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Abstract An outbreak of porcine epidemic diarrhea (PED) is spreading in Thailand since 2007, leading to the
loss of economy to pig farmers. The causative agent of this disease is porcine epidemic diarrhea virus
(PEDV). The objective of this study was to investigate gross lesions and histopathology of the small intestine
of PEDV-infected piglets of different ages. The three parts of the small intestine: duodenum, jejunum, and
ileum, were obtained from 3-day- and 10-day-old piglets infected with PEDV and normal piglets (control) for
histopathological study and immunohistochemical staining using antibodies against PEDV. The diagnosis of
PEDV infection was confirmed using Antigen Rapid TGE/PED Ag Test kit and reverse transcription
polymerase chain reaction (RT-PCR). All PEDV-infected piglets showed positive results, while the normal
piglets showed negative results. The immunohistochemistry indicated the presence of viral antigens in the
cytoplasm of epithelial cells on the villi of the duodenum, jejunum, and ileum of piglets infected with PEDV of
all ages. Moreover, the ratio of villous height (VH) to crypt depth (CD) was observed to decrease in all parts of
the small intestine, particularly jejunum of 3-day-old PEDV-infected piglets, compared to that of normal piglets
at the same age. A decreased ratio of VH:CD was observed in jejunum and ileum of 10-day-old piglets
infected with PEDV. These findings indicated that younger piglets infected with PEDV showed more severe

clinical signs, lesions, and villous damage than the older PEDV-infected piglets.

Keywords: villous damage, piglets, porcine epidemic diarrhea virus

'Corresponding author: Prapassorn Boonsoongnern Department of Anatomy Faculty of Veterinary Medicine, Kasetsart University, 50 Ngam Wong Wan

Rd, Lat Yao, Chatuchak, Bangkok 10900 Tel: 66 2942 8954; email: fvetpsj@ku.ac.th, boonsoongnern.p@gmail.com

Article history; received manuscript: 20 November 2017, accepted manuscript: 17 January 2018, published online: 26 January 2018



Prapassorn et al., Chiang Mai Veterinary Journal 2018; 16(1): 37-46 38

UNANNAUDLIU

nstdsau sy m'mL%‘ﬂmmaﬁa"l,dlugnqnsamL%’aisﬂﬁméfmﬁmﬁia

lugnsnalguanmAnany

dszAaas yygaiu" aamne yugudn’ als wiAdagns’ uaz sURNS weuuw'

'\NARTINEBNIAANIART ADUSARUNNEAIARNT NNIINEAENNBATAIART UINAIALID IAFINT DTN 10900
“PIAITUITANARTUNENINENNINIINAREAT AU ARWMNNEIAIARNT NNIINEIAENNEATAIANT

B MUANUAL 8.1 IUALAL "V.Mﬁ?ﬁ‘ﬂj&l 73140

unAngda lsafiasiefinsalugns (Porcine epidemic diarrhea, PED) Gufinnsszunaludssmalnasaudt w.a.
2547 LL@t@%’]\‘iﬁQ’mLaﬂM’mV]NLﬂiﬂﬁﬁﬁiﬁﬁuLﬂHﬁ?ﬂ?éLa”ﬂQQﬂ? mmmmimﬁﬁmmnﬁy@%% porcine
epidemic diarrhea virus ( PEDV) m@ﬁﬂmﬂ%ﬂiﬁ@mmmi@ﬁimﬁfmmLﬂfohLL@&@Tﬂwm:mm@Wﬁﬁ%%mﬁ
ﬁﬂéﬂ,zﬁnmmqﬂqmﬁmL%”@Imﬁméwﬁmﬁi@ﬁmﬂﬁmﬁu Taenfusata ldlandousiu. daunans uazdosuane

103gngnINAnTalsaTiosiAnseLazgngnIUnAn 81g 3 waz 10 Ju INaANHIANHIIEN199aNENEINEN

'
a

a = = 3 A o a d’j o ¥ ' a ' ¥ . .
waz@uyludalaeil Inevianisnsatiudunisfindalo¥annelsnviesiasinse foaganaaey Antigen Rapid
TGE/PED Ag Test kit uazEiudunaanATIfaeaa reverse transcription polymerase chain reaction (RT-PCR) G

o U [ ¥ 1 a =ﬂ| =2 1% a a = a d’j
dunausnynaalungugnansiae uaslinaduaulungugngnsing wedAnufosauyiugalnadnunisinge

