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Infection by Schistosoma mansoni Sambon 1907 in the
First Four Months of Life of Biomphalaria straminea
(Dunker, 1848) in Brazil

Monica Ammon Fernandez/*, Otavio Sarmento Pieri*

Departamento de Malacologia *Departamento de Biologia, Instituto Oswaldo Cruz-Fiocruz, Av. Brasil 4365,
21045-900 Rio de Janeiro, RJ, Brasil

Compatibility betweeBchistosoma mansocand Biomphalaria stramineahen exposed to the para-
site on the first four months of age was assessed for five parasitological aspects: indices of infection and
mortality, duration of precercarial and cercarial periods, and rate of cercarial emission. Infections
were made on molluscs from laboratory colonies, at the following ages: 8, 13, 18, 21, 53, 83 and 114
days. TwoB. stramineacolonies were used (Camorim, PE and Picos, PI), andBorggabratacolony
(Ressaca, MG) was used as control. The main results are as follows: (I) infection was significantly
associated with mollusc age, being proportionally higher in sexually immature than in mature mol-
luscs for the three colonies; (Il) f@. straminedrom Camorim, mortality did not differ significantly
between infected and non-infected snails; Bostramineadrom Picos significantly more deaths oc-
curred among infected than among non-infected snails, while the opposite was obseBvethfmata
from Ressaca; (ll) for the three colonies, the precercarial period was significantly shorter for immature
molluscs than for mature ones; (IV) the duration of the cercarial period was extremely variable for the
three colonies; (V) sexual maturity did not influence cercarial emission for the three colonies.
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One of the factors influencing the intermediatedult non susceptible; (3) susceptible at any age;
host susceptibility t&chistosomapp.is the mol- and (4) juvenile susceptible/adult variable. Accord-
lusc developmental stage. Archibald and Marshailhg to Michelson and Dubois (1978) refractory
(1932) were the first ones to observe the decreapepulations show different degrees of susceptibil-
of the susceptibility with the mollusc age in thety when submitted to experimental infection in
combinationSchistosoma haematobiusnd sev- newly-hatched molluscs. According to Niemann
eral species dBulinus.Other authors (Moore et al. and Lewis (1990)B. glabratasusceptibility and
1953, Chu et al. 1966, Raymond & Probert 1992%. mansoriercarial production are strongly influ-
confirmed that observation and pointed out otheznced by the size of the host and not by its age.
parasitological aspects: survival, duration of th€hernin and Antolics (1975) and Richards (1973),
precercarial period and cercarial emission. using Biomphalaria stramine&olonies, empha-

However, the influence of age in the combinasized the importance of young molluscs in the
tion Schistosoma manseBiomphalariais not S. mansoriransmission dynamics. More recently,
completely defined. Newton (1953), usingFernandez (1997), using. glabratg Biom-
Biomphalaria glabrata proved that molluscs at phalaria tenagophilaand B. stramineaexposed
the age of 1 to 9 days are highly susceptible anid S. mansorsympatric miracidia at the age of 1, 2
the infection rate on older snails is significantlyand 3 months, observed a decline in the suscepti-
lower. Richards (1970) identified four categories obility of B. glabrata and an increase in
susceptibility oB. glabratato S. mansoni(1) non Biomphalaria tenagophilafor B. stramineano
susceptible at any age; (2) juvenile susceptibleignificant differences on the infection index were
found.

