvae
develop in small

Free-swimming larvae released
through vicer in fish’s skin; eaten
by crustaceans.
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PREVENTION

Understanding the Degree of Risk
Admiuedly, the risk of becoming infected with a
maurine fish parasite is extremely low, and most
parasites cause only slight to moderate illness.

It is difficule to quantify the degree of risk, however,
primarily because most cases go unreported. There
15 no national database for incidences of illness
caused by fish parasites. In addition, few cases are

documented in the literatre or correctly diagnosed.

In one study of 92 cases of anisakiasis in Japan, for
example, over 60% were misdiagnosed preopera-
uvely as appendicitis, acute abdomen, gastric cumor
or cancer, ileitis, cholecystitis, diverticulitis, tubercu-
lous peritonitis, or cancer of the pancreas. For these
reasons, although approximately 50 cases of
anisakiasis were reported in the United States
between 1958 and 1988 (Sakanari and McKerrow
1989), we believe this is only the tip of the iceberg,
Fish species implicated include Pacific salmon,
rocktish, herring, cod, halibut, mackerel, and squid
(Deardorff and Throm 1988; Hauck 1977, Oshima
1987).

Though the risk of becoming infected with helmin-
thic parasites is low, it can be completely eliminated
by using commercially frozen or canned fish prod-
ucts or by cooking fish thoroughly.

Those who choose to accept the risks associated with
consuming raw fish should at a minimum ask
whether or not the product has been commercially
frozen and, perhaps, what kind of fish they are
consuming.

Cooking

Parasites do not present a health concern when fish
is thoroughly cooked. Fish should be cooked so that
the internal temperature of all parts of the meat is at
least 63°C (145°F) for at least 15 seconds. Normal
cooking procedures generally exceed this tempera-
ture. If a fish thermometer is not available, the fish
should be cooked until it loses its translucency and
flakes easily with a fork.

Additional precautions are necessary if fish is cooked
in the microwave because of the uneven distribution
ol heat. The U.S. Public Health Service recommends
that raw animal foods (including fish) cooked in a
microwave oven should be:

* rotated or stirred throughout or midway during
cooking to compensate for uneven distribution of
heat;

* covered to retain surface moisture;

* heated an additional 14°C (25°F)—that is, to 77°C
(170°F)—for at least 15 seconds to compensate for
shorter cooking times; and

+ allowed to stand covered for 2 minutes after
cooking to obtain temperature equilibrium.

Freezing

Commercial freezing is also a good way to kill
parasites in fish. {Home freezers vary in holding
temperature and may not achieve necessary tem-
peratures to kill parasites.)

Some countries have regulations related to commer-
cial freezing of fish products. In the Netherlands, for
example, there are restrictions on the consumption
of raw herring, and fresh herring must be frozen to a
temperature of at least -20°C (4°F) for 24 hours.
The effectiveness of the Netherlands' “Green
Herring Laws” is clear from Figure 10, which illus-
trates the number of confirmed cases of anisakiasis
in that country from 1955 to 1968. Note the trend
after 1967, the year in which legislation was enacted.
The World Health Organization credits these laws
for the disappearance of human anisakiasis from a
country that formerly had approximately 300 cases
per year (World Health Organization 1988). The
European Economic Community subsequently
followed the freezing regulations of the Netherlands
(Eurofish Report 1987).
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Number of confirmed cases of anisakiasis in
the Netherlands from 1955 through 1968,
Arrow indicates the year isgisiative action
against this infection was Instituted. The
regulations, known as “The Green Herring
Laws,” require fresh herring to be frozen prior
to release to the public (modified from
Rultenberg 1970).

