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ABSTRACT: Infection by the coccidian Cryptosporidum sp. was found in the stomach of cultured 
cichhd fry and fingerlings. Merogony and gamogony stages were located at the rnicrovlllous zone of 
the superficial cells of the stomach epithelium while oogony and sporogony stages were located 
intracellularly within the mucosal epithelium. Epithelially attached stages were covered by a mi- 
crov~llous membrane. These structural and developmental characteristics have not been reported 
previously in other Cq~tospor id~um species. 

Cryptosporidiosis has been reported frequently in 
mammals as well as from a number of birds and repti- 
les (Levine 1984a). Only 2 reports are currently known 
from fish: that from the tropical marine species Naso 
lituratus (Hoover et al. 1981) and that from the fresh- 
water carp Cyprinus carp10 (Pavlasek 1983). The pres- 
ent communication reports on cryptosporidian organ- 
isms of fry and fingerlings of cichlids which sporulate 
within the stomach mucosa. This type of development 
has not been reported previously in other Crypto- 
sporidium species. 

MATERIALS AND METHODS 

Coccidian infections were detected in the stomachs 
of hatchery-reared fry and fingerlings of Oreochromis 
aureus (Steindachner) X 0, niloticus (L.) hybrids 
(Cichlidae). In fish 11 to 55 mm in length, incidence of 
infection was high (58.8 %, n = l?),  whereas fish 56 to 
152 mm in length (n = 10) were not infected. Infection 
was determined by light microscopic examination of 
unstained squash (Nomarski interference illumination 
optics) and Giemsa-stained smear preparations of 
stomach, anterior, mid and post intestine, and faecal 
casts. Five fish fry and stomach tissue from another 5 
fish were fixed in 10 % buffered neutral formalin and 
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embedded in glycol methacrylate (Lulham 1979). Sec- 
tions 3 to 6 p thick were cut using a Sorval JB-4 glass 
knife microtome and stained either by Meyer's 
haemalum-eosin or PAS methods. For transmission 
electron microscopy (TEM), infected stomachs from 3 
fish were fixed in Karnovski's fixative for 24 h at 4°C. 
After intensive rinsing in cacodylate buffer (0.1 M, pH 
?.4), tissues were post-fixed in 1 % osmium tetroxide in 
the same buffer. After further rinsing, also in the same 
buffer, tissues were dehydrated in an ascending series 
of alcohols and embedded in Epon. Thin sections, cut 
on an LKB 111 ultratome with a diamond knife, were 
stained on the grid with aqueous uranyl acetate and 
lead citrate and examined with a Jeol TEM 100 CX. 

RESULTS AND DISCUSSION 

Light microscopy 

Parasites appeared either as dense spherical or 
'mushroom-like' structures attached to the villous bor- 
der of the stomach mucosal epithelium (identified by 
TEM as meronts or gamonts), or were located singly or 
in clumps within the epithelial cells or deep within the 
epithelial tissue of the stomach (Fig. 1). These latter 
stages, identified by TEM as  zygotes and sporulated 
oocysts, contained numerous PAS-positive granules. 

Meronts and gamonts did not appear to cause notice- 
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able pathological changes in the epithelia1 cells. Infec- 
tions by oocysts resulted in the eventual necrosis of the 
host cell. The oocysts remained enclosed within pock- 
ets of necrotic cells within the tissue. In very few 
instances, however, oocysts were seen within degener- 
ate or necrotic cells located close to the surface of the 
epithelia1 layer. Very rarely, sloughing of these cells 
released oocysts into the stomach lumen. However, 
oocysts were not normally seen either in the intestinal 
lumen or faecal contents, even in heavily infected fish. 

Electron microscopy 

Microvillous membrane 

Meront and gamont stages were covered by a mi- 
crovillous membrane. Microvilli of the membrane 
were spaced at regular intervals and contained a 
dense, finely granular substance (Fig. 2). Such a dis- 
tinct microvillous membrane has not been reported in 
any other Cryptosporidium species. Neither the mi- 
crovillous membrane covering the parasite nor the mi- 
crovillar surface of the stomach mucosa contained the 
filamentous material or glycocalyx found on both cryp- 
tosporidia and microvillar surfaces of mammalian host 
cells (Vetterling et al. 1971, Pohlenz et al. 1978). 

