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OPTIMUM CONDITIONS FOR GROWTH IN LIQUID MEDIUM
OF OSCILLATORIA FORMOSA BORY USED AS THE PRINCIPAL FOOD
IN LABORATORY CULTURE OF INTERMEDIATE HOSTS
FOR SCHISTOSOMOSIS AND FASCIOLOSIS
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Summary :

The rearing of snails, intermediate hosts of Schistosoma
haematobium, S. intercalatum, S. bovis and Fasciola hepatica is
the first step to maintain the life cycle of these parasites in
laboratory in order to have biological material for the different

o studies, namely on the systematic biology and immunodiagnostic
= of schistosomosis and fasciolosis.

According to the traditional method, the alga Oscillatoria formosa
Bory (Cyanobacteria), principal food source for the snails, was
cultivated in soil extract (Sampaio Xavier et al., 1968). However,
it was sometimes very difficult to find the proper soil extract and
the material was also contaminated by protozoa and fungi. In our
work, using a new medium having as a base the Mineral
Medium Il modified from Hughes ef al., 1958) we found that O.
formosa had a better growth response than in the soil extract
medium. Snails fed on O. formosa reached three times the size of
others af the same age, and they also reached sex maturity
earlier, having more egg-masses per snail and, in addition, the
rafe of survival as well as the number of generations per year
under laboratory conditions significantly increased. This culture
was also easier to perform, and the axenic conditions easier fo

| maintain.
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he rearing of the snails, intermediate hosts of

some trematodes, parasites of human and

domestic animals is very important to maintain
the life cycle of these parasites in the laboratory in
order to have enough biological material for experi-
mental infections, systematic and biological studies, as
well as antigen production for immunodiagnostic of
some parasitic diseases.
Experiments carried out in our laboratory using the
alga Oscillatoria formosa Bory (Cyanobacteria) as the
principal food source for portuguese populations of
Bulinus truncatus have showed that this new method
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. Résumé : CONDITIONS DE CROISSANCE OPTIMALES D’ OSCILLATORIA
FORMOSA, PRINCIPAL ALIMENT DES HOTES INTERMEDIAIRES DE
HISTOSOMOSE ET DE FASCIOLOSE, EN CULTURE AU LABORATOIRE

| L'élevage des mollusques hétes intermédiaires de Schistosoma
haematobium, S. infercalatum, S. bovis ef Fasciola hepatica est
indispensable pour le maintien du cycle de ces parasites en
laboratoire, de maniére & permeftre la réalisation des travaux en
biologie et en immunodiagnostic.

Selon la méthode traditionnelle, la culture de I'algue

. Cyanophycée, Oscillatoria formosa, principal aliment des
mollusques, est faite sur un extrait de terre (Sampaio Xavier et al.,
1968). Toutefois, il est trés difficile de trouver le sol approprié et
ce matériel est facilement contaminé par des protozoaires et des
champignons.

Dans le présent travail, les expériences démontrent qu'en utilisant
le nouveau milieu liquide (OMNI] élaboré a partir du Mineral

| Medium Il modifié (Hughes et al., 1958), la croissance des
Oscillatoria est plus importante qu‘avec I'extrait de sol. Avec cette
méthode, des mollusques du méme age friplent leurs dimensions,
atteignent leur maturité sexuelle plus t6t. le nombre de pontes est
significativement augmenté de méme que le taux de survie et le
nombre de générations par année en laboratoire. Cefte méthode
est aussi plus facile  exécuter et plus facile & maintenir en
conditions axéniques.

MOTS CLES : Oscillatoria formosa Bory, culture, hétes intermédiaires,
schistosomose, fasciolose.

is better than the method previously used in the labo-
ratory and others methods described by Standen
(1949), Azevedo et al. (1961), McClelland (1964),
Najarin (1969), Claugher (1960). In fact, systematic fin-
dings on the snails fed with this alga not only kept
the adult Bulinus alive but also made the new born
to live beyond the critical growth period (Sampaio
Xavier et al., 1968).

