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INTRODUCTION

~ Fascioliasis poses a sanitary and economic problem of great sig-
nificance to Portugal, as evidenced not only by the high animal infection
rates, but also the constant increase of human cases (Xavier & coll., 1965}.

‘In fact, after the 25 human cases described, ever since the first
one that occurred in 1948 (Foﬁseca, F. & Azevedo, I} there have been,
at least, 15 more, in last two years that we are aware of. The fact that
both the previous cases and the recent ones have been deseribed without
systematic research, as well as the wide area ol distribution of the di-
sease in animals in the several districts of our Country, and the death
of sheep and bovines in 1964 (Xavier, loc. cit.) and again in 1966 and
1967 in several northern regions, lead us to conélt_lde that fasciliasis is
much more serious, as [ar as our Country is concerned, than one would
at first believe. Accordingly, we must try to identify with accuracy the
vector snails and their area of distribution, in order to do ecologic research
and to clarify the host-parasite relationship which is the hase of the epi-

(1} This work has been presented to the Second International Liverflu-
ke Colloquium (2nd - Tth October, 1967) Wageningen, Holland; and has been
subsidized by the Centro de Medicina Tropical de [nstituto de Ala Cujtura.

Was performed at the National School of Public Health and Tropical
Medicine (Lisbon}. Radioisotope Research Laboratory of the Overseas Research
Board (Head: J. Fraga de Azevedo).
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- demiology and epizootiology and subsequent control and prophylaxis of
this parasitosis,

It is a well know fact that Lymnaea truncatula is the natural
intermediate host of Fasciola hepatica, and the Iberian Peninsula is no
exception to this (Xavier, M. L., loc. cit.; GonzaLez CasTro, ., 1947).

Other Lymnacidae may acl as relative hosts: L stagnalis, [. pe-
regra, L. glabra and L. pelustris (Kespary, S. B., 1965; Bercuex, P,
1964); the first two are the most susceplible. One may accordingly assume
that only Lymnaea species are able to act as intermediate hosts, with
the absolute exception of L. auricularia, related with the F. gigantica
vetors (KENDALL, S. B, loc. cit. ).

According o Bercnen (loc. cit.) and Xavigr (loc. cit.), and ac-
cording to the experience of most authors doing field work in many fascio-

liasis areas malacological rescarch olten confirm the intense occurence
of other snails (Physsa and olher Lymnaeidae) whereas L. truncatuly

is very seldom, or even not at all. found in these areas; this leads us to.

suspect that there may other snails acting as intermadiate hosts.

Among the genus Physa, P. acuta has the widest distribution, due
to its greal reproduclive capab1ht1es and resistance to poor nutnnon and
ather adverse condilions.

Some Physa species are considered potential hosLS as is the case
with P. cubensis (Vicuenas, J. & MoReNo, B, A., 1935 and Pfontmalts
{(Bovp, M. F., 1920), quoted by Brumer, .

These two reasons. i, e.. the dense distribution of ansa in fascio-
liasis areas and the facl some of the species act s hosts, make it im-
peralive lo ascerlain whether they are not F. hepatica veclors. Accor-
dingly, one of the objetives of the present work is lo assess the suscep-
tibility of P. gcuta and other snails to the F. /le[)(tllt:(l under laboratory
conditions and using L. trucatule as control. This implies the existence
of a previous culture of both snails. and technical and experimental re-
search on the biological cycle of F.hepatica in L. truncatula, which is
being maintained in our laboratory since 1964 (Xavier, M. L. & Coll,,
1966).

Since the role of L. truncatula as a vector of F. hepatica in Spain
has nol been completelv confirmed. we have also exposed thls species,
as well as P. acuta, L. peregra and L. siagnalis fram Salamanca.
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MATERIAL AND METHODS

Both the Portuguese and Spanish populations of Physa and Lym-
naea used in our experiments were maintained in cultures according to
the method employed by Ollerenshaw, C. B. in the Central Veterinary
Laboratory, Weybridge, England, for L. truncatula. The culture is done
in plastic containers on whose earth-covered botlom a culture of the alga
Oscillatoria formoso Bory is established. The culture of Oscillatoria is
optimum for all snails, specially Pliysa, because they grow rapidly, altain
sexual maturity much earlier and reproduce intensely, as was reported

for other species (Xavier , M. L. & Coll., 1966).