TnFanlamnwannveatiayliadalaan lfidndausiu doaunans uazdoutlans lugnansiiniaelaFalsnviasdess nsie

v
@ o

WAZLENINNTIRERIEIUTZI9N4 villous height (VH): crypt depth (CD) wuanRensdauanasluanléiansia 3

anu Inenwudniaungalusldiandaunansuesgngnsany 3 dunsame lafalsnfiesiassiase WanFauiiauiugn
anstnAnenynennu Tuansignanseny 10 4u Nanielsnfiessnsfinsiaiuy azidnsndau VH:CD anasluanld
@ . v o = o P > L da & Y i a

andaunans uavdautlane Asiuandnmluaieiiainnsaagillidn qnansenaiiaandnnsamalsniiassassinse

Tugnsuansain1aniepanin sealsanguns uaziinana@anieaesialalininniigngnsnenauinngni

Animalsnfiaddannse

AdATY ANNRENETe9Iala gnans me laialsadiesiasinsielugns

* fsuRagauunadn Usziaas Yoyguiu MATnein1amsni AsaRUmEAEnT SWENENSIINEAIANARS 1A27 50 DUKINGIANY ULNAIAENT

ch

me@ﬁ]'ﬁ”ﬂi NIUNWNUIUAT 10900 nadnif 66 2942 8954 amﬁfvetpsj@ku.acih, boonsoongnern.p@gmail.com

dayaunAIN FUAIATILNATIN 20 WOARNIEU WA.2560 FURIAFUNTARNIT 17 ungIAN W.A.2561 Tuiiffiuraeulal 26 unsiAN W.A.2560



Prapassorn et al., Chiang Mai Veterinary Journal 2018; 16(1): 37-46

39

Introduction

Materials and methods

An outbreak of porcine epidemic diarrhea
(PED) is spreading in Thailand since 2007. The
first outbreak was reported in affected farms at the
Nakhon Pathom province (Puranaveja et al.,
2009). The spread of the outbreak in the country is
still ongoing and has led to financial losses to
porcine industries. The causative agent of this
disease is the porcine epidemic diarrhea virus
(PEDV), classified in genus Alphacoronavirus,
family Coronaviridae, and order Nidovirales
(Madson et al., 2014; Jung et al., 2015a). The
suckling piglets infected with PEDV exhibit several
clinical signs such as diarrhea, vomiting, and
dehydration leading to increased chances of
mortality, but the clinical signs in older pigs are
less severe (Annamalai et al., 2015). In addition,
Olanratmanee et al. in 2010 reported the
reduction of reproductive performance in gilts and
sows infected with PEDV. PEDV infection causes
the destruction of villous enterocytes within the
small intestine, leading to reduced villous length
and substantial decrease in the ratio of villous
height to crypt depth (Sueyoshi et al., 1995;
Madson et al., 2014).

The objective of this study was to
investigate gross lesions and histopathology of
the small intestine of PEDV-infected piglets of

different ages.

Experimental design

Twenty suckling piglets infected with
PEDV were obtained from a two-site pig farm in
Chonburi province, Thailand. Sows and gilts were
housed in an open housing system facilitated with
water sprinklers and fans. The farm status was
stable of porcine reproductive and respiratory
syndrome virus (PRRSV); this status was
confirmed by negative RT-PCR results for PRRSV
and positive results for PRRSV antibodies by
ELISA test. Sows and gilts were vaccinated
against swine fever virus (SFV) and pseudorabies
virus (PRV) using commercial vaccines at four and
three weeks before farrowing. After farrowing, they
were vaccinated against foot-and-mouth disease
virus (FMDV) and porcine parvovirus (PPV) at two
and three weeks, respectively. In addition, they
were vaccinated with modified live PRRSV vaccine
every three months. They had never been
vaccinated against PEDV. The suckling piglets
were divided into four groups of five each: A
(normal 3-day-old piglets), B (3-day-old piglets
infected with PEDV), C (normal 10-day-old
piglets), and D (10-day-old piglets infected with
PEDV). The infected piglets were selected on the
basis of clinical signs as well as positive results of
Antigen Rapid TGE/PED Ag Test kit (BioNote,
Inc.). The clinical signs were graded from 1 to 3,
with ‘1’ indicating no diarrhea, good body
condition, and no dehydration; ‘2’ indicating
creamy diarrhea, mild emaciation, and mild
dehydration; and ‘3’ indicating watery diarrhea,

emaciation, and severe dehydration. Piglets in
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grade 1 were considered normal, while those in
grade 3 were considered PEDV-infected.

