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Abstract : The purpose of the present study was to understand the pathogenesis of infections in piglets ino-
culated with C parvum isolated from mice alone and combined with porcine rotavirus (S-80). Thirteen 10-day pi-
glets were divided in four groups; Three, A group, were only given by C parvum. Four, B group, were orally ad-
ministrated with firstly porcine rotavirus and then C paroum. Three, C group, were orally inoculated with porcine
rotavirus alone. The rest, D group, were used as controls. During the experiment, there were daily recorded clinical
signs including diarrhea to each pig.

According to the periodic intervals for necropsy, all pigs were sacrificed from 4 to 12 days after the final ino-
culation of C narvum. Location and distribution of two pathogens, C parvum and rotavirus, in the intestinal mu-
cosa of piglets tested were examined by pathological and immunohistological means. In addition, parasitological
test using the feces of piglets was applied for the detection of crvptosporidial oocysts as well. A group showed di-
arrhea from 4 to 6 days post-inoculation(PI) and also discharged C parvum oocysts in feces during the day 4 to 7
PI. In tissue sections of jejunum and ileum, cryptosporidial oocysts were observed a few on the top of villi with
slightly fusion. B group represented sign of diarrhea and discharge of oocysts from 2 to 11 days PI. There were
some cryptosporidial oocysts both in the jejunal lumen and in the lumen of mucosal glands. As progressed, oocysts
were most commonly distributed on the tip of villi of jejunum.

Histopathologically there were also mild to moderately fused, attenuated focal desquamated, congested villi and
mononuclear cell infiltration of varying degrees in the lamina propria of small intestine and colon at the day 4 and 7

PIL. C group showed slightly to mildly attenuated and fused top of villi and mildly mucosal congestion. D group as
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controls was grossly and histopathologically normal in all parts of intestine.

The present results indicate that the piglets inoculated with C paroum only are certainly milder in pathogenesis in-

cluding duration of clinical course and severity of lesion than those in piglets concurrently infected with porcine ro-

tavirus and C parvum. Also the strain (VRI-CN91) of C parvum used in the study has very low pathogenicity to oc-

cur enteritis of piglets.
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Cryptosporidium parvum-& Cryptosporidiidacol] 48l
2-omAE A7)0 "WFo2A 1912 Tyzzerel]l 2)&
uh§-2-98] &k BRjollA] 7| Ao] o] FolAl= YFog B
a2}, agdeaFeo)ge A5 ARe 2§
& T4 F2 20k ohfel 25, H3F, o} F° SolE
2ol olFolAl7] BEol 45 Sol4e Pt Aoz
FeiA Sk ol F U9 FAS 22 THIIsH A
g 9 Ao ATAES vl 2RI o] Foix
‘:]_7,8,9.

#212) Cryptosporidium-e 1977\ A AF& B
ol HAllA Hx2 Bny F 5Pz wEY? &
A AA o wAdsla Qlct. 8 Folx]ol|A Faigt
Cryptosporidium oocysts A-&3}e] 2ol A4S
A =3t vl Zhedo] o] FolA £FEo|4de] glgo] ¥l
=Hglon, AgolgolE FRI|NAE FAjo] o]Fo]
AL glstdeh . Six oA C paroum g AgH oz
A7) Foll oocyst7t &) FHE Folo] viES
7R Y 717+ 3-59 12 g8 A gled, Bdd 45
7 4R FEVE AU BEHE Bl AR
oocystd WEshe 7|7 799 " 2olct. Zdd &
Fo) £HE 58 oocyst wiE BE A7 FHet
A4t A A G370 Wy go] AlLH
o2 ogkg 3% oA wiEEr|E o Aete)
3% C paroum ZH3-& WA AA) S5 x Qe
FALe} AAA A RAA A}, 53] AIDS%AL § =
qrlg0] AdH FAENA 7ZRd S oA Ty
Aol AAE dodle Aoz duA Jov, A%}
g AR AAE Bk A WYAZ 89
=o] o] Aol el FFEATH Fado] FotAn
gl.c}_ll.

