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Abstract. Diphylobothriasis is a well documented disease of humans. On a world scale new infections are
reported regularly, especially from Russia and parts of Japan. Globally, new species have been discovered and
the etiology of the disease may be changing. Human infections appear to be in decline but it is not clear if the
sources of infection are also in decline or if public health awareness has improved. In North America there has
been a decline in human cases while in South America an increase in reports from fish, especialy salmonids
suggests high levelsin these fish species. The history of human infections of Diphyllobothriumlatumisprimarily
associated with the consumption of the northern circumpolar distributed pike and percids and is often considered
aparasite of humans only. Indeed some researchers believe that D. latum was introduced to North America by
northern European immigrants. The more benign human infections of D. dendriticum appears to be primarily
associated with salmonids and coregonid fishes and fish eating birds. Although the early cases of diphyllobo-
thriasisin the 1930sin North Americacame from fish originating in L ake Winnipeg, Manitoba, therewas general
belief that it was declining in fish populations and therefore of little significance to humansin the area. However,
high levels of aplerocercoid in the flesh of walleyesand pike led to rejection of commercially harvested walleye
and pikein Manitobaand northern Ontario, Canada, and afinancial lossto Aboriginal fishers. D. latumiswidely
distributed in fishes of Manitoba and isinfective to humans whereit is not pathogenic and has a life span up to
4.5 years. The distribution and potential infection routes has not changed in acentury and isstill well established
in natural hostsin the boreal regions of North America. Evidenceis building for an old pre-European presence
in North America, involving the Beringian land bridge and later involvement of susceptible hosts (northern

European immigrants).

INTRODUCTION

Diphyllobothriasis is caused by intestinal
infections of the adults of certain species of the
pseudophyllidean tapeworm Diphyllobothrium. The
main species associated with this condition is the
broad-tapeworm, Diphyllobothrium latum. Humans
become infected by ingesting the larval stages
(plerocerocoids) in raw or insufficiently cooked fish.
During the past century of research into Diphyllo-
bothrium spp, it has become clear that severa other
species can also infect humans (Table 1). Worldwide,
theseinclude Diphyllobothriumdendriticum, awidely
distributed parasite primarily of fish-eating birds such
as gulls, D. dalliae, a parasite of gulls and dogs in
Alaska, D. kiebanovskii from humans along the Amur
River drainage in far eastern Siberia, and
D. nihonkaiense from humans in coastal Japan.
Numerous other species of Diphyllobothrium have
been described from fish eating birdsand mammalsin
the north-temperate and Arctic regions (Table 1), in
both freshwater and marine environments, and thishas
led to a considerable amount of taxonomic confusion
regarding the distribution and host-associations of the
primary human cause of diphyllobothriasis, D. latum.
The presence of D. latumin North America has also
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been the subject of long-standing controversy. Early
researchers such as Vergeer (1928, 1929a,b) and
Magath (1933,1937) were of the opinion that D. latum
was introduced into North America by northern
European immigrants, while others such as Bajkov
(1933) argued strongly against that view. Bajkov's
contention that D. latum was already present in
North America before European immigration was
supported by Wardle (1935) and later by L ubinsky and
Loch (1979). A combination of survey work and
experimental infections carried out during the early
half of the 20" century, in Manitoba, by Wardle and
his colleagues (Lubinsky and Loch, 1979; Wardle,
1932, 1935; Wardleand McL eod, 1952), suggested that
plerocercoids of D. latum were found in the
musculature of only the following species of fish:
pike (Esox lucius), yellow perch (Perca flavescens),
walleye (Stizostedion vitreum) and sauger (S.
canadense); plerocercoids in burbot (Lota lota) were
considered to be a different species. However, the
decades of survey work after that saw D. latumreported
from salmonid fishes in North America, particularly
aong the Pacific coast (Margolis and Arthur, 1979;
Hoffman, 1999 and commentstherein). In Europe and
northern Asia (Siberia), the main hosts of D. latum
have been considered to be: pike (E. lucius), perch
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Table1
Species of Diphyllobothrium encountered in freshwaters of North America and Eurasia
(and of importance to humans).

Species Distribution Fish hosts Definitive host

D. latum Holarctic Pike, some percids Humans, dogs, bears
D. ditremum Holarctic Salmonids Fish-eating birds

D. dendriticum Holarctic Salmonids Fish-eating birds

D. dalliae Alaska Dallia pectoralis Gull, dog

D.urs? Alaska Salmonines Bears

D. alascense”’ Alaska Salmonines Dogs (atypical)

D. vogeli Eurasia Salmonids Fish-eating birds

D. klebanovskii® Amur River Salmonines Humans (atypi calb)
D. nihonkaiense” Japan Salmonines Humans (atypical®)

#Considered a synonym of D. dendriticum by some (Hoffman, 1999) but not by others (Rausch and Adams, 2000).

®|ikely or possibly amarine species.

(P. fluviatilis), ruffe (Acerina cernua) and burbot (Lota
lota) (Dubinina, 1987) but salmonids (salmoninesand
coregonines) have been and continueto be reported as
hosts of this tapeworm. Generally, there has been a
drastic declinein reportsof D. latumin North America
and northwestern Europe (Scandinavia) over the last
100 years, a change brought about by the increased
awareness of the disease and transmission, resulting
in a stricter monitoring of food fish and possibly a
change of eating habits, and higher standards of public
hygiene. Reports of human D. latum infections in
formerly endemic areas such as Manitoba have
virtually become athing of the past but there has been
reports of infectionsin fishfromlocal areas (Dick and
Poole,1985; deVos and Dick, 1989). Despite this, our
study will show that the parasite is still widely
distributed in Manitoba, reopening the still unsettled
issue of the origins of North American D. latum and
its natural transmission. As human reports in North
America have generally declined, new foci of
infections have been reported, such as in south-
temperate South America (Argentina and Chile),
through the introduction of salmonids and foci of
endemicity continue to exist in many parts of the
former Soviet Union, in European and Asian regions.

Thefirst objective of this study isto review some
of the controversies and problems surrounding D.
latum infections in humans, the persistence of the
parasite without human involvement, emerging cases
worldwide, its reported introduction and presence
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outside the holarctic region and future challenges and
directions. The second objective is to show that
athough human infectionsarein declinethat D. latum
is still widely distributed in fish hosts and infective
experimentally to humans near the center of itsrange
in North Americaie, Manitoba, Canada.

MATERIALSAND METHODS

Literature

Literaturerelating to reportsof D. latumin humans
was obtained from the following abstracting sources:
Biologica Abstracts, CAB Helminthological Abstracts,
Medline, and Zool ogical Record, aswell asfrom books
and from citationsin published papers. For asummary
of records in North American freshwater fishes, we
used Margolis and Arthur (1979), McDonald and
Margolis (1995) and for summaries from the former
Soviet Union, Dubinina (1987). For this review, we
have concentrated mainly on published records of D.
latum in humans, ie only cases where a specific
identification has been made. Given the large body of
literature relating to the well-documented presence of
D. latum in Siberia, the Baltic region and European
Russia(von Bonsdorff, 1977), we have decided instead
to list new and emerging cases in hitherto unknown
areas, particularly in the period between 1975-2000
(Table 2). While we have attempted to provide a
thorough list of human infections in North and South
America (Table 3), and the distribution of D. latumin

Vol 32 (Suppl 2) 2001



Table 2

UPDATE ON HUMAN DIPHYLLOBOTHRIASIS

Records of D. latumin humansin North America and South America.

Year Location Host Reference

1879 North America Swedish immigrant von Bonsdorff (1977)

1901 Montreal, Canada French Canadian (Hamilton in Cushing and Bacal, 1934)
1932 New York City 3 cases Waters and O’ Connor (1932)
1932 Oklahoma, USA Immigrant Finn Canavan (1932)

1932 New York City Jewish residents (21) Plotz (1932)

1936 Ely, Minnesota Residents Thompson (1936)

1937 Syracuse, NY 1 human Mueller (1937)

1939 Indiana, US 1 native resident Headlee et al (1939)

1943 Florida, US 3 children (+ family dog) Summers and Weinstein (1943)
1947 USA 11 cases Sandweiss and Sugarman (1947)
1947 Canada 95 casesto date Sandweiss and Sugarman (1947)
1947 USA 309 cases to date Sandweiss and Sugarman (1947)
1950-1953 New York City 13 cases Rosenberg et al (1955)

1950 Chile 1case Neghme et al (1950a)

1950 Chile 12 casesto date Neghme et al (1950b)

1951 Chile 22 casesto date Neghme and Bertin (1951)

1955 Chile 2 cases Neghme et al (1955)

1949-1970 Alaska, USA Native cases Rausch and Hilliard (1970)
1961-1971 Chile 0.3% of 51,010 Reyeset al (1972)

1973 Quebec, Canada 2 of 500 Chinese Seah (1973)

1974 Ontario, Canada 9 native cases Turgeon (1974)

1974 Louisiana, USA 4 children Christian and Perret (1974)
1979 Canada Human fecal samples Croll and Gyorkos (1979)

1932 Yellowstone, US Black bears Rush (1932)

other mammals and fish in North America, we have
been more selective in listing reports of human
infections from other regions. We recogni ze that there
may be many other records of “Diphyllobothrium” in
humans but those records are outside the scope of
this review. Many such records are from inaccessible
Russian literature, and many are from regional and
local periodicals.