Al piglets were euthanized and a
necropsy was performed for the observation of
morphological changes. The tissues of the small
intestine (duodenum, jejunum, and ileum) were
collected for histopathological study. All
experiments on animals were carried out in
compliance with the Ethical Guidelines of
Laboratory Animals in Research, National
Research Council, and were approved by the

Animal Care and Use Committee, Kasetsart

University (ID# ACKU 02458)

Reverse transcription polymerase chain
reaction (RT-PCR)

Only samples from jejunum were used for
the detection of PEDV. The tissues were
homogenized with 0.1 M phosphate-buffered
saline (PBS) at pH 7.2 and were centrifuged for 10
min at 4,800 x g. Supernatants were collected and
stored at —=70°C till use.

For the extraction of RNA, 500 pL TRIzol
and 300 pL chloroform were mixed with 200 pL
supernatant. The resulting suspension was
centrifuged at 1,200 x g for 10 min, and the
supernatants were precipitated with isopropanol
at —20°C for 20 min. The RNA pellets were washed
twice with 1 mL of 75% ethanol and were
centrifuged at 1,200 x g for 10 min. The resulting
pellet was resuspended in 30 pL
diethylpyrocarbonate (DEPC). RT-PCR was
conducted using a previously described method

(Kim et al., 2001).
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Study of histopathology and
immunohistochemistry

The duodenum, jejunum, and ileum of the
small intestine were collected, fixed in 10% neutral
buffered formalin, and embedded in paraffin. The
samples of 5 ym thickness were cut and stained
with hematoxylin and eosin (H&E). The sections
were dehydrated in serially graded ethanol and
xylene.

After the tissue slides were
deparaffinized with xylene and rehydrated through
graded alcohols, endogenous peroxidase was
quenched using 3% hydrogen peroxide in PBS for
immunohistochemistry. The slides were then
subjected to the conventional antigen retrieval
(AR) step in a microwave oven. Tissue slides were
incubated at room temperature with 10% normal
goat serum for 30 min. The slides were then
stained with 1:200 (v/v) rabbit antiserum against
PEDV at 4°C, and were left overnight. All slides
were washed thrice with 0.1% PBS-Tween 20
(PBST). This was followed by incubation with
1:1000 (v/v) horseradish peroxidase (HRP)-
conjugated goat anti-rabbit antibodies (KPL,
Gaithersburg, MD, USA) for 30 min at room
temperature. After washing, the tissues were
stained  with  3,3'-Diaminobenzidine  (DAB)
substrate for peroxidase reaction and were
counterstained with hematoxylin. The images were
observed under Bio-Imaging Navigator FSX100

(Olympus)

Morphometric analysis
For the morphometric analysis, all tissue

slides containing the sections of the small intestine
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were taken from each of the PEDV-infected and
normal piglets at different ages. Only transverse
sections stained using H&E were used for
morphometric analysis. Villous height (VH) and
crypt depth (CD) were estimated by measuring 10
villi and crypts throughout the sections. The
average VH and CD from each slide were used for
statistical comparison of the two groups and

calculation of VH:CD ratios.

Statistical analysis

VH, CD, and VH:CD were expressed as
mean + standard error of the mean (mean + SEM).
Statistical comparisons of these parameters
between the groups were performed by Student’s
t-test or one-way ANOVA using the software
GraphPad Prism. The p-values < 0.05 indicated a
significant difference between the analyzed

groups.

Results

Clinical observations and gross lesions

Ten PEDV-infected piglets (groups B and
D) had yellowish watery diarrhea and vomiting,
leading to dehydration and loss of body weight.
All the PEDV-infected piglets showed thin and
transparent intestinal walls and intestinal dilatation
with an accumulation of yellowish fluid at necropsy
(Figures 1B and 1D). The other internal organs
appeared normal. Neither the clinical signs nor
lesions were observed in normal piglets of both

ages.
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RT-PCR

The RT-PCR assay was standardized for
the detection of PEDV in the jejunum of all
experimental piglets. Positive results were
observed only in piglets infected with PEDV
(Figure 2).

