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Summary : 

Four fre shwate r pulmonate  spe c ie s (Lymnae a  o va ta , L. sta g na lis, 

Physa  a c uta , Pla no rb is le uc o sto ma ) we re  living  in se ve ra l 
wate rc re ss beds kno wn fo r the ir re la tio nships with human c ase s o f 
fa sc io lo sis, whe re as L. trunc a tula  wa s never fo und. The  a ims o f 
these  studie s we re  to  determine  the  prevalenc e  o f natural infe c tio ns 
with Fa sc io la  he p a tic a  in sna ils and  to  ve rify if these  spe c ie s might 
ensure  the  full larva l development o f this trematode  (with c e rc aria l 
she dding ] whe n they we re  e xpe rime nta lly subjec ted  to  F. he p a tic a  

o nly, o r to  c o -infe c tio ns with an other trematode  spe c ie s. 
Inve stigatio ns we re  so  c arrie d  out in six sna il po pulatio ns living  in 
wate rc re ss beds (inc luding  three  fo r P. a c uta ) and  in four o thers 
o rig ina ting  from three  bro o ks o r a  pond  (as c o ntro ls). Sna ils 
naturally infec ted  with F. he p a tic a  we re  found  in two  wate rc re ss 
beds inhabited  by L. o va ta  (prevalenc e  o f infe c tio n: 1.4 %) and  
P. le uc o sto ma  (0.1 %), re spe c tive ly. The  L. o va ta  from the  
wate rc re ss bed  c ould  be  infec ted  at a  higher size  than those  from 
the  c ontro l po pulatio n and  the  prevalenc e  o f this infe c tio n wa s 
greater in the  bed  po pulatio n. Simila r find ing s we re  noted  fo r 
L. sta g na lis. De spite  sing le  o r dual infe c tio ns, the  re sults o btained  
with the  four po pulatio ns o f P. a c uta  we re  unsuc c e ssful. In c ontrast, 
the  c o -infec tio ns o f yo ung  P. le uc o sto ma  with Pa ra mp histo mum 

da ub ne yi and  F. he p a tic a  resulted  in the  she dding  o f some  
F. he p a tic a  c e rc ariae . Ac c o rding  to  the  autho rs, the  oc c urrenc e  o f 
fa sc io lo sis in these  wate rc re ss beds wo uld  be  the  c onsequenc e  o f 
frequent natural enc ounters between parasite  and  sna ils (L. o va ta , 

L. sta g na lis), o r o f c o -infec tio ns with P. da ub ne yi and  F. he p a tic a  

(P. le uc o sto ma ). In wate rc re ss beds o nly c o lo nize d  by P. a c uta , a  
lymnae id  spe c ie s wo uld  have  e nsure d  the  larva l development o f 
F. he p a tic a  but it wo uld  have  been e liminate d  by P. a c uta , a s this 
last spe c ie s wa s kno wn to  be  invasive  and  c ould  c o lo nize  open 
dra inage  ditc hes on silic e o us so il. 

KEY W O RDS : Fa sc io la  he p a tic a , Lymna e a  o va ta , L. sta g na lis, Pa ra mp histo mum 

da ub ne yi, Physa  a c uta , Pla no rb is le uc o sto ma , Fra nc e , pa ra sitic  infe c tio ns, 

wa te rc re ss b e d . 

Résumé : MOLLUSQUES INHABITUELS IMPLIQUÉS DANS LA TRANSMISSION 
DE FASCIOLA HEPATICA  DANS DES CRESSONNIÈRES DU CENTRE DE LA FRANCE 

Qua tre  e sp è c e s de  mo llusq ue s a q ua tiq ue s (Lymnaea  ovata, 
L. stag na lis, Physa  ac uta, Plano rb is leuc ostoma) se  re nc o ntre nt da ns 

p lusie urs c re sso nniè re s à  l'o rig ine  de  c a s huma ins de  disto ma to se  

a lo rs q ue  Lymnaea  trunc atula  n'y vit p a s. Le  b ut de  c e s é tude s e st de  

dé te rmine r la  p ré va le nc e  de  le ur infe sta tio n na ture lle  a ve c  Fasc io la  
hepatic a  e t de  vé rifie r si c e s e sp è c e s p e uve nt a ssure r le  

dé ve lo p p e me nt la rva ire  c o mp le t (a ve c  é missio n de  c e rc a ire s) de  c e  