Survey work in Manitoba and the Whiteshell Area
Pike (Esox lucius), walleye (Stizostedion vitreum),
and yellow perch (Perca flavescens) were collected
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from lakes in Manitoba and the Whiteshell region
(Figs 1, 2, 3) using gillnets, transported to the
laboratory fresh onice. Whole fish were eviscerated,
the carcasse filleted and then thin dlices were made
perpendicular to the longitudinal axis of the fillet at
0.5 cm intervals. The total number of plerocercoids
per fish were recorded and a prevalence determined.

Experimental Infections

Experimental infections were done using
plerocercoids recovered from pike collected during
February, 1994. Plerocercoids were removed intact
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Table3
Reports and publications on human infections of D. latumin chronological order (1975-1997).

1976 D.latumreviewed in Finland. Prevalence dropped in the last 20 years (1956 - 1976) from 20% to 2% over
the whole country, and from 100% to 10% in eastern areas.

1977 Eastern Taimyr, Khatangskii region (Russia). Human infections: D. latum dominates in upper reaches of
theKhatanga (where people eat Lotalota and E. lucius) while D. dendriticum dominatesthelower Khatanga
region where people eat mainly coregonids.

1975 Permregion, Russia. D. latummainly in housewives (get infected by tasting minced raw fish while preparing
fish balls etc).

1979 Hawaii. Man infected from eating raw fish while in Alaska.

1979 Okayama Prefecture, Japan. 5 cases in humans.

1979  ChibaPrefecture, Japan. Human infections.

1979 Kyubishev Reservoir, Russia. Focus of D. latum.

1980 Pakistan, Karachi. Human infection.

1982 Novosibirsk region (Russia, Siberia), D.latum known in humans.

1983  Southern Sukhon River (Russia, SFSR), D. latum focus.

1983  Southern Chile. New cases of D. latumin humans.

1984 Finland. D. latumin 1-4 % of the population. Some geographical variability in prevalence. .

1984  Experimental infection of Japanese men with D. latum of Finnish origin. Pathogenic effects due to the
parasitism.

1985 Amur River basin (eastern Siberia). D. latum: 4.2% among natives, 0.34% among newcomers (settlers).
Fish hosts: Oncorhynchus keta and O. gorbuscha. This species later became D. klebanovskii (seelater, for
1988).

1985 European part of Russian SFSR. In humans, pike, perch and ruffe (Acerina cernua or Gymnocephalus
cernua, a perch-like percid).

1986 Kremenchug Reservoir, Russia. Focusof D. latum. Fish hosts: E. lucius and P. fluviatilis. Human hosts not
mentioned.

1986 Vanzetur settlement. Lower Ob’ river. Siberia. Khanty, Mansi and Komi aboriginals. D. latumin 34.3% of
the northern natives, 20.2% of the Russian residents (settlers).

1986 Sao Paulo, Brazil. Eggsidentified as D. latum in sand on beaches.

1986 Korea, Seoul. D. latum eggs in human stool samples.

1987  Japan. 3 casesof D. latumtreated between 1970-1974 at the Dept of Medical Zoology, Prefectural University
of Medicine.

1987 Iraq. First record of D. latumin fishesin Irag.

1988 Amur River, Siberia. Lower reaches of theriver. ‘D. latum’ described as a new species, D. klebanovskii,
with Oncorhynchus as the fish intermediate host.

1988 Okhostsk Sea, coastal areas. D. latumin humans (1%).

1988 Sverdlovsk region, Russia. D. latum: Human infections.

1989 Korea: 7 cases of D. latumin humans. From eating marine fish.

1990 Cuba. First case of D. latumin man (proglottides recovered).

1991 Jordan. D. latumin dog feces.

1992  Czech Republic. Czech man returned from 6-month stay in Finland infected with D. latum.

1993 Finland. Low levelsof D. latum still detected in humans.

1994 Korea. Claimed to be ‘first record’ in humansin Korea (but see 1986).

1996 Pekistan. Faislabad. D.latumin dogs.

1996  Upper Pur River basin, Russia. (Yamal-Neto Autonomous district). D. latumin humans.

1997 Korea. 5casesof ‘D. latum’ in humans from eating raw Liza haematocheilus.

62 Vol 32 (Suppl 2) 2001



UPDATE ON HUMAN DIPHYLLOBOTHRIASIS

Fig 1- Map of North Americashowing the major drainages, waterbodies and areaswhere Diphyllobothrium latum has been reported
in fish. 1. Greater Slave Lake (Mackenzie River drainage), 2. Lake Athabasca (Mackenzie/Churchill River drainage), 3.
Lac LaBiche (AthabascaRiver drainage), 4. Lac Ste. Anne (North Saskatchewan River drainage), 5. Lac LaRonge (Churchill
River drainage), 6. Southern Indian Lake (Churchill River drainage), 7. Lakes of the Pas, 8. Lake Winnipegosis, 9. Lake
Winnipeg, 10. Lake Manitoba, 11. Whiteshell area and L ake of the Woods (Winnipeg River drainage), 12. Lake Superior
(Laurentian Great Lakes drainage) and 13. Lake Nipigon. Heavy arrows point to location (asterisks) in northern Minnesota
and Michigan where D. latum have been reported in pike and/or percids (perch and walleye).

Symbolsareasfollowsfor Figs2 and 3: solid circles: pike (E. lucius), solid squares: walleye (S. vitreum), solid triangles:
yellow perch (P. flavescens), star: sauger (S canadense).

These records are from one or more of the following fish species: northern pike, perch, walleye and sauger. Recordsin
salmonids are considered dubious (see Margolis and Arthur, 1979) and have been excluded.

from the muscle and washed several times in sterile cerocoids each and one individual was given three
saline (0.85%) and then quaffed in a small amount of plerocercoids. Feces were collected and using the
water or chocolate milk by three volunteers (the floatation method eggs were recovered from stool
authors); two individuals were given two plero- samples. One subject was treated with the drug at 4
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months and at 2 and 4 months post-infection serum
samples were collected and stored for testing against
a Diphyllobothrium antigen (DA). The DA was
prepared as follows: Segments of tapeworm passed in
the feces by one of the infected individuals was
collected in saline, washed 3 timesin sterile salineand
stored in 1.5 ml microcentrifugetubesat -70°C. These
frozen sampleswere ground frozen into afine powder
with a microcentrifuge pestel, then 0.5 ml PBS was
added and the solution was placed in a 12-14,000
molecular weight cut-off dialysis tubing and dialysed
against PBSfor 48 hours with 3 changes of the buffer.
The antigen protein concentration was determined by
the Lowry method. The ELISA was done as follows:
microtiter plates were coated with antigen at protein
concentration of 1 ug/100 ul, blocked with 3 % BSA
in PBS, then added diluted human serum and goat anti-
human 1gG (Fc specific) and goat anti-human IgA
(alpha-chain specific).

RESULTSAND DISCUSSION

Human casesof D.latumin North America
Earlier reports of human D. latuminfectionswere
summarized by von Bonsdorff (1977). It is clear that
some of the reports of Diphyllobothriumfrom humans
areinfact of D. dendriticum, not D. latum. This seems
particularly true for the higher latitudes and the Aleut
(Eskimo) population (discussion by von Bonsdorff,
1977), where the primary fish eaten is arctic charr
(Salvelinus alpinus). Bonafidereportsof D. latumin
humans in the endemic areas include the reports in
Manitoba, Ontario and northern Minnesota as well as
the reports from Alaska (Rausch and Hilliard, 1970).
At present, human diphyllobothriasis does not appear
to be amandatory reportable disease in Canada or the
US. Consequently, it is difficult to ascertain whether
the sharp declinein reportsreflectsarea phenomenon
or an artifact of monitoring. Nevertheless, it does seem
that D. latum infections in human infections have
become relatively infrequent (Table 3), due largely to
increased public awareness, public-health monitoring,
as well as modern sanitation and hygiene. Following
theearly work of Vergeer, Magath, Nicholson, Bajkov,
Wardle and others, in Manitoba, Michigan and
Minnesota, and the pioneering work of Hilliard and
Rausch in Alaska, human reports of D. latumdeclined
sharply inthe 1960s and 1970s (von Bonsdorff, 1977).
An analysis of 414,820 fecal samples examined by
Stateand Territorial laboratoriesin the US showed only
25 positive cases of D. latum. The last 2 decades have
seen very few published reportsof D. latumin humans
in North America (eg Kingston and Kilbourne, 1989).
Notable cases that deserve mention involve locations
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outside the known ‘endemic’ areas. Examination of
stool samples of 452 children in Baton Rouge,
Louisiang, revealed a 1% prevalence of what was
identified asD. latum (Christian and Perret, 1974) and
D. latum has al so been reported from humans (mainly
children) in Florida (Summers and Weinstein, 1943).
In addition, D. latum has also been reported from the
islands of Hawaii, where the infection was acquired
by eating raw fishinAlaska(Ho et al, 1979), and from
Cuba (Bouza-Suarez et al, 1990).