On the other hand, there are no regulations regard-
ing freezing of fish products in Japan, though itis
common practice to use frozen fish in Japan and
other countries where raw fish dishes are traditional.
Japan’s National Health Institute recommends
freezing fish to -20°C (-4°F) for several hours when
preparing raw fish, or avoiding fish that are suscep-
tible to parasites (Price and Tom 19490). The enor-
mous diversity of fishes and invertebrates known to
harbor potentially infective parasites does make
control difficult, however (Oshima 1972). Japanese
chefs, familiar with the risks of parasites in fish,
freeze Pacific salmonids to kill potentially invasive
helminths before serving raw dishes (Deardorff and
Overstreet 1990). Preparation and consumption of
raw fish dishes in the home environment most likely
account for the approximately 1,000 episodes of
anisakiasis reported every vear in Japan (Oshima and
Kliks 1986; Oshima 1987).

1861 1963 1965 1967 1969

In the United States, commercial freezing has been
recommended by the U.S. Food and Drug Adminis-
tration (FDA) to state and local regulatory agencies
with primary responsibility for inspecting retail food
establishments. The FDA recommends that betore
service or sale in ready-to-eat form, raw, marinated,
or partially cooked fish, other than molluscan
shellfish, should be frozen throughout to a tempera-
ture of:

* -20°C (-4°F) or below for 7 days in a freezer; or
* .35°C (-31°F) or below for 15 hours in a blast
freezer.

The Hawaiian tuna industry has requested an
exemption for yellowtin tuna (ahi) from pending
FDA regulations, The industry claims that freezing
will diminish the quality of the product, and hence
depress this market. [t also claims that the sections of
tuna used for sashimi are worm-free (Kaneko 1990;
Deardorff, Fukumura, and Kayes 1991).

Epidemiology of Human Helminthic Infections
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The second-stage larval anisakid worm is released
from its crustacean host during digestion in the
stomach of a salmon, penetrates the salmon’s gut
wall, and migrates to the muscle. It is possible thae
because the larval worms encounter abdominal
muscle first, they encapsulate there in greater

Removing Worms numbers. Thus, salmon fillets likely have fewer
Some portions of the edible musculature of some worms becausc most of the tissue in a fillet 15 not
fishes harbor more worms than do others. One associated with the abdominal cavity, and the com-
comparison of salmon steaks with strips {fillets) mercial filleting process generally leaves the rib
determined that steaks contained more of the hones and associated tissucs on the carcass of the
infective stage larvae of Anisakis simplex (Deardorff fish.

and Throm 1988). This is probably because salmon
steaks are cut from the region of the fish that
includes the “belly-flap,” the area associated with the
abdominal cavity (Fig. 11).

Consumers should be made aware that if they find a
parasite in a fish they should remove it, examine the
fish for others, and cook the fish thoroughly. They
may also wish to notity the store where they bought
the fish so that remaining fish may be carefully
inspected. Some stores may also allow consumers to
return or exchange unused portions (Price and Tom
Dlagram of saimon showing location and shape 1990).

of a standard steak and strip (or fillet). The
horseshos-shaped steak harhors more larval

Interrupting the Parasite’s Life Cycle

Anisakis simpiex than the strip. It ls even less Salmon aquaculture in Puget Sound, Washington,
common for a circular-shaped steak to contain provides an example of suppressing a parasitc’s life
worms {adapted from Deardorff and Throm cycle. One study found that salmon held in net-pens
1988). and fed commercially prepared salmon diets had no

parasites of public health importance (Deardorff
and Kent 1989). In contrast, over 90% of the native
salmon, which fed on naturally available foods such
as herring, were infected with Diphyllobothrium sp.,
Nanophyetus selmincola, and Anisakis simplex. The
authors of the study concluded that these aquacul-
ture practices olfer an increased, but not certain,
margin of safety for those who prefer raw salmon
dishes.

Steak

Strip filet)




POLITICS AND PARASITISM

o he relationship between the growing popula-

tions of marine mammals and human parasitic
infections is becoming more apparent. Since the
establishment of the Marine Mammal Protection Act
in 1972, the numbers of some marine mammals have
rapidly increased worldwide. Marine mammal
populations along the West Coast of the United
States, for example, are reported to be increasing at
a rate of 18,0600 animals per year (Save Our Seatood
1987).

Norwegian hooded and harp seal stocks have also
increased by at least 300,000, lollowing a ban on
killing these animals. 1o order o protect the Norwe-
gian cod fishery (Seal Bite 1987), Norway now
manages the marine maminals along its shoreline as
it does any other resource.

