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Protective effects of IgY against diarrhea in suckling piglets
. Clinical sign, histopathological lesion and
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Abstract

The purpose of this study was to investigate the protective effects against porcine
epidemic diarrhea virus (PEDV) and transmissible gastroenteritis virus (TGEV) in suckling
piglets by oral administration of the IgY. The piglets were divided into two groups: test
and control group. The former (n=10) were administered orally with IgY for three days
from one-day-old and experimentally challenged with PEDV and TGEV at four-day-old.
The latter (n=10) were administered with saline solution and challenged with same
methods. Several tests were studied and summarized as follows;

In clinical signs, the piglets of the control group showed the typical signs such as
severe watery diarrhea, depression and anorexia but those of the test group recovered
progressively. Control group showed 20% in mortality, but there were no death in the
other. The gross lesions in the test were milder than those in the control, and there
were typical findings as like congestion and distension of lumen in the control group.

In histopathological study, the piglets of the cotrol group had shortened and fused intes-
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tinal villi and a marked loss of epithelium, whereas the others showed milder changes.
It could be concluded that oral administration of IgY, specific volk—antibody against
PEDV and TGEYV is effective to prevent PEDV and TGEV infection in suckling piglets.

Key words : PEDV, TGEV, IgY, Protective effect

M B

2] 34 AAH(porcine epidemic diarrhea;
PED) & #HlA §3/4d AL wio]3 2 (PEDV)
o] e o& sty ol AE Wk of
Yzt SAE, HSENAE A FUdAd At
E 4oyl 74 uholyxA Aol PED
= RE A9 100%2 $HES Hold
EHAEANNE 50% o143 HAMES ofy)
st AWow F49 AT £ A
E, AeRA VA 59 A4S
U AEo] e = Aol v HAMES
S8t E TGESF w$- fApsitH ™,

PEDE Ho Eo] fhdA= HE A
stAl gkomz FQ3 HAWoz Ay
A QIx ko) HDASHA HAE I e F
=, 4, F7 T ofX ot JEIItIM =
PEDe| tigt AuAE 7)dste] ooz
ggstm Yok FU e KweonSP o)
9JEte] 222 E PEDVZE 28 Bug o]
AA #HE:E PED AwWale] /ey, d&
JME PED Auldo] 7pitsol Ag3tdn gl
0", QA Ee| Bt 5-6F Ao 13}, But 2-
3F Aol 2xte Ax ZEHFE AAFS %
T 2 ARE S8 197t EAo)Y A S
EfAE Fojste] Hutdo s FHTFoEH
PEDVE #ojsta QIt}”. PEDel o8 @&
THAEC] HAE Hole FEFINE UA
Aoz HAIHE £0]7] ko] EurejFo] 2F
o] ol e YANEL oz AFHQ
HHE Bols ZAAAEY AAE HAabdoy
FHANE BATE ATHINA FEHIS
A ol AN GER AAV 2 9=
TE X EE] A Zedw fAa

S WA Zojo} fHd BE FHF 2 F
A= 9”]\1:}_1,2,5).

A AGA YA (transmissible gastro-
enteritis; TGE) 2 TE, AAl 58 F8 4
o2 3= FA dlolgAdd AEHolty. BE
A A7} AEAo] AR A dPds
2 53 XALEo] o 53| 259 o|3}
9] X{AE] AEHHE v At
AAbel TEE doAN g8 F
£o] A 100%°) B3t &AL
AAR &4 F3 g
ojyo] wrHstod =}
22 HIPE op7|stEE  ENstAvbR}
A2 FHo] =Y AE
kEstilal, E&sIMAl, subunit WAl

< AT, vA, 2%, "8k, el
3] IAEAEdA 2 FFIAE ¥
S wol o]lg¥ 3 IrHE®  Qal
B AT AA7E TGEVe

—
9
o)
rr
N
t
A
=
Do
AN

9k
cE 1
19

o

=

jur}
-
s

it 2 fg N X oftt S off rit
2 %ol rfr of¥ o M &

o 9
o2
o
e
(o3
N
>4

Ao AFEY GHgeA AJio] gt thE3
T3 d3 Fae FdAol2E IgY Immuno-
globulin yolk) & Fath?. geli= IgG, IgA
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Group I: Piglets were administrated with IgY and challenged orally with PEDV and TGEV.
Group II': Piglets were not administrated with IgY but challenged orally with PEDV and TGEV.
< : administration of IgY orally, A : blood collection, [ : feces collection.
{+ : PEDV and TGEV challenge, ! autopsy, *! days post-challenge.