Histopathology

The histological sections revealed
shortened Vvilli in the duodenum, jejunum, and
ileum of piglets of group B, in comparison with
piglets in group A (Figures 3A and 3B). On the
other hand, piglets in group D exhibited shortened
villi only in the jejunum. In addition, the erosion of
epithelial cells at the tip of villi were also observed
in piglets of both group B and group D. The
epithelial lining of the crypts of Lieberkuhn was

normal in all the groups.

Immunohistochemistry

Immunohistochemical  staining  using
polyclonal antibodies specific for PEDV revealed
abundant viral antigens in epithelial cells,
predominantly on villi. The positive reaction was
characterized by the development of brown color
in the cytoplasm of the infected cells (Figure 3C).
The jejunum of PEDV-infected piglets was
observed to give stronger signal intensity,
compared to the duodenum and ileum. Positive-
stained cells were not observed in epithelial cells

lining the crypts of Lieberkuhn.
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Figure 1 The necropsy results of piglets of different ages; 3-day old and 10-day-old piglets, (A); normal 3-day-

old piglet, (B); 3-day-old PEDV-infected piglet, (C); normal 10-day-old piglet, (D); 10-day-old PEDV-infected

piglet. The 3-day-old piglet infected with PEDV showing thin intestinal wall (B, arrow). Intestinal dilatation with

fluid accumulation (*) is shown in 3-day old and 10-day-old PEDV-infected piglets (B and D, respectively).

651 bp ——

M 1 2 3

4 5 6
Figure 2 RT-PCR assay, lane M; 100 bp DNA

ladder, lane 1; Negative control, lane 2-6;

representative PEDV-positive samples (651 bp).

Morphometry

A decrease in the villous height was
observed in the duodenum, jejunum, and ileum of
piglets in group B and only in the jejunum of the
piglets in group D. However, the difference in

villous heights between PEDV-infected and normal

piglets was not significant (p > 0.05). Crypt depth
in all intestinal sections was similar across all
groups (Figure 4). VH:CD ratios in all parts of the
intestine were observed to decrease in piglets of
group B. In the case of piglets in group D, the
VH:CD ratios in jejunum and ileum were observed
to decrease, but the differences were insignificant
in comparison with the ratios observed in group C
(Figure 5). All results are summarized in Figures 4

and 5, and in Table 1.
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Figure 3 Histopathological appearance of the
jejunum of PEDV-infected 3-day-old piglet shows
villous atrophy and flattened epithelial lining (B)
compared with normal 3-day-old piglet (A).
Immunohistochemical staining for PEDV (C), the
PEDV antigen (brown color) in the cytoplasm of
epithelial cells on villi is shown in 3-day old piglet

infected PEDV. Scale bar = 500 pm.
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Figure 4 Morphometric analysis in the small
intestine demonstrating villous height (um) and
crypt depth (um) of normal and PEDV-infected
piglets at three and ten days of age. Data are
expressed as the mean + SEM for five piglets per

group.

Discussion

All the PEDV-infected piglets (3-day and
10-day-old) exhibited yellowish watery diarrhea,
vomiting, and dehydration compared to the
control group. They also showed positive results
(band corresponding to 651 bp) in the RT-PCR
assay, which was not observed in normal piglets
of both groups. The histopathology indicated
shortening and erosion of villi in the duodenum,
jejunum, and ileum of piglets in group B. These
findings were in line with the reports, which
demonstrated PEDV affected villous atrophy in all

segments of the small intestine of piglets
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inoculated with PEDV, as well as those exposed to
natural PEDV (Madson et al., 2016; Stevenson et
al., 2013). In the case of piglets in group D, a
decrease in the length of villi was observed only in
the jejunum. In contrast, the crypt depth did not
significantly differ between PEDV-infected piglets
and normal piglets at all ages. A decrease in the
VH:CD ratios in the small intestine was observed
in this study, possibly because of the decrease in
villous height. The crypt depth was found to
increase in the jejunum of piglets in group B
(Figure 4 and Table 1). It is possible that the
higher numbers of proliferating crypt cells lead to
increased turnover of enterocytes, as the intestinal
stem cells located in crypts replace the apoptotic
or necrotic enterocytes for maintenance of
intestinal epithelium (Jung et al., 2015a).

