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First description  First description  
by Taddeus Dunus by Taddeus Dunus 
in Locarno in the in Locarno in the 
1616thth century century 



Reported in Paris in the 18Reported in Paris in the 18thth centurycentury

Andry, 1741





Diphyllobothrium Diphyllobothrium 
latumlatum : the biggest : the biggest 
human intestinal human intestinal 
parasite parasite (up to 10 (up to 10 
meters)meters)



Clinical & biological signsClinical & biological signs

Clinical Clinical 
–– Abdominal pain & disconfortAbdominal pain & disconfort
–– DiarrheaDiarrhea
–– Worm expelledWorm expelled–– Worm expelledWorm expelled

BiologicalBiological
–– Moderate increase of blood eosinophilesModerate increase of blood eosinophiles
–– No macrocytic anemiaNo macrocytic anemia
–– Eggs at stools examinationEggs at stools examination



"The man ate masu salmon. After a time, a strange object emerged 
from the anus and was pulled out: it turned out to be 2–3 m long."

From Shinsen Yamaino Soushi, Woodprint by Daizennosuke Koan (1850). 
Courtesy of the Tohoku University Medical Library.

Arizono, EID, 2009



Fasciola hepatica

Diphyllobothrium latum



Raw fish

1 million/d

from Almer, 1974   in Von Bonsdorff, 1977

Cyclops sp

1 million/d



Complex parasitic cycle but high Complex parasitic cycle but high 
prolificity of the parasite prolificity of the parasite 

1 million 
eggs/day



Eudiaptomus sp

Cyclops sp



Cephalothorax

Antennule

200 m Procercoïds

Abdomen

Barbara Wicht



Cercomere

Procercoïd

50 m

Barbara Wicht



PerchesPerches

Perca fluviatilis







Prevalence in fishPrevalence in fish
(Golay 1995, Peduzzi 2001, Nicoulaud (Golay 1995, Peduzzi 2001, Nicoulaud 20052005))

Esox lucius,12 %Lac de Morat 

Perca fluviatilis33 %Laggo Orta

Perca fluviatilis8 %Laggo Maggiore

FishPrevalence

Perca fluviatilis4-10 %Lac Léman

Esox lucius, 
Perca fluviatilis
Lotta lotta

14%
4 % 
0

Lac de Bienne

Esox lucius,
Perca fluviatilis 

12 %
5 %

Lac de Morat 



Professional Professional 
fishermenfishermen



Fish mongers



Parasite considered as extinct in Parasite considered as extinct in 
the alpine lakes regionthe alpine lakes region

Cases described on the Swiss shores of Cases described on the Swiss shores of 
lago Maggiore lago Maggiore (Med Mal Inf, Peduzzi, 1990) (Med Mal Inf, Peduzzi, 1990) 
and around lakes of Neuchâtel region and around lakes of Neuchâtel region 
and Geneva  lake and Geneva  lake 
and around lakes of Neuchâtel region and around lakes of Neuchâtel region 
and Geneva  lake and Geneva  lake (Golay & Mariaux, 1995).(Golay & Mariaux, 1995).

Journals with a low impact factor….Journals with a low impact factor….

No data for France and other european No data for France and other european 
countriescountries





27 cas de 
1993 à 2000





European survey European survey 



MethodsMethods

Data base search :  Data base search :  MEDLINE, CABI MEDLINE, CABI 
Helminthological abstract, INIST Pascal, Helminthological abstract, INIST Pascal, 
Yahoo  & Google.                                         Yahoo  & Google.                                         

Key words Key words : : Diphyllobothrium latum, Diphyllobothrium latum, countriescountries

Form :Form :

–– Network of European parasitologistsNetwork of European parasitologists

–– Medical biology labs on the shores of Medical biology labs on the shores of 
French and Swiss alpine lakesFrench and Swiss alpine lakes

Limits :Limits : 19801980--20022002



Results Results 
Information from 24 European countries 

Yearly incidence of locally acquired cases 
– > 10 cases/year :  Finland, Sweden, 

Estonia, Switzerland
– 2-10 cases/year  : France, Italy,  – 2-10 cases/year  : France, Italy,  

