
Journal of the Egyptian Society of Parasitology, Vol.44, No.2, August 2014
J. Egypt. Soc. Parasitol. (JESP), 44(2), 2014: 435 -446

435

PFEIFFERINELLA SP. (PFEIFFERINELLIDAE, APICOMPLEXA)
INFECTING THE FRESH WATER SNAIL PIRENELLA CONICA

LIGHT AND ELECTRON MICROSCOPE STUDIES
By

HODA M. EL-FAYOMI, HAYAM MOHAMMED AND THABET SAKRAN
Department of Zoology, Faculty of Science, Beni Suef University, Beni Suef, Egypt

Abstract
Coccidian oocysts were proved to be found in 70 of 100 collected Pirenella conica snails,

with a natural infection of 70%. It was observed that, Pfeifferinella sp. was transferred between
hepatopancreas and small intestine of snail. The prepatent period of Pfeifferinella sp. infecting
P. conica snails ranged from 14-18 days and the patent period was reached 50 days (P.I.). Mer-
ogony stages were the early stages observed in this study. These stages were observed in the
hepatopancreas and in a large clear parasiteophorous vacuole (PV). In snails killed 4 days P.I.
immature meronts were measured 12 х 10 µm containing 8 nuclei. Meanwhile, mature meronts
with about 6 differentiated merozoites were detected as early as 6 days P.I., and measured
3.1х1.4µm. The earliest gametogonic stages were seen in the intestine of Pirenella conica snails
killed 12 days P.I. Microgamonts contained about 4 nuclei and measured 7.9х6.7µm. The mac-
rogamonts measured 7.3х5.6µm. Macrogametes were characterized by the presence of the vagi-
nal tube, this tube measured 4.3х1.1µm. Fertilization was occurred in the intestine of the infect-
ed snails at 12 days P.I. Zygotes developed into young oocysts after fertilization.

Sporogony occurred in the intestine. In the earliest stage, the nucleus of young oocyst was
occupied the central position that were observed through the examination of the intestine of in-
fected Pirenella snails at 14 day P.I. These oocysts were found to be colorless and ellipsoid or
spherical in shape measured 9.5 х 8.5µm. The oocyst wall consists of two layers, micropyle and
micropyle cap were not observed in these oocysts, and wall forming bodies were arranged at the
periphery of oocyst directly under the developed oocyst wall. Sporulated oocyst contains 8 spo-
rozoites filling the entire cavity of the oocyst without sporocyst formation. Fully sporulated oo-
cysts were excreted in the faces of infected snails from 14-18 day P.I., these oocysts measured
9.5х8.5µm. Micropyle was absent and while a residual body was observed.
Key words: Egypt, Beni Suef Governorate, Pfeifferinella sp, Pirenella conica, Morphology.

.
Introduction

Coccidia are protozoan parasites belong-
ing to sporozoa. According to certain ultra-
structural characters, these are given the
name Apicomplexa (Levine, 1988). Api-
complexans have a complex life cycle that
involves 3 replicative phases termed mer-
ogony, gamogony and sporogony (Levine,
1985a).

About one third of the approximately
4,600 described species in were placed in
family Eimeriidae, and the vast majority of
these species were characterized from a
single life-cycle stage, the copulated oocyst
(Bandoni and Duszynski, 1988). Moreover,
the oocysts of Tyzzeria. alveocystis contain
eight naked sporozoites, absence of sporo-
cysts (Levine, 1985b), family Pfeifferinelli-
dae genus Pfeifferinella, characterized by

oocysts with 8 naked sporozoites without
forming sporocysts and macrogamete has
vaginal tube, which considered as a family
distinct characters (Levine, 1973, 1985b).
Investigations of coccidian parasites infect-
ing invertebrates lag generally behind those
of vertebrate hosts. Records on coccidia
infecting invertebrate hosts are scattered
and fragmented. From Pulmonate gastro-
pods yet many coccidian parasites have in-
frequently been reported, this includes par-
asites of the families Adeliedae (Klossia),
Eimeriidae (Isospora, barrouxia and Alve-
ocystis) and Pfeifferinellidae (Pfeifferinel-
la), Fritsche (1987).