North American D. latum: Native or introduced

Much of the early pioneering work on D. latumin
North America was focused in Manitoba, Canada,
following the discovery that the large lakes of
Manitoba, particularly Lake Winnipeg, wereimportant
foci of D. latuminfections. Thisand thefact that human
infections in distant places such as New York were a
result of eating infected fish, mainly pike and some
percids, that originated in the Manitoba ‘ great |akes
generated intensive research effortsin the region. The
major researchers investigating the biology of the
parasite at the time were either based in Manitoba
(Bajkov, Wardle) or worked with material from
Manitoba (Magath, Vergeer) at some phase or another
(Lubinsky and Loch, 1979). These and other
researchersinvested aconsiderable portion of their time
in an effort to understand the biology of this parasite.
Wardle (1933) reported that 500 sled dogsin vicinity
of Lake Winnipeg examined by Bajkov (1933) had a
prevalence of 85%. Another study inthe southern area
of Lake Winnipeg found D. latum in 85% for pike
(Esox lucius), 7% in sauger (Stizostedion canadense),
and 28% in yellow perch (Perca flavescens), walleye
(Stizostedion vitreum), and burbot (Lota lota). Wardle
(1933) a'so reported the absence of pathology around
the plerocercoid in the fish flesh and noted that the
plerocercoid may extend into adjacent myotomes. This
was also seen by Dick and Poole (1985). Interestingly
very little pathology is associated with the D. latum
from Manitoba but Davydov (1978) found consi-
derable pathol ogy around theworm in pike and burbot
with capsules being located in the liver and striated
muscles. It was noted that the distribution of D. latum
did not coincide precisely with immigrants from
European tapeworm areas and that the tapeworm was
common in Eskimos and I ndians before the beginning
of such immigration (Wardle, 1933). The fina host
were considered to be man, bear, mink, cats, dogs,
particularly the husky dog of the Eskimo, Indian and
immigrant fisher folk (Wardle, 1933).

It is important to note that the investigations of
these early researchers had certain advantages over
similar work done in Europe. First, the intermediate
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fish hosts were established early on and quite clearly
as being pike, yellow perch, walleye and sauger. In
addition, the burbot has also been reported as a host
although Wardle was not certain about its specific
identity. These hosts are either identical or closely
related to fish hosts eventually determined to be the
typical of D. latumsensu stricto in Europe and Siberia.
Thesituationin Manitobaisnot complicated by reports
in salmonids as has been the case in Europe, and
coregonines which are common in Manitoba waters
are definitely not hosts of D. latum. Experimental
infections, done time and again, in dogs (Vergeer aso
infected 2 black bears) using plerocercoids from these
pikeand percid hosts clearly demonstratesthe identity
of this parasite in this region. The fact that only
plerocercoidsfrom thesefish hostswere used precludes
confusion with other Diphyllobothriumspp. Numerous
studies on fish parasites in Manitoba over the years,
including work done in the laboratory of the senior
author (Lubinsky and Loch, 1979; McDonald and
Margolis, 1995) clearly demonstrate that plerocercoids
of D. latum do not occur in any other species of fish.
The only salmonine in Manitoba waters within areas
relevant to the distribution of D. latumisthelaketrout,
Salvelinus namaycush, inhabiting deeper oligotrophic
lakes and it is not known to be ahost of D. latum. In
addition to D. latum, two other diphyllobothriids, D.
ditremum and D. dendriticum, are common and
widespread in Manitoba. Both species are parasites of
coregonines in this region and mature in fish-eating
birds. Of these two species, D. dendriticumis capable
of infecting humans for a short while but not D.
ditremum. Finally, it has been stated that reports of D.
latum from salmonids in North America are doubtful
(Freeman in Margolis and Arthur, 1979; see also
comments by Hoffman, 1999).

From the early investigations in North America
emerged two opposing views regarding the origin of
D. latum in North America, giving rise to a long-
standing and largely unresolved controversy. One
position was that all D. latum in North America was
introduced by northern Europeans (Vergeer, 1928,
1929a; Magath, 1933; Magath and Essex, 1931)
particularly Finns, atheory reiterated by von Bonsdorff
(1977). The contrary position, advocated by Bajkov
(1933) and Wardle (1932) was that the parasite was
already present before European immigration, a
position also taken by Lubinsky and Loch (1979) who
provide an excellent review of the early work and
circumstances surrounding this controversy. As pointed
out by these authors, even Vergeer (1929b) stated:

“Fish in the smaller lakes far distant from towns
were moderately infested with broad tapeworm. This
immediately suggeststhe possibility of wild carnivores
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asasource of infestation and again raises the problem
whether the white man or the tapeworm was first in
North America’.

Despite his own evidence to the contrary, Vergeer
concluded that D. latum was introduced by European
immigrants. Bajkov (1933) in particular wasemphatic
inhispositionthat “... theAmerican Diphyllobothrium
has not been introduced from Europe, but is a native
form”. He also stated that “Canadian Indians along
the shores of Lake Winnipeg knew and observed
Diphyllobothriumlatumin connection with their dogs
along time before it was discovered by white man”
and concluded that the tapeworm was “ very abundant
inall eastern and western tributaries of Lake Winnipeg,
in the Nelson River, also practically all lakes of
northern Manitoba” (Bajkov, 1933). Our study also
showsthat, even today, D. latumiswidely distributed
inlakesof varioussizesintheforested Whiteshell Area
of Manitoba.

In addition to the wide geographic range of D.
latum in North America, one of the major stumbling
blocksto the theory that the tapeworm was introduced
by Europeanimmigrantsisthe presence of thisparasite
inmorewestern regions of the continent such asAlaska
(Rausch and Hilliard, 1970). Von Bonsdorff (1977)
attempted to explain the problem by invoking visits
by Finns and Lapps serving on Russian ships during
the period when Alaska was a Russian territory. The
evidence of Rausch and Hilliard (1970) remains
convincing and unlessit can be demonstrated that the
D. latum reported by them isin fact distinct from the
D. latum of more interior North American boreal
regions, the theory that this species existed prior to
European immigration must be considered. Two
possibilitiesexist: first, that D. latumin North America
is an original parasite of this continent, and second,
that relatively rare introductions by European
immigrants has been superimposed upon an aready
existing distribution of amuch older population of D.
latum (Cameron, 1945). Thefirst possibility raisesthe
question: if there was an older existing D. latum
population in North America, as Bajkov and Wardle
argued, what is (are) the natural definitive host(s)?
According to theseresearchers, D. latumis capable of
maturing in dogs, bears, cats and mink, thereby
providing ample opportunity for anatural cycleof this
parasite to be maintained in the wild. Aswith the fish
hosts, these mammalian hostsalso have closerelatives
in Eurasia capable of being or actually known (dogs,
foxes) as hosts of this parasite. The relatively high
prevalences in certain areas and the wide distribution
of this parasite in the Whiteshell Area of Manitoba
even today (this study) is evidence that the life cycle
can indeed be maintained without the participation of
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human hosts. Both black bears (Ursusamericanus) and
dogs are common in this area. This brings us to the
central question of whether or not D. latumisoriginally
a human parasite or whether humans are accidental
participantsinwhat isreally alife cycleinvolving some
wild fish-eating carnivore. A consideration of the
historical biogeography of this parasite may providea
clueto these questions.