In order to bring subsidies to clarify the bear-

_ _ i i _ ing of immature molluscen the dynamics of
This work is part of the main author’s MSc thesis 5 “mansontransmission, this study has investi-
e e oy deted comparaively the compatipity betweer
May 25th 1900. y B. strgmlneaands. mansonivhen exposeq to thga
*Corresponding author. E-mail: ammon@ioc.fiocruz.brparas'te on the first four months' of age, mcludmg
Received 14 May 2001 immature and mature stages. Five parasitological
Accepted 25 July 2001 aspects were assessed: indices of infection and
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mortality, duration of precercarial and cercarial peperiod and the rate of cercarial emission. Each in-
riods, and rate of cercarial emission. fected snail was kept separately in a small aquarium
MATERIALS AND METHODS until death, and to est_imate the cercarial emissiorj
the procedures described by Paraense and Corréa
~ Snails populations Fwo B. stramineacolo-  (1989) were followed, except for the days of expo-
nies were used (Camorim - S&o Lourenco da Matgure (Mondays, Wednesdays and Fridays in the
State of Pernambuco and Picos, State of P.Ian), aﬂﬁ%t month, and 0n|y Wednesdays inthe f0||owing
oneB. glabratacolony (Ressaca - Belo Horizonte,months). To confirm the parasitological cure, the
State of Minas Gerais) was used as control. Thfollusc was anesthetized, dissected and examined.
used snails were from colonies previously estab- Statistical analysis The statistical analysis were
lished in the Department of Malacology, Institutocarried out using SYSTAT 7 (SPSS 1997). In order to
Oswaldo Cruz. The colony from Camorim had beegscertain whether there were significant differences,
kept for approximately four years, while the othersghe data were analyzed through Contingency Tables
for more than 13 years. The procedures for breegcomparisons of infection and mortality indices re-
ing the test specimens were described by Fernandgged to age of exposure and stage of sexual devel-
(1997). opment), Wilcoxon'’s test (infection and mortality in-
Experimental infection When the snails were dices), Analysis of Variance and Turkey’s HSD Mul-
8,13, 18, 21, 53, 83, and 114 days old, they wekgle Comparison test (duration of the precercarial
individually measured and exposed to fiveand cercarial periods and cercarial emission), and
S. mansonsympatric miracidia of the EC strain pearson’s coeficient (correlation between the shell

(B. stramineafrom Picos), of the CM strain diameters and parasitological aspects). P < 0.05 was
(B. straminedrom Camorim) and of the BH2 strain considered significant.

(B. glabratg. The EC and BH3. mansonétrains
were isolated as described by Fernandez (1997). RESULTS
The CMS. mansorstrain was isolated on August  Results about infection and mortality of the
13, 1993 from feces of CM Braga, 4 years, born arl. stramineaand B. glabratacolonies submitted
grown up in Paud’alho - Engenho Pitangueira, PEp S. mansonsympatric strains, as well as the di-
about 40 km from S&o Lourenco da Mata. Therameter of molluscs when exposed to miracidia are
were 1,691 specimens Bf stramineaused from in Table I. For theB. stramineacolony from
Camorim, 1,972 specimens Bf stramineadrom Camorim, 217 (12.8%) became infected, including
Picos, and 1,735 specimens®fglabratafrom 11 (5.1%) that died carrying sporocysts in the body
RessacaThe procedures for collecting feces oftissues. From the 1,474 molluscs that remained nega-
infected mice and for later exposure of snails ttive, 54 specimens died (3.7%). From the 1,972 ex-
miracidia were those described by Paraense apdsed molluscs oB. stramineafrom Picos, 114
Corréa (1989). The onset of egg laying was car€5.8%) were infected; among them, 9 (7.9%) died in
fully observed on each aquarium to distinguish ththe precercarial period. From the 1,858 molluscs that
molluscs exposed before the first oviposition (imfemained negative, 16 (0.9%) died in that same pe-
mature) from those exposed after having reachetbd. For theB. glabratacolony from Ressaca,
sexual maturity (mature). The aquaria were kept atlg179 (68%) were infected; among them, 11 (0.9%)
room temperature of 24-26 throughout the ex- died in the precercarial period. From the 556 mol-
periment. luscs that remained negative, 25 (4.5%) died. Group-
Parasitological aspectsSnails were observed ing the infection and mortality data by sexual matu-
daily and, if any specimen happened to die, it wamtion of molluscs when exposed $ mansoni,
fixed in Railliet-Henry’s fluid and examined for de-indices were obtained for immature and mature
veloping stages of the schistosome. This procatages, respectively, as follo®: straminedrom
dure provided the mortality index (proportion ofCamorim, 17.9 and 4.3% of infection and 0.9 and
exposed molluscs that died during the precercarig@l8% of mortalityB. straminedrom Picos, 7.7 and
period) on the three colonies. To characterize tH&2% of infection and 0.8 and 1.9% of mortality;
duration of precercarial period and the infectiorB. glabratafrom Ressaca, 83.6 and 48.2% of infec-
index, the screening techniques used to detect thien and 1.2 and 3.1% of mortality.
positive snails were those described by Paraense The duration of the precercarial period in the
and Corréa (1989); the specimens that survived f@&. stramineaolony from Camorim was 34.8 + 8.62
70 days after exposure without shedding cercariadays (mean and standard deviation), varying from
were fixed, dissected and examined. From each ag8.6 + 7.33 days, on the 16 specimens exposed at
group in the three analyzed colonies, specimeitse age of 21 days, to 55 * 0 days, on the two ex-
that had emitted cercariae were separated at rggesed at the age of 53 days. The duration of the
dom to characterize the duration of the cercarigdrecercarial period in the other ages was as fol-
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lows: 8 days old, 33.7 + 7.79 days; 13 days old, 34®.6 + 3.42 days. F®&. glabratathis period lasted

