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Cryptosporidium

Cryptosporidium eukaryote
(nuclear membrane)

Phylum - Apicomplexa
Class sporozoasida
Subclass coccidiasina
Order Eucoccidiorida
Suborder - Eimeriorina
Family Cryptosporidiidae
GeNuS - Cryptosporidium

Cryptosporidium Phylum Apicomplexa
apical organelles polarring rhoptries micronemes conoid
subpellicular microtubules Class sporozoasida
Subclass coccidiasina
erozoite ( erogony) gameétocyte (gametogony)

sporozoite (sporogony) erozoite
schizont (schizogony) Order
Eucoccidiorida
Suborder Eimeriorina oocyst
Cryptosporidium sporozoite

oocyst Family cryptosporidiidae genus



oocyst ( sporozoite )
Cryptosporidium “hidden spore” (Fayer &Unger, 1986)

(Life cycle)
Cryptosporidium onoxenous life cycle
gametogony merogony
Cryptosporidium
microvilli (Current & Garcia, 1991)
Cryptosporidium oocyst
fecal-oral transmission ~ oocyst
sporozoite 0ocyst
microvilli 2-5
parasitophorous vacuole (Hampton & Rosario, 1966) trophozoite
trophozoite 2 25
(Iseki, 1979) sporozoite merozoite
electron-dense trophozoite 1
1.3 (Vitovec,1984) trophozoite
merozoite trophozoite 3
mature schizont

4 5 merozoite 8 first generation merozoite

schizont merozoite

merozoite
2 merozoite apical organelles

conoid polarring rhoptries  micronemes
Apicomplexa  (O’Donoghue, 1995)
merozoite trophozoite
merogony trophozoite ,
2 mature schizont merozoite 4



Mmerozoite 4 5 ! second generation
merozoitt  merozoitt 2

(microgamétocyte) (macrogamétocyte)
microgamete  macrogamete microgamete
( -flagellated microgamete) ribosomes endoplasmic reticulum
membrane-bound vacuoles (Goebel et al., 1982) - microgameétocyte 1
' microgamete 12-16 macrogametocyte
macrogamete macrogamete
trophozoite
1
zygote  oocyst
oocyst sporozoite
4 residual body 2
40 00CySt ~  Cryptosporidium sporocyst
oocyst ' subterminal suture (Current & Upton,1986)
sporozoite  oocyst
oocyst 2 oocyst ' oocyst
00cyst
oocyst sporozoite
(auto-infection)
oocyst
4 sporozoite sporogony oocyst
Cryptosporidium coccidia sporozoite
oocyst sporocyst (Upton, 1989) (1)
Cryptosporidium 3
(extracellular forms) (intracellular forms)

oocyst
sporozoite merozoite microgamete



trophozoite chizont  merozoite icrogametocyte

acrogametocyte  zygote oocyst
, (Fayer et al., 2000)
Cryptosporidium
sporozoite oocyst oocyst  sporozoite
2 1
Cryptosporidium 4-12 oocyst
2-14
oocyst
(Jokipii & Jokipii, 1986)
Cryptosporidium
64
32 400
2,600 m—
(Griffiths, 1998)
Cryptosporidium 19
species Subclass Eutheria 6 Order  Order Primates
Order Artiodactyls Order Perissodactyls Order
Carnivores Order Lagomorphs Order Rodentia

Subclass Marsupialia 1 Order  Order Diprotodonts

C. parvum

C. parvum



1
(O’Donoghue, 1995)

! Cryptosporidium

Cryptosporidium

C. parvum

Cryptosporidium

(cross-transmission)

30 species

Cryptosporidium
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2 species  ¢. meleagridis ~ C. baileyi ,

' oocyst 2
species
C. meleagridis bursa  cloaca
C. haileyi ' '
species
(Current et al.,1986)
Cryptosporidium
.. 1925 . 1969  5species c. crotali
C. lampropeltis c. ameivae c. ctenosauris ¢ serpentis
b7 species 40
species 15
species 2 species
cryptosporidiosis
oocyst
2 (Upton étal., 1989)
Cryptosporidium 9species
(Hefnawy 1989; Rush et al., 1990)
Cryptosporidium ..1976  Nime
Meisel oocyst
AIDS
0.1 211 ( 4.9)
56 0.1
315 ( 1.9) 48 (Fayer & Ungar, 1986; Garcia

&Current, 1989; Ungar, 1990; Current & Garcia, 1991)
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98 ( 16) 2

(Ungar, 1990)

Cryptosporidium

1 (person to person) 1

AIDS

cryptosporidiosis
(Casemore, 1990)
(animal to man)

cryptosporidiosis ( Lengerich et
al., 1993)
(water-borne)
oocyst
..1993 Wisconsin Milwaukee

