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Although the risk of diphyllobothria-
sis is generally low in Canada, fish
tapeworm infections seem to have
become more frequent in recent
years. This increase is probably a
consequence of the growing populari-
ty of raw or inadequately cooked
ethnic fish dishes or of a preference
for lightly cooked fish, especially
salmon. Only freshwater fish become
infected with the larvae, but not
everyone may realize that salmon
can acquire the parasites before they
leave their native lakes and rivers for
the sea. If fish known to be sources
of the tapeworms are to be eaten raw
they should first be well frozen or
salted to kill the larvae. Physicians
should regard fish tapeworm infec-
tion as a notifiable disease. In Cana-
da niclosamide, the drug of choice, is
available from the manufacturer on a
patient-by-patient basis.

Bien que le risque de bothrioc.phalo-
se soit g.n&alement faible au Cana-
da, cette infection semble .tre deve-
nue plus fr.quente au cours des der-
ni.res ann&s. Cette augmentation
d&oule probablement de Ia populari-
t. grandissante des plats au poisson
crii ou inad&quatement cuit de certai-
nes cuisines ethniques ou d'une
pr.ffrence pour le poisson peu cuit,
surtout le saumon. Seuls les poissons
d'eau douce sont porteurs de la larve,
mais tous ne se rendent pas compte
que le saumon peut .tre infect& par
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ce parasite avant qu'il ait quitt. son
lac ou rivi.re d'origine pour atteindre
la mer. Tout poisson susceptible
d'.tre porteur de Diphyllobothrium
latum et destin& A .tre consomme
cril devrait d'abord .tre bien surgel.
ou sale afin de tuer les larves. Les
m.decins doivent considfrer l'infec-
tion A D. latum comme une maladie
A d&laration obligatoire. Au Canada
on peut obtenir de la niclosamide, qui
est le m.dicament de choix, aupr.s
du manufacturier apr.s autorisation
pour chaque patient.

In Canada and the United States
the risk of diphyllobothriasis - in-
fection with fish tapeworms of the
genus Diphyllobothrium - is gen-
erally quite low, for most fish pre-
pared for consumption are only
lightly infected and are cooked suffi-
ciently to kill the infective larvae. In
both countries, though, the infections
seem to have become more frequent.
According to the records of the
British Columbia Division of Labo-
ratories, the mean annual number of
cases known in the province in-
creased from 7.7 in the 1970s to 24
in the first 3 years of the 1980s (D.
Proctor: personal communication,
1983). In the United States an ap-
parent increase has been attributed
to possible misdiagnosis in the labo-
ratory, where tapeworm eggs are
identified, and to the influx of peo-
ple from southeast Asia, presumably
arriving with tapeworm infections."2
However, the consumption of raw or
inadequately cooked salmon has
been implicated in both Canada and
the United States. The source of
British Columbia's first reported
case of infection with D. ursi, in
1973, was probably salmon in the

form of liver paste.3 A multistate
outbreak of diphyllobothriasis in the
United States in 1980 was traced to
the importation of sockeye salmon
from Alaska.4 At least 32 people
became infected.
The most likely reason for the

recent increase in fish tapeworm
infections in British Columbia and
the United States is the consump-
tion of uncooked salmon. The more
efficient shipment of fresh, unpro-
cessed fish, the growing popularity
of ethnic raw fish dishes (smoked or
marinated) and the growing prefer-
ence for lightly cooked fish, both in
restaurants and in the home, are
increasing the risks of human infec-
tion. This article reviews the fishes
that are sources of infection, as well
as the manner of transmission to
humans, diagnosis, treatment and
means of preventing infection.

Sources of infection
People usually acquire the para-

sites by eating freshwater fish that
are either raw or incompletely
cooked and contain the tapeworm
larvae, or plerocercoids. Unspecified
Diphyllobothrium plerocercoids
have been reported in 30 fish hosts.5
Three of the five species of Diphyl-
lobothrium reported in Canadian
fishes5 are known to infect humans:
D. latum, the broad fish tapeworm;
D. dendriticum; and D. ursi. In
1983 eight of nine British Columbia
patients had D. ursi; the ninth had
D. dendriticum, its identification
being based on segments from the
hosts (unpublished data, 1983).

Plerocercoids of D. latum are
found unencysted in the flesh or
body cavity of such freshwater fish
as northern pike, walleye, sauger
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and yellow perch. Infected fish have
been reported in the Northwest Ter-
ritories, Alberta, Saskatchewan.
Manitoba and Ontario.
The larvae of D. dendriticum en-

cyst on the viscera or body wall or
live unencysted in the liver of rain-
bow trout, short-jaw cisco, lake
trout, Arctic char, Dolly Varden and
kokanee. Infected fish have been
reported from British Columbia and
Ontario,5 but the distribution of D.
dendriticum is probably much wider
than that.

D. ursi larvae encyst on the vis-
cera but can also be found unencyst-
ed within the flesh of salmon. Rain-
bow trout, Dolly Varden, and sock-
eye and chinook salmon were found
to be infected in surveys I made in
British Columbia (unpublished data,
1979-83). Though originally de-
scribed in Alaska, D. ursi may exist
wherever salmonid fish and bears
are found together in the northern
hemisphere.

Determining the source of a par-
ticular human infection has been
complicated by improvements in
commercial transportation. The
marketing of fresh fish has become
so efficient that Pacific salmon can
now be enjoyed in Toronto or Mon-
treal within hours of being caught.
Similarly, fresh pike from Manitoba
is available on the Vancouver mar-
ket. Consequently, the origin of a
fish tapeworm may be difficult to
trace, and all the more so if the
patient has eaten a variety of fish
raw.
Anadromous fish can acquire plero-

cercoids in their native lakes or
rivers before they migrate to the sea.
Salmon caught in marine waters can
have plerocercoids that are still in-
fective. Reports of D. latum in salm-
on5 need to be confirmed because
only D. ursi was identified after the
larvae from sockeye salmon were fed
to golden hamsters (unpublished
data, 1983).