Fig 1. Diagram for experimental design
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Table 1. Composition of commercial
IgY used in this study

Specific antibody  Content(mg/g)"
Anti-PEDV 3.8
Anti-TGEV 3.8

" content(mg) per 1lg of egg powder

A8 LS| (Immunoglobulin yolk)
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Table 2. Summarized results of challenge tests in each piglet

Gro- Pialet Clinical Signs Mortali- Body weight Differ-
i ;ge Days postchallenge ty (ko) ence
up ° a1 oy 1 2 3 4 5 6 8 9 10 (%) (OPC ¥ (kg)

e -~ 4+ ++ 4+ + - + - - - 2,95 3.50
1 0° 0 ii il ii i 0 0 0 0 0 0 [(®)] 10 0.85
9 - - bt bt 4+ 4+ 44 - - - - 270 2.80 0.10
0 0 & i ii i 0 0 0 0 0 0 © Qo) ’
3 - -+t ++ A+ ++ + + - - - 210 2.20 0.10
0 0 i it i 0 0 0 0 0 0 0 [(0)) (10) )
- - - +4+ 4+ - - - - + - + 1.45  1.90
* o 0o i i i 0o o o 0o 0o o o 0 do 94
5 - - +++ + + + - - - - - - 2.85 3.10 0.95
) 0 0 0 ¢} 0 0 0 0 0 0 0 0 ) Q) (10 )
I 6 - - Pt L s - - - - - - 0710°(0) 2.50 2.90 0.40
0 U ii i 0 0 0 0 0 0 0 © Qo :
- - - - s+ - - = = = - 330 3.50
" o o i i i i 0 0 0o 0o o 0 © (o 920
- - - 44+ttt 4 - - - - - 2,70  3.20
8 0o o i i i i i 0 0o 0o o o0 © do 990
9 - - - T L bttt k4 b+ 44 - - 270 280 44
0 0 ii é i 0 i 0 0 0 0 0 © Qo :
- - - - - = - - - - = - 2.85 3.30
0 9 9 0O 0 0o 0 0o 0 0 0 0 © do 045
1 - - - ++  +++ ++ e+ A+t - - - 470 4.90 0.20
0 0 il iii il i i i ¢} 0 0 0 0) (10) )
+4+
9 - - iii 4+ H++ ettt b+ - - = 2.10 2.0 ~0.10
0 @ ii ii i 0 0 0 0 0 0 (V)] 1o ’
3 - - A At S S D USRI - B ++ 2.70  2.30 ~0.40
0 0 il il il i 0 0 0 0 0 0 [(©)] (10) i
4 - - +4++ +++ +++ 4+ + + ++ - - - 270 240 ~0.30
0 0 i ii il ii i 0 0 0 0 0 ) 10) )
- - - 44+t 4+ + ++ ++ ++ - - - 210 2.25
r_°%° 0 0o o i i i i o o o o o 0 %y (o 015
6 - - ++  +++ A+ 44+ + + ++ - - - (20.0) 1.90  1.50 ~0.40
0 0 iti iil il i 0 0 0 0 0 0 0) 10) )
7 - - - 4+ttt + + ++ - - - 2.10 2.25 0.15
0 0 ii ii ii il i i 0 0 0 0 _@L_
g - - - A P + ++ - 2.50 2.75 0.25
0 0 ii é i i i 0 0 0 0 o o :
- R A ke E o S 1.50 1.25  _
0o 0o i & 1w D © d» 702
- - - +4+ +t++ A+ F++ + ++ 1.80 1.45 _
Y o o & W § i i@ ou Db o s 035
a) Group [: piglets were administrated with IgY but challenged with PEDV and TGEV
Group I piglets were not administrated with IgY but challenged with PEDV and TGEV

b) feces= - ; normal, + ; mild diarrhea, ++ ; moderate diarrhea, +++ ; severe diarrhea.