Dig è ne  lo rsq u'e lle s so nt so umise s à  F. hepatic a, o u à  de s c o -

infe sta tio ns a ve c  un a utre  Dig è ne . Le s inve stig a tio ns o nt do nc  é té  

ré a lisé e s sur six p o p ula tio ns de  c re sso nniè re s (do nt tro is p o ur 

P. acuta) e t sur q ua tre  a utre s c o lo nie s (c o mme  té mo ins) viva nt da ns 

de s ruisse a ux o u un é ta ng . De s mo llusq ue s infe sté s na ture lle me nt p a r 

F. hepatic a  o nt é té  tro uvé s da ns de ux c re sso nniè re s c o lo nisé e s p a r 

L. ovata  (p ré va le nc e  de  I'infe sta tio n: 1,4 %) e t P. leuc ostoma  
(0, 1 %). Si l'o n so ume t L. ovata  à  de s e xp o sitio ns simp le s o u 

ré p é titive s a ve c  F. hepatic a, on c o nsta te  q ue  la  g a mme  de s ha ute urs 

de  c o q uille s p o ur le sq ue lle s l'e sp è c e  e st c a p a b le  de  s'infe ste r e st 

p lus é te ndue  e t q ue  la  p ré va le nc e  de  l'infe sta tio n e st p lus é le vé e  

p o ur la  p o p ula tio n de  la  c re sso nniè re . De s ré sulta ts a lla nt da ns le  

mê me  se ns o nt é té  no té s c he z L. sta g na lis. Ma lg ré  de s infe sta tio ns 

simp le s o u do ub le s, le s ré sulta ts o b te nus da ns le s q ua tre  p o p ula tio ns 

de  P. ac uta  se  so nt ré vé lé s né g a tifs. A l'inve rse , la  c o -infe sta tio n de  

je une s P. leuc ostoma  a ve c  Paramphistomum daubneyi et F. hepatic a  
a  p e rmis l'é missio n de  q ue lq ue s c e rc a ire s de  F, hepatic a. D'a p rè s 

le s a ute urs, la  surve nue  de  la  fa sc io lo se  da ns c e s c re sso nniè re s 

dé p e ndra it de  re nc o ntre s fré q ue nte s e ntre  le  mo llusq ue  e t F. hepatic a  
(L. ovata, L. stagnalis) o u de  c o -infe sta tio ns a ve c  P. daubneyi 
(P. leuc ostoma). Da ns le s c re sso nniè re s p e up lé e s se ule me nt p a r 

P. ac uta, le  dé ve lo p p e me nt la rva ire  de  F. hepatic a  a ura it é té  a ssuré  

p a r une  limné e  ma is c e lle -c i a ura it é té  é liminé e  p a r P. acuta  c a r 

c e tte  e sp è c e  e st c o nnue  p o ur ê tre  inva sive  e t e st c a p a b le  de  

re mo nte r le s rig o le s de  dra ina g e  sup e rfic ie l sur so l silic e ux. 

MOTS CLÉS : Fa sc io la  hepatic a , Lymnaea  o vata , L. sta g na lis, Paramphistomum 

da ub ne yi, Physa  ac uta , Pla no rb is le uc o sto ma, c re sso nniè re , Fra nc e , infe sta tio n 

p a ra sita ire . 

INTRODUCTION 

N u m e ro u s w ild o r h o m e - g ro w n w aterc ress 

bed s, lo cated in the reg io n o f Limo usin ( cen

tral France) , are the cause o f hum an cases o f 

fasc io lo sis. Sev eral snail sp ec ies can b e fo und in 

* Équipe UPRES EA n° 3174, Facultés de Pharmacie et de Médecine, 
2, rue  du Docteur Raymond Marcland, 87025 Limoges Cedex, France. 
Correspondence: D. Rondelaud. 

Tel.: 33 (0)5 55 43 58 33 - Fax: 33 (0)5 55 43 58 93. 
E-mail: rondelaud@pharma.unilim.fr 

these w atering p laces: 84.7 % o f them are co lo niz ed 

by Lymnaea truncatula, 6.4 % by L. glabra, 1.7 % by 

ano ther sp ec ies o f Lymnaea, and 7.2% by L. trunca

tula and an o ther lymnaeid sp ec ies (Ro nd elaud et al., 

2000) . If L. truncatula is the main intermed iate ho st 

o f Fasciola hepatica in w estern Euro p e (Mas Co ma 

et al., 1999) , the find ing o f Fasciola larval fo rms in 

naturally -infected L. glabra d emo nstrates the ro le o f 

this sp ec ies as a natural snail ho st o f this tremato d e 

in the reg io n o f Limo usin (Ro nd elaud & Drey fuss, 

1998) . 
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A mo ng the 239 w atercress bed s reco rd ed in central 