403,000
oocyst (Mackenzie et al., 1994)



, (Osewe et. al., 1996)
oocyst
, (Joce et al., 1991)

oocyst  Cryptosporidium
oocyst
c. meleagridis  C. baileyi

(Clinical manifestation)

2
(intestinal cryptosporidiosis)
(extraintestinal cryptosporidiosis)
cryptosporidiosis
1 (asymptomatic infection) 1

Cryptosporidium 12.7
(Robert, 1989)
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2. (acute self-limited
diarrhea) 6 23

. .1992 Blansharol

HIV CD4+lymphocyte
250/mm3
cryptosporidiosis 2
4 (Lima et al., 1992)
3, (chronic disease) cryptosporidiosis
AIDS CD4+lymphocyte 250/mm3
20 30 (Blansharol et al., 1992)
(dehydration)
(malabsorption) (Macgowan, 1993)
4, (fulminant disease)
AIDS 1
(electrolyte imbalance) 1 1
10 5 (Blanshard et al.,
1992)
AIDS

cryptosporidiosis
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(Forgacs et al., 1983)
cryptosporidiosis

(cholecystitis) (cholangitis)
(pancreatitis) cryptosporidiosis Milwaukee

.. 1993 1 1

CD4+lymphocyte ' 50/mm3

Cryptosporidium
L Cryptosporidium
2 Cryptosporidium (biopsy)
3
4, Cryptosporidium
Cryptosporidium
oocyst ..1978  Polenz
giemsa .. 1980 Tgipori
giemsa oocyst
modified acid fast
oocyst yeast
oocyst  Cryptosporidium yeast
counterstain (Ma & Soave, 1983) acid-fast oocyst
carbol fuchsin oocyst

giemsa  acid-fast



15

oocyst  Cryptosporidium oocyst
safranin-methylene blue acid-fast  methylene
silver yest oocyst negative stain
nigrosin (Pohjola, 1984) ! oocyst , 1
oocyst periodic acid-Schiff (Garcia,
1983) trichrome methylene-gosin -~ Gram (Angus et al., 1981)
(fluorochrome stains) oocyst
acid-fast (Kawamoto et
al, 1987)

10% formalin -~ sodium acetate-acetic acid-formalin
(SAF)  polyvingl alcohol (PVA)

Cryptosporidium

Cryptosporidium
(endogenous developmental stages)
Cryptosporidium
oocyst
hematoxylin ~ eosin giemsa

(Lager & Landas, 1991)

species
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Cryptosporidium
Cryptosporidium

12

immunofluorescence (IF) (Sterling, 1986), enzyme-linked
immunosorbent assay (ELISA) (Whitmir, 1991)

oocyst
fluorescent antibody test polyclonal antibody oocyst
oocyst fluorescence
oocyst oocyst
Cryptosporidium
oocyst
oocyst
(sedimentation) (flotation)
00cyst formalin-
ether  formalin-ethyl acetate oocyst
oocyst sodium
chloride ( 1.20)  magnesium sulphate (
1.30) sucrose ( 1.34)
zine sulphate ( 149)  potassium iodide (
1.72) (Current, 1990)
oocyst oocyst
oocyst
phase-contrast 200-400
oocyst  Cryptosporidium
oocyst granule oocyst

interference-contrast
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0ocyst sporozoit  residual bodies oocyst
floatation ~ sedimentation
flotation  sedimentation acid-
fast
Cryptosporidium
Cryptosporidium
pulsed field gradient gel electrophoresis .. 1988 (Mead et al., 1988)
C. parvum 14 33 Mo

contour-clamped
homogeneous electric field gel electrophoresis — southern blot hybridization (Hays et

al., 1995) C. parvum 0945 22 Mb
1
8 NN 1.04Mb  1.08 Mb
34 5 1.24 Mb [
1.54 Mb genome size Cryptosporidium 104 Mb
telomere

(tandem repeated sequence)
Cryptosporidium
genome (single copy gene)
thromhospondin-related adhesion protein (TRAP-CL) (Sulaiman, 1998) Cryptosporidium
oocyst wall protein (COWP) (Spano, 1979) 1 genome
small subunit ribosomal RNA
18S rRNA (SSU RNA) gene (Morgan et al., 1997)
MRNA
intracellular particle ribosome
nucleoprotein ribosome
2
ribosome eukaryotic cell 2 40S  60S
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40S 185 rRNA 30

60S 585 285 RNA 50
Cryptosporidium species SSU
IRNA gene (conserved
regions) (variable regions) species
SSU IRNA gene
Cryptosporidium gene species
Cryptosporidium
Cryptosporidium
(Polymerase chain reaction, PCR)

