


Внутриклеточный паразитизм: 

 

• утрата клеточной полярности,  

• утрата клеточной подвижности,  

• усложнение жизненного цикла за счет 

мерогонии.  

Внеклеточный паразитизм: 

  

• усовершенствование локомоторного 

аппарата,  

• усовершенствование прикрепительного 

аппарата.  



MP tree inferred from an SSU rRNA 

dataset containing 52 complete 

sequences within the phylum 

Apicomplexa using 12 Ciliophora and 

19 Dinozoa as outgroups to root the tree. 

All are members of the Alveolata. The 

BP is 73% for the early emergence of 

Cryptosporidium and this node is also 

supported by a Bremer decay index 

(Bremer, 1988) of 2. 

(Zhu et al., 2000) 



ML tree inferred from fused SSU and LSU rRNA genes. BPs at each node were estimated using the 

RELL method as implemented in the NUCML/PROTML program (Kishino et al., 1990). The a-parameter 

of the gamma distribution was estimated with the PAML programs (Yang, 1997). In this phylogenetic 

reconstruction, there is also a trend for the emergence of Cryptosporidium at the base of the Apicomplexa 

(BP¯99%). 

(Zhu et al., 2000) 



ML phylogenetic trees of six different 

proteins using the Euglenozoa, 

Stramenopila and/or Ciliophora as 

outgroups: (a) b-tubulin, (b) DHFR-TS, 

(c) a-tubulin, (d) HSP70, (e) EF-1a and 

(f) cdc2. The phylogenetic position of 

Cryptosporidium varies depending upon 

the protein examined: (a, b) at the base of 

the Apicomplexa, in agreement with ML 

(MP) rRNA; (c, d) as a sister-group to 

Plasmodium, agreeing with NJ rRNA; (e) 

as a sister-group to the eucoccidium 

Toxoplasma; and (f) prior to the ciliates, 

rendering the Apicomplexa paraphyletic. 

(Zhu et al., 2000) 

HSP70 - 70 kilodalton heat shock 

proteins;  

EF-1a - enhancer factor 1a;  

cdc2 - cell division control protein 2;  
DHFR-TS - dihydrofolate reductase-

thymidylate synthase.  



Bootstrap 50% majority rule consensus tree depicting gregarine and other apicomplexan relationships derived by 

maximum parsimony. The most parsimonious tree had 2713 steps and a consistency index of 71%. The bootstrap 

analysis was conducted using 1000 replicates employing the heuristic search option. 

gregarines 

cryptosporidia 

Cryptosporidium is more closely related to the gregarines than to coccidia as shown 

by phylogenetic analysis of apicomplexan parasites inferred using small-subunit 

ribosomal RNA gene sequences (Carreno et al., 1999) 

 



Representation of the probable evolutionary relationships 

among major groups within the Alveolata, based principally 

on 18S small subunit ribosomal RNA sequences. Only the 

branching order among the taxa is shown. Uncertainty 

regarding the monophyly of several of these widely 

recognized groups is represented as dotted horizontal lines. 

The monophyly of the Apicomplexa is well supported, with 

many of the traditional groups of apicomplexan parasites, 

such as the malarial parasites or tissue coccidia, shown to be 

natural (monophyletic) groupings. By contrast, the 

relationships of Cryptosporidium species to other members 

of the phylum Myzozoa within the Alveolata is considerably 

different from its historically assumed position within the 

eimeriid coccidian: Cryptosporidium species probably arose 

from a common alveolate ancestor shared with gregarines 

that is only distantly related to the coccidia. Given these 

relationships, it is not surprising that Cryptosporidium 

species do not behave like coccidia, as there is a large 

evolutionary distance between these two groups of 

apicomplexan parasites that both infect the epithelium of 

vertebrates. 

(Barta, Thompson, 2006) 



Cryptosporidium 

Coccidea, 

Haemosporidea, 

Piroplasmea 

Gregarinea: 

Eugregarinida (Septata), 

Neogregarinida 

Selenidium, 

Ditrypanocystis, 

Lecudina, Siedleckia, 

Eleutheroschizon 

Chrompodelida 

Dinoflagellata 

Perkinsida 

Basal 

sporozoans 

Apicomplexa 

Alveolata 

Archigregarinida, 

Eugregarinida 

(Aseptata), 

Protococcidia 

Ciliata 



Host–parasite interactions in (a) dinoflagellates, (b) gregarines, (c) Cryptosporidium species and (d) coccidia. The micropredation 

exhibited by dinoflagellates, perkinsids and colpodellids has been termed ‘myzocytosis’ or cellular vampirism. Myzocytotic feeding by 

dinoflagellates on both protistan prey and vertebrate epithelial cells has been demonstrated. Within the Apicomplexa, the gregarines 

infecting marine and terrestrial invertebrates have apparently elaborated this host association into a more permanent attachment, 

sometimes with partial or complete intracellular localization. Ancestral myzocytotic feeding in Cryptosporidium species has evolved into 

an epicellular association with the vertebrate epithelial cell characterized by an elaborate membranous feeding organelle that develops 

from the apical region of the zoite after internalization of the parasite within the host cell (the remnant of the polar ring complex is 

indicated in red). We propose that the intimate host association of the epimerite of gregarine trophozoites and the development of the 

feeding organelle by trophozoites of Cryptosporidium species is derived evolutionarily from the micropredatory feeding methods of their 

shared common myzozoic ancestor. Nutrients are apparently taken up through transmembrane transport in the apical region in 

Cryptosporidium spp. In other intracellular Apicomplexa, both transmembrane transport of necessary molecules and ingestion of host cell 

cytoplasm through active micropores (located in the plasmalemma of trophozoites in regions other than the apical complex) are used by 

various parasites. Diagrams are not to scale. 

(Barta, Thompson, 2006) 



PV - parasitophorous vacuole; EB - electron-dense 

band; FO - feeder organelle 

Scanning electron micrograph of parasitophorous 

vacuoles in BFTE (bovine fallopian tube epithelial) cells 

72 h postinoculation. The appearance of long, branched 

microvilli indicates persistent microvillous hypertrophy 

around three asexual intermediates of C. parvum. Bar, 

1.5 mm. 