Canadian fishermen have expressed concern over
the population explosion of harbor and gray scals
along the northeastern coastline of North America
and the increased prevalence and intensity of the
larval anisakid nematode Pseudoterranova decifriens
(commeonly called the “cod worm™) in Atlantic cod
and in other commercially important fishes
{Chandra and Khan 1988). Canadian researchers
report approximately two worms per kilo of cod.
The increase in parasite burden has cost Canada’s
cod industry and consumers substantial sums of
money (because of the costs associated with remov-
ing worms from fillets by candling and lost sales to
consumers}. The industry estimates that about $50
million is spent cach year w reduce the numbers of
cod worms in commercially impomant fish fillets.
(On the other hand, worm removal has become an
important source of employment in eastern
Canada.) The cod worm also has been l[ound in
other ground fish, such as sole (Family: Soleidae),
haddock (Melanogrammus aeglefinus), and American
plaice (Hippoglossvides platessoides).

Because gray seals serve as a definitive host for the
parasiles, lishes in areas closest to large populations
of these mammals have the highest infections. For
cxample, Sable Island, Nova Scotia, is the breeding
area for approximately 70,000 gray seals. As ex-
pected, fishes offshore this island have high worm
burdens. Canadian fishermen, the east coast fishing
industry, and the Royal Commission on Sealing, all
favor a “cull” (random killing) 1o decrease the total
population of seals, thus reducing the numbers of
parasite eggs released into the environment,

[t has been suggested that the time has come to
manage certain marine mammal populations just as
we control several other species of wildlife. This,
obvicusly, is not a popular platform. Several groups
in Canada, for example, disagreed with the proposed
cull program because they did not believe that
killing gray seals would reduce the worm problem.
A single infected seal, they noted, could spew
thousands of fertilized nematode eggs into the
marine environment daily. As a result, Canada
extended its ban on the killing of gray seals off its
eastern coast, a decision not embraced by Canadian
fishing fleets. There is a moratorium presently in
effect while new ideas for worm reduction are
considered; these include deworming or vaccinating
gray seals.

Clearly, the presence or ahsence of large manne
mammal populations serves as a harometer by which
to predict the presence or absence of some worms
that are of potential human health significance.
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PUBLIC EDUCATION

e ducating consumers, physicians, and seafood
industry and government personnel abhout
the hazards of aqualic parasites appcars (o be an
excellent safeguard against infections, Consumers
have the right to know both the benefits and the
potential risks of handling and eating scafoods.

But consumers cannot assume total responsibility for
the quality and safety of seatoods, nor be aware of
changes that affect processing in other countries.
The seafood industry, too, must be aware of poten-
tial problems and employ appropriate methods for
removing or killing parasites. In addition, we believe
that governmental regulatory agencies should
inform consumers of the risks, or discourage the
consumption of such raw dishes as sushi, sashimi,
ceviche, and lomi lomi unless appropriate commercial
freezing technigues have been applied.

The medical community also needs to become more
aware of human infections by parasites acquired
from improperly prepared seafood dishes. Fortu-
nately, most parasitic infections are treatable. The
table that follows lists drugs and appropriate regi-
mens for the treatment of various fish-borne infec-
tons. Not all diseases, however, are treatable with
antihelminucs, and not all antiparasitic drugs are
available.

In addition, many species of parasites known by
specialists to be potential health risks are unknown
to the medical community and public. For example,
the intestinal fluke Phagicola sp., widespread in
freshwater fishes in the southeastern United States, is
a potential pathogen, though it has not been re-
ported in humans to date. This may be the result of
the lack of bena fide infections or the result of
misdiagnoses.

Parasitic infections can easily evoke unwarranred
fears in consumers. When vivid pictures of herring
parasites were shown on German TV, seafood sales
there suffered an immediate 70% decline from
which they took months to rebound. In contrast, a
similar program aired in France with no impact to
the seafood industry. The lack of consumer backlash
was attributed to the fact that French scafood dealers
take the time 1o properly educate their customers,
The United States and Canada have also seen few
negative results following media reports on marine
food-borne infections.