The genus Pfeifferinella was created by
Wasielewski (1904) for the coccidian para-
site described from the gut contents and
hepatopancreas of the water snail Planor-
barius corneus in Germany. This parasite
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was given the name Pfeifferinella ellip-
soides. Leger and Hollande (1912) descri-
bed a second species P. impudica from the
hepatopancreas of the slug Limax margina-
tus, in France. Then, family Pfeifferinelli-
dae was established by Grasse (1953). Wa-
cha (1980) USA described a third species
P. gugleri from the hepatopancreas of land
snail, Triodopsis albolabris. The fourth sp-
cies P. egypti was described from Lanistes
carinatus in Egypt (Abdel-Ghaffar et al,
1995). This family is a monoxenous group
of parasites in which fertilization of macro-
gametes occur via the vaginal tube were the
diagnostic character of the family (Levine,
1985b). However, in the genus Alveocystis
fertilization occurs without a vaginal tube.
So, Levine (1985a) stated that a vaginal
tube was not a characteristic feature and
described a first species of Alveocystis in
the land snail Triodopsis cobolabris, a seco
nd species A. cleopatra was described from
hepatopancreas cells of fresh water snail
Cleopatra bulimoides (Sakran, 1997).

The present work aimed at the study of
incidence and prevalence of coccidian par-
asites among the most abundant pulrnonate
gastropods snails, Pirenella conica, Vivipa-
rus sp. which is fresh water snail collected
randomly from Shreef-Basha and Reyad-
Basha canal at Beni-Suef (Upper Egypt),
also the parasite life cycle was studied in
experimental infected snails by light mi-
croscopy and electron microscopy

Material and Methods
In the present study, 100 Pirenella conica

of different ages were collected from Beni-
Suef water sources. All snails were identi-
fied after Danish Bilharziasis Laboratory
(1983). Oocysts were collected and concen-
trated by floatation technique (Long et al,
1976), washed several times with distilled
water to remove the effect salinity. The re-
covered oocysts were suspended in 2.5%
potassium dichromate solution and stored
4oC till needed. The average size of 100
sporulated oocysts was measured with an
ocular micrometer calibrated against stage

micrometer. Care was taken to ensure that
sporulated oocysts were spread under the
cover glass to prevent their overlapping.

Light microscopy: Fresh smears and fro-
zen sections of different organs were fixed
in acetone free methanol, stained with 3%
Giemsa solution in phosphate buffer (PH
7.3) and then examined for infection. Sam-
ples of highly infected organs were imme-
diatly fixed in 2% Glutaraldehyde in 0.1M
Cacodylate buffer (PH 7.3), five microns
sections were prepared by using a rotary
microtome, stained with haematoxyline and
eosin, covered and examined by light mi-
croscope.

Electron microscopy: Samples of highly
infected organs were immediatly fixed in
2% Glutaraldehyde in 0.1M Cacodylate
buffer (PH 7.3) at 4oC for at least 4 hrs.
After washing in cacodylate buffer, post-
fixation was done in 1% Osmic acid. The
specimens were dehydrated in ascending
ethanol and poststained with uranyl acetate,
phosphotungestic acid (70%) and then
transferred to propylene oxide and finally
embedded in Araldite (Serva). Semi- and
ultra thin sections were cut using a Reichert
Ultramicrotom. Semithin sections were
stained in methylene blue and azure. The
ultrathin sections were contrasted with the
uranyl acetate and lead citrate stained ones.
Microscopical examination was carried out
using  Philipps (400 T) TEM

Experimental infection: Sixty fresh non-
infected P. conica were isolated, their fecal
materials were examined daily to prove to
be coccidia free for 15 days prior to exper-
imental infection. The coccidia-free snails
were kept in aquaria with highly concen-
trated medium of sporulated oocysts previ-
ously identified and collected from natural-
ly infected snails. The prepatent period and
the duration of oocyst production (patent
period) were recorded. The different devel-
opmental stages were killed and prepared
for histological studies at 2 days interval
from the second day to 32 post-inoculation.
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Results
Coccidian oocysts were proved to be