Diagrammatic representation of the location of  

Cryptosporidium within the host cell 

Scanning electron micrograph of 

parasitophorous vacuoles around 

Cryptosporidium parvum 

(Thompson et al., 2005) 

(Forney et al., 1999) 



(Руководство и атлас по паразитарным болезням человека)  

Два типа спор у криптоспоридий 



Currently recognised 

species of Cryptosporidium 

Genotypes of  

Cryptosporidium parvum 

(Thompson et al., 2005) 



Phylum:Apicomplexa 

Class:Conoidasida 

Subclass:Coccidiasina 

Order:Eucoccidiorida 

Suborder:Eimeriorina 

Family:Cryptosporidiidae 

Genus:Cryptosporidium 

 Species 

 Cryptosporidium andersoni 
Cryptosporidium bailey 
Cryptosporidium bovis 
Cryptosporidium cervine 
Cryptosporidium canis 
Cryptosporidium cuniculus 
Cryptosporidium ducismarci 
Cryptosporidium fayeri 
Cryptosporidium felis 
Cryptosporidium fragile 
Cryptosporidium galli 
Cryptosporidium hominis 
Cryptosporidium marcopodum 
Cryptosporidium meleagridis 
Cryptosporidium molnari 
Cryptosporidium muris 
Cryptosporidium parvum 
Cryptosporidium ryanae 
Cryptosporidium saurophilum 
Cryptosporidium serpentis 
Cryptosporidium suis 
Cryptosporidium ubiquitum 
Cryptosporidium wrairi 
Cryptosporidium xiaoi 



Morphological characteristics at the attachment 

stage. A and C. Two representative micrographs 

of a serial TEM image set of a Cryptosporidium 

parvum sporozoite attached to the membrane 

surface of an H69 cell. B and D. High 

magnification of the boxed regions in (A) and 

(C), respectively. A distinct conoid structure with 

multiple polar rings around was observed at the 

region of the attached sporozoite (B, arrow). A 

single rhoptry was found to extend to the 

attachment site in the apical complex region of 

the parasite (D, arrow). Both micronomes and 

dense granules (B and D, asterisks) were found 

near the apical complex region. E and G. Two 

representative micrographs of 2 other serial TEM 

image sets showing C. parvum sporozoites at the 

attachment stage. Other micrographs of the same 

serial image sets show that the sporozoites 

directly attached to the cell surface (data not 

shown). The parasite cytoplasm became highly 

vacuolated with the enlargement of the boxed 

region in (E) and (G). Bars = 0.5 im in (A), (C), 

(E), and (G). Bars = 0.2 pm in (B), (D), (F), and 

(H).  

(Huang et al., 2004) 

Attachment of Cryptosporidium 

in cell cultures 



Morphological characteristics at the early internalization stage. A and C. Two representative micrographs of a serial 

TEM image set of a Cryptosporidium parvum at this stage. B, D, and E. High magnification of the boxed regions in (A) 

and (C). Abundant vacuoles (A and C, arrows) were clustered to form a preparasitophorous vacuole that covered the 

parasite and lay on the host cell membrane surface to form a host cell-parasite membrane interface (B, arrow). The 

membrane of these vacuoles was directly connected with the membrane of the organism (D, arrows). The dense band 

began to appear underlying the host cell-parasite membrane interface (E, arrow). Some vacuole-like structures 

appeared in the cytoplasm of the parasites ( E, arrowheads). Bars = 0.5 mkm in (A) and (C). Bars = 0.2 mkm in (B), 

(D), and (E).  

(Huang et al., 2004) 



Morphological characteristics at the 

internalization stage. A and D. Two 

representative micrographs of a serial TEM 

image set of a Cryptosporidium parvum at 

this stage. B, C, and E. High magnification 

of the boxed regions in (A) and (D). Serial 

images show host cell membrane 

protrusion (C and D, arrows) to cover the 

preparasitophorous vacuole with a 

complete dense band formed underlying the 

host cell-parasite membrane interface (B, 

arrowheads). Vacuole-like structures 

appeared in the apical complex region of 

the parasite (E, asterisk). F. A 

representative micrograph of another serial 

TEM image set of a C. parvum at the stage. 

Vacuole-like structures were obvious in the 

apical complex region of the parasite, and 1 

vacuole was bubbled out toward the host 

cell (G, arrow) as shown by the 

enlargement (G) of the boxed region in (F). 

Bars = 0.5 iLm in (A), (D), and (F). Bars = 

0.2 pm in (B), (C), (E), and (G).  

(Huang et al., 2004) 



Morphological characteristics at the 

late internalization stage. A, C, and 

E. Representative micrographs of 3 

serial TEM image sets at this stage. 

B, D, and F. High magnification of 

the boxed regions in (A), (C), and 

(E), respectively. The parasite 

became round shaped, with host cell 

membrane protrusion covering the 

preparasitophorous vacuole and 

forming a mature parasitophorous 

vacuole. A tunnel (B, D, and F, 

arrows) was established to connect 

the vacuole-like structure in the 

apical complex region of the 

parasite with the host cell cytoplasm 

(B, D, and F, asterisks). Bars = 0.5 

mkm (A), (C), and (E). Bars = 0.2 

mkm in (B), (D), and (F).  

(Huang et al., 2004) 



Morphological characteristics at the internalized stage. A and C. Two representative micrographs of a serial TEM 

image set of a Cryptosporidium parvum completely internalized into a biliary epithelial cell. B and D. High 

magnification of the boxed region in (A) and (C), respectively. The parasite now resides within a mature 

parasitophorous vacuole and is connected with host cell cytoplasm (C and D, arrows). Bars = 0.5 mkm in (A) and 

(C). Bars = 0.2 mkm in (B) and (D).  

(Huang et al., 2004) 



Immunogold labeling of Cryptosporidium parvum sporozoite-associated proteins at the host-parasite interface. A. 

Immunogold labeling of parasite-associated proteins in infected cells at the host-parasite interface. B-C. Higher 

magnification of the boxed regions in (A). Specific gold particles were localized not only in the organism (B, arrows) 

but also within the host cell around the dense-band area (B and C, arrowheads) and at the parasitophorous vacuole 

membrane (C, arrows). D. No labeling was found in sham-infected cells. Bar = 0.5 Im in (A) and (D). Bars = 0.1 Ipm 

in (B) and (C).  (Huang et al., 2004) 



PV - parasitophorous vacuole; EB - electron-dense 

band; FO - feeder organelle 

Scanning electron micrograph of parasitophorous 

vacuoles in BFTE cells 72 h postinoculation. The 

appearance of long, branched microvilli indicates 

persistent microvillous hypertrophy around three 

asexual intermediates of C. parvum. Bar, 1.5 mm. 

Diagrammatic representation of the location of  

Cryptosporidium within the host cell 

Scanning electron micrograph of 

parasitophorous vacuoles around 

Cryptosporidium parvum 

(Thompson et al., 2005) 

(Forney et al., 1999) 



Transmission electron micrograph of a murine small intestinal epithelial cell infected by Cryptosporidium. Note the 

electron-dense band (arrow) separating the parasite from the host cell cytoplasm and the filamentous network 

immediately beneath this structure (brackets). Magnification, 315,000. 