South America

According to von Bonsdorff (1977), D. latum has
been known to be present in humansand dogsin Chile
since 1919. Early research established that D. latum
was localized in the southern part of the country,
associated with a number of lakes, Colico, Villarria,
Panguipulli, Rinihue and Ranco, where dogs and
humans were infected with adult worms and
introduced rainbow trout (Oncorhynchus mykiss) and
brown trout (Salmo trutta) harbor the plerocercoids
(Neghme et al, 1950a, b; Neghme and Bertin, 19514,
b; Neghme, 1953). Neghme and Bertin (1951b)
concluded that the rainbow trout was the main fish
host in practicaly all therivers and lakes in the Lake
Colico areawhere such fish wereintroduced. Humans,
dogs and even cats were found infected with this
tapeworm (Neghme and Bertin, 1951b, 1953). Faust
et al (1951) reported infections in humans and dogs
along the lakes at approximately 40°S and rainbow
trout appeared to be the only fish incriminated and
infectionswere established in experimentally infected
dogs. Infectionsof humansin other partsof Chile could
be traced back to this southern endemic focus in the
Lake Colico area (Faigenbaum and Donckaster, 1955).
Over adecade later, an examination of 51,010 people
in Santiago, Chile led to the diagnosis of D. latumin
0.3% cases (Reyes et al, 1972). Severa yearslater no
D. latum eggs were found in an examination of 60
people living by Lake Colico, leading the authors
(Ramirez et al, 1977) to conclude that humans were
not involvedinthelifecycleof the parasiteinthelake.
A subsequent investigation of 5 lakesin thisendemic
region revealed that two, not one, species of
Diphyllobothrium infected rainbow trout, D.
dendriticum which comprised the greater proportion
(87.2%) of the plerocercoids, with D. latumcomprising
the rest. The focus of D. latum may also have shifted
slightly since plerocercoids were found mainly in
Lakes Rinihue and Panguipulli (Torres et al, 1983).
Humanswere still found infected with D. latumbut in
addition a dog was found infected with D. pacificum.
Follow-up studies by Torres et al (1989, b) found D.
latum in rainbow trout and brown trout in lakes and
riversof theValdiviaRiver basin and in humans (1.2%)
and dogs (5.3% and 9.8%) in two of the six districts
surveyed. Monitoring of D. latumhas continued inthis
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region and 15 new cases have been reported from
humans between 1981-1991 although the incidence of
infections have remained relatively constant over this
period (Torreset al, 1993). Thetransmission at present
involves rainbow trout, humans and dogs (Torres et
al, 1998).

In 1952, Szidat and Soria reported Diphyllo-
bothriumsp plerocercoidsin introduced rainbow trout
(“Salmoirideus’ = O. mykiss) from Lake Nahuel Huapi
at 41°S|atitude near the Argentina-Chile border, close
to the endemic focus in Chile. More detailed
examination in the Nahuel Huapi National Park and
Reserve revealed that two distinct types of
plerocercoids were involved, that of D. dendriticum
and D. latum (Revenga and Semenas, 1991), both of
which were confirmed by experimental infections in
golden hamsters (Revenga and Semnas, 1991;
Revenga, 1993). All three introduced salmonids,
rainbow trout, brown trout and brook trout (Salvelinus
fontinalis) were hosts of Diphyllobothrium spp
athough the rainbow trout was considered the most
important host for both tapeworm species. For thefirst
time in South America, a native fish species,
Percichthys sp, wasalso found infected with D. latum.
Apart from this latter observation, the situation in
Argentinaappearsto mirror the situation in Chile, with
similar host-parasite associations involving mainly
rainbow trout, humans and dogs.

The situation in South America raises some
important issues. First, there is the question of the
source of the introductions. The fish species playing
the mgjor role as intermediate host, O. mykiss, was
introduced from North America, not Europe as von
Bonsdorff (1977) supposed. Pacific sailmonids
(Oncorhynchus spp) may host a number of
diphyllobothriids but D. latum is not one of them.
Brook trout were also introduced from North America
but this fish is not a natural host of D. latum either. It
is somewhat puzzling that immigrant Europeans
introduced a parasite that has asits main intermediate
host afish species, rainbow trout, that is not naturally
ahost of D. latumin NorthAmerica. In fact, itisvery
doubtful if there are any bonafide records of D. latum
in salmonid hostsin North America (see commentsin
Margolis and Arthur, 1979; Hoffman, 2000). Over a
hundred years of research and survey work has shown
quite unambiguously that in the holarctic region, the
main fish hosts of D. latum are: the pike, the North
American and Eurasian perches, the North Amercian
and Eurasian pike-perches, theruffe (Acerina cernua)
which has no counterpart in North America, and
possibly the burbot. Neither the amphi-Atlantic trouts
(Salmo spp), nor the amphi-Pacific trouts (Onco-
rhynchus spp) or the charrs (Salvelinus spp) can be
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considered significant natural hosts of D. latum,
scattered and often unsubstantiated records of them as
such notwithstanding. Furthermore, it has been shown
recently that species thought to be D. latumin Pacific
trouts (eg Oncorhynchus masou) causing diphyllo-
bothriasis in Japan is in fact a distinct species, D.
nihonkaiense. A speciesinfecting humansintheAmur
basin with plerocercoidsin Oncorhynchus spp hasa so
been recognized asadistinct species, D. klebanovskii.
Furthermore, reports of the dwarf human tapeworm,
“D. latum parvum’ also cause taxonomic problems.
In view of these biological facts, particularly the
predominance of non-salmonid hosts (pike and some
percids) in the transmission of D. latum sensu stricto,
theidentity of the* D. latum” in humansand salmonids
in South Americaneedsto bere-examined. Thespecies
requiresacareful comparison with European and North
Amercian D. latum, preferably using a combination
of biological characterization and enzyme/molecular
techniques. We should not be surprised if this species
isin fact one of the lesser known diphyllobothriids of
Pacific salmonids.

Diphyllobothrium latum in Eurasia

Siberia: Historically, most of the published in-
formation and distributional data left the impression
that D. latumwas a predominantly European parasite,
with occasional introductions into distant locations
(as in North America). However, numerous studies
showed that the tapeworm isin fact very common east
of the Uralsin Asian Siberia. Mgjor foci of infection
involving humansand dogswereinitially reported from
the Ob and later the Yenisei River drainages. Later
studies showed that the parasiteisalso very widespread
inall mgjor drainagesfurther east, such asthose of the
Lena, Kolyma and Indigirka Rivers (Suvorina and
Simonova, 1993). In addition to D. latum, Suvorina
and Simonova (1993) were aso able to identify D.
dendriticum, D. ditremumand D. strictumin fishes of
theseriver basins. Human infections of D. latumwere
also prevalent in eastern Taimyr (Khatangskii region),
particularly along the Khatanga and Khata Rivers,
where the favorite food fishes were pike (E. lucius)
and burbot (L. lota) (Klebanovskii et al, 1977).
Diphyllobrothriumlatumwas also reported asahuman
parasiteinthe Amur River basin (Muratov, 1985), with
plerocercoids in Oncorhynchus spp, but this was later
shown to be a distinct, likely marine, species, D.
klebanovskii (Muratov and Semenova, 1986; M uratov
and Posokhov, 1988). The natural defintive host of D.
klebanovskii is thought to be some, as yet
undetermined, marine mammal. Diphyllobothrium
latum and D. dendriticum have aso been identified
from thefar eastern (Okhotsk) regions of Russiausing
morphological criteria of plerocercoids and
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experimental self-infections (Dovgalev et al, 1991).
However, the “F” type plerocercoid (unencapsulated
in salmonids) reported from the Okhotsk region and
identified as D. latum (Dovgalev, 1988; Dovgalev et
al, 1991) isalso thetype of plerocercoid in the case of
D. klebanovskii and it is possible that this “D. latum”
in salmonids is actually D. klebanovskii. In addition,
D. dendriticumalso infects humansin eastern Siberia.
Itisclear that if we areto gain adeeper understanding
of the origins and biogeography of this parasite, its
biology and distribution in eastern Siberianeedsto be
thoroughly understood and that region must become
the focus of future studies.

Japan: Von Bonsdorff (1977) was very critical of the
state of confusion that surrounded the information
concerning the purported presence of D. latumin Japan
up until the time of writing hisbook. It would appear
that the name D. latum was widely used for human
diphyllobthriid infections in Japan without critical
evaluation, making it very difficult to determine with
any degree of certainty whether reported D. latum
infectionswerein fact due to that parasite. Aspects of
the biology and distribution of “D. latum” in Japan
were clarified by the pioneering works of Eguchi
(1973). The widely held view that the parasite was
acquired by eating sashimi of Pacific salmonids and
other marinefishes should have provided thefirst clue
that it was likely not D. latum. However, given the
long-standing confusion surrounding the fish
intermediate hosts of D. latum even in regions where
extensive studies had been carried out, eg Europe, this
was understandable. Human diphyllobothriasis was
reported from various locations in Japan such as
Okayama (Tomita et al, 1979), Chiba (Yokogawa et
al, 1979) and possibly Kochi prefectures. The
differences between the Japanese “D. latum” and the
true D. latum were eventually recognized by Yamane
et al (1988) with the description of D. nihonkaiense
and arevised taxonomy for Japanese Diphyllobothrium
spp. Subsequent studiesusing immunoel ectrophoresis
(Fukumoto et al, 1988), isozyme patterns and soluble
protein profiles (Fukumoto et al, 1990) and restriction
fragment length polymorphisms of rDNA (Matsuura
et al, 1992) showed the D. nihonkaiense was indeed
distinct from D. latum. More recently, “diphyllo-
bothriasis latum” has been used as a synonym of
“diphyllobothriasis nihonkaiense” in Japan (Nishi-
yama, 1994), likely in recognition of the fact that
D. nihonkaiense has been commonly misidentified as
D. latum. In view of the work of Yamane et al (1988,
1989) on D. nihonkaiense, Hatsushika et al (1995)
proposed that Japanese D. latum be regarded as D.
nihonkaiense. However, D. latum continues to be
reported in humans in Japan (Nishiyama, 1994;
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Hatsushika et al, 1997; Yamaguchi et al, 1997), often
along with D. nihonkaiense, and infections are
apparently acquired by eating raw fish such assalmonid
sashimi. The results of experimental infections of 2
Japanese men with D. latum of Finnish origin (Yazaki
et al, 1984) resulted in general fatigue, epigastric pain,
fever and diarrhea, increased eosinophilia, as well as
hypochromatic anemia in one man; these symptoms
and pathology are not associated with “D. latum”
infections acquired indigenously in Japan. This is
further evidencethat biologically, Japanese“D. latun”
is not the same as the European species. The presence
of other diphyllobothriids in the region, particularly
marine species such as D. yonagoensis, D. cordatum,
Diplogonoporus spp., and possibly others (D.
dendriticum and D. ursi) complicates species
identification. Eguchi (1973) found “D. latum” to be
prevalent in brown bearsUrsusarctosvesoensis, which
feed on migratory salmonids, and considered dogsand
humans accidental hosts. It ispossiblethat these brown
bears are the hosts of D. nihonkaiense or that “D.
latum” in bears is in fact D. ursi or even mixed
infections with D. dendriticum. Clearly, future work
in this region will have to incorporate molecular
techniques and careful observations on biological
characteristics to identify and distinguish the various
diphyllobothriids (Seki, 1975; Hotta et al, 1978) in
salmonids, marine non-salmonids and mammalsinthe
region.