+ 6.85 days; 18 days old, 36.6 + 9.54 days; 83 day®.3 £ 6.11 days, varying from 25.4 £ 0.52 days, on
old, 52.5 £ 9.81 days; 114 days old, 40.8 + 9.07daythe 10 exposed at the age of 21 days, t0 33.9+5.41
For B. straminedrom Picos, the precercarial pe-days, on the 13 exposed at 83 days. The duration
riod lasted 31.9 + 5.42 days, varying from 27.9 of the precercarial period in the other ages was: 8
3.41 days, on the 19 specimens exposed at the atggy/s old, 28 + 4.13 days; 13 days old, 31.1 + 3.07
of 21 days, to 44 + 0 days, on the only mollusc thatays; 18 days old, 29.8 + 8.23 days; 53 days old,
eliminated cercariae from the ones exposed at &..3 + 9.07 days; 114 days old, 32.5 + 5.03 days.
days. The duration of the precercarial period in thAccording to the sexual maturation of molluscs the
other ages was: 8 days old, 31.7 £ 3.94 days; I8llowing data were obtained for imature and ma-
days old, 32.3 +5.19 days; 21 days old, 27.9 + 3.40ire stages, respectively: 33.8 + 7.75 days and 45 +
days; 53 days old, 35.3 + 6.37 days; 114 days old(.37 days on the specimens from Camorim; 31.3 £

TABLE |

Infection and mortality oBiomphalaria stramineandBiomphalaria glabrateexposed at the ages of 8, 13, 18,
21, 53, 83 or 114 days to sympat8chistosoma mansoni

Colonies of Shell

molluscs/ Sexual Age of Number of diameter % of % oflead snails
Strains of stage of snails snails (mm) snails

S. Inﬁxansoni snails (days) exposed (meantSE) infected + - total

% & ar 8 237 0.7+£0.19 30.38 1.39 0.61 0.84
% % Q.' Immature 13 326 1.3+£0.35 24.23 2.53 1.21 1.53
028 18 281 2.1+0.44 7.83 00 039 036
g '8 g 21 219 3.2+041 7.76 0.0 0.99 0.91
5o

ol ==

c Q=

€ 3o 53 246 5.7+0.10 1.22 0.0 0.82 0.81
% —O' LE) Mature 83 202 7.3+0.43 2.97 33.33 9.69 10.40
o8 114 180 8.0+ 0.49 10.00 33.33 16.05 17.78

g 8 334 0.6 £0.20 8.68 6.90 0.33 0.90

'02_ - E Immature 13 299 1.2+0.27 7.36 0.0 0.72 0.67

g o UI) 18 297 2.0+0.39 5.72 5.88 0.36 0.67

T g3 21 217 3.1+0.31 9.22 500 051  0.92

£81

S Q'/U

g | 53 234 6.4+0.98 3.42 12.50 0.44 0.85

; Mature 83 319 8.0+1.24 0.94 66.67 0.63 1.25
114 272 8.9+0.53 5.51 13.33 3.11 3.68