Cryptosporidium parvum Induces Host Cell Actin Accumulation  

at the Host-Parasite Interface 

(Elliot, Clark, 2000) 



Diagrammatic representation of life cycle of Cryptosporidium. Sporozoites excyst from an oocyst and enter the 

microvillus of an epithelial cell, where they differentiate into trophozoites. Trophozoites undergo nuclear 

proliferation to form type I meronts (schizont). A type I merozoite leaves the meront to form either a type I or II 

meront. A type II merozoite leaves the meront to form microgametes or a macrogamont. The microgamete fertilizes 

the macrogamont, which then develops into an oocyst. Oocysts sporulate in situ and either release sporozoites for 

autoinfection or passes from the body in the feces. (Drawing by R. B. Ewing, Animal Parasitology Institute.) 

(Fayer, Ungar, 1989) 

oocyst with a 

suture (arrow) 

on its surface. 

Life cycle of Cryptosporidium spp. 

type 1 meront 

with seven visible 

merozoites 

type 2 meront with 

all four visible 

merozoites macrogamont 



Diagrammatic representation of the life cycle of C. parvum in the mucosal epithelium of an infected mammalian host based on information 

available prior to 2000. After oocyst excystation in the intestinal lumen, sporozoites penetrate the host cell and develop into trophozoites 

within parasitophorous vacuoles located in the microvillous region of the mucosal epithelium. Trophozoites undergo asexual division 

(merogony) to form merozoites. After release from type I meronts, merozoites enter adjacent host cells and multiply to form additional type 

I meronts, or to form type II meronts. Type II meronts do not recycle but enter host cells to commence the sexual phase of the life cycle with 

the formation of microgamonts and macrogamonts. Most (approximately 80%) of the zygotes formed after fertilisation develop into 

environmentally resistant, thick-walled oocysts that undergo sporogony to form sporulated oocysts containing four sporozoites. A smaller 

percentage of zygotes (approximately 20%) form thin-walled oocysts surrounding the four sporozoites that represent the autoinfective life 

cycle forms that can maintain the parasite within the host without repeated oral exposure to the thick-walled oocysts present in the 

environment. 

(from Thompson et al., 2005) 



Cryptosporidium 

parvum life cycle in host 

cell-free culture 

Cryptosporidium parvum life 

cycle in host cell-free medium. 

Note: gamont-like stages were 

observed to develop 

extracellularly in a previous 

study (Hijjawi et al., 2002) 



Sporozoites released from Cryptosporidium 

parvum oocysts. (a) Sporozoites transformed to 

trophozoites, which are circular to oval in 

shape. (b, c) Note how trophozoites aggregate 

together after their release from oocysts. (d) 

Note most of oocysts detected after 24 h were 

empty. 24 h culture of C. parvum oocysts in 

RPMI-1640 monophasic maintenance medium. 

Scale bar 5 mm. 

Eight-day old culture of Cryptosporidium parvum 

oocysts in RPMI-1640 monophasic maintenance 

medium. (a) Early Meront II. (b) Meront II 

appeared as rosette with merozoites in the process 

of formation. (c) Meront II releasing merozoites. 

(d, e) Free merozoites released from Meront II, 

note some of them are spindle-shaped with pointed 

ends and others are circular. Scale bar 5 mm. 

Cryptosporidium parvum life cycle in host cell-free culture (Hijjawi et al., 2004). 

 



Light photomicrograph of HCT-8 cell monolayer after 24 

h of infection with C. parvum (cattle genotype). Circular 

structures are the trophozoite stage. 

Nomarski interference – 

contrast photomicrographs 

of HCT-8 cell monolayer 

72 h post-infection with C. 

parvum. 

Location of Cryptosporidium 

stages within host cells are always 

superficial as shown by light 

microscopy in HCT-8 cells infected 

with C. parvum and at the 

ultrastructural level. 

(Thompson et al., 2005) 

Cryptosporidium parvum life cycle in cultures 



Sexual stages detected in Cryptosporidium 

parvum grown in RPMI-1640 diphasic 

maintenance medium for 6–7 days. (a) Two 

microgamonts with microgametes, which 

eventually bud off (b) from the surface. (b) Early 

microgamont with developing microgametes 

where their nuclei are clearly shown (arrowed). 

(c) Late microgamont with microgametes adhered 

to the surface. (d) Microgametes still clumped 

together upon their release from microgamonts. 

(e) Free fully developed microgametes, note the 

nucleus filling most of the cytoplasm. (f) Fully 

developed macrogamont with peripheral nucleus. 

(g) Microgametes adhering to the surface of a 

macrogamont in an attempt at fertilization. (h) 

Fertilization process with macro (Ma) and 

microgametes (Mi) fusing together and a 

microgamete still adhering to the surface. (i) 

Fertilization in progress with micro (arrow) and 

macrogamont (Ma) paired. (j) Free zygote 

(unsporulated oocyst) with large central nucleus. 

Scale bar 5 mkm. 

Cryptosporidium parvum life cycle in host cell-free culture (Hijjawi et al., 2004). 



Pairing of Cryptosporidium stages at different 

stages of maturity and between different 

developmental stages. 

Multiple pairing (syzygy) in sporozoites of C. 

parvum 24 h after excystation from oocysts in cell-

free culture 

(Thompson et al., 2005) 

Cryptosporidium parvum life cycle in 

cultures 



Novel, multinucleated structures formed upon the fusion of sporozoites of C. parvum. 

(Thompson et al., 2005) 



(Hijjawi et al., 2004). 

Cryptosporidium 

parvum life cycle in host 

cell-free culture 



Diagrammatic illustration of the life cycle of C. parvum in host cell-free medium.  

Note: gamont-like stages developed extracellularly. 

(Hijjawi et al., 2002, 2004) 



The life cycle of 

Cryptosporidium spp. in 

the intestine, showing 

what is known concerning 

‘intracellular’ and 

extracellular phases. The 

interaction between the 

two phases has still to be 

determined but novel 

gamont stages appear to 

develop only as 

extracellular stages. 