found in 70 of 100 collected P. conica.  In
naturally infected snails, it was observed
that Pfeifferinella sp. was transferred be-
tween hepatopancreas and small intestine
of the snail. The parasite changed its site
according to the development stages, but
none was detected in other parts of snail.
a- Prepatent and patent periods: In a group
of 20 experimentally infected P. conica in-
dividuals passed oocysts as early as 14 days
P.I., whereas seven snails did not pass any
oocysts until 16 days post-infection, the
others shedded oocysts 18th day P.I. This
indicated that the Pfeifferinella sp. pre-
patent period in P. conica ranged from 14-
18 days. The patent period or duration of
oocyst production was determined in twen-
ty snails. Eight of experimentally infected
snails discharged oocysts for 20 days only,
seven snails passed oocysts for 42 days,
and five snails discharged oocysts up to 50
days P.I. Therefore, it was clear that the
patent period was up to 50 days P.I.
b- Histological study of the endogenous
stages: 1-Merogony: Regarding the endog-
enous stages observed during the histologi-
cal study of the parasite, merogonic stages
were the early stages observed in this study.
These stages were concentrated in the
hepatopancreas and were found in a large
clear parasiteophorous vacuole (PV). Im-
mature spherical meronts with 4 nuclei
were seen as early as 4 days P.I, measured
11.3-15х8.2-13.8µm with an average of
12х10µm containing eight nuclei. The nu-
clei were distributed randomly through the
cytoplasm of the meront (Figs. 2, 2, 3). The
mature meronts with about six differentiat-
ed merozoites were detected as early as 6
days P.I. Merozoites have a pointed anteri-
or end and a rounded posterior one with a
nucleus near the center. These merozoites
measured 2.7-4.5х1.1-2.2µm with an aver-
age of 3.1х1.4µm (Fig. 2, 4, 5).

2- Gamogony: Gamonts were proved to be
developed directly from merozoites. The
earliest gametogonic stages were in the in-
testine of P. conica killed 12 day P.I. Mi-
crogamonts containing about four nuclei
were detected at 12th day P.I, measure 6.5-
10.9х4.9-8.9µm with an average of 7.9х6.7
µm (Figs. 2-6). Oval-shaped macrogametes
with a single nucleus were found in intesti-
nal of P. conica killed at 12th day P.I, sur-
rounded by clear parasitophorous vacuole.
The macrogametes measure 5-10х4-9 µm
(n=15) with an average of 7.3х5.6µm char-
acterized by the vaginal tube (Fig.2-7).

Fertilization occurred in intestine of in-
fected snails at 12th day P.I. At the begin-
ning of fertilization, anisogametes (macro-
gamete and microgamete) were found in a
form called syzygy (Figs. 2-11). Zygotes
developed into young oocysts after fertili-
zation (Figs. 2-13).
3- Sporogony: Sporogony occurred in the
tissues of the host cell as indicated by the
presence of fully sporulated oocysts in
stained sections of intestine. Each oocyst
contains 8 sporozoites filling the entire cav-
ity of the oocyst without sporocyst for-
mation. Fully sporulated oocysts were ex-
creted in the feces of infected snails 14-18
days P.I. with length ranged from 7.5µm to
13.5µm and width from 6.5µm to 12.5µm,
with an average of 9.5х8.5µm (Fig. 2).

By TEM showed banana shaped sprozo-
ites converted to spherical shaped young
uninucleated meronts. The meronts contain
central located large spherical nucleus (Fig.
1).  Merogony started the nucleus division
into many nuclei arranged at the periphery
of multinucleated meronts (Fig. 2). With
maturation a rosette shaped meront with
developed merozoites were formed and
each developed merozoites was banana
shaped in longitudinal section, while in
cross section appear as circulars arranged at
periphery of the meront wall (Fig. 2). Mi-
crogamonts contain many nuclei arranged
at the periphery were observed (Fig.2). On
the other hand, macrogametogenesis started
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by formation of vaginal tube, which was
curved in shape with tapered end. The wall
of vaginal tube was thin and highly osmi-
ophilic developed at the macrogametes' an-
tirostral pole. The tube measures 2-6.4х0.8-
1.5µm with an average of 4.3х1.1µm (Figs.
15, 16). The oocyst wall consists of two
layers, the outer layer was light and thick
(≈ 0.6 µm) the inner one was dark and thin.
Micropyle was absent, while a residual
body was present (Fig. 2).

Life cycle of Pfeifferinella have three
phases: Merogony, gamogony and sprogo-
ny within the P. conica. Merogony phase
occurs in the digestive gland. Gamogony
divides into macrogamogony and micro-
gamogony in snail's intestine and sporogo-
ny phase occurs in snails’ intestine (Fig.2).