Attachment to host cell 

The 2 electron-dense bands of the attachment zone 
at the host/parasite interface were usually distinct. In 
detail, they appeared to consist of electron-dense mi- 
crofibrils interwoven perpendicularly (Fig. 2, 3 & 4 ) .  
The inner band appeared to be connected to the 2 
plaques of Vetterling et al. (1971), annular rings of 
Pohlenz e t  al. (1978), or osmiophilic connection points 
of Goebel & Braendler (1982), rather than being con- 
tinuous with the interlamellar layer of the para- 
sitophorous envelope as previously reported (Vetter- 
ling et al. 1971, Pohlenz et al. 1978, Goebel & Brandler 
1982). The plaque appeared to consist of several elec- 
tron-dense platelets (Fig. 2 & 3).  

Feeder organelle 

The feeder organelle ('attachment zone' of Vetter- 
ling e t  al. 1971) appeared to consist of multiple parallel 
pekcular folds with vesiculated widenings at their 
endings (Fig. 2, 3 & 4). The folds were more numerous 
and longer than those seen in the feeder organelles of 
other cryptosporidia (Vetterhng et al. 1971, Pohlenz et 
al. 1978, Goebel & Braendler 1982). In appearance, the 

feeder organelle was reminiscent of the arrays of paral- 
lel pinocytic vesiculate tubules found fringing the 
plasmalemma of myxosporean plasmodia (Current & 

Janovy 1976, Current 1979). The vesicular lnvagina- 
tions of the feeder organelle were fringed by what 
appeared to be endocytic vesicles (Fig. 4 ) ,  some of 
which contained a coarse, granular substance (Fig. 4 & 

5).  Similar endocytic vesicles were reported by Goebel 
& Braendler (1982) in Cryptosporidium sp. from mice. 

Attached early developmental stages 

Attached early uninucleate meronts (F = 1.05 X 

1.95, SD = i 0 . 7 8  X 0.78, range = 0.5 to 1.6 X 1.4 to 
2.5 l m ,  n = 2, in sectional plane) were lacking the 
microvillous membrane surrounding more advanced 
stages (Fig. 6). The vesicular component of the feeder 
organelle filled over half of the cytoplasm. Pellicular 
folds could not be detected (possibly due to the plane 
of the section) and only vague outlines of the junction 
bands were traceable. In a more advanced develop- 
mental stage (? = 2.57 X 3.52, SD = 2 0 . 6 9  X 0.5, 
range = 1.2 to 3.46 X 3.0 to 4.6 pm, n = 9, in sectional 
plane) the microvillous membrane covering the para- 
site was already present and pellicular folds of the 
feeder organelle were apparent (Fig. 7). 

Meronts, merogony and merozoites 

Meronts in all stages of differentiation (x = 2.67 X 

3.52, SD = f 0.39 X 0.24, range = 2.4 to 3.1 X 3.1 to 
3.7 pm, n = 6, in sectional plane) were similar in their 
fine structure to meronts described from other crypto- 
poridia (Vetterling et al. 1971, Proctor & Kemp 1974, 
Pohlenz et al. 1978, Bird & Smith 1980, Current 1984). 
This applies to: the extensive network of rough endo- 
plasmic reticulum (Fig. 2) ;  the absence of mitochon- 
dria; fine structural changes taking place during 
merogony leading to the formation of either 4  or 8 
merozoites (Fig. 8 to 11); and the fine structure of the 
merozoites (G = 0.76 X 3.5, SD = -t 0.14 X 0.0, 
range = 0.6 to 0.88 X 3.5 Km, n = 3, in sectional 
plane) (Fig. 11). In advanced meronts prior to 
cytokinesis, pseudopodium-like processes extended 
from the pellicle into the parasitophorous vacuole (Fig. 
8).  Such processes have not been re@orted previously 
from other Cryptosporidium species. 