(Barta, Thompson, 2006) 



Comparison of the life cycles of (A) Mattesia dispora, note how the sporozoites fuse after their release from oocysts to 

form a large opaque structure; (B) Mattesia geminate, note how the sporozoites transform into trophozoites after their 

release from oocysts and fuse together to form a grape-like structure (meront I). Note also the two different types of 

merozoites formed from type I and type II meronts. (C, see the previous slide) Cryptosporidium life cycle in host 

cellfree culture, note the similarities in both life cycles (A) and (B) and Cryptosporidium. 
(Thompson et al., 2005) 



Oocyst excystation and sporozoite host 

cell invasion. (A) Intact oocyst from 

supernatant, 3 h post-inoculation. (B) 

Oocyst excystation in vitro, 48 h post 

inoculation. (C) Free sporozoite isolated 

from supernatant 3 h post-inoculation. 

(D) Free sporozoite on host cell, 7 h 

post-inoculation. Arrows indicate the 

apical regions of sporozoites. (E) 

Encapsulated by the host cell apical 

membrane, invading sporozoites 

transform into the trophozoite stage 

epicellularly, at 6 h and 24 h 

respectively. Scale bars: (A) 4 mm; (B) 

2 mm; (C,D,E) 1 mm. 

Morphological 

characterization of 

Cryptosporidium parvum 

life-cycle stages in an in 

vitro model system 

(Borowski et al., 2010) 

Infected cultures of the human ileocecal 

epithelial cell line (HCT-8) were 

observed over time using scanning 

electron microcopy 

Life cycle in vitro 



Morphological characterization of Cryptosporidium parvum 

life-cycle stages in an in vitro model system (Borowski et al., 2010) 

Trophozoites on the host cell surface 48 h post-inoculation. (A) Cross-section through an early trophozoite showing the feeder-

organelle (arrow) attachment to the host cell cytosol. (B) Mature trophozoite. (C) Cross-section through a mature trophozoite revealing 

the electron-dense band (arrow) that separates the parasite from the host cell. (D,E,F,G) Accumulations of trophozoites on the host cell 

surface. Scale bars: (A) 0.5 mm; (B,C,G) 1 mm; (D,E,F) 2 mm. 

Life cycle in vitro 



Morphological characterization of Cryptosporidium parvum 

life-cycle stages in an in vitro model system (Borowski et al., 2010) 

The parasite’s effect on host cell 

microvilli. (A) Gliding trail composed of 

elongated microvilli between an excysted 

oocyst and trophozoites 3 days post-

inoculation. (B,C) Abnormal microvilli 

clusters surround trophozoites 48 h post-

inoculation. Scale bars: 2 mm. 

Life cycle in vitro 



Cryptosporidium 

parvum binary fission 

and syzygy. (A,B) 

Binary fission of 

C.parvum stages 4 

days post-inoculation. 

(C,D) C. parvum 

syzygy 5 days post-

inoculation. Basal 

discs are indicated by 

arrows. Scale bars: 

(A,B,C) 2 mm; (D) 1 

mm. 

Morphological characterization of Cryptosporidium parvum 

life-cycle stages in an in vitro model system (Borowski et al., 2010) 

Life cycle in vitro 



Morphological 

characterization of 

Cryptosporidium parvum 

life-cycle stages in an in 

vitro model system 

(Borowski et al., 2010) 

Meronts I and merozoites type I. (A,B) 

Developing meronts I with internal merozoites 

type I. (C,D) Mature meronts I at the stage of 

merozoite I excystation. (E,F,G) Free 

merozoites type I showing well-defined apical 

regions (arrow) at 6 h of culture. (H) Merozoite 

type I host cell invasion 6 h post-inoculation. 

Scale bars: (A,B,C,E,F) 1 mm; (D) 2 mm; (G,H) 

0.5 mm. 

Life cycle in vitro 



Meront II and merozoites type II. (A) 

Excysting meront II with internal 

merozoites type II (arrow) 3 days post-

inoculation. (B) Merozoite type II host cell 

invasion. (C) Pairing of a merozoite type II 

with a merozoite type I 9 h post-

inoculation. Scale bars: (A) 1 mm; (B,C) 

0.5 mm. 

Morphological 

characterization of 

Cryptosporidium parvum 

life-cycle stages in an in 

vitro model system 

(Borowski et al., 2010) 

Life cycle in vitro 



Morphological characterization of Cryptosporidium parvum 

life-cycle stages in an in vitro model system (Borowski et al., 2010) 

Macrogamonts and their attachment zones. (A) Macrogamont with feeder organelle (arrow) 4 days post-inoculation. (B) Developing 

macrogamont with feeder organelle (arrow). (C) Cryptosporidium parvum attachment zones 5 days post-inoculation. Scale bars: (A,C) 2 mm; 

(B) 1 mm. 

Life cycle in vitro 



Morphological characterization of Cryptosporidium parvum 

life-cycle stages in an in vitro model system (Borowski et al., 2010) 

Microgamonts. (A,B) Microgamonts without stalk. The arrows in A indicate a cleft along which the macrogamonts open. (C,D) 

Microgamonts with stalk (arrow). Scale bars: (A,B) 1 mm; (C,D) 2 mm. 

Life cycle in vitro 



Morphological characterization of 

Cryptosporidium parvum 

life-cycle stages in an in vitro model system 

(Borowski et al., 2010) 

Development of Cryptosporidium parvum in host cell culture without 

the invasion of host cells. (A) Trophozoite development within an 

inoculated oocyst after 2 days. (B) Possible extracellular meront after 4 

days of culture. Scale bars: (A) 2 mm; (B) 1 mm. 

Life cycle in vitro: 

without the invasion of host cells 



Cryptosporidium sporozoite free in tissue culture with 

its anterior end oriented towards MDCK (host cell 

culture) cellular extension. Dense granules (Dg) near 

the conoid ((7) are apparently associated with 

secretory material (S) external to the sporozoite. A 

posterior crystalloid body (CB) is visible. 5 min post-

inoculation (pi). x26000. Fig. 2. Large membrane-

bound vacuole (V) formation in the anterior portion 

of the sporozoite. Host cellular extensions are shown 

forming an incomplete parasitophorous vacuole (PV). 

An electron-dense band (DB) is visible beneath host 

cell membrane. 5 min pi. • 38000. Fig. 3. Large 

vacuole (V) at the anterior end of the sporozoite. 

Amorphous secretory material (S) can be seen within 

the parasitophorous vacuole (PV). Micronemes (M) 

in the vicinity of the sporozoite vacuole are becoming 

electron-lucent. The dense band (DB) beneath the 

host cell membrane shows a periodic structure. 5 min 

pi. x 53000. Fig, 4. Conoid in intimate contact with 

the host cell membrane. Rhoptry ducts (arrow) and 

micronemes (M) in the anterior part of the sporozoite 

have become electronlucent. A mat of filaments (F) 

has appeared beneath the dense band. 15 min pi. x 

53000. Fig. 5. Preliminary stage in the formation of a 

membrane junction between the sporozoite pellicle, 

anterior vacuole (V) and host cell membrane. The 

outer membrane of the sporozoite can still be seen 

covering the conoid opening (arrow). 15 min pi. x 

86000. 