France (Ro nd elaud et al., 2000; Ro nd elaud , unpubli

shed d ata), six p laces o nly w ere inhabited by a single 

freshw ater snail sp ecies: Lymnaea ovata ( o ne site), 

L. stagnalis ( o ne p lace) , Physa acuta (three sites), o r 

Planorbis leucostoma ( o ne p lace) . The tw o fo rmer 

sp ec ies are alread y kno w n fo r their ability to ensure 

the full larval d ev elo p ment o f F. hepatica w hen the 

exp erim ental infec tio n w as p erfo rm ed using v ery 

y o ung snails (Bo ray , 1978, fo r exam p le) . In co ntrast, 

no successful infectio ns w ere o btained w ith P. acuta 

o r P. leucostoma w hen exp o sed to the miracid ia o f this 

tremato d e. A s the six w atercress bed s w ere the so urce 

o f sev en cases o f human fascio lo sis (Table I) , the 

three fo llo w ing questio ns had arisen: might these fo ur 

snail sp ec ies d ev elo p a natural infectio n w ith F. hepa

tica w hen L. truncatula w as no t present ? W as this abi

lity o f these fo ur sp ec ies to d ev elo p an infectio n w ith 

F. hepatica limited to snail po pulatio ns living in w ater

cress bed s, o r d id it c o ncern all p o p ulatio ns o f these 

sp ec ies ? W ere these unusual sp ecies suscep tible in 

relatio n to F. hepatica infectio n, an o ther tremato d e 

infectio n, and o rigin o r ag e o f snail ? To answ er these 

questio ns, field investigatio ns in the six w atercress 

bed s and experimental infections o f snails w ith F. hepa

tica and / o r an o ther tremato d e sp ec ies w ere p er

fo rmed . The results w ere co m p ared w ith tho se w e 

hav e o btained fo r fo ur o ther p o p ulatio ns o f snails 

( o ne p o p ulatio n per sp ec ies) , as they w ere no t kno w n 

fo r their ro le in the transmissio n o f human o r animal 

fascio lo sis, and w ere so co nsid ered as co ntro ls in this 

study. 

MATERIALS AND METHO DS 

Ten p o p ulatio ns o f freshw ater p ulmo nate snails 

w ere used . Six o f them w ere living in w atering 

p laces w ho se w atercress had b een eaten b y 

several p erso ns (Table I) befo re the d ev elo p ment o f 

fascio lo sis sy mp to ms. These six w atercress bed s had 

b een identified by these p erso ns during an ep id emio 

lo gical survey p erfo rmed in the year o r the tw o years 

w hich had fo llo w ed the d etectio n o f their parasito sis 

(Ro nd elaud , 1980; Ro nd elaud et al, 2001) . Table I indi

cates the principal characteristics o f these sites. W ater 

w as p ermanently running in these six sites thro ugho ut 

the year. In spite o f repeated investigations tw ice a year 

fro m 1978 to 2000, L. truncatula w as nev er fo und in 

these bed s, and the co mmunity o f snails (L. ovata, 

L. stagnalis, P. acuta, o r P. leucostoma) living in each 

p lace had no t chang ed in its co mp o sitio n betw een the 

year o f the ep id emio lo g ical survey ( see Table I) and 

the past 22 years. Lo w p rev alences o f F. hepatica 

infectio ns w ere reco rd ed in the six cattle herd s, w hich 

grazed in the nearby o f these bed s. Three p o p ulatio ns 

o f uninfected snails w ere used as co ntro ls. They o ri

g inated fro m b ro o ks in the d ep artment o f Haute-

V ienne and w ere living in the c o m m u nes o f Limo ges 

(L. ovata, P. acuta) and Tersannes (P. leucostoma), 

w hile the last p o p ulatio n (L. stagnalis) inhabited a 

small p o nd , in the c o m m u ne o f Thenay , d ep artment 

o f Ind re. 

Samp les o f snails measuring 3 mm o r mo re in height 

w ere co llected fro m each w atercress b ed in O cto ber-

N o v em ber 1999, March 2000, and in June-July 2000. 