¢) depression and anorexia=0 ; normal, i; mild, ii ; moderate, iii ; severe. @ ;, vomiting, D ; died.

d) DPC=days postchallenge. e) : No of died piglets/No of tested piglets. }: PEDV and TGEV challenge.
TARFTAL APFRAAY AFE A7 Qe ZAE 0.10~0.55kg, o) T 3

HE SAYE A7 Table 33 2} A 7 SA 12.7T8.87%%E F/edd. U=
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A T-F9938l31 PEDV S

A7 THAES
Aol 39.15~40.30To| A &

14 o= 39.01~39.90CE o}
24Aol= 39.40~
FRov 3UAFH

TGEVE 3A3HFe
FAHF
AR¥E ¥
e AFE HFoy
40.01CTE2 EolXN®
22 38.18~39.6TCE FA83Th
Y27 EIHAEL FTHAHEA 38.84~
40.57CoIA FAHEF F 1UANE 38.60~
39.62C=E Wolgon 34R9 6dA ] FHAR
259 LJAEL 3UA T 4UA ] 37.82~

Table 3. Comparison of the results between two groups”

Experimental index

Group ; ; : ; .
Weight gain(%) Anorexia score  Diarrhea score Mortality (%)
I 12.69 + 8.87¢®@ 0.46 + 0.28° 0.83 + 0.56° 0/10¥ (0.0)
11 -5.86 £ 12.09° 0.99 =+ 0.29° 1.71 = 0.30° 2/10 (20.0)

1) Values are mean = SD, n = 10.

2) a, bt Values between groups are significantly different at £<0.05 by Duncan's new multiple t—test.

3) No of dead piglets/No of tested piglets.

Table 4. Body temperature of piglets challenged with PEDV and TGEV

Body temperature (C)

Group Pﬁlet i Days post-challenge
° 0 1 2 3 1 5 6 7 8 9 10
1 39.58 39.01 39.80 39.70 39.50 40.04 39.29 39.00 39.31 39.01 38.82
2 39.70 39.33 39.84 39.06 39.60 39.38 40.04 38.47 39.25 38.97 38.18
3 39.91 38.92 39.03 39.22 38.84 39.15 39.84 38.87 39.07 38.74 38.76
4 39.75 39.70 39.69 39.66 39.94 39.95 39.81 38.78 39.12 38.91 38.20
5 39.73 39.55 39.40 39.27 39.22 39.77 39.43 39.09 39.48 39.08 38.31
! 6 39.81 39.90 40.01 39.31 39.42 39.51 39.54 39.54 39.24 38.94 38.22
7 39.15 39.20 39.75 39.73 39.15 39.57 4013 38.93 39.60 39.30 38.60
8 39.56 35.45 40.80 39.48 39.10 39.57 39.25 39.32 39.22 38.87 38.40
9 39.42 39.41 39.50 39.75 38.78 39.30 39.07 38.96 38.91 38.91 38.61
10 40.30 39.55 39.75 39.72 39.58 39.66 40.22 39.64 39.42 39.02 38.22
1 39.46 39.34 39.93 39.48 39.37 39.54 39.93 39.46 39.44 39.55 38.95
2 39.17 39.15 39.11 38.96 39.00 39.40 39.18 38.47 38.91 38.95 38.93
3 39.19 39.20 39.40 39.43 39.07 39.61 39.87 38.97 39.47 38.97 38.00
4 38.84 39.01 39.22 39.04 39.25 39.19 39.60 38.63 39.13 38.63 38.62
I 5 40.57 39.62 39.69 39.37 39.56 39.20 39.45 39.30 39.17 39.01 38.28
6 39.40 39.37 40.10 39.11 39.21 39.49 39.08 38.40 39.19 38.54 38.34
7 39.10 39.20 39.565 39.50 39.64 39.43 39.40 38.71 39.15 39.14 39.11
8 38.82 38.91 39.38 39.07 38.83 39.34 39.12 38.23 28.35 38.72 38.31
9 38.58 38.60 39.32 37.82 37.37 D - - - -- -
10 38.84 39.26 39.37 38.44 39.07 38.51 38.19 38.10 D - -=

a) Group 1: piglets were administrated with IgY but challenged with PEDV and TGEV
Group II: piglets were not administrated with IgY but challenged with PEDV and TGEV

b) D=died. |

- PEDV and TGEV challenge.
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37.37C= %o}ﬁv}ﬂ HA 1 BEE 8 A3 A= AT 2AHE THARELS
T TAAES 3UARE 38.0~39.93CE 20 Aoy g#e] JHHE Y o)gox B