Korea: Outside of Japan, “D. latum” has been most
frequently reported in neighboring Korea. Human
infections of diphyllobthriids in Korea (Moon, 1976;
Min, 1990) are not surprising, given the proximity to
Japan and the similar customs of eating raw salmonids
and marinefishes (sashimi). The earliest reported case
appearsto beby Cho et al (1974), followed by areport
of ahuman case of D. latuminfection in Kangwon Do
(Choetal, 1974). An examination of 5,251 human fecal
samplesin the Seoul areabetween 1985-1986 revealed
aprevaence of 0.2% (Min et al, 1987) prevalence of
D. latum. Seven new caseswere reported by Leeet al
(1989), bringing the total number of casesin Koreato
28. A second larger study of 52,552 human fecal
samples from the Seoul Park Hospital between 1984-
1992 revealed alow prevalence by 0.004% (Leeet al,
19944). The most definitivereport of adiphyllobothriid
in Korea is the recovery of the “dwarf-type” of D.
latum, namely D. latumparvum (Leeet al, 1994b) from
ahuman case. More recently, five cases of human D.
latuminfections have been reported in Koreafrom the
consumption of theredlip mullet, Liza haematocheila
(Chung et al, 1997). Given thefish host involved, itis
unlikely that this involves D. latum and it is more
probable that a different, possibly marine

68

diphyllobothriid is the cause. As was done in Japan,
much careful work needs to be done to sort out the
taxonomy of diphyllobothriidsin Korea.

Subtropical and tropical Asia: Two human cases of
“D. latum” have been reported recently from China
(Fan et al, 1995; Zhang et al, 1996) but diphyl-
|obothriasis appears to be rare in that country. Given
the presence of diphyllobothriids in the Amur River
basin, ariver that forms a common border between
Chinaand Russiain the north, diphyllobothriasis may
occur in Chinese citizens inhabiting that region. Mar
et al (1999) reported D. latumin 1% each of 96 stray
dogsand 95 stray catsin Taipei, Taiwan, but these could
have been confused with other diphyllobothriids,
particularly Spirometra spp.

More surprising are reports of D. latum from the
Indian subcontinent. A human case was reported from
southern India (Pancharatnam et al, 1998). A human
case was also reported in Karachi, Pakistan (Bilgees
et al, 1984) and D. latum was reported from 1.2% of
756 dogsexamined in Faislabad (Magbool et al, 1995).
In India, D. latum has been reported from dogs in
Keraa (Jacob et al, 1991), from a clouded leopard in
Alipore Zoo, Calcutta (Sengupta, 1974), and from a
necropsy of a tiger in Nehru Zoological Park,
Hyderabad (Rao and Singh, 1998). It is very likely
that these are misidentifications of other
diphyllobothriids, such as Spirometra spp, which are
foundin‘cats' and dogsand are definitely moretypical
of felids than Diphyllobothrium spp.

Diphyllobothrium latum has also been reported
from 1.5% of 756 dog fecal deposits collected from 5
governorates in Jordan (Abo-Shehada and Ziyadeh,
1991). Again, given the absence of appropriate fish
intermediate hosts, it is highly doubtful that these are
records of true D. latum. Given the geographical
location of the Sefid Rud river drainage (Caspian basin)
in Iran, therecord of “D. latum” from those |ocations
(Mokhayer, 1981) cannot be dismissed as
misidentifications and certainly warrant further
investigation. Plerocercoids identified as those of D.
latum from a cyprinid, Acanthobrama centisquama,
inIrag (Ali et al, 1987) and in Harpodon nehereusin
Bangladesh (Uddin et al, 1980) are most certainly
misidentifications.

Diphyllobothrium in fish hosts

Theareas sampled in central North Americawhere
D. latum plerocercoids were recovered from fish are
illustrated in Fig 1 and the distribution in province of
Manitoba (Fig 2) and in the Whiteshell areaare given
in Fig 3. While pike seems to be the most frequently
infected fish host it is also common in walleye and
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perch (Tables4, 5). Other lakeswhere pikewerefound
to be infected with D. latum include Hawnek, Sheep
and Rae. McLaren and Reindeer lakes are
commercially fished for walleye and the prevalences
inwalleyewere greater than 50%. Fish from theselakes
were rejected for human consumption. McLaren is a
relatively small lake of a few square miles while
Reindeer isavery large lake in northern Manitoba. It
can been seen from Table 4 that walleye are usualy
not this heavily infected so the reason for the higher
prevalenceswasinvestigated. McLaren Lakeisisolated
with no permanent human settlements and only an
occasionally fisher or sport fisherman on the lake.
Upon questioning, thefishersrevealed that at McLaren
Lake fish remains were |eft on shore and they noted a
lot of feeding activity by wolves and foxes on these

Fig 2- Map of Manitoba showing waterbodies where D.
latumhasbeen reported infish. 1. Heming Lakes study
area, 2. Other lakes of the Pas, 3. Lake Snow, 4.
Southern Indian lake, 5. Lake Winnipegosis, 6. Lake
Winnipeg, 7. Lake Manitoba, 8. Lake Manigotagan,
9. Whiteshell lakes, 10. Lake of the Woods. Boxed
areas (locations1and 9) areenlarged in Fig 3. Location
9 represents the areainvestigated in this study.
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remains. Inthe case of Reindeer Lakethere are several
sections on the lake where fishing effort is
concentrated. One of these areasisisolated but near a
large island where dogs are held during the summer
and these dogs are fed whole fish and fish remains.
Thesetwo examplesindicate anatural cycleinvolving
canidswherelocal transmissionisamplified by human
activities.
Experimental human infections

All three experimental subjects were infected as
determined by either the presence of eggsin the feces
and/or the presence or expulsion in the stool. During
the prepatent stage on 23 to 25 days there were few
clinical signs. These consisted of mild indigestion,
some gas in the digestive tract, and a general mild
nausea. No diarrhea nor severe cramps were noted
during the early stages of establishment of theinfection
or later in the infection. The most dramatic aspect of
the infections was the appearance of large sections of
strobila, up to 30 inches in length, hanging from the
anus during a bowel movement. This was most
pronounced in one individual who also tended to pass
sections of the worm after eating a hot curry or had
soft stools, the other individual passed segments only
rarely (once in 2 years and 11 months). A second
individual, exhibited constipation regularly, and passed
strobila on 4 and 7 months (at 7 months the strobila
were much smaller measuring less than cm in width.
This same individua did not have eggs in the feces.
Only 2 individual passed eggs in the feces on regular
basis. There was no evidence for an immune response
as determined by an ELISA. The drug prazigantel
eliminated the Diphyllobothriumin oneindividua and
stools tested up to 2 years 11 months post infection
were negative. The two untreated individuals self
cured, onein 7 months and the other in 4.5 years.

The distribution of Diphyllobothriuminfective to
humansin the Whiteshell region of Manitoba, Canada
is wide spread in pike, walleye and yellow perch.
Prevalences are higher in smaller lakes than in larger
bodies of water. The tapeworm is definitely D. latum
based on its ability to infect humans, the size of the
proglottids shed in the feces of humans, the
morphology of thegravid proglottids, and thelongevity
of theinfection. Infectionsof D. dendriticumareknown
from humansbut usually arenot of long duration. There
isawidely held belief that Diphyllobothriuminfections
in North America must have originated from humans
infections. However, the situation isless clear in parts
of Canada as pointed out by Dick and Poole (1985)
where infections in hamsters from plerocercoids
recovered from pike from northern Manitoba were
clearly D. latum, based on the criteria of Andersen et
al (1987). Further as pointed out by Dick and Poole
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HEMING LAKE SYSTEM

Y

5 km

b

Fig 3- Enlarged maps of boxed areasin Fig 2 representing locations 1 and 9. Symbolsare asin Fig 2.