After these findings, O. formosa (initially provided
from a pure culture, kindly given by Ollerenshaw, Agri-
cultural Ministry in 1964) began to be cultivated in this
laboratory in a large scale, as the principal source food
for B. truncatus, and for other species like Planorba-
rius metidjensis, B (Ph) globosus, Biomphbalaria sp. and
Lymnaea truncatula. However, the procedures used
to cultivate this alga had some disadvantages. Although
Oscillatoria was cultivated in a sterilised soil extract,
it was easily contaminated with protozoa and fungi,
and sometimes it was very difficult to find the proper
soil extract. We think that it is interesting to perform
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a rich standard liquid medium to cultivate O. formosa,
in order to have progressive stages of intermediate host
populations of Schistosoma sp. and Fasciola sp.

In this study we tried to find an appropriate medium
based upon the nutritional needs of O. formosa and
the intermediate hosts, minimising the stress problems
and approaching the trophic relation between them.
We created a new mineral medium based in the
Mineral Medium N° II from Hughes et al. (1958) named
OMNM (Oscillatoria mineral new medium).

MATERIAL AND METHODS

BIOLOGICAL MATERIAL

Snail population

Coimbra (centre of Portugal). The snails were kept

under the same laboratory conditions differing only
in the way O. formosa was cultured. They were fed
with the same O. formosa species but cultivated in two
different ways:
- Procedure A — O. formosa Bory, from a plate culti-
vated in soil extract (according to the method described
by Sampaio Xavier et al., 1968), designed as ML.
- Procedure B — O. formosa Bory cultivated in the new
liquid tested medium, designed as OMNM (Oscillatoria
rnineral new medium). Although there are lots of stan-
dard liquid medium to cultivate cyanobacteria and/or
Oscillatoria, this OMNM is different from the others
(and here is the innovation), because it had to be
adjusted in order to eliminate some chemical mollus-
cicides described by Combes & McCullough (1982),
Combes & Cheng (1986) and Fenwick (1987) as being
lethal to the snails.
The modification is mainly in the minor element solu-
tion. In this new medium, this solution is composed
only by two elements instead of the original twelve ele-
ments. Also, in the final medium composition we add
10 ml/L of the new minor elements solution instead
of the 0.08 ml/L used in the original mineral medium
(Hughes et al., 1958) (Table D).
O. formosa is then cultivated in six litre batch-culture
flasks and maintained at 20°, under continuous light
from a cool white fluorescent lamp (60 pE/m?/s) and
aerated at a flow rate of 2 L/h. This new medium
proved to be very successful in growth and snail bree-
ding, as showed.

In our experiments we used B. truncatus from

New minor elements solution g/L
1. (NH)¢Mo,0,,.4H,0 0.088
2. HyBO; 3.1

Table I. — New minor elements solution used in the OMNM.

MICROSCOPICAL OBSERVATIONS OF O. FORMOSA
TRICHOME

The Oscillatoria cells maintained in the two procedures
were microscopically observed, every two days, based
on the following parameters:

- contamination;

- time of the exponential growth phase (estimated by
the tritium length in a period of time);

- morphological aspects of the trichome.

EXPERIMENTAL REARING OF THE SNAILS

Two groups of 100 snails each, with the same age and
length, were kept in the two feeding procedures to
determine the growth and sexual potential. These 200
snails were divided in five groups of 20 snails. Five
groups were fed with Oscillatoria cultivated by pro-
cedure A and the other five groups, with Oscillatoria
cultivated by procedure B.

A second group of experiments was made with a total
of 1,040 snails to determine the survival rate. The
snails were distributed according to the eclosion date
in a total of ten groups: five groups were fed with
Oscillatoria cultivated by procedure A in a total of
520 snails and five groups were fed with Oscillatoria
cultivated by procedure B (520 snails).

The evaluation parameters used to test the two pro-
cedures (A and B) were:

. The snail growth was determined by measuring the
shell diameter. During the first month, the snails were
measured every two days with a micrometric ocular
and then, weekly. The evaluation of the growth was
based on the shell diameter of the snail until the end
of the experience.

. Time of the maturation period (estimated as time of
the first egg-mass): the maturation period was eva-
luated on shell diameter, age and number of egg-
masses per snail. From the five groups of each pro-
cedure, we separated 20 snails from each group. In
these two groups of 20 snails of each procedure, we
annotated daily the number of egg-masses and the date
corresponding to the flrst egg-mass of each group, until
30 days.

. Rate of survival: the number of survivals was related
to the initial number of snails since the time that the
experiment began until its end (eight months later).

