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Abstract. This study describes the identification of
n Leishmania Promasti-
d biochemically closelY
e antigen. Proteins from

surface-iodinated L. braziliensis braziliensis and

L. donouani chagasi promastigotes, extracted and

separated by partitioning in the detergent Triton
X-174, were analyzed. Immunoblotting of the ex-

tracted proteins, using homologous antisera,

showed recognition of a 72'kDa labeled, amphi-
philic antigen of L. b. braziliensis and a 65-kDa
iurface antigen of L. d. chagasi. The respective ho-

nants, inasmuch as monospecific antibodies that
recogn ized the amphiphilic protein reacted with
the hydrophilic antigen. Structural homology was

also obtained in the peptide-digestion profiles of

the promastigote cYtosol.
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Many studies on surface antigens of different
Leishmania species from the Old and New World

antigen with
3-65 kDa in
n and Curtis
major (Bou-

vier et al . 1985). L. donoL)ani (Lepay et al. 1983;

Lemesre et al . 1985). L. ntexicuna (Chang et al.

1986) and L. brctsiliensis (Misle et al . 1985) and

that of a l2-kDa major surface antigen for the

sub-species L. b. brct:iliensis (Legrand et al. 1987).

Except for the latter. these glycoproteins exhibit
cross-reactivity rn'ith heterologous sera and share

a common primary structure in most Leishmania

species tested (E,tges et al. 1985; Colomer-Gould
et al. 1985). Recently, proteolytic activity related
to the major surface antigen in promastigotes was

also reported (Etges et al. 1986; Bordier l98l ;

Bouvier et al. 1987: Chaudhuri and Chang 1988).

Several methods have been used to purify the

major surface antigen of Leishmania, including af-

finity chromato,-Eraphy with specific monoclonal
antibodies (Chang and Chang 1986) or concanava-
lin A (Russell and Wilhelm 1986) or phase parti-
tioning with the detergent Triton X-Il4 (Bouvier
et al. 1985). Using the latter technique with L- ma-
jor promastigotes, Bouvier and co-workers identi-
fieda soluble form of the surface antigen generated

in vitro during its purification, probably by the

hydrolysis of a lipid-containing myristyl residue

that anchored the protein in the membrane.
In this work we report the identification of cy-

toplasmic soluble antigens that are biochemically
and immunologically closely related to the major
surface antigens of L. b. braziliensis and L- d- cha-

gasi promastigotes. The results suggest that these

éoluble antigens aÍe not generated in vitro during
the Triton X-l74 extraction, but rather are present
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in significant amounts in the promastigote cyto-
plasm. The biological nature and the biochemical
implications of these antigens are discussed.

Materials and methods

Parasites and culture conditions. Promastigotes of L. b. brazi-
liensis (reference strain from Brazll MHOM/BR/75 lM-2903)
and L. d. chagasi (reference strain MHOM lBRlT4lM-2682)
were grown at 28" C in Schneider Drosophila medium (Gibco
Bio-Cult, Paisley, UK) supplemented with 10o/o (v/v) heat-inac-
tivated fetal calf serum (Serva, Heidelberg, FRG).

Human sera. Sera from Bolivian patients with mucocutaneous
and visceral leishmaniasis were collected in our laboratory.
Clinically diagnosed cases were serologically and parasitologi-
cally confirmed.

Iodination and Triton-X114 solubilization. A total of 2 x 108 late-
log-phase promastigotes were surface-radioiodinated with
Na12sI 1oris, Gif Sur Yvette, France) and Iodo-Gen (1 ,3,4,6-te-
trachloro-3,6-diphenylglycoluril from Sigma, Saint Louis,
USA) as described by Legrand et al. (1987). Promastigote pro-
teins were extracted with the detergent Triton X-114 (Sigma)
according to Etges et al. (1985). In all,0.2ml 2oA (v/v) precon-
densed Triton X.-ll4 (Bordier 1981) in TBS (10mM TRIS,
l50mM NaCl; pH 7.4) containing 100 units/ml aprotinine
(Sigma) was used for each 2 x 108 promastigotes. After extrac-
tion at 0" C for 10 min, the insoluble material was precipiated
by centrifugation at 30 000 g for 45 min at 4" C and the superna-
tant was applied to a 6% (w/u) sucrose cushion, incubated
for 3 min at 37" C and centrifuged at 1000 g for 10 min at
room temperature to sediment the detergent aggregates through
the cushion. Aqueous and detergent phases were recovered
above and below the cushion, respectively. Both phases were
adjusted to the same final Triton concentration (2%) by mixing
with the reciprocal phases obtained from a phase separation
without cells.