©_ O

3 82 8 215 1.0+£0.0 58.60 2.38 2.25 2.33

22 g Immature 13 279 1.3+0.11 92.47 038 476 072

Tos 18 234 2.1+0.22 93.59 046 2667 214

o 5 5 21 240 3.5+054 85.83 0.0 0.0 0.0

BET

s2o

g5 é’ 53 237 8.8 £ 0.66 62.45 0.0 4.49 1.69

U_’g : Mature 83 281 11.7 £ 1.27 39.86 0.89 414 2.85

- 5 114 249 12.8 + 0.64 44.18 4.55 5.04 4.82

+: developing sporocysts; -: negative



188 S. mansoni Infection in B. straminea * MA Fernandez, OS Pieri

5.38 days and 34.1 + 5.17 days, Picos; 29 + 5.48<0.01). (4) Significant differences were found in
days and 32.6 + 6.58 days, Ressaca. the infection index betweeB. stramineafrom
As shown in Table I, the duration of the cer-Camorim andB. glabrata(Z=2.37; p<0.05), and
carial period was extremely variable for the threbetweerB. straminedrom Picos andB. glabrata
colonies. From the 143 Camorim snails observed,(Z=2.37; p<0.05), but not betweBnstraminedrom
(4.9%) were anesthetized and fixed since they ha@amorim and. straminedrom Picos (Z= -1.52;
stopped cercarial emission. Among these, a spegi>0.05). (5) No significant difference in the mortal-
men exposed at the age of 13 days showed parasj-index among the molluscs showing sporocysts,
tological cure, and three specimens were observe@gtweenB. stramineafrom Camorim and
with sporocysts in the body tissues. The duratioB. glabrata(Z=0,0; p>0,05)B. stramineafrom
of the cercarial period in the Camorim colony wa®icos andB. glabrata (Z=0.33; p>0.05), and
86.2 £ 67.6 days. In relation to Picos, 7 (11.7%) moB. straminedrom Camorim an@. straminedrom
luscs were anesthetized and fixed since they hat¥cos (Z= -0.11; p>0.05). (6) On the other hand,
stopped cercarial emission, although only onamong the dead molluscs that did not show sporo-
specimen exposed at the age of 13 days showeykts, a significant difference was detected between
parasitological cure. The duration of the cercariaB. straminedrom Camorim an@. straminedrom
period in the Picos colony was 53.6 + 55.87 daysPicos (Z= -2.06; p<0.05), but not between
In theB. glabratacolony, all the molluscs died B. straminedrom Camorim an@. glabrata(Z = -
of infection and never stopped cercarial emission.85; p>0.05) and. stramineafrom Picos and
the duration of the cercarial period among the 8B. glabrata(Z = 1.12; p>0.05). (7) Significant dif-
molluscs that emitted cercariae and were observégtences were found comparing the mortality index
until death was 99.1 + 82.77 days. According to thm each colony between positive and negative mol-
developmental stage, cercarial periods for immaduscs inB. straminedrom Picos (Z=-2.20; p<0.05)
ture and mature molluscs were, respectively: 93.9and B. glabrata (Z= 1.99; p< 0.05), but not in
66.80 days and 32.4 + 45.67 daysBostraminea B. straminedrom Camorim (Z=-1.01; p>0.05). (8)
from Camorim, 67.9 + 59.93 days and 25.2 + 32.2B significantly negative correlation was found be-
days forB. straminedrom Picos, and 102.4 + 97.62 tween infection index and mollusc diameter in
days and 95.4 + 62.99 days frglabrata from B. straminedrom Camorim (r = - 0.844; p<0.05), but
Ressaca. not inB. straminedrom Picos (r=-0.684; p>0.05)
Overall cercarial emission for the three coloniesr inB. glabrata (r=-0.660; p>0.05). (9) No signifi-
was as follows: Camorim, 14.8 + 14.76 cercariae peant correlation was detected between mortality
mollusc per day; Picos, 8.8 + 11.45 cerc/mol/dayindex and mollusc diameter B. straminedrom
Ressaca, 156.7 + 112.97 cerc/mol/day. As regar@amorim (r=0.665; p>0.03}, straminedrom Picos
sexual maturation, cercarial emission in the immg¥=0.580; p>0.05) dB. glabrata(r=0.389; p>0.05).
ture and mature molluscs, respectively, was as fol10) Significant differences in the duration of
lows: Camorim, 14.6 + 15.92 cerc/mol/day and 15.precercarial period were found when comparing the
+13.34 cerc/mol/day, Picos, 6.3 + 9.78 cerc/mol/dagnollusc age in the iB. straminegCamorim, F=9.11,
and 11.6 £12.71 cerc/mol/day, Ressaca, 123.2 + 71.640.001; Picos, F=4.08, p<0.01) as well as in
cerc/mol/day and 168.1 £ 122.7 cerc/mol/day. ThB. glabrata(F=4.51, p<0.001). (11) Significant dif-
data regarding cercarial emission by mollusc adgerences were found in the duration of precercarial
are givenin Table II. period between immature and mature molluscs
Statistical analysis showed that: (1) significan{Camorim, F=30.09, p<0.001; Picos, F=5.07, p<0.05;
associations were found between age of exposuRessaca, F=11.70, p<0.001). (12) Significant differ-
and infection index irB. straminea(Camorim, ences were found in the precercarial period between
X2=163.0, p<0.001; Picog?=27.4, p<0.001) as well B. straminedrom Camorim and. straminedrom
as inB. glabrata(x?=361.3, p<0.001). (2) Signifi- Picos(HSD= - 0.033; p<0.01), and also between
cant associations were also found between age Bf straminedrom Camorim andd. glabrata(HSD
exposure and mortality index for the three colonies - 0.056; p<0.001), but not betweBnstraminea
(B. straminedrom Camorimy2=148.9, p<0.001; from Picos an@. glabrata(HSD= - 0.023; p>0.05).
B. stramineafrom Picos, x?=15.2, p<0.05; (13) Significant differences in the duration of cer-
B. glabratax?=17.9, p<0.01). (3) Significant differ- carial period were found when comparing the mol-
ences were detected in the infection and mortalitysc age in thé3. stramineacolonies (Camorim,
indices between immature and mature stages i4.07, p<0.001; Picos, F=5.55, p<0.001), but not in
B. stramineaas well as irB. glabrata(infection B. glabrata(F=0.45, p>0.05). (14) No significant
and mortality, respectively: Camorige=63.83, correlation was observed between the duration of
p<0.001x2=65.3, p<0.001; Picog?=17.18, p<0.001, cercarial period and the mollusc diameter at the time
X2=5.1, p<0.05; Ressageg=243.7, p<0.0012=7.5,  of the first cercarial emission (Camorim, r =0.002,
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TABLE Il