HER. BHQ Fetazio]l HRHA Wshh(Fig 2).
Aoz AYPFS PEDVSH TGEVE 32 e 43 E5 dAE 2% 9 THAES
HE F dzTRY ARe) @) A AubHoR o] dAHMoR FHHol g3
2 Fha7h Aglel AshA AwHel i gEol
ForgAtad B AT Furo] grolA 99, A7FT
zAo 28, A B9 Y, “@%‘ﬂr 4%
AUFENG P9 AAste] §Aade B Ul 594 §Eo] e A 9yt

Fig 2. The piglet in the test showed congestion of Iig 3. The piglet in the contro had congestion of serosal
serosal surface in small intestine. surface and  distention of lumen contained with gas.

Fig 4. Duodenum of the piglet in the Fig 6. Jejunum of the piglet in the test Tig 8 Ieum of the piglet in the test
test showed normal appearance of villi. showed mild atrophy and edema of villi. showed mild atrophy and fusion of villi.
H&E, x100. H&E, *100. H&E, =100.

Fig 5 Duodenum of the piglet in the Fig 7. Jejunum of the piglet in the Fig 9. lleum of the piglet in the control
control showed severe atrophy of villi control showed severe atrophy of villi showed severe atrophy and fusion of
with loss of cillium and desquamation of with desquamation of epithelial cell.  villi. H&E, x100.

epithelial cell. H&E, x100. H&E, x100.
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Table 5. Histopathological findings in the small intestine of piglets challenged with PEDV

and TGEV

. Vili Epithelial cell
Group Piglet Small i - - - Pl
No intesine Atrophy Fusion Cox?ges- V_-C Desguam Vaf:uol ql'lamat 0§§ ol roliferation
tion ratioc) ation ation ion cilia of crypt
Duodenum - - + 677:1 - — _ N Z
1 Jejunum - - ~ 576:1 5 - - _ Z
Ileum + - + 341 - - + * *
Duodenum + + - 576:1 + - + + +
2 Jejunum + - + 2731 + - - - ¥
Deum + - + 3741 - B + z +
Duodenum + + + 27731 - - " - N
3 Jejunum + - + 1731 - E - - ¥
Tleun + - 3741 _ _ _ = N
Duodenum ++ - + 172:1 o - N - ,
4 Jejunum + - - 27311 - - + + et
lleum + - - 351 + B + T T
Duodenum - - - 576:1 _ _ _ _ _
5 Jejunum + - - 3741 - - _ 5 _
I Tleurn + + + 7731 + - _ I "
Duodenum ++ + - 2731 - - + = _
6 Jejunum + + - 231 ¥ _ I T -
Tleum + + + 1731 _ Z _ = T
Duodenum - + - 231 - - . - =
7 Jejunum + + + 2731 ¥ , . " "
ITleumn + + + 173:1 - - _ - 5
Duodenum ++ + - 2731 _ - + = N
8 Jejunum + + + 31 + - + + +
Tleum + + - 1731 N - z = T
Duodenum ++ + - 31 _ — 5 Z _
9 Jejunum + + + 731 + B N A N
Tleum + + - 27311 _ _ _ = T
Duodenum + - - 57611 _ _ - N -
10 Jejunum + - + 451 + - + + +
Tleum + + + 576:1 - - , N "
Duodenum + + + 231 + - it Tt ,
1 Jejunum + + ++ 1731 ++ - - it +
Tleum ++ - ++ 1731 ++ - +++ ERy -
Duodenum o+ + + 1731 + _ T+ it =
2 Jejunum ++ + et 17311 ot E o ot +
Tleum + ++ + 1731 . _ i it —
Duodenum + - - 35:1 + _ _ - +
3 Jejunum ++ ++ ++ 1731 ++ - ++ +4+ o
Ileum ++ + + 277311 + _ ¥ N Z
Duodenum + ++ + 1731 + - + + +
4 Jejunum L -+ + 1731 it _ o T =
Ileum + ++ - 2731 ++ - ++ ++ +
Duodenum + + ++ 931 . - + ¥ ¥
5 Jejunum ++ o+ + 2731 et - . it z
Tleum + 4t - 27311 ++ - 4 ++ +
o Duodenum T+ o+ + 3511 - _ ¥ 1 7
6 Jejunum i + + 2731 ++ - ++ +4+ -
Tleum + + - 4751 ++ - ++ o+ +
Duodenum + 4 + 576:1 T - 4 + -
7 Jejunum + + + 47511 i+ B St . N
Tleum ++ i - 4751 + - ++ ++ +
Duodenum ++ ++ + 731 L+ - T N :
8 Jejunum +r ++ o 1731 o - A e Z
Tlleumn T b - 2731 +++ - + ++ +
Duodenum ++ ++ + 1721 it _ T N .
9 Jejunum 4+ e+t + 1 Tt - T+ Tt -
Tleum e+t i - ~1 +4+ - ++ ++ +
Duodenum +F + + 172:1 r _ T T N
10 Jejunum o+ e+ ++ 1 T+ _ ot it =
Tleum Tt ++ - ~1 e+ - ++ ++ +
a) Group I: piglets were administrated with IgY but challenged with PEDV and, TGEV