Location Potential contamination 

of the bed: Snails species* by mammalians N umber of 

co m m une D escription (and number of snails infected with hum an cases 

(and locality) (and size of the bed in m 2 ) on M arch 1 9 9 9 ) Fasciola hepat ica+ (and year) 

Beaune-les-Mines Spring in a meadow (2.5) lymnaea ovata (104) Cattle and lagomorphs 1 (1968) 
(Le Bourg) 
Arnac-la-Poste Overflowing ditch near a pond (4.7) L. stagnalis (33) Cattle 2 (1977) 
(Les Tribelles) 
Magnac-Bourg Spring in a ditch along the road D 82 Physa acuta (84) Cattle 1 (1981) 
(Le Monceau) (6.3) 
Saint-Sornin-Leulac Pool with spring in a meadow (5.2) Physa acuta (33) Cattle 1 (1988) 
(La Zaphix) 

Thiat Spring in a meadow (7.2) Physa acuta (67) Cattle and lagomorphs 1 (1969) 
(Bachellerie) 
Saint-Léger-Magnazeix Spring in a meadow (4.6) Planorbis leucostoma Cattle 1 (1974) 
(Les Sechères) (185) 

* Lymnaea truncatula was never found in these six stations. 

+Infections rates o f cattle with F. hepatica (1997 or 1998): Arnac-la-Poste (33.3 % ) , Beaune-les-Mines (8.7 % ) , Magnac-Bourg (15.0 % ) , Saint-
Léger-Magnazeix (24.5 % ) , Saint-Sornin-Leulac (7.7 % ) , Thiat (22.3 % ) . The prevalences o f F. hepatica infections in lagomorphs w ere not 
determined. 

Table I. - Geographic location and main characteristics o f the six wild watercress beds studied in the department o f Haute-Vienne (cen
tral France). 
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Snails w ere transpo rted to the labo rato ry and w ere d is

sected und er a stereo micro sco p e to find any tremato d e 

larval fo rms. Naturally-infected snails w ere co unted in 

each sample, taking into acco unt tremato d e sp ecies CF. 

hepatica, Haplometra cylindracea, Paramphistomum 

daubneyi, o r an o ther helminth) . The larval fo rms o f 

the first three helminth sp ec ies w ere particularly sear

ched , as F. hepatica, H. cylindracea, and P. daubneyi 

w ere the mo st frequent D ig enea fo und in snails fro m 

the w atercress bed s o f central France (Ro nd elaud et al, 

2001) . 

Other samp les o f 15-20 adult snails each w ere also co l

lected fro m each p o p ulatio n in O c to b er 1999 and 

w ere maintained in aquaria (at 20° C) und er labo rato ry 

co nd itio ns until they had laid eggs. The p ro g eny o f 

these snails measuring 1, 2, o r 4 m m in height w ere 

subsequently used fo r miracid ial exp o sure. Eggs o f 

F. hepatica w ere co llected fro m the gall blad d ers o f 

heavily infected cattle. To o btain eggs o f P. daubneyi, 

adult w o rms w ere co llected fro m the p aunch o f the 

same ruminants and p laced in a saline so lutio n (NaCl, 

0.9 %; g luco se, 0.45 % ) at 40° C fo r fo ur ho urs. The 

cho ice o f lo cal and infected cattle to o btain the eggs 

o f bo th afo rementio ned tremato d es w as d etermined in 

relation to the p resence o f cattle aro und the six w ater

cress bed s stud ied . The eggs o f Haplometra cylin

dracea w ere released by naturally-infected frogs (Rana 

esculenta, o r R. temporaria). The three types o f eggs 

w ere w ashed several times w ith spring w ater and 

incubated in co m p lete d arkness at 20° C fo r 20 d ays. 

Fo ur exp eriments w ere p erfo rmed using a to tal o f 

64 gro up s (100 snails p er g ro up ) . The sp ecies and 

p o p ulatio ns o f snails used fo r each exp eriment, the 

num ber and size o f g ro up s, and the details o f miraci

dial exp o sure are g iven in Table II. The cho ice o f a 

24-ho ur (rep eated infectio ns w ith F. hepatica) o r a 4-

ho ur (b isp ecif ic infectio ns w ith ano ther tremato d e, 

then w ith F. hepatica) interval betw een tw o successive 

miracid ial exp o sures w as based o n the results that 

A ugo t (1998) , A ugo t et al. ( 1996) had repo rted w ith 

similar infectio ns o f L. truncatula. A fter the last exp o 

sure, the snails fro m the 64 gro up s w ere subsequently 

reared fo r 30 days in clo sed -circuit aquaria, w ith five 

snails per litre o f w ater (Ho urd in et al, 1993) . A quaria 

w ere maintained und er co nstant co nd itio ns at 20° C, 

w ith a d iurnal p ho to p hase o f 3,000-4,000 lux light 

intensity. At d ay 30 p o st-exp o sure (p .e .) , the surviving 

snails fro m the 64 gro up s w ere individually iso lated in 

35-mm d iameter petri d ishes, w ith 2-3 mL o f spring 

w ater and a p iece o f lettuce. The d ishes w ere main

tained und er the same co nd itio ns as the aquaria. Every 

day, the metacercariae w ere co unted and remo v ed 

fro m the d ishes, and the w ater chang ed . This sur

v eillance w as p erfo rmed until snail d eath. Ro utine 

po stmo rtem d issectio n o f cadavers w as thus perfo rmed 

to identify tremato d e sp ec ies and reco gnize the mo st 

d ifferentiated larval stage. 