The miracidia were obtained from infected sheep liver blade, accor-
ding to the technique used at Weybridge (Rowcliffe & Ollerenshaw, 1960)

Exposure is achieved by placing each snail in one haemolysis
tube with some 2 ml of water and by keeping the snail in contact with
the rmiracidia for & hours, under natural or artificial lighting. Mass ex-
posure was also done: aech snail lol was placed on a new Oscillatoria
plate and miracidia were introduced in the plate itself,

The penetration of miracidia and their resulling development in
the tissues of the snails were assessed via series of histological sections,
8 microns thick, of the head and fool regions of L. truncatuls and P. aente
specimens, taken 24, 72 and 96 hours after a massive exposure of 500
miracidia per snail.

Sections were achieved via inclusion in paraffin and dyed with
hematoxilin-eosin. Other snails, intended for the ohservation of both
sporocysts and rediae and cercariae, were dissected while siill living,
after being previously anesthetized, respectively 15 and 30 days after
the exposure to inlection.

Alter 30 days the remaining snails were exposed to cercaria she-
dding conditions in an ice bath at 8-10°C. '

In some lots used for cercaria shedding we did not wait for spon-
taneous sheddmg, instead, we foreed it by rupturing the first whorl, as
advised by Berghen (loc. cit., 1964), since this facililates cercaria shedding
which was explosive.

The snail that did not shed were dissected as above in orden to
observe larval forms,
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EXPERIMENTS

Group [
1. Exposure of average-sized P. acuta and L. truncatula

We collected a total of 130 Physa with diameters ranging from
4 10 © mm, descended from a population of Alcdcer do Sal (Alentejo; South
ol Portugal), maintained in the Laboratory since 1964; 110 snails were
exposed to infection with 50 miracidia per snail, and 20 were used as
control.

The experiment was conducted as shown in Table I:

Lot 'S, Composed of 50 specimens, of which 25 were kept at
30°C and 25 at room temperature. Both sets intended for dissection 15 and
30 days after exposure in order o observe sporocysts and rediae and cer-
cariae, respeclively,

“Lot FSs Composed of 40 specimens, 2() of which were kept at
room lemperature and 20 at a constant 30°C. Both were intended for spon-
laneous shedding via an ice bath at 8-10°C. after 30 dnys ol exposure to
infection.

Lot FSa Cbmposed of 20 snails, képt al room lemperalure and
intended for forced shedding hy rupture of Lhc first whorl. (Berghn's
methed). '

Lot FS, Control lot: 20 snails 10 kept at room lemperal:um and
10 at 30°C.

Simullaneously, 80 L. truncatula specimens were taken. They
were of average size, came from a population of Vila do Conde (North
of Portugal), and maintained in the laboratory since 1965. Forty were
exposed to infection with 15 miracidia per snail, and 10 were used as
longevily controls. This lot as a whole acled as contrel for the infective
capabilities of the miracidia employed and, consequently, for the repro-
duction of the life-cycle of F. hepatica.

Infected snails were grouped in lots parailel (Table I) to the
Plysa lole, exposed to the same conditions and for similar purposes:

Lot LP; 20 specimens, 10 for dissection after 15 days of exposu-
re, and 10 for dissection after 30 days, all were kept at room tempera-
ture. e :
Lot. [Py 40 specimens for spontancous shedding after 30 days,
20 were kept at room temperature and 20 at 30°C.
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Lot LP3 20 specimens for forced shedding via rupture of the:’ -
shell’s first whorl. : : B

Lot LPy 20 longewl} conlrols, 10 at room lemperatuu and - 10
at 30°C. o .

Results: _

Tests ended 40 days after exposure; mortality rale was 14.5 % in
the Physa exposed Lo infection, and 0 % in the controls.