RESULTS

l ?rom the results concerning the rate of survival,

growth and sexual maturity of specimens of
B. truncatus we observed that 130 days after
having initiated our experiments we had a 96.3 % of
survivals, contrarily to the 75 % obtained when we
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Fig. 1. — Survival rate of Bulinus truncatus
fed with Oscillatoria cultivated by proce-
dure A and fed with Oscillatoria cultivated
by procedure B.
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Fig. 2. — Growth results of Bulinus truncatus in the two tested media.
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used the procedure A (Fig. 1). In relation to the critical
growth period, the first two weeks, we noticed a clear
increase in the survival rate of the snails fed with O.

Jformosa cultivated by procedure B (98 %), compared
with the 86.5 % survival rate value of the snails fed with
O. formosa cultivated by procedure A. With this new
medium we can reduce the initial risk of mortality
observed with the anterior medium (procedure A).
Figure 2 expresses the growth results of the snails fed
with O. formosa cultivated by the two procedures: A
and B.

The snails fed with Oscillatoria cultivated by proce-
dure A had a slower growth with a shorter time of the
exponential phase comparing with the snails fed with
Oscillatoria cultivated by procedure B. Observing the
same figure, we can also notice that the snails fed with
Oscillatoria cultivated by procedure B had an increase
of shell diameter from 0.95 to 6.42 mm contrarily to
5.12 mm in the snails fed with procedure A.
Comparing the sexual maturity of the two groups of
snails, we observed that the snails fed with Oscillatoria
cultivated by procedure B reached approximately the
maturation period three times earlier than the snails fed
with Oscillatoria cultivated by procedure A (a delay
of ten weeks) (Fig. 2-vertical markers). From the
Figure 2, we observed that the snails cultivated by
OMNM reached the sexual maturity in 42 days at
4.13 mm of shell diameter. In relation to the number
of egg-masses, we observed that the snails cultivated
with this new medium (procedure B) had 970 egg-
masses. On the other hand, the snails cultivated with
Oscillatoria (procedure A) had 430 egg-masses, cor-
responding respectively to 1.6 egg-masses per snail per
day and 0.71 egg-masses per snail per day.

CONCLUSIONS

I -?rom these results we concluded that this standard

nutritional new liquid medium is not only very

useful to maintain the intermediate hosts of Schis-
tosoma and Fasciola in laboratory, but it is also more
practical and has a better growth snail response than
the traditional procedure (A). We eliminate certain
minor elements, mentioned in the Mineral Medium II,
because although these minor elements play a role in
the Oscillatoria growth (for example, the cobalt is used
to produce the B12 vitamin, the manganese is essen-
tial to free the oxygen from the photosystem in the
photosynthesis) they do not influence the nutritional
value of Oscillatoria sp. concerning the snail growth
(Chu, 1942; Waris, 1953) but act as snail growth inhi-
bitors and can even cause snail death (Fenwick, 1987).
In our experiment we also tried other species of algae,
like Chlorella sp. Gonium pectorale (Stein, 1966; Boz-

niak, 1969) and other cyanobacteria as Nostoc sp. but
with no success (Provasoli et al., 1960; Nichols et al.,
1965; Carmichael et al., 1974; Rippka et al., 1979; Thiel
et al, 1989). In fact, there are lots of work done
concerning the cultivation of different species of algae
in different liquid medium but no study is directly
conducted to maintain intermediate snail host of some
parasitosis. Generally the initial material is collected
directly from the environment and in certain labora-
tories is maintained with artificial food, similar to the
food used for the aquarium fishes or even chemically
made. We think that Oscillatoria cultivated in OMNM,
probably due to the similarity of what occurs in the
natural conditions, creates a natural environment to
these intermediate host snails and so permits to have
enough material for other biological studies.

We clearly noticed advantages in using this new stan-
dard liquid OMNM for the growth of O. formosa used
as the principal food source for the intermediate hosts
of trematodes in order to improve the maintenance of
Schistosoma and Fasciola life cycles. We observed
that the snails not only triplicated their size but also
reached the sexual maturity earlier. In addition, the
number of egg-masses per snail increases significati-
vely. With this new medium we can pass the critical
growth period, permitting thus a large-scale produc-
tion of these intermediate host species, so far difficult
to keep under laboratory conditions.

Presently, this medium is used in our laboratory to feed
not only Bulinus truncatus, but also B. globosus, B. fors-
kali, Planorbarius metidjensis, Lymnaea truncatula
and Biomphalaria glabrata.
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