Group II: piglets were not administrated with IgY but challenged with PEDV and TGEV

b) © - ; without normal limits, + ; mild, ++ ; moderate, +++ ; severe.

¢) * length of vili : length of crypt ratio
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ARFBAIA ALY 8% TRAEL 28 449 SHMAEAZAS nTHFig 6).

g Qo] a3 Qo AAY R olgel: RS $EY FFE 953 HE §T

SAHQ Sbadlo] BANA PUTFig 3. AWAEY e ge FHE a7
§ WAL AE THFig ),

TN AN HAAT AA o PEDVS} TGEVel e §&
HAEe] FEWAYR AA] B AP

AYF dxzze TRAE Mo, egw Axade SEoh ey AR ¥
R, A4 BUzARHoR FAw A% Aph aREe] 439 A%l vt

= Table 59 Zth. HEF 105 EHAEY
AolARL FRF AT (Fig 4). T R IS HAAH
A F dxye) 3AHF ¥ 5949 3UA

o A 279 ERAEE o)A geld g1 THAEe] SolddIA(Ig)E ArFols
g FoE AFH A §%, FRANATEY & F 2% FAHEES PEDVY TGEVY &
g, AT FBAIAES ARAY ThE & 9S HEsu IgAd [gGE A Axe
E}*Pwﬂi—‘ﬂ THE B3t (Fig 5). 348 ¢ 2I¥E dotnax Joxd, 34, I3 w9
o A% A5 §, $5% Y, Ao [gYE ZAT5Fold] mE 2% TGEVE
AT 2, BYRIAEE, A% AR b FUEEE 10 FoA 2% HolAR H
e S Y] S-S BAY (Fig 7). 3 ob g G-Zo 4] uekst wkg )R] okst uko&
T TR AT A5 8, A9IATY H3 4% FFHADIATAA Toks vk
2o, 4% Fxs), 55 9%y Axse A okgt WbgE, 2%9 I AYnaI
T ARLEE BYlon et &hAxY Peyer's patchﬂ Aol A m ke vk of
Aol #RHUY (Fig 9). ABFEAA A A ok ¢S BYTH(Fig 16, 18, 20). o
T LHAEE o)A 1?_4 e A5, 2TdANE 10 oA 3579 Aol A
ALY b gt RN, FobdulA HaFFol s, 479 FHANAE
X} 7HHE 4L BAT(Fig 4) FTAS FR FEE WeE, 379 A9 Aeaus T
9 A% A% Y, TEE FY, ARy Peyer's patch® $AlolA ofsh H1-g& X
A% @Y Pek dAAWARE, dd 4R tH(Table 6, Fig 17, 19, 21).