3k, sA] rotavirusy= Reoviridaeol] &3} uvlo|d]
224 ARg TS J8] IREET 2R/A 44
£ Yoyl F23 AAE Baso] Qo &3
AA1H rotavirust 42 FH P §RA4T 0] s

o] ZF)AEel A Ehshd A AR E 5}3]4)7]
Avt g o2 A AAS FuEA| IR

HA rotavirusel] AR AHEL AAELS A B
Ho| Zlo] A o]sekAlr} £AEE AJ7|Ql 2-35H
ol 7}a 7hed gol Euh . HlR] rotavirusel] 7Hedd
5 Uy 44 A Y F2ER(Ig)G, M | AV}
Zasta o A AYTE oS gol e
vho]z] 2ol s 442 §E7F HEH 3 Ao &
o] FAG?, 2] rotavirusy 198513 Eoll 42
Fild o™ A AAIH oz whale] ¥ sl glow,
FZolle T FEANAE A9 100% 717h i &
< Hola glup*,

B ATE ofe] 276X EH AEo] C parvumol]
ch5 A Fulol] Halsled wRA¥sla 9l R
rotavirus@}2] £ 7hed Aol Yeh= WAS vl s}
2 Ef AE]] o] - WYME AE3 AYH 2ol
£ FHAA 71858 g9 Wty H4AE sk
o}

Mz 3 Sl

A S8 : 104889 EF AHE 13vl¥E ro-
tazyme 71 E(Abbott, Lab, USA)E o|&&}o] rotavirus
A9 #9sli, Sheather's sugar K-8 w7}
DMSO-modified acid fast N *¥& o] R3a}o] Fudo)
A C parvumeo] gl A& #2138 - A, C, DI(3v}
2 BE(4mbe])e 2 vrgleh. AR C parvum
oocystZ ulalgd 3X10°702] oocystE ¢ FHE|E A}
futol AT ZHAZH(Fig 1). B sH7] rotavirus
S-80KkE vield 10° TCID;,/mlE A7 A}7)a,
36417t Foll C parvum oocyst 3X10°/mlE 7}eE] S
Fol A ARG CF2 #A] rotavirus S-808% 1+
& 9Eog nlelgd 10° TCID,,/mld 777417
i€, DT zTog AHgslslct.

#E 9 dloldA - 952 I BALB /culg-£oll4]
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2ejstol Folloll AES C parvum (VRI-CNOL)E
Folahtai Tl Lohliol Agekich. HE ol
#ae T X 25 F2ld HNA rotavirus 2 52
Feted ol A CV-14)Fof Al w3l = $-80
BE ofol A831ct.

21M% ZA} : C paroum ZHd& &3] Sste] =
£ B2 FEA 19 B8 2AU7A el AAH s
o] $eHEQ Ade T VI1SHu, A S
Sheather's sugar 94 B-3¥%(Fig 2), DMSO-mod-
ified acid-fastd 244 *(Fig 3)o.2 F#H1H2] oocyst Z2H

28 WA 4009 HWIALIA oocysts] SE
=xelgict

ee| s W ZEEHE A Aol AE3E 2HES]
A, C, DI Z2dAIZl ¥ 49, 7Y, 99Aol el B
T AAAT) F 4%, 79, 99, 129URol] 42 1ute]
# 2712 Axsldct B4 BE Ao 2 e 99
Aol AA, B4, 34, A, A4, A& AH3sted
10% 34 Tadwlog w43 ¥, =23 58 A2 344
Ax el Tofsiglon 3-5ume] =2AAHE
Eol £4# ¢l hematoxylin & cosin GFHE A A3}
F3tdn Yoz dasisic).
ool HREH AP BE ¢S X = B4l
&z g dAke] 23S 7F P AN g uhEe]
ERIslch A rotaviruse] HEE 93 HAHF
g Al WERAY T4 23S 4-6pme] FAR
AHsto] Laolzoll FRAZ F AL(25T )ollA
3087 Azsba acetone o & 208-7F A A H e} 2
AE 222 fluorescein isothiocyanate(FITC) con-
jugated goat anti-rotavirus serum (Chemicon, USA)2
2 37Cd4 30E7 8EZA]AA  fluorescence
antibody(FA) rinse bufferZ % A13¢t & mounting