Cryptosporidium sp. sporozoite 

attachment (Lumb et al., 1988) 

Life cycle in vitro 



Fig. 6. Grey-coloured ultrathin section showing the 

complete formation of a Y-shaped membrane junction. 

The unit membrane surrounding the anterior vacuole 

(1), the outer unit membrane of the sporozoite pellicle 

(2) and the host cell unit membrane (3) have fused to 

form Y-shaped junctions (4), thereby establishing an 

open connection between the sporozoite vacuole and 

the host cell cytoplasm. 15 min pi. x 68000. Fig. 7. 

Open connection between the sporozoite vacuole and 

host cell cytoplasm. Sporozoite micronemes (M) are 

no longer dense but electron-lucent. A mat of 

filaments (F) is evident beneath the dense band (DB), 

particularly opposite the conoid. (1) membrane 

surrounding the anterior vacuole, (2) outer membrane 

of the sporozoite pellicle, (3) host cell membrane, (4) 

Y-shaped unit membrane. 15 min pi. x 88000. 

Cryptosporidium sp. sporozoite 

attachment (Lumb et al., 1988) 

Schematic diagram of host/parasite attachment showing unit membrane 

junction (arrow) between the sporozoite vacuole (1), sporozoite 

pellicle (2) and host cell (3). 

Life cycle in vitro 



Fig. 29–33. Early developmental stages of 

Cryptosporidium muris. 29. Sporozoite in the process of 

attachment to host gastric cells. The formation of 

parasitophorous vacuole (PV) is initiated (arrows). Some 

dense bodies (db) and dense structures (*), possible 

micronemes, are visible. 30. The final stage of sporozoite 

penetration into the microvillous border of gastric cell. 

Note the lucent vacuolated zone (*) in the apical region, 

which follows transformation of the sporozoite into a 

trophozoite. 31. Early trophozoite partially enveloped by 

incomplete PV (arrows), containing the prominent anterior 

vacuole (av). This is the preliminary stage in the formation 

of membrane junction (in circle) between the inner 

membrane of the PV, the parasite plasma membrane 

(arrowhead), and the membrane limiting the anterior 

vacuole (double arrowhead). The dense band (double 

arrow) is well developed. 32. Advanced trophozoite after 

formation of the Y-shaped membrane junction (in circle), 

containing the anterior vacuole (av) and encircled by PV 

(arrow). Note the lamella-like structure (arrows) in its 

cytoplasm. 33. Higher magnification of the attachment site 

of another more developed trophozoite. The Y-shaped 

membrane junction (in circle) between the parasite plasma 

membrane (arrowhead), the membrane (double arrowhead) 

of av, and the inner membrane of PV (arrow) is completed. 

Note the transformation of the av into the feeder organelle 

via developing the membrane folds (*). The formation of 

dense line (dl) is here noticed. The dense band with a 

distinct indented layer (double arrow) is clearly visible. 

Scale bar for Fig. 29–32=1 mm, for Fig. 33=500 nm. 

Cryptosporidium development in vivo 

(Valigurova et al., 2007) 

Life cycle in vivo 



Fig. 34–38. Trophozoites of Cryptosporidium muris. 34. 

Maturing trophozoite with a large nucleus (n), covered by 

three-layered pellicle (arrow). The parasite is enveloped by 

the well-developed PV (double arrow). Note the formation 

of the folds (*) from which the lamellae of the future 

feeder organelle will be formed and the dense band at the 

attachment site (arrowhead). 35. Micrograph showing the 

trophozoite with developing lamellae (*) of the feeder 

organelle in longitudinal section. Nucleus (n) possesses 

one large nucleolus. The parasite three-layered pellicle 

(arrow) and the encircling PV (double arrow) are visible. 

36, 37. More detailed view of the attachment site showing 

the three-layered dense band with a distinct indented 

layer (arrowheads), which separates the PV (arrows) from 

the rest of the host cell (hc). Note the lamellae of 

developing feeder organelle (*). 38. Micrograph of the 

mature trophozoite with large nucleus (n) and three-

layered pellicle (arrow), enveloped by complete PV 

(double arrow). The feeder organelle with lamellae (*) is 

formed. Note the dense band (arrowhead) at the attachment 

site. Scale bar for Fig. 34–35=1 mm, for Fig. 36, 37=200 

nm, for Fig. 38=1 mm. 

(Valigurova et al., 2007) 

Cryptosporidium development in vivo 

(Valigurova et al., 2007) 
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Fig. 39–42. Feeder organelles of the trophozoites of Cryptosporidium muris. 39, 40. Detail of the developing feeder organelle. Note the gradual 

formation of the lamellae (*). The Y-shaped membrane junction (annular ring) (in circle) is clearly visible. The filamentous process (fp) starts 

to rise and a dense band consisting of three layers separates it from the rest of the host cell (hc). Between the inner membrane of the PV 

(arrowheads) and trophozoite pellicle (arrows) is the intravacuolar space. 41. A more developed feeder organelle with distinct lamellae (*). The 

dense line (arrowhead) covering the top of the feeder organelle is already formed and it is continuous with the Y-shaped membrane junction (in 

circle). The fp is continuous with the PV (arrow). 42. Micrograph showing the feeder organelle (*). The dense line (arrowhead) limiting the 

feeder organelle is very thick and sharp and it is continuous with the Y-shaped membrane junction (in circle). The fp is predominant with large 

projections (arrows). Scale bar 500 nm. 

Cryptosporidium 

development in vivo 

(Valigurova et al., 

2007) 

Life cycle in vivo 



Fig. 43–49. Older developmental stages of 

Cryptosporidium muris. 43. Meront with daughter 

merozoites (me) and a residual body (rb), encircled by 

the PV (arrow). The development of the feeder 

organelle is completed and it consists of numerous 

longitudinally oriented lamellae (*). 44. Macrogamont 

covered by three-layered pellicle (arrow) and encircled 

by the PV (double arrow). The feeder organelle is well-

developed. 45. More detailed view of the Y-shaped 

membrane junction (annular ring). The membrane 

(arrowhead) connecting the lamellae of the feeder 

organelle with membrane fusion site is visible, together 

with the dense line (arrow) separating the top of the 

feeder organelle from the filamentous process (fp) of 

the PV. 46. The feeder organelle of a developing oocyst 

in longitudinal section. Note the distinct lamellae (*), 

the Y-shaped membrane junction (in circle), and the 

filamentous process (fp) with large projections on both 

sides. 47. The feeder organelle of a developing oocyst 

in cross-section. The center of the feeder organelle, 

filled with lamellae (*), is separated from the fp by the 

dense line (arrowhead). 48. The feeder organelle after 

the breaking of the PV and releasing the mature oocyst 

(in longitudinal section). The lamellae (*) of the feeder 

organelle are disintegrated but are still separated from 

the fp by the dense line (arrowhead). The three-layered 

dense band, with an indented layer (double arrowhead) 

and two less noticeable layers above and below it, is 

still present. 49. The same stage of the feeder organelle 

in cross-section. The disintegrated lamellae (*) are 

limited from the fp by the dense line (arrowhead). 