DNA

(complementary) thymine adenine
cytosine guanine
DNA DNA DNA

PCR DNA
(Saiki et al, 1988) DNA
( ) DNA 2
DNA | DNA 3.4x104
PCR DNA DNA
primer
oligonucleotide DNA
complementary — primer Taq DNA polymerase
DNA DNA 1
65-75°C

Taq DNA polymerase Thermus aquaticus (Brock & Freeze,

1969) (automated

thermal cycler) PCR
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DNA PCR
1 DNA (target DNA)
2. Thermostable DNA polymerase
3. Deoxynucleotide triphosphate (dNTPs)
4. Oligonucleotice primer 1
5.
DNA ' PCR
3
1 DNA (dénaturation)
90-95°C
2 digonudeotide primer DNA (primer annealing)
complementory
3 DNA (primer extension) )
3 10-74°C
primer primer
20-30 nucleotide guanine  cytosine 50-60
primer  polypyrimidine  polypurine nucleotide
3" primer
complementary primer (primer-dimer)
nucleotide  primer 5 3
3 5" (palirdromec sequence) 3 primer
primer (melting temperature, T™)
primer 50-80°C  Tm m
4(G+C) + 2(A+T) primer
0.1-0.5 (mispriming)
PCR
Tag DNA polymerase
1.0-25 100
PCR
Deoxynucleotide triphosphate (dNTPs) PCR pH 1

dNTP 50-200



2

PCR 10-15 Tris-HCI pH 8.3-88  KCl
50 KCl primer annealing
KCl Taq DNA polymerase
primer annealing
nucleotide primer m
5°C Taq DNA polymerase 68-85° C
primer annealing
mispriming isextension annealing
DNA
DNA 190
Taq DNA polymerase 35-100 nucleotide
nucleotide
DNA
PCR
90-95°C 30 DNA guanine  cytosine
PCR
DNA  ethanol
Taq DNA polymerase  ethanol 10 Taq
DNA polymerase
PCR Nested PCR DNA
PCR 2 2
DNA primer DNA
primer
(non-specific product) Semi-nested PCR DNA
PCR 2 2 primer

primer



Btmw  nn N

DNA (DNA sequencing)

DNA 2
1 DNA nucleotide
(sequencing of end-labelled DNA by base-
specific chemical cleavage)
1977 Maxam  Gilbert !

DNA
deoxyribose DNA
DNA P DNA
DNA polyacrylamide gel
X-ray
2 DNA DNA
(DNAsequencing by enzymatic synthesis) Sanger
Coulson' (1977) DNA DNA
(template) DNA polynerase  nucleotide |
DNA dideoxy
nucleotide dideoxy chain termination
dideoxy chain termination
! ' DNA P Is 0C-ANTP
DNA PCR
PCR  primer DNA
exponential
recombinant DNA DNA
DNA
allele
(automated DNA sequencing)
DNA dideoxy chain termination
DNA dRhodamine dye terminator
4 4 AcGT
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dichloro (RbG) C ! dichloro (TAMRA) G
dichloro (R110) T dichloro (ROX)

dRhodamine dye terminator 2
DNA DNA 5'

primer (cye primer) 3" dideoxynucleotide triphosphate (dye terminator)
DNA template PCR

Cryptosporidium
oocyst
species PCR
DNA ssu rRNAgene

Cryptosporidium species (Xiao 1

1999) Cryptosporidium
HIV PCR
DNA



1984
1987
1989
1990
1991
1992
1992
1992
1992
1993
1993
1993
1994
1994
1994
1995
1995
1995
1996
1996
1996
1996
1997

1999

Braun station, TX
Carrolton, GA
Swindon/Oxfordshire, UK
Loch Lamond, UK
Berks county, US
South-west UK
Jackson county, OR
Yorkshir, UK
Bradford, UK
Milwaukee, US
Waterloo, Canada
Central Maine
Kanagawa,Japan
Walla, US
Oxford, UK
Devon, UK
Northern Italy
South-west UK
Kelowna, Columbia
Cranbrook, Columbia
Northern England
Collingwood, Ontario
England Wales, UK

North-west England, UK

2,006
12,960
516
442
561
108
15,000
125
125
403000
1,000
150
461
104
224
575
294
575
14,500
2,097
126
182
4,321

360

Cryptosporidium

un

ol

(Fayer et al., 2000)
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Ingest
(Iﬂgeaslee) Oocyst Type | Meront

Sporozoite
Trophozoite

Exits Form Auto infection

Thick-walled oocyst T Svﬁlgrlh atgﬁOCySt

(Sporulate) -
@ @ Host epithelial cell \
fs ¥ N \ /

I\/Iacrogamont

1 B 5 Cryptosporidium spp. ~ ( Fayer, 1986)
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