Educational efforts must be made on a continuing
basis. Constant reminders of potential hazards are
necessary to reinforce proper seatood-handling
practices, especially since consumers continue to be
introduced to new seafood products. In addition, as
we continue to exploit the resources of the marine
environment, new parasites will be encountered,
some of which may be capable of infecting humans.
We must keep pace with the changing types of foods
we eat and the various culuiral and social habits that
may play a role in the transmission of parasitic
infections.

The challenge is to achieve the delicate balance
between educating the public and creating unneces-
sary alarm. Because the news media may choose to
focus on the sensational aspects of eating seafood,
knowledgeable people in the seafood industry, the
medical community, and regulatory agencies should
step forward to explain the important points of the
epidemioclogy of helminthic infections and preventa-
tive measures, while placing the risks of infections
into perspective. Education clearly represents the
best long-term solution for protecting the consumer.
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ADDITIONAL

publications are recommen ded:

General publications
(Hildebrand et al. 1993; King and Peters 1991 Price
and Tom 1980);

Diphyllobothrium spp. and tapeworm infections
(Ward 1930; Baer ct al. 1967; Baer 1969; de Carnen
and Vita 1973; Bylund 1976; von Bonsdorff and
Bylund 1982; Ruttenber et al. 1984; Yamane et al,
1986; Kamo et al. 1971);

Acanthocephalans
(Golvan 1969; Schmidt 1971);

Digeneans

(Africa et al. 1936; Ching 1961; Yokogawa and
Yoshimura 1967; Paperna and Overstreet 1981;
Eastburn, Fritsche, and Terhune 1987);

HEALTH

INFORMATION

or supplemental information on these helminths and the discases they cause, the lollowing

Nematodes

(Yokogawa and Yoshimura 1967; Ruitenberg 1970;
Oshima 1972, 1987 Smith and Woolten 1978; Matsui
ctal. 1985; Bier et ul. 1987; Halsteinsson and Rizvi
1987; Eberhard et al. 1989; Sakanari and McKerrow
1989:; Wittner ¢ al. 1984),

Overview of infections

transmitted by aquatic animals

(Williams and Jones 1976; Rohde 1982: Beaver, Jung,
and Cupp 1984; Higashi 1985; Schantz 1989;
Deardorff and Overstreet 1990).



REFERENCES

Adams, A.M.; Berry, M.B.; Wekell, M.M.; and Deardorff, T.L. 1950.
Juvenite anisakids in Pacific herring. Abstract presented at 33rd
SEAMEQ TROPMED Regional Seminar on Emerging Problems in
Food-borna Parasitic Zoonesis: Impact on Agriculture and Public
Health, Chiang Mai, Thailand.

Africa, C.M.; De Leon, W.: and Garcia, E.Y. 1936. Heterophyidiasis,
IV: Lesions found in the myocardium of eleven infected hearts
including three cases with valvular involvement. Philip. 1. Publ.
Health 3:1-27.

Baer ).G. 1969. Diphyllobothrium pacificum, a tapeworm from sea
lions endemic in man along the coastal area of Peru. J. Fish,
Res, Board. Can. 26:717-723.

Baer, J.G.: Miranda, C.H.; Fernandez, R.W.; and Medina, T.J. 1967,
Hurnan diphyllobothriasis in Peru. 1. Identificaticn of the species.
Z. Parasitenkd. 28:277-289.

Beaver, R.C.; Jung, R.C.; and Cupp, E.W. 1984. Ciinical Parasitology,
9th ed. Philadelphia: Lea and Febiger.

Bier, J.W.; Deardorff, TL.: Jackson, G.J.; and Raybourne, R.B. 1987.
Human anisakiasis. In Bailliere’s Clinical Trapical Medicine and
Communicable Diseases, ed. Z.5. Pawlowski, Vol. 2, 723-733.
Intestinal Helminthic Infections. United Kingdom: W.B. Saunders
Company.