Discussion
The family Pfeifferinellidae (suborder

Eimeriina) was established by Grasse
(1953). Levine (1973) provided the most
recent diagnostic characters for the mem-
bers belonging to this family, the oocyst
without sporocysts but containing 8 naked
sporozoites, fertilization of the macrogam-
ete via the vaginal tube. Levine (1985b)
stated that if the parasitic oocysts contain-
ing eight naked sporozoites and no sporo-
cysts, it belongs one of the genera Pfeifferi-
nella, Schellackia and Tyzzerita, as all
share the genetic character, whereas vaginal
tube is the most important distinctive char-
acter in Pfeifferinella. This was approved in
three species of Pfeifferinella; P. ellipsoides
(Wasielewski, 1904), P. impudica (Leger
and Hollande, 1912) P. egypti (Abdel-
Ghafar et al, 1995) and Pfeifferinella sp. of
the present study. The four species of the
genus Pfeifferinella had oocysts with single
nucleus, this nucleus divides three times
and gives eight nuclei, each nucleus incor-
porated a part of the cytoplasm and differ-
entiated into eight naked sporozoites with-
out forming sporocysts and macrogamete
fertilization takes place through vaginal
tube. On the other hand, Wacha (1980) rec-
orded P. gugleri having all the characters

including oocysts with 8 sporozoites, ab-
sence of sporocysts, but he did not recog-
nize vaginal tubes in the macro gamete.
Levine (1985b) reclassified this species to
the genus Alveocystis and gave it a name
Alveocystis gugleri.

Natural infection: The available infor-
mation about coccidian parasites infecting
pulmonate snails were found to be scarce,
incomplete and scattered. Throughout the
genus Pfeifferinella, P. ellipsoides was
found naturally infecting Panorbarius
corneus snail in Germany (Wasielewski,
1904), land snail Limax marginatus in
France P. impudica was reported (Leger
and Hollande, 1912). A third species of
Pfeifferinella infects Triodopsis albolabris
snail in USA and P. gugleri was added by
Wacha (1980). Also, Stagnicola elodes
Physa gyrina and Aplexa hypnorum pul-
monate were reported by Fritsche (1987) to
be hosts for P. ellipsoides. Levine (1973;
1985b) gave criteria of genus Pfeifferinella
that includes oocysts containing eight na-
ked sporozoites, without sporocysts and
fertilization of the macrogamete occurred
through a vaginal tube, and that absence of
one of these characters would eliminate the
need for a separate family.

In the present study, rate of natural infec-
tion with coccidian oocysts was found to be
70%. This infection rate was very high as
compared with those reported in other pul-
monate snails. Fritsche (1987) recorded that
the infection rate of coccidian oocysts in
various species of pulmonate snails was
16% from different Rivers and Ponds in
Washington and Minnesota. The coccidian
oocysts were P. ellipsoides, Alveocystis
gugleri and unidentified coccidian oocysts.
He added that the infection rate with P. el-
lipsoides was 21% from Stagnicola elodes
snails in Stright River and Mahnomen
Pond, 2% from Physa gyrina in Ceder Riv-
er and 6% for Aplexa hypnorum in Mah-
nomen Pond. This indicated that the highest
rate of natural infection among pulmonate
snails recorded in the present study may be
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attributed to the habitat of the snails both
ecologically and geographically The oocyst
is most easily accessible stage of coccidia,
and many species are known only by the
characters of their oocysts (Joyner & Long,
1974 and Abdel-Ghaffar et al 1991). The
non-sporulated oocysts of the Pfeifferinella
sp. in the tissues of naturally infecting La-
nistes snails were ellipsoid or spherical in
shape. The oocyst wall consists of two lay-
ers. The outer layer was light and thick (0.6
µm), the inner one was dark and thin which
was difficult to measure, fresh  sporulated
oocysts were ellipsoid, spherical or sub-
spherical in shape. The oocyst (0.6µm) and
the inner layer was dark and thin surround-
ing the eight naked sporozoites. This find-
ing agrees with, that of Wacha (1980) who
reported two layered oocyst wall in P. gug-
leri. This wall was about 0.6µm and con-
tained 8 naked sporozoites. Wasielewski
(1904) found that P. ellipsoides oocysts
measure 15xl3µm. A micropyle was lacked
but a residual body was present and the
sporozoites measured 12x1.5-2µm. Fritsche
(1987) measurements were 19.2-16.8x13.6
µm for oocysts, sporozoites measured 12.3-
9.2x2.3-1.5µm in Stagnicola elodes host,
whereas in Physa gyrina oocysts measure
20.0-18.4x12.8-11.2µm and the sporozoites
measure 18.0-12.0x3.0-2.4µm. On the other
hand, Leger and Hollande (1912) reported
20x10µm for the ovoid shaped oocysts of
P. impudica with oocysts containing mi-
cropyle and a residual body. Wacha (1980)
reported ovoid oocysts measured 32-18.5x
16.5-13µm of P. gugleri these oocysts con-
tain micropyle and residual body and spo-
rozoites measured 13x2.5µm. In the present
study, unsporulated oocysts from naturally
infected snails were 13.5-7.5x11.5-6.5µm,
while, fresh sporulated oocysts measure
13.5-7.5x12.5-6.5µm. Micropyle was ab-
sent, but the residual body was present. The
sporozoites measure 6.7-4.4x2-1µm.