The p rev alence o f natural infectio n in snails after 

their co llectio n fro m the field w as calculated using the 

ratio b etw een the num ber o f snails harbo uring larval 

fo rms o f a tremato d e sp ec ies and that o f snails co l

lected in a w atercress bed . Three o ther p arameters 

w ere stud ied in exp erimental infectio ns: the survival 

rate at d ay 30 p .e., the p rev alence o f exp erimental 

Type of infection N umber o f groups Details 

Snails species and population (and trematodes) per population* of miracidial exposure 

The 10 populations Single (F. hepatica) 3 groups: 2 miracidia per snail 
1-mm high snails (1 exposure) 
2-mm high snails 
4-mm high snails 

Physa acuta and Planorbis leucostoma Repeated (F. hepatica) 3 groups:† 2 miracidia per snail and 
(6 populations) 2 exposures per exposure. A 24-hour 

3 exposures interval separated 2 

4 exposures successive exposures 
P. acuta and P. leucostoma Single (another trematode 2 groups :† 2 miracidia per snail 

(4 populations from watercress beds) species) Haplometra cylindracea only (1 exposure) 

(1 exposure) 
Paramphistomum daubneyi 

only (1 exposure) 
Double (another trematode 2 groups:† 2 miracidia per snail and 

+ F. hepatica) H. cylindracea + F. hepatica per exposure. A 4-hour 

(2 successive exposures) interval separated 2 
P. daubneyi + F. hepatica successive exposures 

(2 successive exposures) 

* 100 snails per group at miracidial exposure. 

† Experiences performed using 1-mm high snails. 

Table II. - Characteristics o f the 64 groups o f snails experimentally infected with Fasciola hepatica and/ or an other trematode species. 
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N umber of snails collected* 

(and numb er of snails harbouring larval f orms 

o f Fasciola hepatica) 

G eographic location Species 

O ctober-

N ovember M arch M ay-june 

Prevalence (% ) 

of natural infection 

with F. hepatica 

Beaune-les-Mines Lymnaea ovata 104 (3) 79 (2) 244 (1) 1.4 

Arnac-la-Poste L. stagnalis 45 (0) 31 (0) 122 (0) 0 

Magnac-Bourg Physa acuta 98 (2 † ) 56 (0) 147 (1 † ) 0.6 

Saint-Sornin-Leulac 78 (1 † ) 34 (1 † ) 97 (0) 0.9 
Thiat 27 (0) 44 (0) 67 (0) 0 

Saint-Léger-Magnazeix Planorbis leucostoma 123 (0) 123 (0) 211 (1) 0.1 

* The snails co llected from the sites w ere 3 mm and more in height. 
† Live (4 snails) or degenerated (1 snail) sporocysts o f F. hepatica. 

Table III. – Numerical distribution o f naturally-infected snails with Fasciola hepatica in six watercress beds o f the Limousin region bet

w een October 1999 and June 2000. 

N umber of snails 

Size ( m m ) of snails W ith larvae W ith N umber of 

Snail species at miracidial At day (and prevalence cercarial cercariae per snail 

and population exposure 30 p.e. of infection in % ) shedding (m eans ± S.D.) 

Lymnaea ovata, 1 57 27 (47.3) 24 15.3 ± 11.2 
Beaune-les-Mines, 1 64 16 (25.0) 12 27.4 ± 18.7 

watercress bed 4 78 11 (14.1) 8 42.5 ± 21.3 

L. ovata. 1 39 9 (23;0) 4 10.3 ± 11.7 
Limoges, 2 35 0 0 0 
control 4 52 0 0 0 

L. stagnalis. 1 37 14 (37.8) 5 16.6 ± 9.8 
Arnac-la-Poste, 2 46 2 (4.3) 1 24 
watercress bed 4 55 0 0 0 

L. stagnalis. 1 31 5 (16.1) 0 0 
Thenay, 1 49 0 0 0 
control 4 46 0 0 0 

Physa acuta, 1 58 3 (5.1)* 0 0 
Magnac-Bourg, 2 68 2 (2.9)* 0 0 
watercress bed 4 91 0 0 0 