Iodination of aqueous-phase proteins was carried out as

described above after Triton X-l1 4 extraction of 2 x 108 non-
labeled promastigotes. Proteins were desalted on a PD-10 col-
umn (Pharmacía Fine Chemicals, Uppsala, Sweden), equili-
brated with phosphate-buffered solution (PBS) supplemented
with 0.3 M NaCl (PBS-NaCI) containing2 mg/ml bovine serum
albumin (BSA) (Sigma).

Gel electrophoresis, immunoblotting and autoradiography. Ex-
tracts were resuspended in sample buffer f4% (w/v) sodium
dodecyl sulfate (SDS), 2.5% (v/v) mercaptoethanoll and heated
for 10 min at 80o C. Proteins were separated by SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE) on slab gels containing
7.5% polyacrylamide (Laemmli 1970) and stained with Coo-
massie blue.

For immunoblotting, extracted proteins were separated by
SDS-PAGE and electrophoretically transferred to nitrocellu-
lose paper (Battliger et al. 1982). After saturation in TBS con-
taining milk (5%) and Tween 20 (0.05oA vlv), the nitrocellulose
was incubated with the respective human anti-sera (Bolivian
patients). Identification of reactive antigens was done with anti-
human antisera linked to peroxidase [IgG (H + L); Diagnostics
Pasteur, Marnes-la-Coquette, France] using 3,3' diaminobenzi-
dine (Sigma) as the peroxidase-specific substrate. Bands on the
nitrocellulose were quantified by densitometry (Hoefer Scientif-
ic Instruments, San Francisco, USA). For the detection of ra-
dioactively labeled proteins, dried gels or blots were autoradio-
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graphed at - 70" C on X-OMAT AR f-rlm (Eastman Kodak,
Rochester, NY, USA) and Cronex intensifying screens (Dupont
de Nemours, Wilmington, USA).

Elution of specific antibodies from nitrocellulose. Preparative gels
containing the detergent-phase proteins were transferred to ni-
trocellulose and incubated with the respective antisera. After
incubation, a strip of the nitrocellulose was cut out and immu-
nodetected as described above to localize the position of the
major surface antigen. The corresponding band was excised
from the preparative nitrocellulose and the bound antibodies
were eluted by three successive 1O-min incubations in glycine
buffer (pH 2.8) (0.2 M glycine, pH 2.8;150 mM NaCl), neutral-
ized with milk-TBS buffer (pH 8) and incubated with a second
blot containing aqueous-phase proteins. The reactive antigens
were identified as described above.

Peptide mapping. Partial proteolytic mapping of the iodinated
amphiphilic and hydrophilic antigens was carried out according
to Cleveland et al. (1917). After SDS-PAGE (7.5oA polyacryl-
amide) of extracted proteins, gel pieces containing the major
iodinated proteins were excised and coelectrophoresed on a sec-

ond 12.5o/o polyacrylamide gel with sample buffer containing
Staphylococcus aureus V8 protease (1-50 pg/ml) (Boehringer,
Mannheim, FRG). The gels were dried and submitted to auto-
radiography.

Protease actiuity in gels. Zymograms were obtained by SDS-
PAGE but with the addition of 240 pg/ml bovine f-rbrinogen
(SchwarzfMann, USA) to the running gel (Bouvier et al. 1987).
In this case, samples were neither heated nor reduced. After
the electrophoresis, the gels were washed three times for 30 min
in TBS (pH 8) and incubated overnight in the same buffer at
31" C. Gels were stained and destained as described above and
then autoradiographed.