Bogitsch, B.J., and Cheng, T.C. 1930. Human Parasitology,
Philadelphia: Saunders College Publishing.

Brattey, J. 1989. The life cycle of sealworm, Pseudoterrancva
decipiens in the North Atlantic. Abstract presented at
Nematode Problems in North Atlantic Fish. A Workshop in Kiel,
3-4 April, ed. H. Méller, International Council for Exploration of
the Sea. C.M. 1989/F6 Mariculture Committee.

Bunnag, D., and Harinasuta, K.T. 1989, Liver, fung and intestinal
trematode diseases. In Tropical Medicine and Parasitology, ed.
R. Goldsmith, and D. Heyneman, 464-472. San Mateo:
Appleton and Lange.

Bylund, B.G. 1976. The epidemiology and control of the broad fish
tapeworm. Duodecim 92.646-648.

Chandra, C.V., and Khan, R.A. 1388, Nematode infestation of fillets
from Atlantic cod, Gadus morhua, off eastern Canada. J.
Parasitel. 74:1038-1040.

Cheng, 7.C. 1976. The natural history of anisakiasis in animals. J.
Mitk Food Technol. 39:32-46.

Ching, H.L. 1961. Internal parasites of man in Hawaii with special
reference to heterophyid flukes. Hawaii Med. J. 20:442-445.

Deardorff, T.L., and Kent, M.L. 1989. Prevalence of larval Anisakis
simplex in penreared and wild-caught almon (Salmonidae) from
Puget Sound, Washington. J. Wildl. Dis. 25:416-419.

Deardorff, T.L., and Overstreet, R.M. 1981, Larval Hysterothylacium
{=Thynnascaris) (Nematoda: Anisakidae) from fishes and
invertebrates in the Gulf of Mexicc. Proc. Helminthol. Soc.
Wash, 48:113-126.

Deardortf, T.L., and Oversireet, R.M. 1990. Seafood-transmitted
zoonoses in the United States: The fishes, the dishes, and the
worms. In Microbiology of Marine Food Products, ed. D. Ward,
and C.R. Hackney, 211-265, New York: Van Nostrand Reinhold.

Deardorff, T.L., and Throm, R. 1988. Commercial blast-freezing of
third-stage Anisakis simplex larvae encapsulated in salmon and
rockfish. J. Parasitol. 74:600-603.

Deardorff, T.L.; Fukumura, T.: and Kayes, 5.G. 1991, Human
anisakiasis transmitted by marine food products. Haw. Med. J.
50:9-16.

Deardortt, T.L.; Kliks, M.M.; Rosenteld, M.€.; Rychlinsk, R.A; and
Desowitz, R.S. 1982. Larval ascaridoid nematodes from fishes
near the Hawaiian Islands, with comments on pathogenicity
experiments. Pac. Sci. 36:187-201.

Deardorff, T.L.; Raybourne, R.B.; and Desowitz R.S. 1984, Behavior
and viability of third-stage larvae of Terranova sp. (type HA) and
Anisakis simplex larvae encapsulated in salmon and rockfish. J.
Food Protect. 47:43-52.

Deardorff, T.L.; Overstreet, R.M.; Okihiro, M.; and Tam, R. 1986.
Piscine adult nematede invading an open lesion in a human
hand. Am. J. Trop. Med. Hyg. 35:827-830.

de Camneri, J., and Vita, G. 1973. Drugs used in cestode diseases. In
Chemotherapy of Helminthiasis, ed. R. Cawvier, Vol. 1, 145-160,
New York: Pergamon Press.

Desowitz, R.S. 1981, New Guinea Tapeworms and Jewish Grand-
mothers. New York: W.W. Norton and Co.

Eastburn, R.L.; Fritsche, T.R.; and Terhune, Jr., C.A. 1987, Human
intestinal infection with Nanophyetus salmincofa from salmonid
fishes. Am. J. Trop. Med. Hyg. 36:586-5%1.

Eberhard, M.L.; Hurwitz, H.; Sun, A.M.; and Coletta, 0. 1989.
Intestinal perforation caused by larval Eustrongylides (Nema-
tode: Dioctophymatoidae) in New Jersey, Am. [ Trop. Med.
Hyg. 40:648-650.