P. acuta. 1 62 5 (8.0)* 0 0 
Saint-Sornin-Leulac, 2 72 1 (1.3)* 0 0 
watercress bed 4 88 0 0 0 

P. acuta, 1 64 1 (1.5) † 0 0 
Thiat. 2 67 0 0 0 
watercress bed 4 85 0 0 0 

P. acuta, 1 45 0 0 0 
Limoges, 2 52 0 0 0 
control 4 78 0 0 0 

Planorbis leucostoma, 1 26 0 0 0 
Saint-Léger-Magnazeix, 2 44 0 0 0 
watercress bed 4 57 0 0 0 

P. leucostoma. 1 34 0 0 0 
Tersannes, 2 52 0 0 0 
control 4 71 0 0 0 

* Live sporocysts o f F. hepatica. 

† Presence o f a sporocyst and a first-generation free redia. 

Table IV. - Experimental infections o f snails originating from 10 populations with Fasciola hepatica in relation with their shell height at 
miracidial exposure. 
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infectio n (calculated in relatio n to the num ber o f sur

v iv ing snails at d ay 30 p .e .) , and the num ber o f cer-

cariae p er snail and p er tremato d e. A co mp ariso n test 

o f exp erimental f requenc ies, a Chi 2 test, and an o ne

w ay analysis o f v ariance w ere used to establish levels 

o f signif icance. 

RESULTS 

NATURAL INFECTIONS OF SNAILS 

WITH FASCIOLA HEPATICA 

Snails harbo uring red iae and cercariae o f F. hepa

tica (Table III) w ere fo und in tw o w atercress bed s 

inhabited by L. ovata o r P. leucostoma. The pre

v alences o f these natural infectio ns w ere 1.4 % and 

0.1 %, respectively . So m e sp o ro cysts o f F. hepatica 

w ere also no ted in the P. acuta fro m tw o o ther sites 

but the p rev alences w ere less than 1 . No Fasciola 

infectio n w as no ted in the snails fro m the tw o o ther 

sites. 

Other tremato d e sp ecies (data no t sho w n) w ere fo und 

in these snails. Spo ro cysts o f H. cylindracea and imma

ture red iae o f P. daubneyi w ere present in the bo d y 

o f sev en L. ovata and tw o P. leucostoma, respectively . 

Fo ur o ther tremato d e sp ecies (unid entified ) w ere also 

no ted in L. ovata, L. stagnalis, o r P. acuta. 

EXPERIMENTAL INFECTIONS OF SNAILS 

WITH FASCIOLA HEPAICA 

Table IV gives the results o btained w ith m o no -exp o sed 

snails in relation to their shell height at miracidial exp o 

sure. In the six p o p ulatio ns o f P. acuta and P. leuco

stoma, no cercarial shed d ing w as no ted . Only so me 

sp o ro cysts and an immature redia o f F. hepatica w ere 

d etected in their cad avers, so that the p rev alences o f 

infectio ns ranged fro m 1.3 to 8.0 %. In contrast, cer

carial shed d ings w ere no ted in L. ovata and L. stag

nalis. The p rev alence o f this infectio n w as signifi

cantly higher (P < 0.05) in the L. ovata originating from 

the w atercress bed than in the co ntro l po pulatio n. A 

significant d ecrease o f this p rev alence (P < 0.05) in 

relation to the increase o f the snail size at miracid ial 

exp o sure co uld also b e no ted . Similar find ings co uld 

be no ted fo r the p rev alence o f F. hepatica infectio n 

in L. stagnalis. The m ean num ber o f cercariae shed by 

the L. ovata living in the w atercress bed significantly 

increased (F = 3.32, P < 0.05) in relation to the snail 

size at miracid ial exp o sure. In co ntrast, no significant 

variation betw een the mean numbers o f cercariae shed 

by the 1-mm gro ups w as no ted , w hatever the snail spe

cies and p o p ulatio n. 