During the dissection after the first 15 days of the Physa and Lym:
nae of lots FS; and LPy, respectively, no sporocysts were reported in any
of the 18 Physa dissected; among the 6 Lymnaea, several sporocysis were
reported in 4. In the dissection after 30 days, no larval forms were re-
ported in any of the 19 Plysa dissected; among 8 Lymnaea, 5 proved to
have mature rediae and cercariae that encysied in he glass, resulting
in melacercariae aud immature cereariae that did not encyst.

Spontaneous shedding was not oblained in Physa, whereas a per-
cenlage of 78.9 was noticed in Lymnaea. ' e

The snails that did not shed after 40 days were dissected and lar-
val stages were found in several Lymnaea and none in Physa. The same
was true for the groups intended for forced sheddmg, it waé e\p‘loswe in
Lymnaea and did not occur in Physa. : :

We also exerted daily control of the: number of egg-masses of
each of the snail species. Table 1} shows the distribution of the number
of egg-masses per snail, both before exposure and from the st to 13th
day and from the 16th-lo the 30th day after exposure: in L. truncatula,
coinciding with the migration of the larval forms to the hepatopancreas,
we ohserved that egg-laying began to decrease after the 15th day of ex-
posure and became nil in all lois at the end of the test. This was not
true tor Physa, thus proving that the attempl at infection had failed.

Concluswns SRR

The experimental mfectmn of the average-sized P acute (4 1o
6 mm diameler) was not achived, but an infection of 90 % was reported
in L. truncatula by final dissection of survivors after 40th day of exposu-
re. The 14.5 90 mortality reported in Physa was due Lo exposure conditions
as it was 0% in the Physa controls. In L. truncatula, mortality until
the 40th day reached 30 % and was due to infection; since controls had a
0 % morlality. SR :
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2. Hystological comparison of miracidia penetration

It was possible to report aporacysts in the head and foot of 4 of
the 6 L. truncatula specimens exposed, as may be seen in fig. 1 for one
of them; however, in the 6 Physa specimens exposed 1o the same condi-
tions of infection it was not even possible to observe the penetration of
miracidia.

Group 1

These tests, conducted with P. acuta only, were intended 1o de-
termine whether the number of miracidia, age, temperature and origin
of the snail population influenced susceptibility to infection,

The sequence of the experiment is shown in Table [11.

In the first group of tests, some specimens from Aledcer do Sal,
were exposed to infection with 2 1o 8 miracidia per snail and then di-
vided into two lots: :

Lot AS; Cemposed of 30 snails kept at room temperature.

Lot AS; Composed of 30 snails kept at 30°C.

Lot TAS; and TAS; were the respective controfs.

The same technique was employed with another group of spe-
cimens from the same area, the only difference being thet both snails
exposed to infection and the controls were 6 days old.

Still the same method was employed with specimens from Vila
do Conde (Portugal} and Salamanca (Spain), 2 and 6 days old.

The same procedure was followed for the second, third and four-
th groups ol tests, except that specimens ol the three populations were
exposed to a different number of miracidia-respectively 15 1o 30, 40 to
50, and mass exposure, as described hefore.

Results:

The resulls obtamed are shown in Table Iv:

A total of 1,540 snails was exposed, 790 of which were kept at
30°C and 820 at room temperature. Mortality due to the experimental
conditions was 13.9 % in the former case and 20.3 % in the latter, whi-
le controls’ mortality was 6.4 % and 7.5 % respectively.

" Medium initiation of egg-laying, determined only in the first group
(snails from Alcacer do Sal, 2 days old) Look place ofter 22.8 days of
exposure, with a medium age of 27.2 days in exposed snails at room
temperature, and after 21.6 days of exposure, with a medium age of
26.6 days in the snails kept at 30°C.
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Medium number of egg-masses of the total exposed snails at room
temperature was 5,739, while it was 1,913 for the control snails, which
is equivalent to 6.9 egg-masses per each exposed snail and 6.8 per con-
trol snail. Snails kept at 30°C had a total of 6,623 egg-masses, while
controls had 2,306 i. e., 8,3 and 9.2 egg-masses per snail, respectively. One
may conclude, then, that the lemperature of 30°C favours ovipesition but
does not affect susceptibility to infection.