3a. Heming lakes study area. 1. Wapun Lake, 2. Heming Lake, 3. Unger Lake, 4. Martin Lake, 5. Home Lake,

6. DeMarch Lake, 7. Quigly Lake. Open symbols indicate the absence of D. latumin samples of those species.

3b. Whiteshell study area. 1. Lac DuBonnet, 2. Beck Lake, 3. North Sailing Lake, 4. Boon Lake, 5. Boatfield Lake,

6. Echo Lake. 7. Sheep Lake, 8. Jadel Lake and 9. Mantario Lake.
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Table 4
Diphyllobothrium latumin fishes from Manitoba lakes.

Lake Esox lucius Stizostedion vitreum Perca flavescens
Heming P (187) P (48) 0.5 (201)
Home P (75) P (75) 1.3(79)
Demarch P (75) 2.5 (76) 0 (40)

Quigly 46.9 (33) 51 (78) 0(11)
South Indian 54.8 (444) NS NS
North Sailing 70 (30) NS 50 (42)
Echo 28.5(32) 50 (28) 6.25 (16)

P = Present, NS= No sample, Prevalence (sample size)

Table5
Diphyllobothrium latumin pike: eastern region of
Manitoba.

Lake No Prevalence
Lac Du Bonnet 18 0
Quesnel/ Manigatogan 30 10

Beck 7 55
Boatfield 3 66.7
Boon 5 60
Johnstone 10 20
Falcon 55 100
Horse Shoe 38 50

(1985) Quigly Lake had no human habitation other
than an occasional itinerant trapper and even these
visits were years apart. Our experimental infections
with plerocercoids of D. latum again support the
contention that a definitive host, other than humansis
important in the transmission of D. latumin the boreal
region of Canadaand this seemsto be better established
in small lakes. Although two otters were necropsied
by the authors and the feces of several more were
examined by the floatation method no strobilaor eggs
of D. latumwere recovered. Consequently we still do
not have a clear-cut answer on the natural definitive
host in this part of North American. However, we are
certain that plerocercoids, common in pike, produce a
long-lived D. latum tapeworm infection in humans
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and that this parasite is widely distributed in fish and
not in decline.

CONCLUSIONS

Thereisno doubt that D. latumin central Canada
isinfectiveto humansand iswidely distributed in pike
and to alesser extentin walleyeand yellow perch. Itis
aso apparent that thereislittlechangeinitsdistribution
from nearly a century ago and likely little change in
its distribution even prior to immigrants arriving in
this part of North America

Evidence is building for an old pre-European
presence in North America, involving the Beringian
land bridge and later involvement of susceptible hosts
(northern European immigrants). Old and new
populations of D. latum were likely superimposed in
Manitoba during the late 1800 and early 1900s as
immigrants brought the European form to North
America but the main source of infection today is
sylvatic. Thereis need for a comparison of D. latum
from remote areas in North America with that from
northern European and eastern Siberian populations
and at the species level for phylogenetic systematics
of Diphyllobothrium to understand origins and
distribution of D. latum.

We speculate that the original North American D.
latumgenotypewill be moreclosely related (asdistinct
from more similar) to the northeastern Siberian
genotypethanto European D. latumgenotype. Clearly,
what is now needed is a phylogenetic analysis of the
diphyllobothriids and a focus on the taxonomy and
biology of diphyllobothriidsin Alaska and Siberia (as
in Rausch and Adams, 2000), incorporating molecular
tools of differentiation.

71



SouTHEAST AsiAN J TRoP MED PuBLIC HEALTH

ACKNOWLEDGEMENTS

We thank graduate students Reg Watson, Brent
Poole and Theo deVos for help over the years. We
also thank Jim Beyette, Manitoba Natural Resources,
for collection of fish from the Whiteshell area of
Manitoba and other Natural Resource Officers for
supplying the carcasses of pike after a winter pike
barbecue as these pike were the source of the
experimental human infections. We also thank M Lu
and D Block for technical help. TAD thanksthe Natural
Sciences and Engineering Council of Canada for
financial support through an operating grant.

REFERENCES

Abo-Shehada MN, Ziyadeh Y. Prevalence of
endoparasites in dog faecal depositsin Jordan. J
Helminthol 1991;65:313-4.

Ali NM, Salih NE, Abdul-Ameer KN. Parasitic fauna
of some freshwater fishes from Tigris river,
Baghdad, Irag. Ill. Cestoda. J Biol Sci Res
1987;18:25-33.

Andersen K, Ching HL, Vik R. A review of freshwater
species of Diphyllobothriun with redescriptions
and the distribution of D. dendriticum (Nitzsch,
1824) and D. ditremum (Creplin, 1825) from North
America. Canad J Zool 1987;65:2216-28.

Bajkov AD. Report on fisheries investigation.
Investigations in connection with the broad
tapeworm (Diphyllobothrium latum) in Manitoba
waters. Report to the ManitobaProvincial Fisheries
Branch, 1933.

Bilgees FM, Khan A, Ali N. Diphyllobothrium latum
infestation in Karachi - a case report. Pakistan J
Med Res 1984;23:55-7.

Bouza-Suarez M, Hormilla-Manson G, Dumenigo-
Ripoll B, Quintana-Olmos R, Cordovi-Prado R.
First certain case of Diphyllobothrium latum in
Cuba (West Indies). Revist Cuban Med Trop
1990;42:9-11.

Cameron TWM. Fish carried parasitesin Canada (1).
Parasites carried by fresh-water fish. CanJ Comp
Med 1945;9:245-54, 283-6, 302-11.

Canavan PN. Spread of broad fish tapeworm of man.
Science 1932;75:382.

Cho SY, Lee SH, Seo BS, Lee SK. Cases of
Diphyllobothriumlatuminfectionin Kangwon Do.
Korean J Parasitol 1974;12:83.

Christian FA, Perret JT. Incidence of intestinal parasites

72

in children from Scotlandville areaof Baton Rouge
in Louisiana. Proc Helminthol Soc Wash
1974;41:249-50.

Chung PR, SohnWM, JungY, Pai SH, NamMS. Five
human cases of Diphyllobothriumlatuminfection
acquired through eating raw flesh of redlip mullet,
Liza haematocheila. Korean J Parasitol 1997;35:4,
283-9.

Croll NA, Gyorkos TW. Parasitic disease in humans:
the extent in Canada. Can Med Assoc J
1979;120:310-2.

Cushing HB, Bacal HL. Diphyllobothriumlatum: with
particular reference to its increasing prevalence.
Can Med Assoc J 1934;30:377-84.

Davydov VG. Differences in the tissue reactions of
fishinresponseto infection with Diphyllobothrium
latum (L., 1758) plerocercoids. Biologiya
Vnutrennykh Vod, informatsionnyi-Byulleten
1978;39:68-71.

DeVos T, Dick TA. Differentiation between
Diphyllobothriumdendriticumand D. latumusing
isozymes, restriction profiles and ribosomal
probes. Syst Parasitol 1989;13:161-6.

Dick TA, Poole BC. Identification of Diphyllobothrium
dendriticum and Diphyllobothrium latum from
some freshwater fishes of central Canada. Can J
Zool 1985;63:1, 196-201.

Dovgaev AS. Diphyllobothriasisinthe western coastal
area of the Sea of Okhotsk (USSR). Meditsinsk
Paraztol | Parazit Bolezni 1988;0:67-71.

Dovgalev AS, Valovaya AMA, Piskunova Yu A,
Romanenko NA, Khodakova V1, Artamoshin V1.
The morphology of human diphyllobothriasis
agentinthe Far East. Meditsinsk Parazitol | Parazit
Bolezni 1991;0:42-6.

Dubinina MN. [Class Cestoda] In: Operdelitel
parazitou Presnovoduykh Ryb Fauny SSSR. Bauer
ON, ed. Paraziticheskie Mnogokletochyne.
Leningrad USSR, Nauka, 1987;3(Part 2):5-76.

Eguchi S. Diphyllobothrium latum (Linnaeus, 1758).
In: MorishitaK, Komiya, Matsubayashi H, eds.
Prog Med Parasitol Japan 1973;5:125-44.

Faigeunbaum J, Donckaster R. Consideraciones
clinicas y epidemilogicas en relacion con dos
nuevos casosdedifilobotriasis humanas. Bolet Chil
Parasitol 1955;10:15-7.