D e s p i te the i n c re as e o f e x p o s u r e s in n u m b e r 
(Table V ) , no cercarial shed d ing o f F. hepatica w as 
no ted in the six physid id and p lano rbid p o p ulatio ns. 
Sp o ro cysts, w ith o r w itho ut immature red iae, w ere 

N umber of snails 

W ith sporocysts 

Snail species N umber At day W ith and immature Prevalence 

and population of exposure 30 p.e. live sporocysts rediae of infection in %  

Physa acuta, 2 45 3 0 6.5 
Magnac-Bourg 3 35 2 0 5.7 

4 24 4 1 20.8 

P. acuta, 2 57 1 0 1.7 
Saint-Sornin-Leulac. 3 49 2 1 6.1 

4 41 4 2 14.6 

P. acuta, 2 62 1 0 1.6 
Thiat 3 51 1 1 3.9 

4 37 2 0 5.4 

P. acuta, 2 48 0 0 0 

control 3 31 0 0 0 
4 19 1 0 5.2 

Planorbis leucostoma, 2 28 1 0 3.5 
watercress bed 3 22 2 0 9.0 

4 12 4 0 33.3 

P. leucostoma, 2 31 0 0 0 

control 3 23 0 0 0 

4 18 0 0 0 

Table V. - Experimental infections o f 1-mm high physidid and planorbid snails with Fasciola hepatica in relation to the number o f mira
cidial exposures (2, 3, or 4) . 
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fo und in the cad avers o f 12 P. acuta and sev en P. leu

costoma. The p rev alences o f infectio ns increased w ith 
the nu m b er o f exp o sures, as the num ber o f surviving 
snails at d ay 30 p .e. inversely d ecreased . Ho w ev er, no 
significant d if ference b etw een these p rev alences w as 
fo und , w hatev er the test used and the m o d e o f co m 
pariso n. 

EXPERIMENTAL INFECTIONS OF SNAILS 
WITH AN OTHER TREMATODE SPECIES 
AND FASCIOLA HEPATICA 

In single infectio ns o f P. acuta w ith H. cylindracea 

(Table VI) , so m e sp o ro cysts o f this tremato d e w ere 

fo und in d issected snails but no significant d ifference 

betw een the p rev alences o f infectio ns w as no ted . In 

dual infectio ns o f P. acuta w ith H. cylindracea and 

F. hepatica, so m e spo ro cysts o f F. hepatica w ere no ted 

in tw o snails. Negative results w ere o btained in single 

and dual infectio ns o f P. leucostoma. 

In sing le infectio ns o f P. leucostoma w ith P. daub

neyi ( Tab le V II) , sp o ro c y sts and f irst-g eneratio n 

red iae w ere fo und in three snails and no cercarial 

shed d ing o c curred . In dual infectio ns o f this sp ec ies 

w ith P. daubneyi and F. hepatica, five snails har

b o u red larval fo rms o f P. daubneyi o r F. hepatica, 

and three shed lo w num b ers o f F. hepatica c erca

riae. O n e snail cad av er fro m this g ro up w as c o -

infected , w ith a sing le red ia o f F. hepatica and tw o 

red iae o f P. daubneyi. Negative results w ere o btained 

in sing le and d ual infectio ns o f P. acuta, exc ep t fo r 

the p resenc e o f F. hepatica sp o ro cy sts in tw o d ually -

exp o sed snails. 

N umber of snails 

Snail species 

and population Parasite At day 30 p.e. W ith larvae 

Prevalence 

o f infection 

in %  

Larvae o f 

H. cylindracea 

Physa acuta, Haplometra cylindracea only, 02 1 1.6 2* 

Magnac-Bourg H. cylindracea + F. hepatica 47 0 0 -

Saint-Sornin-Leulac H. cylindracea, 71 2 1.6 2* 

H. cylindracea + F. hepatica 55 1 (F. hepatica) 0.8 

Thiat H. cylindracea. 61 0 0 -
H. cylindracea + F. hepatica 52 1 (F. hepatica) 1.9 1† 

Planorbis leucostoma H. cylindracea, 32 0 0 -

H. cylindracea + F. hepatica 11 0 0 -

* Second-generation sporocysts o f H. cylindracea. 

† First-generation sporocysts. 

Table VI. - Experimental infections o f 1-mm high physidid and planorbid snails with Haplometra cylindracea and/ or Fasciola hepatica. 

N umber of snails 

Prevalence 

N umber of 

Fasciola hepatica 

Snail species of infection cercariae 

and population Parasite At day 30 p.e. W ith larvae in %  (m eans ± S.D.) 