A thick, electron-dense subpellicular layer was pres- 
ent in the region of developing merozoites (Fig. 8 & 9). 
This layer appeared in the early meront and formed the 
subpellicular bdaminated membrane in the budding 
and fully developed merozoites (Fig. 10 to 11). A sub- 
pellicular amorphous layer seen in early uninucleate 
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meronts could be the primordium of the subpellicular 
layer of the meronts (Fig. 7).  Subpellicular layers 
reported in other cryptosporidia (Vetterling et al. 1971, 
Bird & Smith 1980) were not as pronounced as those 
presently described. Aggregated inclusions at one pole 
of the merozoite which contained a fine electron-dense 
substance appeared to be the primordia of the feeder 
organelle (Fig. 11). 

Macrogamonts 

Macrogamonts (x = 3.07 X 4.82, SD = + 0.92 X 

1.31, range = 2.2 to 4.8 X 3.4 to 7.0 pm, n = 9, in 
sectional plane) (Fig. 12) possessed a nucleus with 
distinct nucleolus, numerous amylopectin bodies, a 
large single lipid vacuole (Fig. 3), a large, single mem- 
brane-bound inclusion of fine granular content (Fig. 12 
& 14), numerous small round inclusions of electron- 
dense globular material (Fig. 12 & 13), and duplication 
of the pellicle or formation of a subpellicular layer (Fig. 
14) (Vetterling et al. 1971, Barker & Carbonell 1974, 
Bird & Smith 1980, Goebel & Braendler 1982). A 
mitochondrion such as that seen in other crypto- 
sporidia (Goebel & Braendler 1982) was not detected. 
The small electron-dense inclusions also formed lobate 
structures (Fig. 6). These organelles were called wall- 
forming bodies Type I by Vetterling et al. (1971) and 
Goebel & Braendler (1982) or were implicated as func- 
tional wall-forming organelles (Bird & Smith 1980). In 
our opinion, the single, large, membrane-bound inclu- 
sion resembles a wall-forming body Type I1 since it is 
enclosed within a cisterna of endoplasmic reticulum. 
Identification of these organelles as wall-forming 
bodies is presumptive since the process of oocyst wall 
formation in cryptosporidia is stdl unknown. 

Microgamonts and microgametes 

Microgamonts (F = 2.95 X 4.1, SD = k0.21 X 0.42, 
range = 2.8 to 3.1 X 3.8 to 4.4 pm, n = 2, in sectional 
plane) contained a dense network of enlarged (elec- 
tron-lucent), smooth tubules, apparently endoplasmic 
reticulum (Fig. 15). Such structures have not been 
reported previously (Vetterling et al. 1971, Bird & 
Smith 1980, Goebel & Braendler 1982). Another &stin- 
guishing feature appears to be the occurrence of vesi- 
cles in the zone where the feeder organelle is attached 
to the base of the parasitophorous vacuole (Fig. 15). In 
all other features, especially with respect to micro- 
gamete differentiation, the present species conforms to 
other cryptosporidia (Vetterling et al. 1971, Bird & 
Smith 1980, Goebel & Braendler 1982). Up to 8 mi- 
crogametes were seen in single cross sections. The 
microgametes were similar to those reported by 

Goebel & Braendler (1982) except that the apical pore, 
adhesion zone and mitochondrion were not located. A 
small rectangular structure arranged in parallel on 
each side of the nucleus (comparable to the 'beehive 
structure' of Goebel & Braendler 1982) extended 
throughout the length of the microgamete (Fig. 16). 
The nuclear membrane was quite distinct. Micro- 
gametes were not seen in association with macro- 
gamonts. 