Scale bar for Fig. 43, 44=1 mm, for Fig. 45=200 nm, 

for Fig. 46=500 nm, for Fig. 47=1 mm, for Fig. 48=500 

nm, for Fig. 49=1 mm. 
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The dense band labelled in the figure 

separates the host cell into 

two domains; (i) the modified part of the 

host cell, i.e. parasitophorous 

sac, above the dense band and (ii) the 

unmodified part of host cell below it 

(Valigurova et al., 2008) 

Schematic representation of the Cryptosporidium spp. parasitophorous sac.  
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Early developmental stages of 

Cryptosporidium muris. (A–D) Zoites being 

gradually enveloped by tight-fitting membrane 

fold(s); fold rims (arrowheads), microvillous 

surface (mv). (E–F) Progress in the 

envelopment process and formation of 

parasitophorous sac; membrane fold rims 

(arrowheads). (G) Attachment site of early 

trophozoite; dense band (arrow), 

parasitophorous sac (arrowheads). (H) Zoite 

almost completely enveloped by 

parasitophorous sac; multiple fusion areas 

(arrowheads). 

Early developmental 

stages of Cryptosporidium 

muris (Valigurova et al., 

2008) 
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Maturing trophozoites and successive stages of Cryptosporidium muris. (A) Zoite almost completely enveloped by parasitophorous sac; fusion 

areas (arrowheads). (B) Maturing trophozoite completely enveloped by parasitophorous sac; pore-like structures (arrowhead). (C) Maturing 

trophozoite; parasitophorous sac (arrowhead), parasite pellicle (double arrowhead), tunnel connection (in circle), dense band (arrow). (D) 

Undetermined developmental stage with fully developed parasitophorous sac. (E) The base (arrow) of parasitophorous sac (ps) with 

surrounding microvilli (mv). (F) Meront; merozoites (m) budding from residual body (rb). (G) Mature oocyst from faeces; longitudinal suture 

(arrow) (Valigurova et al., 2008). 
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Attachment site of Cryptosporidium muris. (A) Developmental stage showing base of parasitophorous sac; dense band area (arrow), 

filamentous projection (fp). (B) Detached parasitophorous sac; dense band area (arrow) encircled by filamentous projection 

(arrowhead). (C) Detached parasitophorous sac; feeder organelle (fo), Y-shaped membrane junction (in circle), filamentous projection 

(fp), dense line (arrowhead), dense band (arrow). (D) Feeder organelles (fo) in longitudinal section; filamentous projection (fp) limited 

by dense line (arrowhead), Y-shaped membrane junction (in circle), dense band (arrow). (E) Interior of parasitophorous sac; feeder 

organelle (fo), Y-shaped membrane junction area viewed from above (arrowhead). (F) Cross section of the feeder organelle (fo) 

encircled by filamentous projection (fp); dense line (arrowhead). Image D taken from Fig. 44 in Valigurova, A., Hofmannova, L., 

Koudela, B., Vavra, J., 2007. An ultrastructural comparison of the attachment sites between Gregarina steini and Cryptosporidium 

moris. J. Eukaryot. Microbiol. 54, 495-510 with permission from The International Society of Protistologists and Blackwell Publishing. 

(Valigurova et al., 2008) 
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The dense band labelled in the figure 

separates the host cell into 

two domains; (i) the modified part of the 

host cell, i.e. parasitophorous 

sac, above the dense band and (ii) the 

unmodified part of host cell below it 

(Valigurova et al., 2008) 

Schematic representation of the Cryptosporidium spp. parasitophorous sac.  
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C. muris: (E). Early trophozoite partially enveloped by incomplete parasitophorous vacuole (PV). (F). Trophozoite completely enveloped by 

PV. Note the tunnel connection between the interior of the anterior vacuole and host cell cytoplasm that developed as the result of the Y-shaped 

membrane junction formation. (G). More detailed view of the Y-shaped membrane junction. (H). Mature trophozoite with fully developed 

feeder organelle and with the prominent filamentous process on the top of PV. av, anterior vacuole; avm, membrane limiting anterior vacuole; 

cm, parasite cortical membranes; db, dense band consisting of indented layer and two adjacent layers above and below it; dl, dense line 

separating the feeder organelle from the filamentous process of the PV; f, the Y-shaped membrane junction (annular ring); fo, feeder organelle 

with membranous lamellae; fp, filamentous process; hc, host cell; ipm, inner membrane of PV; ipm, inner membrane of PV; opm, outer 

membrane of PV; pm, parasite plasma membrane; t, tunnel connection. 

(Valigurova et al., 2007) 

Schematic diagram 

of the host–parasite 

interactions of 

Cryptosporidium 

muris (E–H). 
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Life cycle in vitro 

Transmission electron micrograph of 

gregarine-like zoites at 8 and 120 h 

postcultivation. A. Cryptosporidium parvum 

in oocysts with epimerite-like structures 

(arrowhead). Note the single nucleus (N) and 

dense granules (Dg). B. A detailed view of the 

apical portion; the plasma membrane is 

covering a dispersed pale cortical zone of the 

epimerite, followed by an electro-dense 

protomerite-like layer. Note the curved 

septum (arrow) beneath the protomerite-like 

zone and numerous limited membrane 

vesicles. C. Two unexcysted zoites inside an 

oocyst. D, E. Higher magnification of (C) 

showing three parts: the epimerite-like 

(covered by a plasma membrane), 

protomerite-like and the rest of the body with 

a nucleus. Note the separation between the 

protomerite-like region and the rest of the cell 

(arrows). Note the two pairs of receded 

membranes (double arrow) in (D) and an 

unknown structure in the protomerite-like area 

(asterisk) in (E). Bar = 1 lm (A), 500 nm (C) 

and 200 nm (B, D, E). 