Results

Identification of antigens from
surfac e - io dinat e d pr omas t ig o t e s

Proteins from surface-labeled L. b. braziliensis and
L. d. chagasi promastigotes were extracted with
Triton X-Ll4 and detergent and aqueous phases
were separated by SDS-PAGE, and electrophoreti-
cally transferred to nitrocellulose paper. Blots from
L. b. braziliensis proteins were incubated with the
serum of a mucocutaneous patient (trig. I a;
lanes 1, 3), whereas blots from L. d. chagasi pro-
teins were incubated with the serum of a child with
visceral leishmaniasis (Fig. 1 b; lanes 1, 3).

Antibodies present in the serum of the mucocu-
taneous patient rec ognized a 72-kDa protein of L.
b. braziliensis extracted in the detergent phase
(Fig. 7a; lane 1), which is the major surface-la-
beled component, as shown by the respective au-
toradiogram (Fig. la; lane2). This result is in
agreement with those previously reported by Le-
grand et al . (1987) regarding the presence of a ma-
jor surface antigen of 72 kDa in NP-40 extracts
of L. b. braziliensis promastigotes. Moreover, the
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Fig. la, b. Immunological reactivity of L. b. braziliensis and
L. d. chagasi detergent- and aqueous-soluble proteins. Surface-
iodinated promastigotes were extracted by Triton X-114 and
proteins were separated by SDS-PAGE and electrophoretically
transferred to nitrocellulose paper. The amount of protein
loaded in the gel was equivalent to 2 x 107 parasites/slot. The
blots were incubated with the homologous human antisera, re-
vealed and autoradiographed. a L. b. braziliensis reacted with
sera from a mucocutaneous patient. b L. d. chagasi reacted with
sera from a patient with visceral leishmaniasis. Lanes 1 , 3 : blots
from the detergent- and aqueous-soluble proteins, respectively.
Lanes 2, 4: autoradiograms from blots 1 and 3, respectively.
Arrows represent the migration of the protein standards
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mucocutaneous serum recognrzed a number of
proteins extracted in the aqueous phase but,
strongly and predominantly, a protein of the same
apparent molecular weight of 72 kDa (trig. I a;
lane 3). No radioactivity was found in the respec-
tive autoradiogram (Fig. 7 a; lane 4). In the case
of L. d. chagasi, two major, labeled components
of 65 and 50 kDa were observed in the detergent
phase, but only the first one was recognrzed by
the visceral sera (Fig. lb; lanes 1, 2). This serum
also strongly recognized a hydrophilic, non-la-
beled, 65-kDa antigen in the aqueous phase
(Fig. 1b; lanes 3, 4).

As measured by densitometric analysis, the

I
quantitative ratio of the detergent-soluble to the
respective aqueous-soluble major antigens was at
least 7:6, suggesting that the major hydrophilic
antigens occur in significant amounts in the pro-
mastigote cytoplasm.

Immunological cross-reactiuity of membrane
and soluble antigens

Since the respective polyvalent human sera recog-
nized major promastigote membrane and soluble
antigens with similar apparent molecular weights,
their immunological relationship was further eval-
uated. For each parasite species, preparative im-
munoblotting was carried out using detergent-sol-
uble proteins and homologous human antisera.
The antibodies that specif,rcally recognized the ma-
jor L. b. braziliensis and L. d. chagasi surface anti-
gens were eluted from the blot (Fig. 2a, b; lane 1,

arrows) and incubated with a second blot contain-
ing the respective aqueous-phase proteins. The
monospecif,rc, eluted antibodies reacted with the
major antigens extracted in the aqueous phase
(Fig. 2a, b; lane 2) but did not bind to any of the
multiple components reco gnized by the polyvalent
sera. These results demonstrate that the membrane
and soluble antigens of each parasite species share
common antigenic determinants.
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Fig. 2a, b. Immunological cross-reactivity of the major amphi-
philic and hydrophilic antigens. Monospecific antibodies that
recognized the major surface-iodinated L. b. braziliensis and
L. d. chagasi antigens present in the respective detergent phases
(lanes 1 , arrows) were eluted from a preparative blot, reacted
with a second blot containing the respective aqueous-phase pro-
teins and revealed for peroxidase staining (lanes 2).a L. b. brazi-
liensis reacted with mucocutaneous sera. b L. d. chagasi reacted
with visceral sera