Oocysts and sporozoites 

Young zygotes and fully sporulated oocysts contain- 
ing 4 sporozoites were found only intracellularly 
within a parasitophorous vacuole deep within the 
epithelial cells of the stomach mucosa (Fig. l ?  to 19). 
The zygote, or early stage oocyst (3.5 X 5.5 pm, n = 1, 
in section plane) contained many amylopectin bodies 
and a single large lipid vacuole. Fully sporulated 
oocysts (F = 3.25 X 4.3, SD = & 0.64 X 0.46, range = 

2.5 to 4.0 X 3.5 to 4.7 pm, n = 6, in sectional plane) 
were comprised of a double-layered thick wall (which 
usually shrank following processing) surrounding 4 
sporozoites (F = 0.66 X 3.9, SD = +0.23 X 0.27, 
range = 0.3 to 0.9 X 3.6 to 4.1 pm, n = 5, in sectional 
plane) as well as a residual body of variable size 
containing amylopectin bodies (Fig. 18 & 19). The 
sporozoite had a thick pellicle; an electron-dense cyto- 
plasm containing alternating aggregates of small and 
large rounded bodies, presumably the rhoptries (or 
storage substance granules?) and micronemes 
surrounded by numerous ribosomes (Fig. 20). Apart 
from locational differences, the mature oocysts con- 
formed ultrastructurally to epicellularly developing 
thick walled oocysts of other cryptosporidia (Pohlenz et 
al. 1978, Current 1984). Large aggregates of cellular 
debris and necrotic substance were present in the 
parasitophorous vacuole containing the oocysts. More 
than one oocyst could be seen in a single infected cell 
(Fig. l?).  In some cases, infected cells underwent 
gradual degeneration (Fig. l ? )  and eventually disinte- 
grated leaving aggregates of oocysts lying withln 
intercellular spaces. Free oocysts were not normally 
seen in the intestinal contents or in the faeces. 

Taxonomic affinities 

In fish, 2 genera are currently recognized for cocci- 
dian infections whlch develop on the cell surface: 
Epieimeria and Cryptosporidium; the major difference 
between them is in the structure of the oocyst (Dykova 
& Lom 1981, Levine 1984b). Recent ultrastructural 
studies of Epieimeria anguillae (Molnar & Baska 1986) 
have pointed out further differences between the 2 
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Fig. 18 to 20. Cryptosporidium sp. Fig. 18 & 19. Thick-walled 
sporulated oocysts containing sporozoites (SR) and residual 
body (RB). BR: cellular debris and necrotic substance; OW: 
oocyst wall. TEM, (18) x17 800 (19) X 2 0  000. Fig. 20. Details 
of cytoplasmic organelles in sporozoites (SR). LB: large body; 
RB: residual body; SB: small bodies (micronemes). TEM, 
X 2 2  300 

genera. It should also be mentioned that a type of 
surface development occurs in Goussia cichlidarum 
(Paperna et al. 1986) which differs from the above 
genera in the origin of the membranous layers 
surrounding the parasite and in the structure of the 
sporocyst walls. 

While the species described here conforms to C r p -  
tospondium according to the present taxonomic 
criteria, it differs from all other known species in 2 
main respects: (a) oogony and sporogony occur in the 
tissue; (b) the microvillous membrane covering the 
parasites and which is apparently derived from 
remnants of the host cell microvilli is very distinct. This 
species apparently diverges markedly from the strict 
structural and developmental conformity exhibited by 

Cryptospori&um species from mammals, birds and 
reptiles (Current 1984, Levine 1984a). Such conformity 
and the apparent ease with which cross-transmission 
of cryptosporidia can occur among mammalian or 
avian host species led Levine (1984a) to reduce all 
named species into 4 ,  i.e. one each for mammals, birds, 
reptiles and fish. 

The only other ultrastructurally studied Crypto- 
spondium sp. from fish is C. nasorum (Hoover et al. 
1981). However, fine structural details for this species 
are insufficient to permit detailed comparisons with 
the present parasite. The species described here will 
therefore be referred to as Cryptospondium sp. until 
more information on mode of transmission, host 
specificity and life history becomes available. 
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