Duration of cercarial period and rate of cercarial emissi@iahphalaria stramineandBiomphalaria glabrata
exposed at the ages of 8, 13, 18, 21, 53, 83 or 114 days to syrgaistbsoma mansoni

Colonies of Cercarial Shell diameter
molluscs/ Sexual Age of period after ¥ cercarial Cercarial
Strains of stage of snails (days) emission emission
S. mansoni  snails (days) NCP (meanxSE) (mean + SE) NEM (meanzSE)
w
-% " E 8 40 101.1 + 76.96 3.2+1.06 6 45+ 3.53
% % \ Immature 13 52 74.2 £ 47.92 3.4+0.67 4 12.4 +17.51
(2]
O =3 18 17 983+ 49.33 46+0.88 0 -
o g % 21 16 135.5+ 87.94 5.8+0.44 16 18.9 £17.19
T g
S0
% =1 53 2 108.0 + 132.94 7.8+0.35 2 13.3+10.82
2 3‘ g Mature 83 4 20.3 +25.38 8.0+0.19 4 15.7 £17.15
o0 lc\/)qi 114 12 23.8 £16.37 7.9+0.76 12 15.4 £ 13.54
A 8 2 45+ 3.54 25%20.71 2 15+ 0.71
&_% Immature 13 10 79.7 +64.73 3.1+0.86 1 19.5
ET | 18 9 49.8 +19.49 4.6 £0.92 0 -
TE ® § 21 19 76.8 + 68.88 6.4+ 0.70 19 6.1+ 9.96
£8a _
eEa 7
g "8 53 7 24.4 +£12.05 85+041 7 8.4+ 8.50
g Mature 83 1 52.0 9.0 1 3.6
114 12 23.3 £40.59 9.3+0.40 12 14.2 + 14.83
©_ O
& o2 8 11 121.2 +132.26 3.9+0.92 1 5.5
g = é Immature 13 11 74.0 £ 63.02 50+1.29 1 34.7
% Q § 18 11 81.2 £62.52 75%297 1 84.5
% § 5 21 10 136.4 + 114.13 9.9+1.23 10 147.8 + 59.98
= I
880
Sod 53 12 107.2 + 72.33 12.5+2.92 12 98.7 + 81.74
28~ Mature 83 13 100.7 + 62.83 143+1.01 13 2145+12542
- % 114 13 79.3 £ 55.17 13.7+1.38 13 185.8 £130.67