Regarding the size of sporulated oocyst
reported for the genus Pfeifferinella the
above mentioned reports show a high range

of variation in both length and width of oo-
cysts. The oocyst reported in the present
study (Pfeifferinella sp.) seems to be the
smallest one and the oocyst of P. gugleri in
Triodopsis albolabris reported by Wacha
(1980) to be the largest one.

One of the most important features of
coccidian parasites is the specify site of in-
fection. Wasielewski (1904) stated that all
developmental stages of P. ellipsoides
(merogony, gamogony and sporogony) oc-
curred in hepatopancreas cells of Planor-
barius corneus snails. This opinion agreed
with that of P. impudica reported by Leger
and Hollande (1912) from terrestrial slug,
Limax marginatus and with P. gugleri re-
ported by Wacha (1980) from land snail,
Triodopsis albolabris. This suggestion par-
tially agreed with Pfeifferinella sp. infec-
tion in the present study, whereas develop-
mental stages of merogony were observed
in the snail hepatopancreas. On the other
hand gamogony and sporogony were ob-
served in the intestine of the infected snails.

In the present study, the prepatent period
of experimentally infected snails ranged
from 24-28 day. Heydorn et al. (1975) re-
ported a prepatent period from 8-9 days for
Sarcocystis species, but Fayer and Kradel
(1977) recorded a prepatent period from 9-
33 day P.I. In the present study, the patent
period ranged from 30-60 days. Fritsche
(1987) stated that oocysts of P. ellipsoides
from naturally infected snails completely
disappeared from snails' feces in seven days
P.I.

In the present study, the merogony pro-
cess occurred via multiple fission charac-
terized asexual reproduction in Coccidia
(Levine, 1971a). Meronts of Adeleida and
Sarcosporidia are characterized by their
large ability to invade and develop in a
wide variety of organs inside the snail host.
Developmental stages proceeded gamonts
formation in all cases (Moltmann, 1980;
1981).

Regarding Pfeifferinella sp. meronts'
site, Wasielewski (1904) reported meronts
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of P. ellipsoides in P. corneus in hepato-
pancreas cells. This agreed with Leger and
Hollande (1912) for meronts P. impudica
infected the land snails Limax marginatus
and with P. gugleri in Triodopsis albo-
labris. These results partially agreed with
the present study. Meronts of Pfeifferinella
sp. were found in the hepatopancreas cells
and digestive gland in Lanistes sp.
Merogony of coccidian parasites may oc-

cur in one generation or more. In Sarco-
cystis tenella only one generation of mer-
onts was observed (Clarence et al, 1982).
On the other hand, merogony may occur in
three generations as in S. sybillenis (Dubey
et al, 1983). Meanwhile four generations of
merozoites were described in Klossia lossi
(Nabih, 1938), but successive merogonic
generations were not clearly distinguished
in kidney tissue (Moltmann, 1981). In pre-
vious studies of genus Pfeifferinella, num-
ber of merogonic generations was not rec-
orded, whereas in the present study two
merogonic generations were found in the
cells of hepatopancreas of Lanistes sp.