The Ultra-Structural Similarities between Cryptosporidium parvum and the Gregarines 

(Aldeyarbi, Karanis, 2016) 



Electron micrographs of gut sections from a piglet 

experimentally infected with C. parvum genotype.  

1. This is the first confirmed view of type 1 C. parvum. 

Bar = 500 nm. (Electron micrographs by Christine 

Pearson, Division of Infectious Diseases, Tufts 

University School of Veterinary Medicine). 1. Early 

development of a trophozoite after internalization. 2. 

Fully developed trophozoite before division into 

merozoites. 3. First generation schizogony with eight 

merozoites ready to be released into the gut lumen to 

infect new cells. 4. Second generation schizogony with 

four merozoites, which will give rise to either 

macrogamy or microgamy.  

Cryptosporidium parvum biology and pathogenesis (Tzipori & Ward, 2002) 

Life cycle in vivo 



Cryptosporidium parvum biology and pathogenesis (Tzipori & Ward, 2002) 

5. A dividing microgamy, which will give rise to some 

16 microgametes, the male sexual stage. 6. A mature 

macrogamete, the female sexual stage, prior to 

fertilization. 7. A fertilized macrogamete, or zygote, 

walled off but still connected via the feeder organelle to 

the host cell cytoplasm. 8. A fully developed oocyst 

with four naked sporozoites within the thick and 

environmentally resistant oocyst wall. The oocyst is 

still within the host cell-derived parasitophorous 

membrane. 

Life cycle in vivo 



Scanning electron micrographs of Cryptosporidium within 

Cryptosporidium-exposed biofilms. (A) Empty oocysts 

with a rough membrane appearance; (B) Free sporozoite; 

(C) Trophozoite; (D) Large gamont cells (meronts) 

identified within 6 day-old biofilms; (E) type II meront 

containing type II merozoites within (circled); (F) Free 

type I merozoites; (G) Free type II merozoites; (H) 

Microgamont; (I) Extra-large gamont. Scale bars = A & 

B: 2.5 μm; C & F: 1 μm; D & E: 3 μm; G: 500 nm; H: 5 

μm; I: 8 μm. 

Extracellular excystation and development of Cryptosporidium: tracing the fate 

of oocysts within Pseudomonas aquatic biofilm systems (Koh et al., 2014) 

Life cycle in vitro 



Life cycle in vitro 

Extracellular excystation and development of Cryptosporidium: tracing the fate 

of oocysts within Pseudomonas aquatic biofilm systems (Koh et al., 2014) 

Parasitophorous vacuole 

formation. (A) Scanning 

electron micrograph 

showing evidence of 

parasitophorous vacuole 

formation by 

Cryptosporidium in a 

biofilm environment. (B) 

Magnified region depicted 

in A. (C) Parasitophorous 

vacuole formation by 

Cryptosporidium in HCT8 

cell culture, included for 

comparison. (D) Magnified 

area depicted in C. Arrows 

indicate radial fold and 

arrowheads indicate dense 

band area. Scale bars = A: 

1.5 μm; B & D: 1 μm; C: 

2μm. 



Sporozoites of C. parvum have to penetrate intestinal mucus to establish host-cell contact. (a) Ingested oocysts adhere to ileal mucus via 

surface lectins. (b) Oocysts excyst and release four sporozoites. (c) Sporozoites express mucin-like surface receptors, which mediate 

attachment to the ileal mucus lining. (d) Sporozoites discharge enzymes to degrade intestinal mucus. The penetration of mucus is thus 

facilitated. (e) Sporozoites penetrate the mucus lining and establish host-cell contact via specific receptor–ligand interactions. 

Active invasion and/or encapsulation?  

A reappraisal of host-cell parasitism by Cryptosporidium 

(Borowski, Clode, Thompson, 2008) 



Комплекс апикальных белков:  

 

 

circumsporozoite-like antigen (CSL),  

 

glycoprotein 900 (GP 900),  

 

glycoprotein 40 (GP 40, thrombospondin-related adhesive protein 

(TRAP C1)),  

 

- способствуют прикреплению спорозоита через лиганд-хозяин 

рецепторное взаимодействие, которое инициирует 

формирование паразитофорной вакуоли на поверхности 

эпителиальной клетки  

 

(Ward, Cevallos, 1998; Tzipori, Ward, 2002; Sibley, 2004).  



Proteins that may be involved in the pathogenesis of cryptosporidiosis and are 

potential antigens that could be used in vaccines 

(Borowski et al., 2009; Thompson et al., 2005) 

“A number of immunogenic antigens of Cryptosporidium (see table above) have been identified and those 

associated with parasite motility, attachment, invasion and development have been targeted as subunit vaccine 

candidates in published and ongoing investigations. …. it is believed that specific anti-Cryptosporidium 

antibodies bind one or more of the extracellular life stages and prevent attachment and invasion of the 

enterocyte. Antibody-coated stages that have invaded enterocytes undergo arrest of intracellular development.” 



Sporozoites of C. parvum have to penetrate intestinal mucus to establish host-cell contact. (a) Ingested oocysts adhere to ileal mucus via 

surface lectins. (b) Oocysts excyst and release four sporozoites. (c) Sporozoites express mucin-like surface receptors, which mediate 

attachment to the ileal mucus lining. (d) Sporozoites discharge enzymes to degrade intestinal mucus. The penetration of mucus is thus 

facilitated. (e) Sporozoites penetrate the mucus lining and establish host-cell contact via specific receptor–ligand interactions. 

Active invasion and/or encapsulation?  

A reappraisal of host-cell parasitism by Cryptosporidium 

(Borowski, Clode, Thompson, 2008) 



Sporozoite (drawn from photomicrograph of sporozoite in Tetley et al., 

1998, upper fig). Host-cell selection, contact, invasion and internal 

establishment of apicomplexan organisms rely on the secretion of 

molecules from apical complex (ac) organelles. The secretory 

organelles of Cryptosporidium comprise a single rhoptry (r), multiple 

micronemes (mn) and dense granules (dg). Micronemes and rhoptries 

are known to secrete their contents apically, whereas dense granules 

secrete their contents elsewhere on the zoite surface. Micronemes are 

known to be important in the initial selection of host cells. Micronemal 

proteins enable gliding motility of zoite stages on host cells, whereas 

rhoptries are more important in parasitophorous vacuole (PV) 

formation and dense granules are predominantly involved in modifying 

the host cell after invasion. Some Cryptosporidium receptors involved 

in host-cell invasion have been located on the zoite pellicle or the 

entire zoite surface. P, plastid-like organelle, cb, cristalloid body. 

Active invasion and/or encapsulation?  