Peptide mapping of membrane
and soluble antigens

To determine the possible structural relationship
between the amphiphilic and hydrophilic antigens,
Cleveland digestion of those proteins was carried
out. Surface-iodinated L. d. chagasi promastigotes
were extracted with Triton X-114 and proteins
from the detergent phase were separated. In paral-
lel, non-iodinated parasites were extracted and
proteins from the aqueous phase were separately
iodinated. The autoradiographic prof,rles shown in
Fig. 3 reveal the labeling of an aqueous-soluble
protein with the same molecular weight as the ma-
jor surface protein of L. d. chagasi (Fig. 3). The
bands corresponding to the 65-kDa antigens
(Fig. 3, arrows) were excised from the gels and sub-
sequently processed for proteolytic digestion. The
maps generated from the products of partial pro-
teolysis using S. aureus V8 protease reveal com-
plete homology in the protein-digestion profiles be-
tween the amphibilic antigen and the respective
hydrophilic one (Fig. 4). A high degree of homolo-
gy was also observed by comparing the maps of
the 72-kDa amphiphilic and hydrophilic proteins
of L. b. braziliensis (data not shown). This result
indicates that the maior membrane and soluble an-
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Fig. 3. Autoradiographic patterns
from iodinated L. d. chagasi
amphiphilic and hydrophilic
proteins after separation by SDS-
PAGE. Lane,l, detergent-phase
proteins from surface-iodinated L.
d. chagasi promastigotes. Lane 2,

aqueous-phase proteins iodinated
after Triton X-11 4 extraction.
Aruows indicate the position of
the major labeled antigens. Gels
were exposed for 24 and 12 h,
respectively
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Fig. 4. Peptide mapping of L. d. chagasi major amphiphilic and
hydrophilic antigens. Labeled 65-kDa amphiphilic (A) and hyd-
rophilic (1f) proteins were excised from the gel shown in Fig. 3
and submitted to proteolytic digestion using different concen-
trations of ,S. aureus V8 protease (numbers indicate the protease
concentration in pg/ml). The products of partial proteolysis
were separated by SDS-PAGE and autoradiographed

tigens are not only immunologically but also struc-
turally related.

Protease actiuity of detergent- and
aque ous - s o lub le antig ens

The protease activity of proteins extracted with
Triton X-114 from surface-iodinated L. b. brazi-
liensis and L. d. chagasi promastigotes was ana-

H
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Fig. 5. Proteolytic activity of the amphiphilic and hydrophilic
antigens. Detergent- and aqueous-phase proteins from surface-
iodinated L. b. braziliensis and L. d. chagasi promastigotes were
separated by SDS-PAGE in a 10% polyacrylamide gel that
contained fibrinogen. The gels were stained with Coomassie
blue and autoradiographed. Lanes 1, 2: proteolytic activity of
amphiphilic and hydrophilic L. b. braziliensis proteins. Lanes 4,
3.' proteolytic activity of amphiphilic and hydrophilic L. d. cha-
gasi proteins, respectively. Lanes 1' , 4' .' the respective autora-
diograms of lanes 1 and 4

t, Discussion

The present study demonstrates the presence of
hydrophilic proteins, characterized by their parti-
tioning in the aqueous phase of the Triton X-114
extraction system, which are related to the major
amphiphilic antigens of L. b. braziliensis and L.
d. chagasi. These hydrophilic proteins were first
identified by immunoblotting with homologous
human antisera, which recognuzed 72- and 65-kDa
antigens in both detergent and aqueous phases.
For both parasite species, the identity of the mem-
brane and soluble major antigens was confirmed
by their cross-reactivity, inasmuch as eluted anti-
bodies that specifically recognized the membrane
form of the protein also recognized the soluble pro-
tein, and by the homology found in their peptide-
digestion profiles.