Physa acuta, Paramphistomum daubneyi only, 66 0 0 0 
Magnac-Bourg P. daubneyi + F. hepatica 54 0 0 0 

Saint-Sornin-Leulac P. daubneyi, 78 0 0 0 
P. daubneyi + F. hepatica 59 1* 1.6 0 

Thiat P. daubneyi. 66 0 0 0 
P. daubneyi + F. hepatica 39 l* 2.5 0 

Planorbis leucostoma P. daubneyi. 45 3* 6.6 0 
watercress bed P. daubneyi + F. hepatica 34 5* 14.7 3.5 ± 2.5 

(3 snails ) 

* Sporocysts (P. acuta) or rediae and cercariae (P. leucostoma) o f F. hepatica. 

† Sporocysts and first-generation rediae o f P. daubneyi. 

Table VII. Experimental infections o f 1-mm high physidid and planorbid snails with Paramphistomum daubneyi and/ or Fasciola hepatica. 
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DISCUSSION 

If the mean sp eed o f w ater current (until 60 cm/ sec 

o n D ec em b er) in the six w atercress bed s d id no t 

pro v id e suitable co nd itio ns fo r the establishment o f 

L. truncatula p o p ulatio ns, it nev ertheless allo w ed the 

co lo nizatio n o f the springs and d itch stud ied by mo re 

to lerant p ulmo nate sp ecies and natural infectio ns o f 

snails w ith F. hepatica co uld naturally o ccur in these 

p laces. O ur investigatio ns in these sites d emo nstrated 

the p resence o f larval fo rms in L. ovata and P. leuco

stoma, ev en tho ugh the p rev alences o f infectio ns w ere 

low . Experimental infections w ith F. hepatica co nfirmed 

the ro le o f bo th afo rementio ned sp ec ies and ind icated 

that the juvenile L. stagnalis co uld also sustain trema

to d e larval d ev elo p ment. These find ings co nf irmed 

the results already rep o rted by Kend all ( 1950) fo r bo th 

Lymnaea sp ec ies, and b y A bro us et al. ( 2000) fo r 

P. leucostoma. As the Lymnaea snails fro m bed s co uld 

b e infected at a greater size (until 4 m m fo r Z. ovata) 

and had higher p rev alences o f infectio ns than co ntro l 

snails, o ne might w o nd er w hether these better per

fo rmances in the fo rmer snails w o uld no t b e the result 

o f very lo cal ad aptatio ns betw een parasite and bo th 

Lymnaea. An argument in suppo rt o f this hyp o thesis 

w as the repo rt by Ro nd elaud (1993) . A cco rd ing to this 

autho r, the p o p ulatio ns o f L. truncatula liv ing in 

sw amp y mead o w s in central France and , co nsequently , 

having frequent natural enco unters w ith F. hepatica 

sho w ed higher survival rates, higher p rev alences o f 

infectio ns, and greater cercarial p ro d uctio ns than snail 

p o p ulatio ns living o n river banks and hav ing scarce 

natural enco unters w ith this tremato d e. 

Desp ite m o no - o r b isp ec if ic infectio ns, the results 

o btained w ith the four populations o f P. acuta w ere no t 

successful. A few spo ro cysts and immature red iae o f 

F. hepatica w ere o nly fo und in so me snails. In v iew o f 

these results, it w as difficult to co mment the o ccurrence 

o f human fascio lo sis in the w atercress bed s in w hich 

P. acuta w as the single freshw ater species. As this snail 

w as kno w n to be invasive (Brackenburry & A ppleto n, 

1993, fo r examp le) and co uld co lo nize o p en drainage 

d itches o n siliceo us soil (Vareille et al., 1996) , it might 

be hypo thesized that these w atercress bed s w o uld be 

late co lo nized by P. acuta, inducing the elimination o f 

the snail host, p ro bably Z. truncatula, as this last sp e

cies w as very susceptible to a co mpetitio n perfo rmed 

by an o ther freshw ater snail sp ecies ( 0kland , 1990) . 

Mo no sp ecif ic infectio ns o f P. leucostoma d emo nstrated 

that this sp ecies w as unable to sustain the larval d ev e

lo p ment o f F. hepatica. In contrast, the co -infectio n o f 

this snail resulted in the shed d ing o f so m e F. hepatica 

cercariae. These find ings agreed w ith the data repo rted 

by A brous et al. (1998) fo r P. leucostoma w hen this snail 

w as subjected to successiv e exp o sures using P. daub

neyi and F. hepatica miracid ia. The p resence o f so me 

immature red iae o f P. daubneyi in the P. leucostoma 

living in this w atercress bed may exp lain the case o f 

human fascio lo sis and suggests that a snail co - infec

tion w ith bo th tremato d es had o ccurred w hen the 

metacercariae o f F. hepatica w ere p resent o n the 

w atercress eaten by man. 
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