NCP; number of snails observed during of cercarial period; NEM: number of snails examined for cercarial
emission.

p>0.05, Picos, r = - 0.152, p>0.05, Ressaca, r =0.21§4Sp= 1.096; p<0.001) and also between
p>0.05). (15) A significant difference in cercarialg stramineafrom Picos andB. glabrata from
emission was found among the ages of exposurefifbssaca (HSD= 1.407; p<0.001) &dstraminea

B. glabrata(F= 2.89; p<0.05), but notBistraminea _rom Camorim an@. straminedrom PicoHSD=
(Camorim, F= 1.14, p>0.05; Picos, F=1.46, p>0.05)g 311; p<0.05).

(16) No significant difference was detected in cer-

carial emission between immature and mature DISCUSSION

stages (Camorim, F=0.28, p>0.05; Picos, F=3.96, In the three colonies studied, susceptibility to
p>0.05; Ressaca, F =0.24, p>0.05). (17) Significar8. mansonvaried with mollusc age at the time of
differences were found in cercarial emission beexposure, the infection index being proportionally
tweenB. straminedrom Camorim and@. glabrata higher in immature molluscs than in mature ones.
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This higher susceptibility in younger molluscs igo 7 days (0.96 = 0.03 mm), while in the other ages
not unexpected as it could be due to immune sy#ie index varied from 25 to 60%. These results show
tem functional immaturity, as pointed out bythe necessity of including newly-born molluscs in
Dikkeboom et al. (1985), fdrymnaea stagnalis experimental exposure studies, in order to obtain a
The overall infection indices found in themore accurate estimate of the infection index.
present work foB. straminedrom Camorim (12.8%) The age of the mollusc on the exposure to mira-
and from Picos (5.8%), as well as fdrglabrata cidia influenced the mortality. IB. straminedrom
(68%), are in contrast with those found by othePicos and Camorim the mortality index was signifi-
authors for colonies from the same geographicalntly higher for the mature ones, than for the im-
areas. Thus, Barbosa and Figueiredo (1970) obiature. InB. glabratg the highest index occurred
tained 0.6% foB. straminedrom Camorim; Favre with the mature ones that were free from infection,
etal. (1995) found 0.5% f&. straminedrom Picos; comparing to the others. However, Fernandez (1997)
Souza et a[1996) obtained 85.5% f@. glabrata did not detect the influence of age on the mortality
from Ressaca. These discrepancies may be dueuwingB. straminedmolluscs exposed at the age of
differences in methodology rather than in parasite30, 60 and 90 days). On the other hand, with
mollusc compatibility. The present infection indi-B. glabrata,she verified the highest mortality in-
ces were relatively lower in both colonies ofdex on the molluscs exposed at the age of 30 days.
B. stramineathan inB. glabratg confirming ob- In the same way, Cooper et al. (1992), with
servations by Souza et al. (1995). B. glabratafrom 4 to 41 days old obtained the high-
The infection indices obtained in the presenést mortality index on the molluscs that were 4 to 7
study forB. straminedrom Picos an@. glabrata days old.
from Ressaca can be statistically compared to those The mortality index in the three colonies stud-
obtained by Fernandez (1997), because there weegel here did not correlate with the diameter at the
used the same methodologies. This author obtaingthe of exposure. Barreto and Barbosa (1959) re-
an infection index of 71.5%, usity glabratafrom lated mortality and mollusc diameter during the ex-
Ressaca at the age of 1, 2 and 3 months. The requitsure to miracidia iB. glabratafrom Per-
was not significantly differeni@= 0.61; p> 0.05) nambuco. According to these authors, molluscs
from the one obtained in the present research comeasuring from 13 to 16 mm in diameter had a better
cerning the same age in this colony. With theurvival, comparing to the ones measuring from 7
colony from Picos, Fernandez (1997) obtained ato 10 mm. However, this information cannot be com-
overall infection index of 9.7%, not significantly pared to the ones in this study, for the considered
differing (x2= 3.05; p> 0.05) from the one obtaineddiameter foB. glabratavaried from 1 to 13 mm.
on this study. Although these conflicts point to the need of
The present results also show that only imore detailed studies in order to clarify the influ-
B. straminedrom Camorim the infection index dif- ence ofS. mansorinfection on the survival of trans-