The experiment ended after 40 days and, as the snails did not shed
cercarine, the 330 snails of the 4 groups were dissected and no larval
forms of F. hepatica were found in any of them.

Group 11

Though ne L. stagnalis specimens have been found in the fascio-
liasis arens of Portugal we have observed, since this species may be found
in association with L. fruncatula in Spain and due, to the previously stated
reasons, we decided to expose it to expenmentul infection together with
L. peregra and L. palustris, since the former is very common and the latter
very rare in the mentioned areas. _ :

L. trurcatule from Salamanca, was also exposed with L. trunca-
tula from the Oporto District (north of Portugal), being the last one as
control of all experiments.

We used 10-20 mlracuha for L. truncatila, and 49-50 for the other
Lymnaeidae under several experimental conditions as are shown in Ta-
ble V. Hystological observations of this species were also done with the
purpose of observing larval stages of F. hepatica. '

Results'

From a total of 320 L. stegnalis specimens (Table V) expnsed Lo
infection, 55 {17.1 %) died, whereas there was a 10 %% mortality in con-
trol snails. However, this species proved Lo be impervious to infection
under any conditions. :

The same was noticed wlth both the Portuguese and Spanish L.
peregra wilh morlality rate of 17.3 and 18.9 %, respeclively, while con-
trol snails had 10.0 % mortality for the Portuguese species and 13.3 %
for the Spanish ones.

In the three snail species exposed to mfectiun, mortahty was ge-
neraly higher than in contrels, which must be due to the conditions to
which the snails are subjected during exposure.
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The histological observation of these species revealed no sporo-
eysts or other larval forms; however, the same was nol true for the spe-
cimens of the Spanish population of L. iruncatula (fig. 2) nor for the
Protuguese specimens of the same species and ol L. pafustris (fig. 3).

Infection rates were respectively 5229, 47.9% and 10%. In
any these species, mortality rate was higher than in the control species
(Table V), a fact that may he ambuled not only to exposure conditions
bt 1o infection ilself.

CONCLUSIONS

The faet that P. acuta and L. peregra, the snails most densely dis-
tributed in the lascioliasis areas of Portugal, have showed no susceplibili-
'ty to K. hepatica, the fact that only the uncommon L. palustris has hehaved
s’ a relative vector and the fact that L. stagrialis has not even been re-
ported yet in these areas, lead us to conclide that ["15(:10[]&515 in Portu-
gal is exclusively dependent on L. trunicatula.

This led o a more detailed 1mest1gat1cm on the species geografic
distribution which enabled us to conclude, in a work still under progress,
“that this species is much more common in Portugal than was previously
thought. Thus, ot instance, in 1965, only 10 breeding-places of L. trun-
catula” had been reported in Malosinhos' country (Oporto District), and

presently there already 150; the same is true for the other counties of lhe'

districi: up to now, we have a lotal of 553 breeding-places.

Specimens of L. truncatula were also {ound by us in several areas
of Alentejo and Algarve Provinces, though the species is more common
in the north of the Country. '

The initial lack of overlap in the occurrence of L. truncatula in
fascioliasis areds (Xavier & Coll., 1965) should be atributed to our ini-
tial difficulties not only in locating the minule-size and amphibious snail
in its different habltals but also in dlstmgulshmg lhesa same’ habltals
types, : o
T This s parhctﬂary true for the Province of Alenle]o (southern

Portugal), whose general caracleristics —-—chmate and others— do not -

appear to be [avourable to the evolution of fascioliasis, which, however,
occur there in considerables rates, though in restricted areas, i. e., only
whierever the microclimale is favourable (o the development of L. trun-
catula. ' o o '

In Spain, similary to what occurs in Portugal, L. fruncaiule is
the main vector of F. hepatica, since L. peregra, .. stagnalis and P. acute
proved Lo be impervious to experimental infection. :

As L. stagnalis sometimes oceyrs:in association mth L. £runcatu
la in Spain, contrarily to what happens in Portugal and as il is conside-
red in some countries as one the most adequale relative hosts of F. hiepa-
tica (KENDALL, foc. cil.; BERGHEN, loc. ciL.), it becomes necessary Lo as-
cerlain with accuracy the role of thie species as a host. We were unable
lo do so because we have only one single snail population and it is a known
fact that may be differenl susceptibilities among different populations .
of the same species.