In the present study, uninucleated mer-
onts of first merogonic generation measure
3.3x2.5µm, while immature meronts meas-
ure 12x10µm. About 20-25 merozoites
were found in mature meronts measuring
3.1x1.4µm. The uninucleated meronts of
the second generation measure 6.5x5.5µm.
Mature meronts measure 26.7x 17.7µm and
gave about 60 merozoites, each merozoite
measure 4.5x2µm. In the present study, the
size of meronts and number of merozoites
in the second generation meronts were
larger than those of the first generation.
Wasielewski (1904) reported meronts of P.
ellipsoides infecting Planorbarius corneus
measured 20 times in diameter and each
meront gave 60 merozoites. This number of
merozoites was the same as reported by
Leger and Hollande (1912) for P. impudica,
whereas meronts were larger in size and
measured 30µm in diameter. Meront of P.
gugleri measures 20x15µm and gave about
24-25 merozoites that measure 8-10x2µm

with a nucleus located in posterior third
(Wacha, 1980).

In the present study, gamonts (macroga-
monts and microgamonts) occupied the epi-
thelial cells of intestine and cells of diges-
tive gland in Lanistes sp. But, Wasielewski
(1904) found gamogony of P. ellipsoides in
hepatopancreas cells. This agreed with
Leger and Hollande (1912) for P. impudica
and Wacha (1980) for P. gugleri.

P. ellipsoides was described from P.
corneus collected from East Germany
(Wasielewski, 1904). Leger and Hollande
(1912) claimed that sexual development of
P. ellipsoides occurred in a site similar to
that described for P. impudica in the
hepatopancreas, including the formation of
a vaginal tube in the macrogamete which
was considered, according to Levine (1971
a), family Pfeifferinellidae the main charac-
ter. In the present study, macrogametes of
Pfeifferinella sp. measure 7.3x6.5 µm, with
a single prominent nucleus. The antirostral
poles give a narrow eosinophilic tube
measure 3.3 p.m. This agreed with Leger
and Hollande (1912) who stated that mac-
rogametes of P. impudica were ovoid,
measure I5-10 µm. The nucleus of macro-
gamete contains karyosomes and cytoplasm
with numerous reserve granules and a few
chromatic masses. A rostral and an antiros-
tral poles was distinguishable in the macro-
gametes. They added that the antirostral
pole gives rise to temporary, narrow, eosin-
ophilic, tube-like structure, the vaginal tube
which protruded into the host intestinal lu-
men. Thus providing a tube at which the
microgametes enter and fertilize macro-
gamete. This disagreed with Wacha (1980)
for macrogamete of P. gugleri that lack a
vaginal tube, the nucleus of macrogamete
contains karyosomes and the cytoplasm had
numerous granules and a few wall-forming
bodies. He preferred that the wall-forming
bodies could be the chromatic masses in P.
impudica (Leger and Holland, 1912). The
size of Pfeifferinella macrogametes in the
present study seemed to be smaller than
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that reported by Leger and Holland (1912)
the same species and that of P. gugleri re-
ported by Wacha (1980).

Microgamonts of P. impudica (Leger
and Hollande, 1912) measured 40-50µm
giving rise to numerous microgametes of
0.4µm or smaller. Wacha (1980) reported
that microgamonts of P. gugleri were ellip-
soide to ovoide or spherical, measured 15.0
x11.5 µm and occasionally with a residual
body. These gamonts produced minute mi-
crogametes too numerous to be counted. In
the present study, immature microgamonts
measure 7.9x6.7µm; mature microgamonts
measure 18.6x11.9µm, and flagellated mi-
crogametes with central nucleus measure
5.0x3µm with 30µm long flagellum. These
microgametes were largest in size in con-
trast to those of P. impudica reported by
Leger and Hollande (1912) and microgam-
ete of P. gugleri reported by Wacha (1980).

Sporogony started after fertilization of the
macrogametes forming young oocyst,
(Mehlhorn and Hydron, 1978). The process
of sporogony occurred internally like Sar-
cocystis (Mehlhorn and Scholtyseck, 1974),
or externally as that of Eimeria and Isospo-
ra (Duszyniski and Snell, 1990).