fered with the diameters of the molluscs when exmission species, the mortality indices obtained in
posed to miracidia. IB. straminedrom Picos such this study were surprisingly low. If we take the
difference was not detected, probably because theortality caused by infection into consideration,
mean diameter (5.8 + 0.46 mm) was statisticallye., deducting that one obtained among the non-
greater than the ones from Camorim (5.3 + 0.42 mnmfected, there will be the following indices: 1.4%
(F= 14.7; p<0.001). In relation ®. glabratg the for B. straminedrom Camorim, 7% foB. straminea
lack of a correlation between size and infectiofirom Picos and 0% fdB. glabratafrom Ressaca.
might have been caused by the low index of infed-ow mortality indices caused by infection were also
tion (52.6%) in the molluscs exposed at the age ofdbtained by Fernandez (1997) Brstraminedrom
days (1 mm of diameter). Therefore, if only the ageBicos (0%) and. glabratafrom Ressaca (3.6%).
from 13 days on are considered (1.3 mm - 12.8 mm @hese low indices are likely when the number of
diameter), a strong negative correlation is obtaineairacidia is somewhat small. Souza et al. (1995),
(r= 0.96; p<0.01). These data agree with that afsingB. glabratafrom Belo Horizonte exposed to
Anderson et al. (1982) who, working with molluscsS. mansonsympatric, obtained a higher mortality
from 2 to 18 mm, observed a progressive decline andex, comparing to the one obtained in this study,
the infection index with increasing size. probably because the miracidian charge was 10
The low infection index obtained in thetimes higher than the one used in the present study.
B. glabratamolluscs exposed at the age of 8 days The duration of the precercarial period is in ac-
(Table I), comparing to the others, agrees with Co@ordance with those described by Favre €1885)
per et al. (1992) who, working with molluscs at thdor B. straminedrom Picos andB. glabratafrom
ages of 4 to 70 days, obtained an infection indeRelo Horizonte. In the three colonies, this period
lower than 13% in the ones exposed at the age ofvhs influenced by the age of the mollusc. For
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B. straminedrom Camorim this period was signifi- exposed at the age of 8 days had a diameter of ap-
cantly longer than in the other two colonies; a pogroximately 1 mm, whereas the ones exposed at the
sible reason for that result is that themansoni ages of 83 and 114 days measured more than 11 mm.
strain EC, used iB. straminedrom Picos, and the These results are compatible with the ones found by
BH2 strain, used iB. glabratafrom Ressaca, are Niemann and Lewis (1990) who, working with
kept in laboratory for a substantially longer periodB. glabratafrom Puerto Rico, observed that mol-
comparing to the CM strain, usedBn straminea luscs exposed when measuring more than 11 mm
from Camorim. eliminated a significantly higher proportion of cer-
The presence of infected molluscs that do natariae, than the smaller ones. The significantly lower
shed cercariae might characterize a delay in thmimber of emitted cercariaeBn stramineahan in
S. mansondevelopment. This fact was observed. glabrataobtained in the present work confirm
in a B. glabratacolony known by its resistance the findings by Souza et al. (1983).
(Newton 1953), as well as in three other highly sus- This work reinforces the view that the age of
ceptible (Paraense & Corréa 1963). According tthe mollusc when exposed to the parasite is an im-
these authors, there are individuals that reagbrtant variable and should be taken in to consid-
against the parasite, what may cause the precercagahtion in studies of parasite-mollusc compatibil-
period to be longer than expected. ity. Considering that the usual methods for collect-
The duration of the cercarial period was exing molluscs tend to overlook those under 2 mmin
tremely variable in the three studied colonies, witlshell diameter (Olivier & Uemura 1973), estimates
the variation coefficient (standard deviation as af mollusc infection in natural habitats may be un-
percentage of the mean) of 78.4%Binstraminea derrated. Therefore, particular attention should be
from Camorim, 104.3% iB. straminedrom Picos given to the smaller, younger molluscs when sam-
and 83.6% iB. glabratafrom Ressaca. High varia- pling natural populations.
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