RESUMEN

En las investigaciones malacolégicas de campo, se comprueba
la rareza de L. truncatula mientras que aparecen abundanlemente P. acu-
te v L. paregra. Como quiera que estos dos dllimos moluscos aeldan
como veclores relativos de Fasciola en olros paises, se hace necesario co-
nocer si son o no ho«:pcdadores mlt’rmedlarlos del tremdlodo en la Pe-
ninsula Ihérica. F

De los tres grupos de experiencias realizadas se deduce que la
fasciolosis depende, en la Peninsula lbérica, principalmente de L. trun- -
cntula. Ejemplares portugueses de L. palustris actuaron también como
vectores relativos, con tasas de infestacion del 10 %o. No pudo ser demos-
trado ningin lipo de infeslacion experimental en L. stagnalw P. acuta
¥ L. peregra procedente’’ (]L ambos paises.

RESUME

Daps les recherches malacologiques effectuées a la campagne on
observe la rareté du L. ¢runcatula, alors que le P. acuta et le L. paregra
se trouvent en grand nombre. Elant donné que ces deux derniers mollus-
ques agissent comme des vecteurs relatifs de Fasciola dans d’autres pays,
il {aul savoir g'ils sont ou non des hites inlermédiaires du trématode
dans la Péninsule Ibérigque. . '
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Des trois groupes d’expériments effectués on déduil que la fas-
ciolose, dans la. Péninsule Ihérique, dépend principalement du L. trun-
catula. Des exemplaires portugais de L. palustris agirent aussi comme des
vecleurs relatils, avec un taux de 10 9% d’infestation. On ne trouva aucun
type d’infeslation expérimentale chez les L. stagnalis, P. acuta et L. pa-
regra provenant de ces deux pays.
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SUMMARY

Malacological Research has often confirmed that L. truncatula is
only seldom, or even not nt all found in fascioliasis areas, while P. acula
and L. peregre show a wide dense distribution; on the other hand, the-#
se snails may act as relative veclors in other Countries. The question,
therefore, arises of the whether or not they are vectors for F. hepatica
in the Iberian Peninsula.

From the experiiments conducled it may be concluded that fasci-
oliasis in the Iberian Peninsula depende mainly on L. truncatula since,
in Spain, none of the other snails tested was shown to be a vector, and
in Portugal only L. palustris could be shown to act as a relative vector.
Infection rates were 52.5 %, 47.9 % and 10.0 %, respectively.

This led to a more detailed investigation on the species geogra-
phical distribution on Portugal which enabled the authors to conclude,
that [. truncatula is more common in this Country than was previously
thought. The initia) lack of overlap found in the occurrence of L. trunca-
tula in fascioliasis areas should be atribuled to initial difficulties not
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only in locating the minute-size and amphibious snails in their dilferent
habltats but also in distinguisly the same habitals types. S

From the three groups of experiments conducted it may be conelu-
ded that fascioliasis in the Iberian Peninsula depcnds mainly on L. trun-
catnla. L. stagnalis, P. acuta and L peregm from’ both cmmtnes showed
resistance Lo mfectmn : :
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Fig. 1.—Sporocysts in evolution in a specimen of L. tnincatule from Vila
do Conde, Portuga, 72 hours afler exposure to infection. (350 X ).

Fig. 2—Sporoeysts in evolution in a specimen of the Portuguese L. pa-
lustris, T2 hours after exposure to infection. {350 X).
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Fig: 3—Sporocysts in evolution in a specimen of L. truncatula from Sa-
lamanca (Spain), 96 hours after exposure to infeciion. (365 X ).