Etzel, V. 1989. Nematodes in fish and fish products in Northern
Germany, 1987 and 1988, Abstract presented at Nematode
Problems in North Atiantic Fish. A Workshop in Kiel, 3-4 April,
ed. H. Mdller, International Council for Exploration of the Sea.
C.M. 1989,F6 Mariculture Committee.

Eurofish Report. 1987, E.E.C. directive to control anisakiasis. Fish
inspector (12 November):4.

Golvan, Y.J. 1969, Systematique des acanthocephales
{Acanthocephata Rudelphi 1801). Premiere partie. L'ordre des
Palaeacanthocephala Meyer 1931, Premier fascicule. La super-
famille des Echinorhynchuoidea (Cobbold 1876) Golvan et Houin
1963. Mem. Mus. Natl, Hist. Natur, 47:1-373.

Gutierrez, Y.; Cohen, M.; and Machicao, C.N. 1989. Dioctophyme
larva in the subcutaneous tissues of a wornan in Ohio. Am. J.
Surg. Pathol. 13:800-802.

Hafsteinsson, H., and Rizvi, 5.5.H. 1987, A review of the seal worm
problem: Biology, implications and solutions. J. Food Protect.
50:70-84.

Harinasuta, K.T., and Bunnag, D. 1989. Gnathostomiasis. In Tropical
Medicine and Parasitology, ed. R. Goldsmith, and D. Heyneman,
421-423, San Mateo: Appleton and Lange.

Harrell, L.W., and Deardorff, T.L. 1990. Human nanophyetiasis:
Transmission by handling naturally infected coho salmon
(Oncorhynchirs kisutch). J. Infect. Dis. 161:146-148.

Hauck, AK. 1977. Occurrence and survival of the larval nematoda
Anisakis sp. in the flesh of fresh, frozen, brined, and smoked
Pacific herring, Clupea harengus paflasi. J, Parasitol. 63:515-
h19.

Higashi, G.I. 1985. Foodborne parasites transmitted to man from fish
and other aquatic foods. Food Technol. 39:69-74,111.

Hildehrand, K.D., Price, R.J., and Olson, R.E. 1991, Parasites in
marine fishes: Questions and answers for seafood retailers.
Oregon State University Extension Service. 2pp.

Epidemiology of Human Helminthic Infections



FISH PARASITES & HUMAN HEALTH

Huss, H.H., and Drewes, S. 1989. Observations on the migration of
Anisakis larvae into the flesh of herring after capture. Abstract
presented at Nematode Problems in North Attantic Fish. A
Workshop in Kiel, 3-4 April, ed. H. Méller, International Council
for Exploration of the Sea. C.M. 1989/F6 Maniculture
Committee.

Jackson G.J.; Bier, J.W.; Payne, W.L.; Gerding, T.A.; and Knollenberg,
W.G. 1978. Nematodes in fresh market fish of the Washington,
D.C. area. J. Food Protect. 41:613-620.

Kamo, H.R.: Hatsushika, R.; and Yamane, Y. 1971, Diplogonopaniasis
and diplogonadic cestodes in Japan. Yon. Acta Med. 15:234-
246,

Kaneko, J. 1930. The big chill: Fish and the F.D.A. An argument
against freezing raw tuna. Pac. Island Fish. News 4:1-2,

karl, H. 1989. Effects of commercial fish processing on the survival
of fish nematodes and migration inte flesh. Abstract presented
at Nematode Problems in North Atiantic Fish. A Workshop in
Kiel, 3-4 April, ed. H. Moller, Internaticnal Council for Explora-
tion of the Sea. C.M. 1989/F& Maricuiture Committee.

Kikuchi, Y.; Takenouchi, T.; Kamiya, M.; and Qzaki, H. 1981.
Trypanorhynchiid cestode larva found on the human palatine
tonsil. Jap. J. Parasitol. 30:3457-499.