flnid 2 £-AIA HFHn|g o st

4

ri-
T

1097 9] £HAES A3l C paroum =4
rotavirus®] & Fof 9 =A] rotavirusE HEE ¥ C
parvum-s E4F #Q4AIZ Ao C paroum GE FATE
2 AHAF ¥ 4-6Y Aolol] AHr|d AAE Bt A4
rotavirusg HEY F C paroum & T3} ZHdA7 72
£% ¥ 2109 Aol 92 Hat Sapye] 4471
2, 58l 1% ¥ 48940l FHE EE A8 44
71 #EAE e HA rotavirusE -5 FAPAT] 2
A ¥ 2:8% Aol 797 Ak Aedent T4 el
T 2of oFgt AA-E Hglvk(Table 1).

Z+ 272 B C parvum oocyst wZE-E C par-
ume GE BN ATE WE F 479 Aol
oocyst7t HAEE R, A rotavirusE HFS F C
parvum-g 3 ZAA7 B AHF: F 2URREH
102744 99) St vl 5] gleh(Table 2).

7 AYPUL C poroum e HE F 4,7, 9% o
1200ell 271 ANt} ZAoll el W& B3
AT Bl C parvumVFFTHE <5 G4 AL

$ Solth aE4 9 Fbd 242 giglen kg
4, 5), WelzAdos g, A ela AR
SR A A EA| 4] 7] F 49 F¥] ofeinkAle] i
71& 7} C parvum oocyst7} Agkol| A A7) 53
91E % 4 $uel fafol WAL vlokisiel. 7
o ¥ 7UA £ FEA4EY FEF WAe] B-EH e
2 ¥ 2HFig 8) oocyst?] S7h= UAE 4 Gl i,
el 9ol ST} A8l AAFESE 2% o]

Table 1. Prevalence of diarrhea of piglets inoculated with Cryptosporidium parvum or porcine rotavirus, and com-

bined with porcine rotavirus and Cryptosporidium parvum

No of
Inoculum e [
tested 0 1 2 3 4
C parvum 3 K .
rotavirus
. 4 + + ++
+C parvum
. 3 + + +4
rotavirus
3

control

* Degree of diarrhea after oral inoculation
- no clinical sign, + mild, ++ moderate, +++ severe diarrhea
NT; not tested
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Day(s) after inoculation

5 6 7 8 9 11 12
+ + NT NT NT
N = ++ + +
++ ++ + + NT NT NT

NT NT




Table 2. Prevalence of Cryptosopridium parvum oocysts in fecal samples of piglets induced by Cryptosporidium par-

vum alone, and combined with porcine rotavirus

No of Day(s) after inoculation
Inoculum I
tested 0 1 2 3 4 5 6 7 8 9 10 11 12
C paroum 3 - S - NT NT NT
rotavirus +C parvum 4 - + + B + + -
rotavirus 3 - - - - - - . - NT NT NT
control 3 - - - - - NT NT NT

* Numbers of oocysts in fecal samples after oral inoculation

- no oocysts seen, + 10-50 oocysts, ++ 50-100 oocysts, +++ more than 100 oocysts in a one field(400X )

NT; not tested

U,

2] rotavirusE v]e] FFRAHAIZ] & C parvum
o2 3 A7 BEE A ¥ 4dAdle 543
o8 4&zkel F¥o| AFHN oM 2AGHoZE F
FEoA ARAEY 4% M=t F8¥o| JebI(Fig
9) ofg] WAl C parvumo] A F RG] ol F2=]
o] Uich. #Ad ¥ 7, 9Uxe T A, A4 9
9] A% F8(Fig 6,7)% 2 FHAZ] §3, G
gl A3k mAd3e Y, aen Ha 153l 7}
W AL Hgol BE=AY. C paroumS T3

ek g-9) latoll A 7hAt EslA B 9] 27 (Fig 10),
ohE Bl A REsA) gsiet. A 3R
AollA BEE UFL 2559 brush borderi® 3]
Filo] wgFolAY AHME Frld] okl deg
Fpsled WA= Ak(Fig 11).