Bouvier and co-workers (1985) previously iden-
tified a soluble form (present in small amounts)
of the major amphiphilic surface antigen of L. ma-
jor appearing during its purification. Since the pu-
rif,rcation in that study started from extracted pro-
teins occurring in the detergent phase, the authors
concluded that the soluble form was generated dur-
ing the purification of the amphiphilic protein by
the hydrolysis of its hydrophobic membrane an-
chor. However, the hydrophilic proteins identif,red
in the present study do not seem to be hydrolytic
products of the amphiphilic antigen, but rather
proteins normally occurring in the promastigote
cytosol, for the following reasons: (a) the proteins
present in both phases were analyzed directly after
the extraction of promastigotes; (b) starting with
surface-iodinated cells, no radioactive proteins
were found in the aqueous phase, thus ruling out
the possibility of either an incomplete phase sepa-
ration or a hydrolytic product generated during
the lysis and extraction of the cells; (c) the presence
of the antigens in the aqueous phase of the extract
is quantitatively significant as revealed by densito-
metric analysis of the immunoblots and of gels

stained with Coomassie blue.
The amphiphilic and hydrophilic 72- and

65-kDa antigens in L. b. braziliensis and L. d. cha-
gasi, respectively, are also functionally related inas-
much as both display proteolytic activity. The lat-
ter has previously been demonstrated by Etges
et al. (1986) in L. major for the purified membrane
form of the antigen as well as for the soluble form
identified after phospholipase C treatment of the
membrane antigen. The presence of soluble pro-
teases was formerly reported by Coombs (1982),
who found proteolytic activity in particulate and
soluble fractions of promastigotes and amastigotes

lyzed by SDS-PAGE in gels containing fibrinogen
as the protease substrate (Bouvier et al. 1987). En-
zymatic activity against fibrinogen was found in
the amphibilic and hydrophilic fractions from both
parasite species. In the case of L. b. braziliensis,
a number of proteolytic activity bands were re-
vealed in the amphiphilic fraction (Fig. 5; lane 1).
The higher-activity band was found at the same
relative mobility in the hydrophilic fraction
(Fig. 5; lane 2) and corresponded to the radioio-
dinated major surface polypeptide, os shown in the
labeling profile of the respective autoradiogram
(Fig. 5; lane l'). In L. d. chagasi, two bands of
enzymatic activity were identified in the amphi-
philic fraction (Fig. 5; lane 4), although they dif-
fered in mobility from those in L. b. braziliensis.
The higher activity found at the same relative mo-
bility in the hydrophilic fraction (Fig. 5; lane 3)
also corresponded to the migration of the major
radioiodinated protein (Fig. 5; lane 4'). The appar-
ent molecular weight of the major proteases was
further assessed by a second electrophoresis after
excision of the bands of activity from the gels, re-
hydration and treatment under denaturating and
reducing conditions. The major activities corre-
sponded precisely to iodinated proteins of 72 and
65 kDa from L. b. braziliensis and L. donouani,
respectively (data not shown).
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of L. m. mexicana. Pupkis and Coombs (1984)
have suggested that a soluble 67 -kDa protease may
be common to both forms of the parasite.

In contrast to our findings, Bouvier et al.
(1987) could not find any correlation between pro-
teolytic activity and the major surface-iodinated
protein of L. b. braziliensis. This divergence from
the present results can be attributed to differences
in the strains used. At a lower pH of 4-4.5, which
was the optimal pH reported for the L. m. amazon-
ensis enzyme (Chaudhuri and Chang 1988), pro-
teolytic activity could not be observed in the deter-
gent phase of both parasites, and only low-molecu-
lar-weight components in the aqueous phase dis-
played proteolytic activity (data not shown).

Based on the results presented in this communi-
cation, we can conclude that the membrane and
soluble major antigens present in L. b. braziliensis
and L. d. chagasi promastigotes are closely related.
The hydrophilic antigen could have originated by
several mechanisms, such as an endogenous phos-
pholipase-mediated cleavage of the phospholipid
that anchors the promastigote amphiphilic surface
protein. However, our data and the fact that no
such phospholipase activity has yet been found in
Leishmania exclude this possibility. Another possi-
ble mechanism could be a post-translational modi-
fication that enables the sorting-out of the antigen
to its final destination in the cell. In that case,
the proteins are synthesized in their soluble form
and only a number of them are processed by the
attachment of a phospholipid anchor upon their
insertion into the plasma membrane. This assump-
tion can be related to the f,rndings that the major
surface protease of promastigotes is not present
on the amastigote surface (Fong and Chang 1982;
Chang et al. 1986; Heath et al. 1987), although it
has been found to be immunogenic during animal
and human infection with Leishmania (Lepay et al.
1983; Legrand et al . 1987; Etges et al. 1985; Col-
omer-Gould et al. 1985). Moreover, Heath et al.
(1987) recently demonstrated by in vitro transla-
tion that L. donouani promastigotes and amasti-
gotes possess the mRNA that directs the synthesis
of a 63-kDa protein, which is reco gnized by human
kala-azar sera in both stages of parasite develop-
ment.