Transmission to humans

The likelihood of a person becom-
ing the host for a fish tapeworm
depends on the frequency with
which the uncooked flesh of the
source fish is consumed and on the
abundance and location of the lar-
vae in the fish. The feeding behavi-
our of the host fish, the abundance

of the infected plankton or other,
smaller fish they ingest, and the
presence of definitive hosts, such as
bears and fish-eating birds, are key
factors in the numbers of the larvae
found in food fishes. Larger, older
fish will generally have accumulated
more tapeworm larvae.

Fisheries crews should be trained
to monitor the catches of sport or
commercial fishing, and heavily in-
fested fish should be rejected for
human consumption because of the
greater risks of infection.
The location of the larvae within

the fish also influences the risk of
infection. Larvae found in the liver
or flesh of rainbow trout, pike and
salmon are obviously more likely to
be eaten than larvae found on the
viscera. However, larvae of all tape-
worms can excyst and move about
so as to contaminate the body cavi-
ty, roe or flesh of the fish after
capture. The larvae are easily over-
looked because they are small (1 to
2 cm long) and may be concealed in
the flesh; the cysts are smaller still
(4 mm in diameter).

Diagnosis

People may have the following
complaints 1 to 3 weeks after having
eaten infected fish: abdominal pain,
abdominal distension, flatulence,
and diarrhea alternating with consti-
pation. However, there may be no
symptoms, in which case the infec-
tion will go undetected until the
person notices portions of the tape-
worm that have been expelled with
the feces. The whole tapeworm can
also be passed from the intestine
spontaneously. In a small number of
cases of D. latum infection in Fin-
land the tapeworms caused serious
megaloblastic anemia by absorbing
large amounts of vitamin B,2 when
the patients' capacity to absorb the
vitamin was already impaired.6
Treatment to remove D. latum re-
sulted in rapid resolution of the
anemia.
The best known fish tapeworm in

Europe and North America is D.
latum, yet most records of it in
fish-eating carnivores and in hu-
mans are misidentifications.6 The di-
agnosis of D. latum infection has
usually been made on the basis of
the eggs recovered from stool sam-
ples. The size and shape of the

operculated eggs, with their minute
terminal knobs, are characteristic
for the genus, but comparison of
tapeworm eggs obtained from exper-
imental animals and human hosts
has shown egg size to be too variable
for the identification of species. The
problem of reporting D. latum on
the basis of stool sample analysis
has been discussed elsewhere.7
The species of Diphyllobothrium

are most readily distinguished by
the shape of the scolex and the
length of the neck - parts normally
lodged in the intestine of the host.
Drug treatment may be necessary to
recover the entire tapeworm for
identification purposes. Tapeworm
segments, as well as eggs, are often
passed in the stools of infected per-
sons. These can also be used to
identify the species after careful
processing, staining and morpholog-
ic studies. The shape and size of the
ovary, the position of the genital
pore, and the relative widths and
lengths of the segments appear to be
useful features. Morphologic distinc-
tions have recently been made for
both larval and adult stages of two
of the three species known to infect
humans in Europe8'9 and Canada.

Treatment

Niclosamide, which is effective in
a single dose, is the drug of choice.
The formulation has been removed
from the Canadian market because
of its saccharin content, but it can
be obtained quickly by contacting
the manufacturer, Miles Laborato-
ries, in Toronto. The company will
clear the release of the drug with the
health protection branch of the De-
partment of National Health and
Welfare on a patient-by-patient ba-
S's.

Prevention of infection

Thorough cooking kills any larvae
present in food, but the public's
taste for lightly cooked or even raw
fish appears to be growing, especial-
ly with regard to ethnic dishes, such
as sashimi, sushi, lox and gravlax.
There are no federal or provincial
regulations concerning the consump-
tion of raw fish. However, fish that
is to be served in this way can be
rendered free of infective larvae by
either freezing or salting. Fishes
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should be frozen at - 18. C for at
least 24 hours, and longer if they are
larger than average. Since not all
freezers are as cold as they need to
be for this purpose, longer freezing
times are recommended: a tempera-
ture of - 100 C, for instance, main-
tained for 72 hours, would also be
effective.' Under only refrigerated
(50 C) or chilled (0.50 C) conditions
tapeworm larvae can remain infec-
tive for at least 6 days. Salting fish
with a 10% to 20% solution will also
kill the larvae, but 1 or 2 hours must
be allowed for the salt solution to
reach plerocercoids deep in the meat
of the fish.

Fish that is to be used raw should
be kept frozen until it is needed,
thawed at refrigerated temperatures,
and washed with fresh water to
avoid bacterial contamination.'0
The public needs to be informed

about the risk of infection with
tapeworms when raw fish, including
salmon caught in salt water, is con-
sumed. People should appreciate the
fact that, unless first frozen or salt-
ed, the fish in some dishes may
contain infective larvae. Canadian
physicians should consider diphyl-
lobothriasis in their patients and
should notify health officials when it
is diagnosed.
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I I Buildingyour library
A library is a link to a vast world of
information. As in any undertaking,

* direction is essential in plamng your
0 private library. Your collection should be

* ** * developedinamannercompatiblewithyouroveraugoals. You
.5. should have in mind an ldeaof what you would like to include.
* Development implies a master plan, a vision of how you will
0 De* 0

build your collection. You should develop a collection policythat includes both scope and coverage. Scope defines the type
of subjects that you want to include. Coverage relates to theS depth or penetration into a subject.
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