A rotavirus?t THE ZFdAlF] CFHE Bl Hls}
of Zv|d FE] S viokst AIEAE 2 Ag R
ol FASAG. 2T JFHog obFy T4
<+ HolAl 4t 4T g F-99 224 A
Aol ArH(Table 3).

Table 3. Gross and histopathological findings of each intestinal segment taken from piglets induced by Cryp-

tosporidium parvum or porcine rotavirus alone and combined with porcine rotavius and Cryptosporidium

Gross and microscopic lesions

Group Scour
Duodenum Jejunum
Al 1/3° 0/3° 1/3
B 4/4 2/4 4/4
C 2/3 1/3 2/3
D 0/3 0/3 0/3

Ileum Cecum Colon Rectum
2/3 0/3 0/3 0/3
4/4 1/4 1/4 0/4
2/3 1/3 0/3 0/3

0/3 0/3 0/3 0/3

*A: oral inoculation with C parvum (3 X 10° oocysts/head)

B: oral inoculation with C parvum(3 X 10° oocysts/head+rotavirus 10°TCIDs,)

C: oral inoculation wtih rotavirus(10°TCID;,/head)
D: control

* No of occured/No of tested

¢ No of positive /No of tested
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Table 4. Immunofluorescence against rotavirus of each intestinal segment taken from piglets induced by Cryp-

tosporidium parvum or porcine rotavirus alone and combined with porcine rotavirus and Cryptosporidium

parvum
Gross and microscopic lesions
Group Scour — T T T
Duodenum Jejunum lleum Cecum Colon Rectum
A’ 1/3° 0/3° 0/3 0/3 0/3 0/3 0/3
2/4 1/4 4/4 4/4 2/4 1/4 0/4
1/3 1/3 2/3 2/3 1/3 0/3 0/3
0/3 0/3 0/3 0/3 0/3 0/3 0/3

*A: oral inoculation with C paroum (3 X 10° oocysts/head)

B: oral inoculation with C parvum(3 X 10° oocysts/head+rotavirus 10°TCID;,)

C: oral inoculation wtih rotavirus(10°TCIDj,/head)
D: control

® No of occured/No of tested

* No of positive /No of tested

A rotavirusell et FFAE HA At 245
gollA Agre] 4T HEANA FRE
H3049 yF4gel Jebdeh(Fig 12). G5 A9
7359k £ A BF o4 HE HReu 3] A
v T3 AAANTY] $AF AN ol g A
o) ubtAd g 8l 5 A TH Table 4).

I &

A3 L5 EolA zhed A= C paroum VF
HEE 3HI9 44, oA 4] HlEe] o] QL
o4 Z& AT ANENel|A] 7] P} Baslo] glek,
HAAAE o] U5¢] AdwA o7} Basw glovt
WAL ol)9- <fsln] A9 4 F4gle] AVt E
321 olARNES] 79t 4okl Hejo] Al =)
Aol Weo] Jehdeln Haslo] gl B A=
Folloll4 B3t C parvumo] 2Eel H5 9 =R
rotavirus®} £3} 73 A9 W& vlwste g2 C par-
vum2] AREol izt WHHA S =A7] feled AAS
At

E A¥YollAl= Sheather's sugar ¥4 Y-foz o
Aol 7hHg Ajmdlg e, DMSO-modified acid-
fastd Mo g Yo AGRTE HFHoZ s}
At = Z¥2 dichromate solution ¥-§, carbol

fuchsin <3 4", auramine-OF 4% -5 AH-§-slef n}-¢-

29 -5 23 w|E == Cryptosporidium®] oocyst
71 #9919 FET ol 4AIEE Bk # 4
HollA A8% dAHL Cryptosporidium®] oocyst7t
F24 v H3Mog g5l g ol Exte] 7
o] v~ Bol3llon, uleky Ao g s A
o] B o= ulE|E Cryptosporidium®) oocyst §-5-
& glsl7] gk e g A-gsledct.