Fan SQ, Wan GY, Sun MF, Fan SQ, Wan GY, Sun MF.
A case of Diphyllobothrium latum infection in
Heilongjiang Province. Chin J Parasitol Parasit

Vol 32 (Suppl 2) 2001



UPDATE ON HUMAN DIPHYLLOBOTHRIASIS

Dis 1995;13: 240.

Faust EC, Neghme RA, Tagle V1. Diphyllobothrium
latum indigenous in the Lake District of Chile. J
Parasitol 1951;37, 5 (Sect 2), (Suppl):24.

Fukumoto S, Yazaki S, Kamo H, YamaneY, Tsuji M.
Distinction between Diphyllobothrium nihon-
kaiense and Diphyllobothrium latum by immu-
noelectrophoresis. Jpn J Parasitol 1988;37:91-5.

Fukumoto S, Yazaki S, MagjimaJ, Tsuboi T, Hirai K.
Soluble protein profiles and isozyme patterns of
Diphyllobothrium pacificum by isoelectric
focusing: comparison with those of related
diphyllobothriid species. Yonago Acta Med
1990;33:61-70.

Hatsushika R, Okino T, OkazawaT. A case study of
human infection with brood tapeworm
Diphyllobothrium latum Linnaeus, 1758 Luhe,
1910 found in Okayama Prefecture, Japan. Jpn J
Parasitol 1995;44:311-20.

Hatsushika R, Okino T, Tsutsui Y. A case study of
human infection with small-size strobilae of
diphyllobothriid tapeworm discharged from aman
in Okayama Prefecture, Japan. Kawasaki Med J
1997;23:143-50.

Headlee WH, Kmezca JM, Cable RM. Report of a
native case of infection by the fish tapeworm,
Diphyllobothrium latum. J Indiana State Med
Assoc 1939;32:188-9.

Ho PWL, Pien FD, Guerrero RC. Diphyllobothrium
latum infection in a Hawaiian male. Hawaii Med
J 1979;38:401-2.

Hoffman GL. Parasites of North American freshwater
fishes. Cornell University Press, 1999.

Hotta T, Chiba K, Hasegawa H, Sekikawa H, Otsuru
M. Studies on the diphyllobothriid cestodes in
northern Japan. |. Plerocercoids recovered from
several speciesof fishesand their adult forms. Jpn
J Parasitol 1978;27:4, 357-68.

Jacob L, Pillai KM. Incidence of parasitic infectionin
dogs in Thrissur, Kerala. J Vet Anim Sci
1991;22:149-50.

Kingston S, Kilbourn JP. Diagnosis of afourth reported
case of intestinal anisakiasis in the United States.
AmJ Clin Pathol 1989;92:256.

Klebanovskii VA, Smirnov PL, Klebanovskaya IA,
Obgol’ts AA. Human helminthiases in eastern
Taimyr (Katangskii region). Problemy epide-
miologii | profilaktiki prirodnoochagovykh
boleznei v Zapolyar’e. Shornik nauchnykh rabot.

Vol 32 (Suppl 2) 2001

Omskii Meditsinskii Institut; Omsk; USSR.
1977:144-64.

Lee SH, Chai JY, Hong ST, et al. Seven cases of
Diphyllobothrium latum infection. Korean J
Parasitol 1989;27: 213-6.

Lee SK, Shin BM, Chung NS, Chai JY, Lee SH.
Second report on intestinal parasites among the
patients of Seoul Park Hospital (1984-1992).
Korean J Parasitol 1994a ;32 : 27-33.

Lee SH, Chai JY, Seo M, et al. Two rare cases of
Diphyllobothrium latum parvumtypeinfectionin
Korea. Korean J Parasitol 1994b ;32:117-20.

Lubinsky GA, Loch JS. Ichthyoparasites of Manitoba:
literature review and bibliography. Canadian
Fisheries and Marine Service Manuscript Report
1979;513: iv + 29 p.

Magath TB. The relationship of Diphyllobothrium
latum infestation to the public health. 3 Am Med
Assoc 1933;101: 337-41.

Magath TB. Factors influencing the geographic
distribution of Diphyllobothrium latum. Papersin
hel minthology published in commemoration of the
30 year jubileum of K| Skrjabin and of the 15"
anniversary of the All-Union Institute of
Helminthology, Moscow, 1937:366-80.

Magbool A, Saleem A, Awan MA, Amin MK.
Prevalence and chemotherapy of zoonotic parasitic
diseases in dogs in Faisalabad, Pakistan.
\eterinarski Arhiv 1996;66: 169-72.

Mar PH, SuYC, Fei-ACY, Bowman DD, Mar PH, Su
YC. A survey of endoparasitic zoonoses of stray
dogs and cats in Taipei city. Asia Seasonly Rep
Environ Microbiol 1999;8:77-86.

Margolis L, Arthur JR. Synopsis of the parasites of
fishes of Canada. Ottawa, Ontario, Canada.
Bulletin of the Fisheries Research Board of
Canada, 1979:269.

Matsuura T, Bylund G, Sugane K. Comparison of
restriction fragment length polymorphisms of
ribosomal DNA between Diphyllobothrium
nihonkaiense and D. latum. J Helminthol
1992;66:261-6.

McDonad TE, Margolis L. Synopsis of the parasites
of fishes of Canada: Supplement (1978-1993).
Ottawa, Ontario: Canadian Special Publication of
Fisheries and Aquatic Sciences, 1995:122.

Min DY, Ahn MH, Kim KM, Kim CW. Intestinal
parasite survey in Seoul by stool examination at
Hanyang University Hospital. Korean J Parasitol

73



SouTHEAST AsiAN J TRoP MED PuBLIC HEALTH

1987;24:2,209-12.

Min DY. Cestode infections in Korea. Korean J
Parasitol 1990;28:(suppl):123-44.

Mokhayer B. Parasites of fish in the Sefid Rud Basin.
J et Fac Univ Tehran 1981;36: 61-75.

Moon JR. Public health significance of zoonotic
tapewormsin Korea. Int J Zoonos 1976;3:1-18.

Mueller JF. A case of broad tapeworm in Syracuse
NY. Proc Helm Soc Wash 1937;4:32.

Muratov IV. Additional hosts of broad tapewormsand
factorsof transmission of diphyllobothriasisinthe
Lower Amur River area (Russian SFSR, USSR).
Meditsinskaya Parazitol | Parazt Bolezni 1985;2:
24-8.

Muratov 1V, Poshokov PS. Diphyllobothrium
klebanovskii, new species, a parasite of man.
Parazitologiya (Leningrad) 1988;22: 165-70.

Muratov IV, SemenovaTA. Characteristicsof theearly
stages in the development of Diphyllobothrium
latum and Diphyllobothrium sp from the Amur
region (Russian SFSR, USSR). Meditsinskaya
Parazitol | Parazit Bolezni, 1986;3:48-50.

Neghme A. An autochthonous focus of Diphyllo-
bothrium latum in the southern hemisphere. In:
Dayal J, Singh KS, eds. Thapar Commemoration
Volume. A collection of Articles Presented to Prof
GS Thapar on his 60" Birthday, 1953:223-6.

NeghmeA, Bertin V. Diphyllobothriumlatumen Chile.
IV. Estado actual de las investigaciones
epidemiologicas. Revist Chile Hig Med Prevent
1951&;13:8-11.

Neghme A, Bertin V. Estado actual de las
investigaciones sobre Diphyllobothrium latum en
Chile. Revist Med Chile. 1951b;79:637-40.

Neghme A, Bertin V, Tagle |, Silva R, Artigas J.
Diphyllobothrium latum en Chile. Il.- Primera
encusetaen el Lago Colico. Bol Inform Parasitor|
Chile 1950a;5,2:16-7.

Neghme A, Bertin V, Donckaster R, et al.
Diphyllobothrium latum en Chile. I11.- Nuevas
encusetas coprologicas en el sur del paisy
comprobacion de un caso autoctono en Santiago.
Bol Inform Parasit Chile 1950b;5:42.

NishiyamaT. Environmental changes and tapeworm
diseases in Japan: Specia reference to diphyllo-
bothriasis nihonkaiense (diphyllobothriasis
latum). Jpn J Parasitol 1994;43:471-6.

Pancharatham S, Jacob E, Kang G. Human

74

diphyllobothriasis: first report from India. Trans
R Soc Trop Med Hyg 1998;92:179-80.

Plotz M. Diphyllobothrium latum: Infestation on the
eastern seabord. J Am Med Assoc 1932;98:312-4.

Ramirez LS, Standen ID, Lizana ME, Biolley HMA.
Preliminary study of diphyllobothriasis in Lake
Colico (Cautin Province, IX Region, Chile).
Estudio preliminar dediphyllobothriasisend Lago
Colico (Provincia de Cautin, IX Region, Chile).
Acta Zoologica Lilloana 1977;35:21-8. [Actas,
Septimo Congr Latinoamericano de Zool 2, 15-21
Mayo, 1977, Tucuman, Argentina)].