Poland, Lithuania & Romania
– Sporadic cases or no case from  the 

remaining

Report of sporadic cases acquired 
abroad or from imported fish



*

Human  diphyllobothriosis in Europe since 1980Human  diphyllobothriosis in Europe since 1980
*

*

**



Alpine lakes regionAlpine lakes regionAlpine lakes regionAlpine lakes region



Thun  Brienz

Bienne

Neuchâtel
Quatre Cantons

Zurich  Constance

Morat

246 human cases 
identified between 
1980-2004

No case report in 
german speaking areas 

Garde

Iseo

Bourget Annecy

Majeur Lugano  Côme



Many lakeMany lake--side side 
restaurants of Italian restaurants of Italian 
or French speaking or French speaking 
areas offer dishes such areas offer dishes such 
as : “as : “carpaccio di 
persico” (raw perch), 

ContaminationContamination

persico” (raw perch), 
sushi , “marinated lake marinated lake 
fish fillets in fish fillets in 
Scandinavian style” Scandinavian style” 

Not in the restaurants Not in the restaurants 
of the German speaking of the German speaking 
areasareas





A persisting cycle of A persisting cycle of D. D. 
latumlatum is a witness of the is a witness of the latumlatum is a witness of the is a witness of the 

fecal pollution of the lakesfecal pollution of the lakes



Waste Water Treatment Plants (WWTP) Waste Water Treatment Plants (WWTP) 
contribute to fight the parasitecontribute to fight the parasite

butbut

unconnected habitatsunconnected habitats

11--5 % of 5 % of D. latumD. latum11--5 % of 5 % of D. latumD. latum
eggs may escape eggs may escape 
WWTP treatmentWWTP treatment

WWTP may overflow WWTP may overflow 
during stormsduring storms



Animal reservoir ?Animal reservoir ?
D. latumD. latum found in found in 
small carnivoressmall carnivores
Germany :Germany : 0.5 % foxes 0.5 % foxes 
(Wesbecher, 1994)(Wesbecher, 1994)

Switzerland :Switzerland : 0.4 % dogs 0.4 % dogs 
(Sager, 2006) or sporadic (Sager, 2006) or sporadic (Sager, 2006) or sporadic (Sager, 2006) or sporadic 
cases in foxes (Deplazes, cases in foxes (Deplazes, 
com. pers.)com. pers.)

D. latumD. latum does not does not 
develop well in these develop well in these 
hosts who may only hosts who may only 
play a minor roleplay a minor role



Faecal pollution by boatsFaecal pollution by boats

Leisure boats ? new regulations require Leisure boats ? new regulations require 
appropriate sanitary facilities onboardappropriate sanitary facilities onboard



Faecal pollution by boatsFaecal pollution by boats

Fishermen have small boats without Fishermen have small boats without 
sanitationsanitation

Fishermen are frequently infected !Fishermen are frequently infected !



Euro Surveill. 2004;9:31-5



Species identificationSpecies identification



Un risque parasitaire méconnu:Un risque parasitaire méconnu:
la Bothriocéphalosela Bothriocéphalose

par ingestion de saumon sauvage crupar ingestion de saumon sauvage cru

Christelle Estran, Cristel Fissore,Christelle Estran, Cristel Fissore,

Meeting French society of Parasitology, dec 2003

Christelle Estran, Cristel Fissore,Christelle Estran, Cristel Fissore,

Martine GariMartine Gari--Toussaint, Pascal Delaunay, Toussaint, Pascal Delaunay, 

Frédérique Baudinetto, Yves Le Fichoux et Frédérique Baudinetto, Yves Le Fichoux et Pierre Pierre 
MartyMarty

ParasitologieParasitologie--Mycologie Mycologie 

Centre Hospitalier Universitaire de NiceCentre Hospitalier Universitaire de Nice



Bothriocéphalose et saumon sauvageBothriocéphalose et saumon sauvage

œufs de Diphyllobothrium sp.