Cryptosporidiumol] 49 %3+ IA% FE7171
At Fof] Hat Al ococystE s, | ollA
© T 598 IEA dow’, A" 3 B g
B8k oocyst WllE-2 A 7|7} Fewt vehAE
9] wldg7lgol A= chA] MIZEVE et B
Ao A9 AT EHE 3 oocystd] WSS 7]
494 Rel| R)Apsto] 7UM) 74| oF 495 oocystE
st ct. A rotavirusg A7) Fof] o] YFE
E35F 7 A7 BEE A 29ANE] e Bolod
vocystE WZsl7] Al&Fste] oF 9953t oocyst Wi Eo|
s} B3 ZAdweollA Brh 2 giEggt QoA AE
£ wllZ3to] Tzipori et al'2] B9} FAsbgic).

9 5% vlg2elA Beid C paroum (VRI-CN
91)Y5 Folx|oll HAAIA Folxle] BHE Falo]
oocyst HjZo] o] FAAE Hlslu 2 A &3 Hol4lo]
oS- Hasigct. ¥ A% vhg-2ollA] Feld
VRI-CN9l1o] sfjx]of] AgHog zdo] o|FolA
VRI-CN9lo] %3 EolAde] gl3-& A ¥ + AN
v}
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Cryptosporidiumoll 7495l &L 9 - A4 4
Az} 7|3, At Jul el FA]o] o] FoiA v
F7AAE Aol &4 F= AoE dAJ
9 57 AYHo & C paroume ZFRAIZ FolAlol
A g Z443 Aol AgolA Al ol 27)7A] UK
g Adstne A 3 28484 WY A
o] 53¢ 3] H9]olq A4l Ueyitta Ha
stodvk. ey B gdpollde A2olA C paroums]
= 7hdA] A oz kg FAglel Waklgle
], AHol A & M- 9 oocystE &AsgAct. w2t
A VRI-CN91& FolAlold e - oZ A%
AAAE Jelle 5 AT W94 JeRliAT siA
olAE dGHLA S By ol A xS vkt Y
A Jerdn gl gdssih

A rotavirus ZFPYZ- AEo] 2 FE HAEC B
Aloyel GAE whol Mg H53tuz Aol @

AL A71Q) AF 2-35el] A Az WFRY

2 HGRY B Aol A rotavirus THE ZHHA
£ Ee A4S 22 A4e Uy HolA e
dl, o] 2 ol o]l A1 AEo] AE 10UFH A A
2 RAlo)gArt EAg s o Agdeh. 22
A rotavirus®} C parvume] Eg7do] o] FoiF =z}
ol EHW oocyst wiE7]7ko] A= AhRol)
A9 C parvum FAFIE 5 AdA Rt =94kt
Jaog e A% HAE oz, L] R4
39 33, gt 9 §3, el st sz
ARk 2Y4A-¢ B3 afekd AAE Yol ok
WelAlel &3 ZdA WH4ge] A=rt SR
Tacal et al®e] B} Ax|slgc). sl LoflA] C par-
vum3} rotavirus, coronavirus, reovirus, E coli, sal-
monella$3 4 ZHdsle 7ol WUl A3lx
HAAEE A Ueidoe B3 §5°8 2eldnd 5
Foll FAIGo] AAE Yo7le wWUAete] T3
£ o] o) ehEAF RS WA o] HetA e}
= Aoz foisgich

ol goll4 Yehd Ans Fesled B W vl5-A
ol 4] Belgt C paroume sHR|lE W40l hort =)
S okl a, B3| A sl Aol £ AR
Hou, el=7}edA] K} rotaviruse} 72 ohE WU
oto] B3t Aol B & WA B Ao
2 goEa. ajebd Al 2y siFed el
CryptosporidiumS o] 88 AFE Fslod npg-2oll4]
Balg C paroumFebe] 74 2 WAl dig oS
AAsas AAE YL A7t Fls]olok & Aele}.
a gk =)ol Eal=l= Cryptosporidium & FT5F

gjsto] migo] ojgkdl HAE ez AAHY Hy
715-2] A&te]| Cryptosporidium®l MYl vx& o
37t vlio] o] AFzhde] AEA F2 AW w4
F ol= WodAAlg o FL AWEE 23 YAl
3t A7} o] Foj#of & Holrt.

