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Ultrastructural Details of Cryptosporidium parvum
Development in Calf Intestine

M2 José Rosales, Teresa Arnedo, Carmen Mascar6é*

Departamento de Parasitologia, Instituto de Biotecnologia, Facultad de Ciencias, Universidad de Granada,
E-18071, Espafia

Cryptosporidium parvurandC. murisappear to be different species found in calves, with different
oocysts size and distribution on the gastrointestinal tract.

This work presents new images®©f parvurnrultrastructure in calf intestine, mainly its development
in nonmicrovillous cells and the presence of microtubular structures in the membrane enveloping the
macrogamonts and immature oocysts.
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Bovine cryptosporidiosis was first described by = The present work focus on a better understand-
Panciera et al. (1971). The first bovine ultrastrudng of the ultrastructure . parvum
tural descriptions appear in 1978, clearly s_h_owmg MATERIALS AND METHODS
an extracytoplasmatic but intracellular position in
the epithelial cells (Pohlenz et al. 1978, Pearson & Histological samples for our electron micro-
Logan 1978). This position described by somecopic study were recovered from a 7 day old calf
authors as unique is commonly found in some spéHolstein) killed after suffering signs of meningi-
cies of the genef@imeria EpieimeriaandGoussia tis. Tissue samples were fixed in glutaraldehyde
which parasitize both freshwater and marine fisland processed for electron microscopy according
(Lukes 1992). to standard methods (Rosales et al. 1993a).

The differences betwee@ryptosporidium Cryptosporidiumnfection was first detected in calf
muris and C. parvumwere well established by faeces by optical microscopy and afterwards by
Upton and Current (1985) based on the differenthe histological study of lung and intestinal tissues.
oocysts and sporozoite sizes, befhgmurisoo- RESULTS AND DISCUSSION
cysts larger.

Ultrastructural studies by different authors Developing Cryptosporidiumforms were
clearly showed morphological differences betweeriewed by optic and electron microscopy both in
Cryptosporidiumisolated from mammals, namely small and large intestine. From the electron micro-
the presence of mitochondria@ muris clearly graphs we have selected the one showing the most
demonstrated by Uni et al. (1987) but never denformative aspects of the parasite and of the host
tected by other authors in other isolates ascribextll-parasite interactions.
to C. parvum Fig. 1 shows a zoite just attached to a Paneth

For several years we have been working with itestinal cell. A three-membrane complex is tightly
strain ofCryptosporidiunmisolated from dairy cattle adhered to certain zones of the parasite (arrow).
at a farm where almost 100% of suckling calveFhe three membrane layers show the same width,
were spontaneously infected during the first twand a fourth more electrodense membrane appears
weeks of life. Oocysts size and morphology arat the apical end (arrowhead). A membrane fusion
similar to that ofC. parvum Extensive study has image is seen at the parasite-cell contact with some
been performed on this isolate and we now hawgerrations at the right-hand corner. There is no in-
detailed information about its ultrastructural chargication of an envelope of host-cell origin in this
acteristics. form, although a dense band in the parasite-cell

interface is clearly visible. In more differentiated
merogonic forms (Fig. 2P,E), meronts are almost
invariably enveloped by two membranes and also
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848 C. parvum Ultrastructure * M2 José Rosales et al.

el i o L e

P e 2T T
K SR ¢ 1 O

Fig. 1: Cryptosporidiumzoite fixed to a Paneth cell. A three-membrane complex envelopes the protozoan (arrow) with a more
electrondense fourth membrane at the apical end (arrowhead). D: dense granules in the apical cell cytoplasm. B: delmse band in t
parasite-cell interface. N: nucleus. S: serrations. Bam1Fig. 2: meront fixed to an enterocyte. B: dense band in parasite-cell
interface. D: dense granule. E: enveloping membranes. P: parasite membranes. R: rough endoplasmic reticulummBar = 1

Fig. 3: more differentiated meront. B: dense band. F: feeder organelle. E: enveloping membranes. P: parasite membrane. N: mero-
zoite nucleus. Bar =itm. Fig. 4: portion of a meront showing a membrane bound structure (arrow). E: enveloping membranes. P:
membrane pellicle. M: micronemes. Bar arh.
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Fig. 5: portion of a mature type | meront. E: enveloping membranes with dense granular intermembrane material (arrow); L:
longitudinal ridges in the pellicular merozoite membranes; M: microvilli; P: two membrane pellicle. Ban~Hig. 6: section

through a macrogamont showing an undulated contour. Wall-forming bodies typg adtéres to the periphery. Bar .