Table 6. Immunohistochemical results of small intestine of piglets challenged with PEDV

and TGEV

G PEDV antigen TGEV antigen
roup Duodenum Jejunum Tleum Duodenum Jejunum lleum
1? +°(1/10)Y =7 +(1/10) -7+ (1/10) -7 +(2/10) -7 +(4/10) -7+ (2/10)
i ++(2/10) +(2/10) +(1/10) ++(3/10) +(4/10) +(3/10)

IgA IgG
Group . ;
Duodenum Jejunum lleum Duodenum Jejunum lleum

1 P74+ (771007 +++(8/10) ++(8/10) +(2/10) +(4/10) +(3/10)
I +(7/10) ++(7/10) ++(7/10) -7 +(2/10) -7 +(3/10) -7 +(3/10)

a) Group I: piglets were administered with IgY and challenged with PEDV and TGEV
Group I piglets were not administered with IgY but challenged with PEDV and TGEV

b) : - ; without normal limits, + ; slight, + ; mild, ++ ; moderate, +++ ; intensive.

¢) : No of pigs with immunohistochemical lesions/No. of tested pigs.
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Fig 10. Duodenum of the piglet in the Fig 14. Tleum of the piglet in the test
test showed showed a amount of test showed showed many numbers of showed showed many numbers of
PEDV positive cells in the lamina PEDV positive cells in the lamina PEDV positive cells in the lamina
propria. ABC, x100. propria. ABC, x100. propria and Peyer’s patch. ABC, x100.

Fig 11. Duodenum of the piglet in the Fig 13. Jejunum of the piglet in the
test showed showed a few of PEDV test showed showed a few of PEDV

Fig 15. Ileum of the piglet in the test
showed showed a few of PEDV positive

positive cells in the lamina propria. positive cells in the lamina propria. cells in the lamina propria, ABC, x100.

ABC, x100. ABC, x100.

Fig 16. Duodenum of the piglet in the Fig 18. Jejunum of the piglet in the Fig 20. lleum of the piglet in the test
test showed showed a amount of test showed showed a amount of TGEV showed showed a amount of TGEV
TGEV  positive cells in the - lamina positive cells in the lamina propria and positive cells in the lamina propria and
propria. ABC, x100. crypt. ABC, x100. Peyer's patch. ABC, x100.

AR O T S

Fig 17. Duodenum of the piglet in the Fig 19. Jejunum of the piglet in the Fig 21. Ileum of the piglet in the test
test showed showed a few of TGEV test showed showed a few of TGEV showed showed a few of TGEV
positive cells in the lamina propria. positive cells in the lamina propria. positive cells in the lamina propria and
ABC, x100. ABC, x100. villi. ABC, x100.
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Fig 22. Duodenum of the piglet in the
test showed showed a amount of IgG
positive cells in the lamina propria.
ABC, x100.

Fig 24. Jejunum of the piglet in the
test showed showed many numbers of
1gG positive cells in the lamina propria.
ABC, =100,

Fig 26. Ieum ofthe piglet in the test
showed showed many numbers of IgG
positive cells in the lamina propria and
Peyer’s patch. ABC, x100,

Fig 23. Duodenum of the piglet in the
test showed showed a few of IgG
positive cells in the lamina propria.
ABC, x100.

Fig 25. Jejunum of the piglet in the
test showed showed a few of IgG
positive cells in the lamina propria.
ABC, x100.

Fig 27. Ileum of the piglet in the test
showed showed a few of IgG positive
cells in the lamina propria. ABC, x100.

Fig 28. Duodenum of the piglet in the
test showed showed a amount of IgA
positive  cells
ABC,

in the lamina propria.

x100.

Fig 29. Duodenum of the piglet in the

test showed
positive cells
ABC, x100.

showed a few of IgA
in the lamina propria.

Fig 30. Jejunum of the piglet in the
test showed showed a amount of IgA
positive cells in the lamina propria and
crypt. ABC, x100.

"y Q' '?“\‘
R

."t

Fig 31. Jejunum of the piglet in the
test showed showed a few of IgA
positive cells in the lamina propria.
ABC, x100.
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Flg 32. lleum of the piglet in the test
showed showed a amount of IgA positive
cells in the lamina propria and Peyer's
patch. ABC, x100.

the test

Fig 33. lleumn of the piglet in
showed showed a few of IgA positive
cells in the lamina propria and willi.
ABC, *100.
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