It has been proposed that the promastigote ma-
jor surface antigen is a key surface molecule in-
volved in parasite-macrophage interaction and in
the initial phases of the infection (Chang and
Chang 1986). The soluble form of the antigen may
eventually be secreted, thereby increasing the pro-
teolytic effect of its membrane congener. This
could facilitate the degradation of macrophage
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surface andlor cytoplasmic proteins, thus evading
the immunological mechanisms required for para-
site destruction inside the macrophage.

Last but not least, these cytoplasmic antigens,
which are demonstrably abundant in promasti-
gotes, could serve as an adequ ate source for further
purification towards their future use in the diagno-
sis and therapy of leishmaniasis.
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Selection and characterization of a precocious line
of Eimeria intestinalis, an intestinal rabbit coccidium

D. Licois, P. Coudert, M. Boivin, F. Drouet-Viard, and F. Provót
I.N.R.A., Laboratoire de Pathologie du Lapin, Centre de Recherches de Tours-Nouzilly, 37380 Monnaie, France

Abstract. A precocious line of Eimeria intestinalis
was obtained by selection for early development
of oocysts in rabbits and after six consecutive pas-
sages in animals. This line (EiP) was derived from
a wild strain (EiO) isolated in 1975 from the caecal
content of a rabbit with coccidiosis. The prepatent
period of the EiP strain was reduced from 215 h
to < 144 h, the result being that the oocyst sporula-
tion time was the same for both lines. The excreted
and unsporulated oocysts had exactly the same
shape, but microscopical examination of the sporu-
lated oocysts showed a marked difference between
EiP and EiO strains. A huge refractile globule was
located in each of two sporocysts of the precocious
line, whereas no refractile globule was seen in the
other two. The EiP line had a reproductive poten-
tial much lower (1000 times) than that of its parent
strain EiO and, as judged by the weight gain, mor-
tality and lesions that also occurred in the jejunum
and above all in the ileum, its pathogenicity was
substantially reduced.

In spite of the many studies carried out on poultry,
no attempt to immunize chickens with killed cocci-
dia or material derived from these parasites has
to date protected the animals from subsequent in-
fection. Only inoculation with live coccidia pro-
vides protection (Long and Rose 1982; Rose 1982,
1986; Rose and Long 1980). In additior, the use
of Coccidia strains with attenuated pathogenicity
has been the object of several studies (Jeffers 1986).
One of the ways to obtain an attenuated strain
is to obtain a precocious line, generally by selecting
the first oocysts excreted, during successive pas-

sages in the host animal (Jeffers 197 5; Johnson
et al. 1986 ; McDonald and Ballingall 198 3 a, b ;
McDonald et al. 1982, 1986; Shirley et al . 1984;
Shirley and Bellatti 1984).

In the rabbit, Eimeria intestinalis is without
doubt one of the most pathogenic coccidia (Catch-
pole and Norton 1979; Coudert 1976, 1979; Licois
and Coudert 1982; Licois et al . 1978a, b; Peeters
et al . 1984). Although E. intestinal¿s is not the most
common coccidium, Peeters et al. (1981) and Zt¡n-
del et al. (1980) have found it in >21% of their
battery-reared animals. Moreover, we have dem-
onstrated that E. intestinalis has considerable im-
munogenicity (Licois and Coudert 1980a). There-
fore, we felt that it would be of interest to obtain
a precocious line of this species and characteñze
it.

Materials and methods

Animals

We used 6- to 7-week-old New Zealand rabbits (INRA strain
A 1077), which were obtained free of coccidia from the Station
de Pathologie Aviaire et de Parasitologie de I'INRA de TOURS
and reared as specific pathogen-free (SPF) animals (Schellen-
berg 1916; Coudert et al. 1979;' Coudert et al. 1988).