. - Shails esposed ta the labargtoty latection .
Speciss - A :
of Conditions| Snoit | Humber| Humbar [ Percentluumber of |Humbatr of |Humbar of |Number| Rote
wails ot LN ol ot daad | af sralis withl snoils with [snails with | af at
enparimant {humbar| sneile | snails fmartolitypporocysis) radiae ond|spontoneotn] enails linfecton
cercarios 1 cercoriow |infectsd] (44 )
Dusection ot
Wdays ond | F5, 50 |, 12 4.0 - —_ —
30 days
P acut Spontansgus ) . ’ S —-
L ocute shedding = 40 2 5.0
Barghan's J— —
method Fiy | @ | 2 0.0 .
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Sdasond [ LPy | 20 ¢ 00 [ 4 5 g
30 days
Spentommus
L truncotula shedding le 40 10 50 20 0 466
Barghen's 3
k-t LRy 10 B o 9 750
TOTAL q0 F g it k1 ] (351

Table 1—Results obtained in specimens of P. acuta and L. truncatulu
of Portuguese origin, when exposed to infeclion with F. hepatica miracidia.
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Snails ot 30°C Snails ot room
temperature
Experiment; Mumbar | Percent | Number §{ Number |Parcent | Number
groups of of of egg- of of of egg-
snails snails -masses _snails mortality | -masses
1st _ : )
.2-8 230 13.0 1990 210 231.8 1484
miracidia St
Exposed| 2nd L
snails | 15 - 30 150 | 16.6 | 1203 150 24.0 | 9
s {miraeldia | o s
3rd
40 -50 150 13.3 1413 180 22 .8 1300
mirocidia
4th
moss ot 260 13.5 2017 280 14 .3 1964
miracidia
Total .
number 790 13.9 6623 #220 20.3 57139
Control Total
snails | number 250 6.4 2306 280 7.5 1913

Table II.—Egg-laying rates of Porluguese specimens of P. acuta and
L. truncatule when exposed in the Laboratory to F. hepatica miracidia
and subjected to different temperatures.
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™| 2-a | 2000 vilo duCande| ¥, 40 5 e | vy 0 s | oan
Salpmonco Az &0 10 kR Ay 40 10 130
A;de Sol | AByp | 40 5 FED ASy 30 5 1
6dow| V. doConda | ¥y 1 4 W08 Vg s 15 1
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P 2days| v.doConde [ vg )] 3 20 1y 20 5 123
g3 1510 Solomanca | Ay E 4 a 201 43 w 5 EE1)
<
- A, da Sal ASq pLi} 5 230 AS g 20 & et
z 6 cays| v.doConde | Vo 0 [ 180 ¥t W 10 104
£ Satamonza | A3 70 4 162 Ay 30 10 109
‘S. Yotal ot 180 | 15 | 1209 150 | 38 9ot
- edch group
< A do Sol | At 40 5 150 | asg 70 5 150
2 2doys| V. doConde| Vg 20 0 e Vg 30 2 275
A 0 1 193 30 10 10
; 3,c 40-50 Solomanea 6 2 Ag
2 A, do Sol ASgy 0 & 00 ASyy 0 3 05
5 bdays | V.doConda] ¥4 10 3 2%5 V13 0 i3 2k
- Sglomonco Ay 20 7 15 A3 1 10 175
g Total ot
g
o each group 150 il 413 180 41 1300
A, o Sal AS e £0 10 400 ASy 40 10 n
2doys| V.do Condef ¥ A0 5 k13 Y £ 5 13
th Salomonca A 50 H 13 Ag F§: i s
& mgea
A, ds Sal AS g 40 7 230 ASy s k| &0
Boays | ¥ doConde | Vg 40 3 ar | v 50 7 23
Salomoncs | Ap AD 5 320 § A 1] " s
Tetol of
wch group T80 %5 207 i 40 194
. Tetal of
Exposed snols all groups %0 | 10 BEZ) [¥14 167 5739
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Table TH.—Study of the influence of the number of miracidia, age,
origin of the snnil populations and temperature on the susceptibility 10
Laboratory infection of P. acuta specimens,
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Table V.—Susceptibility of several fresh water snails from Portugal and
Spain to F. hepatica.
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