A reappraisal of host-cell parasitism by 

Cryptosporidium 

(Borowski, Clode, Thompson, 2008) cb 



A summary of the C.parvum host-cell 

infection process. Upon oocyst ingestion, 

host- and parasite-derived factors are 

involved in a successful establishment of 

the parasite in its target tissue. Once 

host-cell contact is established, the 

parasite induces host-cell responses, 

which are summarized here in a 

schematic diagram, to enable host-cell 

membrane protrusion to encapsulate the 

parasite on the host-cell surface 

underneath the host-cell apical membrane 

(Borowski et al., 2009). TKGFR, 

рецепторная тирозинкиназа (фактор 

роста); PL-3K, фосфатидилинозитол-3 

киназа; 3P, фосфатидилинозитол-3,4,5-

трифосфат; frabin, актин-связывающий 

белок; GTP, гуанозинтрифосфат; cdc42, 

белок клеточного деления; р34-Arc, 

актин-связывающий белок; N-WASP, 

нейтральный Вискот-Олдрич 

синдромный белок.     



 

The dense band labelled in the figure 

separates the host cell into 

two domains; (i) the modified part of the 

host cell, i.e. parasitophorous 

sac, above the dense band and (ii) the 

unmodified part of host cell below it 

(Valigurova et al., 2008) 

Schematic representation of the Cryptosporidium spp. parasitophorous sac.  



Криптоспоридиоз  

(шифр по МКБ10 – А07.2) 

 

протозойное заболевание, протекающее с поражением слизистых оболочек 

пищеварительной системы и проявляющееся обильной диареей, синдромом 

нарушенного всасывания, потерей массы тела. Чаще наблюдается у детей и у лиц с 

иммунодефицитом и представляет реальную угрозу для жизни ВИЧ — 

инфицированных людей. 



Cycles of transmission of C. parvum and C. hominis. Figure drawn by Russ Hobbs. 

(Thompson et al., 2005) 



General aspects of gastric cryptosporidian infections. (A) Rodent gastric epithelium with developmental stages of Cryptosporidium muris 

within crypts of gastric glands (arrow); field emission scanning microscopy (FE SEM). (B) Paraffin section of rodent gastric epithelium, 

showing crypts of gastric glands infected with C. muris (arrow); H&E. (C) Anuran gastric epithelium evenly infected with developmental 

stages of Cryptosporidium sp. ‘toad’; FE SEM. (D) Paraffin section of anuran gastric epithelium infected with Cryptosporidium sp. ‘toad’ 

(arrow); H&E. 

(Valigurova et al., 2008) 



(A) Schematic showing the chromosomal locations of clusters of 

potentially secreted proteins. Numbers of adjacent genes are indicated 

in parentheses. Arrows indicate direction of clusters 

containingunidirectional genes (encoded on the same strand); squares 

indicate clusters containingg enes encoded on both strands. 

Nonparalogous genes are indicated by solid gray squares or directional 

triangles; SKSR (green triangles), FGLN (red triangles), and MEDLE 

(blue triangles) indicate three C. parvum–specific families of 

paralogous genes predominantly located at telomeres. Insl (yellow 

triangles) indicates an insulinase/falcilysin-like paralogous gene family. 

CpLSP (white square) indicates the location of a cluster of adjacent 

large secreted proteins (table S2) that are cotranscriptionally regulated. 

Identified anchored telomeric repeat sequences are indicated by circles. 

(B) Schematic showinga select locus containinga cluster of 

coexpressed large secreted proteins (CpLSP). Genes and intergenic 

regions (regions between identified genes) are drawn to scale at the 

nucleotide level. The length of the intergenic regions is indicated above  

or below the locus. (C) Relative expression levels of CpLSP (red lines) 

and, as a control, C. parvum Hedgehog-type HINT domain gene (blue 

line) duringin vitro development, as determined by semiquantitative 

RT-PCR usingg ene-specific primers correspondingto the seven 

adjacent genes within the CpLSP locus as shown in (B). Expression 

levels from three independent time-course experiments are represented 

as the ratio of the expression of each gene to that of C. parvum 18S 

rRNA present in each of the infected samples. 

(Abrahamsen et al., 2004) 

Complete Genome Sequence of  

Cryptosporidium parvum 

9.1 мегабазный геном, 3807 генов 



Overview of metabolic and transport 

activities highlighting the extreme 

parasitic life style of C. parvum. The 

parasite lacks an apicoplast organelle, 

but retains a remnant mitochondrion in 

which Krebs cycle and electron 

transport components are lacking. 

Amino acid and nucleotide 

metabolisms include salvage and 

interconversion pathways, but no 

capacity for de novo synthesis. Uptake 

of sugars, amino acids and nucleotides 

are facilitated by gene amplifications 

of specific transporters, but the uptake 

mechanism of fatty acids is yet 

undetermined. Also indicated are a 

capacity for polysaccharide synthesis, 

amylopectin and trehalose. 

(Thompson et al., 2005) 

Metabolism of 

Cryptosporidium 



Cryptosporidium parvum carbohydrate 

metabolism and its major connections to other 

pathways. End products are boxed. Arrows 

with dashed lines indicated connections to 

other major pathways. 

(Thompson et al., 2005) 

Metabolism of Cryptosporidium 



Class Gregarinomorphea 

 Subclass Cryptogregaria 

  Order Cryptogregarida (Cryptosporidium) 

(Cavalier-Smith, 2014; Clode et al., 2015; Ruggiero et al., 2015) 

Schematic Representations of Cryptosporidium Epimerite (Feeder Organelle) 

Formation in Extracellular and Epicellular Situations. (A) In both cases 

Cryptosporidium forms a vacuole (extracellular stages) or a parasitophorous 

vacuole (epicellular stages) and an epimerite complete with radial folds. In 

extracellular stages (e.g., lumen, biofilm) the vacuole membrane is formed 

independently of any host cell interaction and the epimerite is thought to 

extract nutrients directly from the environment. In the epicellular location 

with a host cell (e.g., gut), the vacuole can form by incorporation of host 

components and an electron-dense band is evident at the point of epicellular 

attachment of the parasite to the host cell. Nutrients are extracted from the 

host cell via the epimerite. (B) 3D rendered schematic of the epimerite and 

radial folds in an extracellular stage where formation of the epimerite has 

occurred without host cell interaction (Clode et al., 2015). 



Cryptosporidium 

Coccidea, 

Haemosporidea, 

Piroplasmea 

Gregarinea: 
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Neogregarinida 

Selenidium, 

Dytripanocystis, 

Lecudina, Siedleckia, 
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Chrompodelida 

Dinoflagellata 

Perkinsida 

Lower 
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