King, T.L., and Peters, J.B. 1991. Parasites. Seafood Facts.
Washington Sea Grant Marine Advisory Services, Seattle,
Washington, 2pn.

Matsui, T.; lida, M.; Murakarmi, M.; Kimura, Y.; Fujishima, M.; Yao, T.;
and Tsuji, M. 1985. Intestinal anisakiasis: Clinical and radiologic
features. Radiology 157,299-302.

McKerrow, J.H., Sakanari, J.A., and Deardorff, T.L. 1988. Anisakiasis:
Revenge of the sushi parasite, N. Engl. J. Med. 319:228-229,

Maller, H., and Anders, K. 1986. Diseases and Parasites of Marine
Fishes. Kiel: Maller.

Myers, B.). 1979, Anisakine nematodes in fresh commercial fish from
walers along the Washington, Oregon and California coasts. .
Food Protect. 42:380-384.

Moble, E.R.; Noble, G.A.; Schad, G.A.; and Maclnnes, A.J. 1988,
Parasitology. The Biology of Animal Parasites, 6th ed.
Philadelphia: Lea and Febiger.

Norris, D.E.. and Overstreet, R.M. 1976. The public heaith implica-
tions of larval Thynnascaris nematodes from shellfish. J. Milk
Food Technol. 39:47-54.

Oshima, T. 1972, Anisakis and anisakiasis in Japan and adjacent
areals). In Progress of Medical Parasitology in Japan, ed. N.
Morishita, ¥. Komiya, and H. Matsubayashi, Vol. 4, 303-393.
Megure Parasitological Museun, Tokyo.

Oshima, T. 1987, Anisakiasis—is the sushi bar guilty? Parasitol. Today
3:44-8. '

Oshima, T., and Kliks, M.M. 1986. Effects of marine mammal
parasites on human health. Intern. J. Parasitol. 17:412-415.

Paperna, |., and Overstreet, R.M. 198]. Parasites and diseases of
mullets (Mugilidae). In Aquaculture of Grey Mullets, ed. O.H.
Cren, 411-493, Cambridge: University Press.

Price, R.J., and Tom, P.D. 1990. Consumer tips for purchasing high
quality seafood. University of California Sea Grant Extension
Program. No. UCSGEP90-11.

Price, R.J., and Tom, P.D. 1990. Parasites in marine fishes. Sea
Grant Extension Pragram, University of California, Davis. 2 pp.

Rohde, K. 1982. Ecology of Marine Parasites. New York: University of
Queensland Press.

Ruitenberg, E.J. 1970. Anisakiasis: pathogenesis, serodiagnosis and
prevention. Doctoral thesis, Rijkuniversiteit te Utrecht, the
Netherlands.

Ruttenber, A.).; Weniger, B.G.; Sorvillo, F.; Murray, B.A.; and Ford,
S.L. 1684, Diphyllohothriasis associated with salmon consump-
tion in Pacific coast states. Am. [ Trop. Med. Hyg. 33:455-
459,

Sakanari, J.A., and McKerrow, J.H. 198%. A review of anisakiasis.
Clin. Microbiol. Rev. 2:278-284.

Save Our Seafood. 1987. Seafood Leader (Springh 30, 32.

Schantz, P.M. 1989. The dangers of eating raw fish. N. Engl. J. Med.
320:1143-1145,

Schmidt, G.D. 1971. Acanthocephalan infections of man, with two
new records. J. Parasitol. 57:582-584.

Schmidt, G.D., and Roberts, L.S. 1985. Foundations of Parasitology,
3rd ed. St. Louis: Times/Mirrcr /Mosby.

Seal Bite. 1987.Seafood Leader (Winter): 21.

Smith, J.W., and Waotten, R. 1975, Experimental studies on
migration of Anisakis sp. larvae (Nematoda:Ascaridida) into the
flesh of herring, Clupea harerigus L. Inter. Congr. Parasitol.
5:133-136.

Smith, J.W., and Wootten R. 1378. Anisakis and anisakiasis. Adv.
Parasitol. 16:93-148.