E. intestinalis

The method used to obtain the original strain (EiO), i.e. the
parental strain, and the precocious line (EiP) is indicated in
Table 1.

Original strain. Beginning with a mixture of E. intestinalis and
E. magna isolated in 197 5 from the caecal content of a rabbit
with coccidiosis, we formed five lines in 1985 by inoculating
five animals with one ,8. intestinalrs oocyst each. Multiplication
of the mixture of the f-rve lines thus obtained in another animal
provided the normal or original strain (EiO). In fact, for each
multiplication, the animals were sacrificed 10 days after infesta-
tion, which corresponds to the excretion peak in this species.
The strains were then isolated from the caecal content.Reprint requests to : D. Licois
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Abstract. A precocious line of Eimeria intestinalis
was obtained by selection for early development
of oocysts in rabbits and after six consecutive pas-
sages in animals. This line (EiP) was derived from
a wild strain (EiO) isolated in 197 5 from the caecal
content of a rabbit with coccidiosis. The prepatent
period of the EiP strain was reduced from 215 h
to < 144 h, the result being that the oocyst sporula-
tion time was the same for both lines. The excreted
and unsporulated oocysts had exactly the same
shape, but microscopical examination of the sporu-
lated oocysts showed a marked difference between
EiP and EiO strains. A huge refractile globule was
located in each of two sporocysts of the precocious
line, whereas no refractile globule was seen in the
other two. The EiP line had a reproductive poten-
tial much lower (1000 times) than that of its parent
strain EiO and, as judged by the weight gain, mor-
tality and lesions that also occurred in the jejunum
and above all in the ileum, its pathogenicity was
substantially reduced.
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sages in the host animal (Jeffers 197 5; Johnson
et al . 1986; McDonald and Ballingall 1983a, b;
McDonald et al . 1982, 7986; Shirley et al . 1984;
Shirley and Bellatti 1984).

In the rabbit, Eimeria intestinalis is without
doubt one of the most pathogenic coccidia (Catch-
pole and Norton 1979; Coudert 1976, 1979; Licois
and Coudert 1982; Licois et al . 7978a, b; Peeters
et al . 1984). Although E. intestinal¡s is not the most
common coccidium,, Peeters et al. (1981) and Zw-
del et al. (1980) have found it in >21% of their
battery'-reared animals. Moreover, we have dem-
onstrated that E. intestinalis has considerable im-
munogenicity (Licois and Coudert 1980a). There-
fore. we felt that it would be of interest to obtain
a precocious line of this species and characteize
rt.

Materials and methods

Attintals

We used 6- to 7-week-old New Zealand rabbits (INRA strain
A l0l7), which were obtained free of coccidia from the Station
de Pathologie Aviaire et de Parasitologie de I'INRA de TOURS
and reared as specific pathogen-free (SPF) animals (Schellen-
berg 1976; Coudert et al. 1979; Coudert et al. 1988).

E. intestinalis

The method used to obtain the original strain (EiO), i.e. the
parental strain, and the precocious line (EiP) is indicated in
Table 1.

Original strain. Beginning with a mixture of E. intestinalis and
E. magna isolated in 1975 from the caecal content of a rabbit
with coccidiosis, we formed five lines in 1985 by inoculating
five animals with one ^8. intestinalls oocyst each. Multiplication
of the mixture of the five lines thus obtained in another animal
provided the normal or original strain (EiO). In fact, for each
multiplication, the animals were sacrificed 10 days after infesta-
tion, which corresponds to the excretion peak in this species.
The strains were then isolated from the caecal content.

In spite of the many studies carried out on poultry,
no attempt to immunize chickens with killed cocci-
dia or material derived from these parasites has
to date protected the animals from subsequent in-
fection. Only inoculation with live coccidia pro-
vides protection (Long and Rose 1982; Rose 1982,
1986; Rose and Long 1980). In additior, the use
of Coccidia strains with attenuated pathogenicity
has been the object of several studies (Jeffers 1986).
One of the ways to obtain an attenuated strain
is to obtain a precocious line, generally by selecting
the first oocysts excreted, during successive pas-
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