Rao PB, Singh KR. Diphyllobothriasis in a tiger
(Panthera tigris). J Vet Parasitol 1998;12:148.

Rausch RL, Hilliard DK. Studieson the helminth fauna
of Alaska. XLIX. The occurrence of Diphyllo-
bothrium latum (Linnaeus, 1758) (Cestoda:
Diphyllobothriidae) in Alaska, with notes on other
species. Can J Zool 1970;48:131-40.

Rausch RL, AdamsAM. Natural transfer of helminths
of marine origin to freshwater fishes, with
observations on the development of Diphyllo-
bothriumalascense. J Parasitol 2000;86: 319-27.

Revenga J, Semenas L. Diphyllobothriasis of
introduced salmonidsin the Nahuel Huapi National
Park and Reserve, Argentina: morphology of
plerocercoids. (Difilobotriasis en salmonidos
introducidos en el Parque y Reserva Nacional
Nahuel Huapi, Argentina: Morfologia de
plerocercoides). Archiv Med Vet 1991;23:157-64.

Revenga JE. Diphyllobothrium dendriticum and
Diphyllobothrium latum in fishes from southern
Argentina: association, abundance, distribution,
pathological effects, and risk of human infection.
J Parasitol 1993;79:379-83.

Revenko IP, Bratyukha SI, Evtushenko AF, Shevtsov
AA, Bereza VI, Shatilo AA. The diseases of fur-
bearing animals. (Bolezni pushnykh zverei).
Urozhaié; Kiev; USSR, 1980:1-120.

Reyes H, Doren G, Inzunza E. Human taeniasis.
Current frequency of infection by different species
in Santiago, Chile. (Taeniasishumana. Frecuencia
actual de la infeccion por diferentes especies en
Santiago de Chile). Bol Chile Parasitol
1972;27:23-9.

Rosenberg J, Neumann E, Matzner MJ. The
recognition and present treatment of endemic fish
tapeworm infestation (Diphyllobothriasis). AmJ
Gastroenterol 1995;24:121-36.

Rush WM. Diphyllobothriumlatumin bear. J Mammal

Vol 32 (Suppl 2) 2001



UPDATE ON HUMAN DIPHYLLOBOTHRIASIS

1932;13: 274-5.

Sandweiss DJ, Sugarmann MH. Fish tapeworm
infestation due to sampling of gefiilte fish or its
soup before adequate cooking. Report of eleven
caseswith adiscussion on the epidemiology of the
disease. J Michigan Med Soc 1947;46: 1156-64.

Seah SKK. Intestinal parasitesin Chineseimmigrants
inaCanadian city. J Trop Med Hyg 1973;76: 291-
3.

Seki N. Studies on helminth parasites of salmonoid
fishesin Hokkaido, especially the plerocercoid of
Diphyllobothrium latum. J Hokkaido Vet Med
Assoc 1975;19:119-23.

SenGupta MR. A preliminary report on diseases and
parasites of zoo animals, birdsand reptiles. Indian
J Anim Health 1974;13:15-24.

Summers WA, Wienstein PP. Diphyllobothriumlatum
in Florida. Am J Trop Med 1943;23:363-7.

Suvorina VI, Simonova NF. Epidemiological aspects
of diphyllobothriosesin Yakutiya. Med Paraztol
| Parazt Bolezni 1993;4:23-6.

Szidat L, SoriaM. Difilobotriasisen nuestro pais. Nota
preliminar. Pren Med Argentina 1952;39:77-8.

Thompson JE. Some observations on the European
broad fish typeworm, Diphyllobothrium latum. J
Am Vet Assoc 1936;89:77-86.

TomitaS, TonguY, Sakumoto D, et al. Epidemiological
survey for Diphyllobothrium latum in Okayama
prefecture. Jpn J Parasitol 1979;28:317-32.

Torres P, Figueroa L, Franjola R. Pseudophyllideain
the south of Chile. IX. Types of plerocercoids in
trouts from five lakes and new cases of
Diphyllobothrium latumin man and D. pacificum
inadog. Int J Zoon 1983;10:15-21.

Torres P, Franjola R, Perez J, et al. Epidemiology of
Diphyllobothrium spp. in the Valdivariver basin,
Chile. (Epidemiologia de la difilobotriasis en la
cuencadel Rio Valdivia, Chile). Revista de Saude
Publica, 1989a;23:45-57.

Torres P, Torres J, Garrido O, Thibaut J. Research on
Pseudophyllidea (Carus, 1813) in southern Chile.
X. Experimental observations on the coexistence
of Diphyllobothriumlatum(L.) and D. dendriticum
(Nitzch) plerocercoids in salmonids of the river
Valdivia basin. (Investigaciones sobre Pseudo-
phyllidea (Carus, 1813) en el sur de Chile. X.
Observaciones experimentales sobre la coexis-
tencia de plerocercoides de Diphyllobothrium
latum(L.) y D. dendriticum (Nitzch) en sailmonidos

Vol 32 (Suppl 2) 2001

de la cuenca del rio Valdivia). Archiv Med Vet
1989b;21:51-7.

Torres P, Franjola R, Weitz JC, Pena G, Morales E.
New records of human diphyllobothriasisin Chile
(1981-1992), including a case of multiple
Diphyllobothrium latum infection. (Registro de
nuevos casos de difilobotriasis humana en Chile
(1981-1992), incluido un caso de infeccion
multiple por Diphyllobothriumlatum). Bole Chile
Parasitol 1993;48:39-43.

Torres P, Gesche W, Montefusco A, Miranda JC, Dietz
P, Huijse R. Diphyllobothriasis in man and fishes
from Lake Rinihue, Chile: effect of health
education, seasonal distribution and relationship
to sex, sizeand diet of thefish. (Diphyllobothriosis
humanay en pecesdel lago Rinihue, Chile: efecto
de la actividad educativa, distribucion estacional
y relacional con sexo, tallay dieta de los peces).
Archiv Med Vet 1998;30:31-45.

Turgeon EWT. Diphyllobothrium latum (fish
tapeworm) in the Sioux Lookout zone. Can Med
Assoc J 1974;111:507.

Uddin M, Dewan ML, Hossain MI, Hug MM.
Occurrence of Diphyllobothrium latum larvae
(plerocercoid) inlotiya(Harpodon nehereus) fish.
Bangladesh et J 1980;14:33-5.

Vergeer T. Diphyllobothrium latum (Linne 1758) the
broad tapeworm of man. J Med Assoc 1928;90:
673-8.

Vergeer T. The broad tapeworm in America , with
suggestions for its control. J Infect Dis 1929a;44:
1-12.

Vergeer T. The dog, areservoir of the broad tapeworm.
J Am Med Assoc 1929b;92:607-8.

von Bonsdorff B. Diphyllobothriasisin man. London
and New York: Academic Press, 1977:1-1809.

Wardle RA. The cestoda of Canadian fishes. II. The
Hudson bay drainage system. Contrib Can Biol
Fisheries 1932;7:377-403.

Wardle RA. Significant factors in the plerocercoid
environment of Diphyllobothrium latum (Linn). J
Helminthol 1933;1:25-44.

Wardle RA. Fish tapeworm. Bull Biol Board Can
1935;45:1-25.

Wardle RA, McLeod JA. The Zoology of tapeworms.
Minneapolis; University of Minnesota Press,
1952:780 p.

Waters HS, O’ Connor FW. Diphyllobothrium latum.
J Am Med Assoc 1932;99:1941-2.

75



SouTHEAST AsiAN J TRoP MED PuBLIC HEALTH

Yamaguchi T, Kamoshida S, Shimizu T, et al. Two
cases of Diphyllobothrium latum infection.
Nichidai Igaku Zasshi. 1997;56:264-8.

Yamane Y, Kamo H, Bylund G, Wikgren BJ.
Diphyllobothriumnihonkaiense sp. nov. (Cestoda:
Diphyllobothriidae) — Revised identification of
Japanese broad tapeworm. Shimane J Med ci
1988;10:29-48.

Yamane'Y, Shiwaku K, Abe K, Osaki Y, Okamoto T.
The taxonomic differences of embryonic hooksin
Diphyllobothrium nihonkaiense, D. latum and D.
dendriticum. Parasitol Res 1989;75:549-53.

76

Yazaki S, Kamo H, Kawasaki H, Yamane Y.
Experimental infection of Japanese men with
Diphyllobothrium latum from Finland. Yonago
Acta Medica 1984;27:19-30.

Yokogawa M, Niimura M, Kobayashi M, et al.
Epidemiological survey for diphyllobothriasis
latum in Chiba prefecture and treatment with
bithionol [Abstracts]. (Japanese Society of
Parasitology: Proceedings of the 38th East Japan
Regional Meeting in Mitaka City, 14 October
1978). Jpn J Parasitol 1979;28:12.

Zhang YRA.. A casereport of Diphyllobothriumlatum
infection. Chin J Parasit Dis Contr 1996;9:211.

Vol 32 (Suppl 2) 2001