Sprent, J.F.A. 1969 Helminth “zoonoses:” An analysis. Helminthol.
Absir. 38:333-351.

van Thiel, R.P.; Kuipers, F.C.; and Roskam, R.T. 1960. A nematode
parasitic to herring, causing acute abdominal syndromes in
man. Trop. Geo. Med. 2:97-115.

Vik, R. 1966, Anisakis larvae in Norwegian food fishes. Proc. 1st
inter, Cong. Parasitol. 1:568-569.

von Bondsdorff, B., and Bylund, G. 1982. The ecology of
Diphyilobothrium Jatum. Ecol. Dis. 1:21-26.

Ward H.B. 1930. The introduction and spread of the fish tapeworm
[Diphyllobothrium latum) in the United States. De Lamar
Lectures 1929-1930 1-36.

Williams, H.H., and Jones, A. 1976, Marine helminths and human
health. In CiH Miscellaneous Pubiications, 1-47, Farnham Royal,
Slough: Commonwealth Agricultural Bureaux.

Williams, J.P., and Ballard, M.A. 1982, Epidemiclogy of tropical
zoonoses, In Parasites=Their World and Qurs. ed. D.F. Mettrick,
and S.5. Desser, 366-368, New York; Elsevier Biomedical
Press.

Wittner, M.; Turner, J.W.; Jacquette, G.; Ash, L.R.; Salgo, M.P.; and
Tanowitz, H.B. 1989. Eustrongylidiasis—a parasitic infection
acquired by eating sushi. N. Engl. J. Med. 320:1124-11726.

World Health Organization. 1988. Parasitic diseases. Anisakiasis. Wh.
Epidemiol. Rec. 63:311-314.

Yamane, Y.; Kamo, H.; Bylund, G.; and Wikgren, P. 1986,
Diphyltobothrium nilionkafense sp. nov. {Cestoda:
Diphyllsbothriidael-revised identification of Japanese broad
tapeworm. Shim. J. Med. Sci. 10:29-48.

Yokogawa, M., and Yoshimura, H. 1967. Clinicopathologic studies an
larval anisakiasis in Japan. Am. J. Trop. Med. Hyg. 16:723-728.



e

ACKNOWLEDGMENTS

The authors wish to thank Drs. Chuck Kaspar, University
of Wisconsin, Madison; Mark Tamplin, University of
Florida, Gainesville; and Steven G. Kayes, University of
South Alabama, Mobile, for providing a scholarly environ-
ment, as well as moral and rescarch support. We also wish
to thank Maria Choy-Vasquez and Gary McDonald, Long
Marine Laboratory, University of California, Santa Cruz;
and David Geller and Ed Shimazu, Department of Pathol-
ogy, University of California, San Francisco, for their help
in preparing this manuscript.

Portions of this rescarch were supported by grants (o D
Kayes from the National Institutes of Health, Grant Al
9968, and the American Heart Association, Alabama
Affiliate, Inc., Grant No. 870034; and by grants to Dr.
Sakanari from California Sea Grant College {Project R/
NP-1-18E), the School of Medicine and Academic Senate,
University of California, San Francisco, and from the
National Institutes of Health, Grant No. Al 29457.

@ Epidemiology of Human Helminthic Infections



CIimR-T-95-c0oy

Announcing

Fish Parasites and
Human Health

Epidemiology
of Human
Helminthic
Infections

Judy A. Sakanari, Ph.D.
Mike Moser, Ph.D.

Thomas L. Deardorff, Ph.D.

A Publication of the California Sea Grant Colliege System



Few consumers realize that there are risks
associated with eating raw or undercooked
fish and seafood, just as there are risks
associated with eating undercooked meat.
Although the overall risk of infection by
parasites in seafood is slight in developed
countries like the United States, changes in
dietary habits (especially the growing
consumption of raw fish dishes} and the
tendency to reduce cooking times when
preparing fish products may well be increas-
ing consumers’ chances of becoming infected
with helminthic parasites. This publication is
designed to help consumers, health officials,
and those in the seafood industries better
understand possible risks, and to present
easy, common-sense precautions.
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