D. latum : 45 x 70 mm



Cytochrome oxydase

Very few sequences in Genebank at that time



T+T -

D. latum

Acanthocephalus 

Proteocephalus

T+





Parasitol Int. 2006;55:45-9



Several species of Several species of Diphyllobothrium Diphyllobothrium infect humansinfect humans
(Dupouy(Dupouy--Camet & Yera. 2009)Camet & Yera. 2009)



Distribution of species of Distribution of species of Diphyllobothrium Diphyllobothrium infect humansinfect humans
(Nicoulaud, 2007)(Nicoulaud, 2007)



Genus identification quite easy with 
conventional methodsconventional methods

Adults: 

macroscopic & microscopic examination

• Unarmed scolex with bothria
• Genital apertures on the ventral face of • Genital apertures on the ventral face of 
proglottids 
• Oval and operculated eggs 

Plerocercoid larvae:

macroscopic examination
• a few mm to cm long
• can be mistaken for Proteocephalus



Species identification difficult with 
conventional methodsconventional methods

Adult: 

macroscopic & microscopic examination

• D. latum (up to 10 m) > others species (3 to 10 m) 

• Eggs of D. latum (72x57 µm) > D. nihonkaiense (57x44 µm) 

Plerocercoid larvae:

electronic microscopy

• Characteristics differ with the host



Parasitol Res 1989 75:238



D. dendriticum   D. latum

Plerocercoids : 1, 2, 13, 14   Scolex of plerocercoid : 3, 15 Adults scolex : 4, 16

Genital pore : 5, 17     Egg shell : 6, 18



DNA amplification & sequencing

Targets:
- Partial 18S rDNA

- ITS1-5,8S rDNA-ITS2

Molecular identification

- ITS1-5,8S rDNA-ITS2

- Partial cytochrome c oxidase I : I : COI

- others…

Specimens: proglottids, eggs & larvae



Tree based on partial 18S rDNA sequences

D. stemmacephalum

D. nihonkaiense

T. saginata
Protocephalus

Acanthacephalus

D. ditremum
D. dentriticum

D. latum

Values at the nodes are 
percentiles and represent 
bootstrap estimates



Tree based on partial COI sequences

D.stemmacephalum

D. ditremum

D. latum

D. nihonkaiense

D. dendriticum

Values at the nodes 
are percentiles and 
represent bootstrap 
estimates



Molecular Detection of Foodborne Pathogens
Edited by Dongyou Liu, CRC Press, Publication Date: 27/07/2009



ConclusionsConclusions

Emerging or reEmerging or re--emerging diseaseemerging disease



EID, Octobre 2005





Diphyllobothriasis cases, Department of Medical Zoology of the Kyoto 
Prefectural University of Medicine in Kyoto, Arizono et al.   EID june 2009



ConclusionConclusion

Emerging or reEmerging or re--emerging diseaseemerging disease

Sporadic imported cases caused by Sporadic imported cases caused by 
other other DiphyllobothriumDiphyllobothrium species species 



Parasitol Int. 2006;55Parasitol Int. 2006;55

Parasitol Int. 2007;70Parasitol Int. 2007;70

Parasitol Res. 2007;102Parasitol Res. 2007;102



Am J Trop Med Hyg. 2008;78Am J Trop Med Hyg. 2008;78



New risk linked to New risk linked to Oncorhynchus sp Oncorhynchus sp 
consumption (Pacific salmon)consumption (Pacific salmon)

D. nihonkaienseD. nihonkaiense in Japan & USA in Japan & USA 

D. klebanovskiiD. klebanovskii in Russiain Russia

D. nihonkaienseD. nihonkaiense = = D. klebanovskiiD. klebanovskii

Arizono et al. 
2009



ConclusionConclusion

Emerging or reEmerging or re--emerging diseaseemerging disease
Imported cases caused by other speciesImported cases caused by other species
Inform consumers and fish Inform consumers and fish 
professionals on prophylactic methodsprofessionals on prophylactic methodsprofessionals on prophylactic methodsprofessionals on prophylactic methods
Suppress faecal pollution of lakesSuppress faecal pollution of lakes
Collaborative studies to type by Collaborative studies to type by 
molecular methods all molecular methods all DiphyllobothriumDiphyllobothrium
species : eg species : eg D. ursiD. ursi specimens required !specimens required !



Julien Nicoulaud, Hélène Yera, Jean 
Dupouy-Camet 
Laboratoire de Parasitologie-Mycologie, 
Cochin Hospital, René Descartes University 

Collaboration with Rafaele Peduzzi & Collaboration with Rafaele Peduzzi & 
Barbara Wicht, Regional Institute 
of Microbiology, Bellinzona
(Switzerland) 