In the present study, sporogony occurred
in the intestine of the infected snails that
started by division of the oocyst nucleus
into 2 nuclei, each one subdivided two
times and the oocyst contains 8 nuclei, each
nucleus incorporated part of the cytoplasm
forming 8 sporozoites without sporocyst
formation. This result agreed with sporogo-
ny of P. ellipsoides (Wasielewski 1904)
and P. impudica (Leger and Hollande,
1912), whereas partially disagreed with
Wacha (1980) who stated that sporogony of
P. gugleri occurred internally in the tissues
and externally in feces. However, Molt-
mann (1981) recorded that in the sporogony
of K. helicina the cytoplasm of the oocyst
was divided into about 150 sporoblasts
simultaneously. Each one of them con-
tained two nuclei. Subsequently four sporo-

zoites were developed inside each sporo-
cyst.
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Abbreviations in figures
DME       Developing meront
DMG      Developing microgamete
DME      Developing merozoites
DSP        Developing sporozoites
F             Flagellum
HC          Host cell
HN          Host nucleus
M            Meront
MAG      Macrogamont \ macrogamete
MG         Microgamete
MIG        Microgamont
MM        Meront memrane
ME         Merozoites
N             Nucleus
NG          Nucleus of the microgamete
OC          Oocyst
PV           Parasitophorous vacuole
RB           Residual body
SPR         Sporozoite
WFB       Wall forming bodies
Zy            Zygote

Figures explanation
Fig.1: Photograph of Pirenella conica shell X3.
Figs.2-5: Merogonic stages of Pfeifferinella sp. infecting Pirenella conica. X2500.
Figs. 2, 3: Hepatopancreas showing multinucleated meront, contain number of nuclei, in a parasitophorus vacuole.
Fig. 4: Multinucleated meront (M), showing peripheral distribution of nuclei.
Fig. 5: hepatopancreas showing mature meront with developed merozoites and well-formed merozoites.
Fig. 6: Light micrographs of different gamogonic stages of Pferifferinella sp. infecting P. conica. X2500.
Fig. 6: Light micrograph microgamont with peripheral distribution of nuclei within a parasitophorus.
Figs. 7&8: Macrogamont with a central located nucleus and characteristic vaginal tube within a parasitophorus.
Fig. 9: Macrogamont with a centrally located large nucleus.
Fig. 10: Macrogamont with a central located large nucleus and microgamete, in syzygy manner.
Figs. 10-13: Sporogonic stages of Pfeifferinella sp. infecting P. conica.
Figs. 11&12: Zygote or young oocyst with a centrally located nucleus with wall forming bodies within a parasitopho-
rus. X2500.
Fig.13: Sporulated oocysts (OC) with eight naked sporozoites. X1100.
Figs. 14-16: TEM of different merogonic stages of Pfeifferinella sp. infecting P. conica. X15000
Fig. 13: Uninucleated meront with centrally located nucleus in a large parasitophorus vacuole, host cell.
Fig. 14: Multinucleated meront, showing nuclei in a large parasitophorus vacuole, host cell, host cell nucleus.
Fig. 15: Mature meront with peripherally arranged merozoites in a large parasitophorus vacuole, host cell, host cell
nucleus.
Figs. 16&17: Mature meront with peripherally located developed merozoites in a large parasitophorus vacuole.
Fig. 18: Uninucleated meront with centrally located nucleus in a large parasitophorus vacuole, host cell. X15000
Fig. 19: Multinucleated meront with peripherally nuclei in a large parasitophorus vacuole, host cell, host nucleus.
X15000
Fig. 20: Mature meront with peripherally located developed merozoites in a large parasitophorus vacuole. X15000
Fig. 21: Mature meront with peripherally merozoites in a large parasitophorus vacuole, host cell, host cell nucleus.
X15000
Fig. 22: Mature microgamont with many nuclei at periphery in a large parasitophros vacuole, in a host cell. X15000
Life cycle of Pfeifferinella sp. infecting P. conica: 1- sporozoite, 2- Uninucleated meront, 3- Multinucleated meront, 4-
Developing meront with merozoites. 5- Free merozoite, 6- Gamont, 7- Microgamont, 8- Macrogamont, 9- Microgam-
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ete, 10-Macrogamete, 11-syzygy, 12-Zygote, 13-Oocyst, 14-Oocyst with eight nuclei, 15- Oocyst with eight sporozo-
ites



445



446