Fig. 7: section through a macrogamont with an undulated contour. N: nuclgusaliMforming body type I; W: wall-forming

body type II. Bar = I)m. Fig. 8: portion of a macrogamont fixed to an enterocyte showing an undulating contour in some zones.
W, wall-forming body type I; W:wall-forming body type II. Bar = irm. Fig. 9: freeCryptosporidiumform in lumen intestine.
Although its content is degenerated, the enveloping membranes are well preserved in a zone (arrows) showing a peculiar disposi
tion. Bar = 1nm. Fig. 10: portion of a macrogamont growing in an enterocyte. Microtubular structures (arrows) are evident.
Bar = 0.769ym. Fig. 11: portion of a macrogamont. Its enveloping membranes were accidentaly displaced by sample processing,
and some microtubules (arrow) are visible on the parasite pelliclen#eloping membranes of the macrogamogieii/eloping
membranes of other adjac&ryptosporidiurform; P: parasite pellicle; R: rough endoplasmic reticulur;wWell-forming body

type I. Bar = 0.769m.
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described by other authors (Fayer et al. 1990). calf Cryptosporidiumin chicken embryos] Infect
Membrane-bound structures are usual between Dis 148 1108-1113. _
the parasites and their envelopes (Fig. 4). WhegHrrent WL, Reese NC 1986. A comparison of endog-
the merozoites are well formed, a dense granular €nous development of three isolatesQrl/p-
intermembrane material is clearly visible (Fig. 5E, tloosgondlumm suckling mice.J Protozool33: 98-
arrowhead). This mate”al was Qescrlbed b%ntrala E, Mascar6 C 1997. Glycolytic enzyme activi-
Pohlenz etal. (1978), who did not believe that these  jes in Cryptosporidium parvunpocysts.FEMS
membranes were of host origin. We also noticed wicrobiol Let151: 51-57.
that someCryptosporidiunforms had an undulated Fayer R, Speer CA, Dubey JP 1990. General biology of
contour (Figs 6-9). Longitudinal and transverse cuts Cryptosporidiump. 1-29. In JP Dubey, CA Speer,
under higher magnification revealed fundamentally R Fayer (eds)Cryptosporidiosis of Man and Ani-
in macrogamonts and maturing oocysts, ordered mals CRC Press, Boca Raton, Fl. _
microtubular structures (Figs 10, 11, arrowheadsklanigan TP, Aji T, Marshall R, Soave R, Aikawa M,
This sort of structure, being a physical support, aetzel CH 1991. Asexual development of
appears to offer strength to the developing para- Cryptosporidiumparvum within a dlffereptlated
site. Due to the absence of this microtubular sup- human enterocyte cell linéafec Immun59: 234-
port in the microvillous surface these microtubuleg;epier EM. Pohlenz JF, Woodmansee DB 1986. Ex-
may be of parasite origin, as they resemble the perimental intrauterine infection of adult BALB/c
subpellicular microtubules in other coccidia. mice with Cryptosporidiumsp. Infect Immun54:
Although in the last few years we have obtained 255-259.
many ultrastructural images of th@ryptos- LukesJ1992. Life cycle @oussia pannonicéMolnar,
poridiumin cultured MDCK cells (Rosales et al. ~ 1989) (Apicomplexa, Eimeriorina), an extra-
1993b), chick embryos (Rosales et al. 1992) and cytoplasmatic coccidian from the White Bream
in calf tissues (Mascar6 et al. 1993), we have nevey Blicca bjoerknaJ Protozool39: 489-494. _
found, either in sporozoites or in merozoites CUté\{IaSccrs;)(t)ogp’)oAri:jniggig iﬁ’ b%s;%esag‘;itlo?gg'33Rf_zp3'gat°ry
;n;grggig]r%z 1r£aggi?e;:’|5%22§:i§:a%cﬁi/ogtér(]arzﬁﬂartinez F, Mascar6 C, Rosales MJ, Diaz J, Cifuentes
~J, Osuna A 1992In vitro multiplication of
thOI‘S (Current & Reese 1986, L|eb|er et a.l 1986, Cryptospor|d|um parvuri-n mouse p%ntonea' mac-
Fayer et al. 1990, Bonnin et al. 1990, Flanigan et rophagesVet Parasitol42: 27-31.
al. 1991, Aji et al. 1991, Rondanelli et al. 1993)Panciera RJ, Thomassen RW, Garner FM 1971.
In our isolate the micronemes are never orderly Cryptosporidiosis in a cali/et Pathold: 479-484.
(Fig. 5) and thus provide a quite different ultraPearson GR, Logan EF 1978. Demonstration of
structural image. cryptospopdna in the small mtestme of a calf by |I.ght,
This isolate can be cultivated in MDCK cells  transmission electron and scanning electron micros-
(Rosales et al. 1993a) and in mouse peritoneg| copy.Vet Record 03 212-213. .
- ohlenz J, Bemrick WJ, Moon HW, Cheville NF 1978.
macrophages (Martinez et al. 1992), does not grow

. ) Bovine cryptosporidiosis: a transmission and scan-
as well in chick embryos (Rosales et al. 1992) as ing electron microscopic study of some stages in

does othelC. parvumisolates (Current & Long the life cycle and of the host-parasite relationship.

1983), and the enzymatic studies revealed the ab- vet Patholl5: 417-427.

sence of detectable hexoquinase (Entrala &ondanelli EG, Scaglia M, Gatti S 199%tlas of Hu-

Mascaro 1997). To further characterize potential man ProtozoaMasson, Millano, 556 pp.

strain differences, it will be necessary to use stafrosales MJ, Mascar6 C, Osuna A 1992. New findings

dard methodologies to compare different isolates duringCryptosporidium parvurdevelopmentin the

of C. parvum at the ultrastructural as well as the_ chick embryoJ Infect Dis165 789-790.

immunological and enzymatic levels. Rosales MJ, Cifuentes J, Mascar C 1983gptospo-

ridium parvum culture in MDCK cells.Exp
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