g £

1093 9] ER/AE 13578 C paroumg 5 Al
1 At, sHA rotavirus®} C paroum-g &£ 7417
B 9 siA rotavirusthE @5 AgA7] CEF di=
Toz ol 7% o Wz HAAE F
BYslod LGRSl thal C paroums} $HA| rotavirusS)
23 Aoz fubElE AE A it e e =
Agk A3 o g ek 22 S et

C paroum ¥H% 7+ T2 7 ¥ 4-6971A H 29
FobA AAE B, EHUS) oocyst viE-2 ] ¥
4-79 714 #1= ot 89U AFEI= oocystE H<Q
& 4 eldet. WelzA e 442 A 2R At
W =g i Y 9 AR § eln
ZAgR A FE £5¢] oocyst2to] BAFNUS
AR Eo gkl mjoksl gt

C paroum3} SA] rotavirus$} £ ZAFAI7 #+& C
parvum-& 73T QA7) F 2dANE AAE ehd
102 742 RA&sgiet, B Well C paroum] wiEA]
71 9 AT A7 F 20 ARE 11 7HA 2
vehget. "v)gd 2742 3T s vk AR
29 ¢2 A9AEe 559 49 9 A% 38
o] Jxo] BHAE Hfol ek, U5 ¥4
weky) 3)zk Bojo) shg- 5 FREOA spA EslA #
Z=]%i e}

1% rotavirusE THE AHAZ TellAw &R
oA o5 g7 o3, f35t W o] At F¥o|
QA=Y 2Tl At dia Fulell 2A &
o u) zA¥A o g A4 £ Bt

ol ge] A2 E{ AENA C parvum 5 AL
A4z o] Aulsle] WYMol nifg ofsigle
W s rotavirusztd ¥ C paroum 3 2417 A
2= C parvumIEy= $A) rotavirus §H5 Zd Al B} o
A 733} 7\ 7be] Zol x| 5t Wiy H =t Ao WA o]
Z7Vslct.
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Legends for figures

Fig 1. Oral inoculation of Cryptosporidium parvum oocysts or porcine rotavirus

Fig 2. Cryptosporidial oocysts in feces of piglet inoculated with Cryptosporidium parvum. Shether's sugar cen-
trifugal flotation method, X 400.

Fig 3. Cryptosporidial oocysts in feces of piglet inoculated with Cryptosporidium parvum. DMSO-moditied acid-
fast method, X 1,000.

Fig 4. Internal organs of piglet sacrified at 4 days after the inoculation of Cryptosporidium parvum. Note no no-
ticeable changes of intestine.

Fig 5. Gross findings of Fig 4. Note no gross lesions excepr: slight to mild edema of intestinal mucosa.

A : upper part of jejunum B : low part of jejunum C : ileum

Fig 6. Internal organs of piglet sacrified at 7 days after the oral inoculation of porcine rotavirus and Cryp-
tosporidium parvum. Note mild congestion of intestine.

Fig 7. Gross findings of Fig 6. Note thinner intestinal wall of jejunum than the normal and diffusely mild to
moderate congestion of jejunum and ileum. A : upper part of jejunum B : low part of jejunum C : ileum.

Fig 8. Slightly fused villi and some mononuclear cells infilration in lamina propria of jejunum of piglet sacrificed
at 4-day after the oral inoculation of Cryptosporidium parvum. H&E, X 100.

Fig 9. Mildly fused, attenuated, focal desquamated, villi congestion and mild infiltration of mononuclear cells in
lamina propria of ileum of piglet sacrificed at 4-day after the oral administration of porcine rotavirus and
Cryptosporidium parvum. H&E, X 100.

Fig 10. Cryptosporidial oocysts(arrow heads) on top of villi of ileum of piglet sacrificed at 4-day after the ad-
ministration of porcine rotavirus and Cryptosporidium parvum. H&E, X100

Fig 11. Cryptosporidial oocysts(arrow heads) on top of villi of ileum of piglet sacrificed at 7-day after the ad-
ministration of porcine rotavirus and Cryptosporidium parvum. H&E, X400.

Fig 12. Immunofluorescent staining against porcine rotavirus of jejunal mucosa of piglet sacrified at 7-day after the
oral inoculation of porcine rotavirus. Note positive reaction of enterocytes covering villi. X400.
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