In the present study, PEDV antigens in
the small intestine were detected by
immunohistochemistry. Strongly positive results
were obtained in the jejunum of PEDV-infected
piglets, whereas fewer cells in duodenum and
ileum were affected. This corroborates with the
finding of Kim et al. in 1999, which showed the
positive immunohistochemical staining of jejunal
villi to be stronger than ileal villi. Jejunal and ileal
villi are the main target for replication of PEDV,
while viral replication at other sites may depend
on the tissue specificity of PEDV strains (Kim and
Chae, 2000). In addition, several reports indicated
that the cells infected with PEDV were also found

in colon and cecum (Jung et al., 2014; Sueyoshi
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et al., 1995). In contrast, other studies reported
that histologic lesions did not appear in the large
intestine (Jung et al., 2015b). However, this study
focused on changes in the small intestine and not

the large intestine.

Duodenum

Figure 5 Morphometric analysis in the small
intestine demonstrating villous height (um) to crypt
depth (um) ratio of normal and PEDV-infected

piglets at three and ten days of age (five piglets

per group).
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Table 1 Villous height (VH), crypt depth (CD) and ratio of VH to CD in small intestine of normal and PEDV-

infected piglets at three and ten days of age.

Group
A (n=5) B (n=5) C (n=5) D (n=5)

Duodenum

Villous height (um) 387.6 +22.91 336.1 +18.63 423.3 £18.83 436.6 +23.86

Crypt depth (um) 185.8 +£8.99 196.8 +6.99 210.6 +10.08 1714 +6.26

Villous: Crypt ratio 2.17:1 1.80:1 2.20:1 2.43:1
Jejunum

Villous height (um) 358.9 +24.00 200.5 +9.03 459 + 31.51 3211 £22.47

Crypt depth (um) 119.7 £4.70 143.4 +4.58 181.5 £7.24 182.7 £4.95

Villous: Crypt ratio 3.11:1 1.41:1 2.69:1 1.73:1
lleum

Villous height (um) 284.4 +17.99 176.2 £10.95 271.6 +13.73 248.7 +19.36

Crypt depth (um) 134.2 +7.88 137.2 £4.31 153.8 +5.41 162.5 +4.50

Villous: Crypt ratio 2.07:1 1.26:1 1.77:1 1.49:1

Taken together, these findings indicated
that the younger piglets infected with PEDV
exhibited more severe clinical signs, lesions, and
vilous damage than the older piglets. These
findings could be used for assessment and
prediction of PEDV infection in pig farms.
However, the appearance of histopathological
lesions in piglets could vary with the infectious
dose and/or age-dependent susceptibility to
natural PEDV infection. Hence, colostrum
management is very important, as the immunity of
piglets is derived from mother's milk. In absence
of adequate colostrum management, the sows
having an epitheliochorial placenta cannot transfer
maternal immunity during gestation. Moreover, the

management of farrowing house should be done

in an appropriate environment. The protective

herd immune status in sows is important for

appropriate control of the disease.

Conflict of interest

There is no conflict of interest.

Acknowledgement

This work was supported financially by

Kasetsart University Research and Development

Institute (KURDI). We would like to thank Assoc.

Prof. Dr.

Worawit

Watchawalku who kindly

provided specific polyclonal antibody for PEDV.




Prapassorn

et al., Chiang Mai Veterinary Journal 2018; 16(1): 37-46

Refere

nces

Annamala

Jung, K.,

i, T., Saif, L.J., Lu, Z., Jung, K., 2015. Age-
dependent variation in innate  immune
responses to porcine epidemic diarrhea virus
infection in suckling versus weaned pigs.
Vet Immunol Immunopathol. 168, 193-202.
Annamalai, T., Lu, Z., Saif, L.J., 2015a.
Comparative pathogenesis of US porcine
epidemic diarrhea virus (PEDV) strain PC21A in
conventional 9-day-old nursing piglets vs. 26-

day-old weaned pigs. Vet Microbiol. 178, 31-40.

Jung, K., Eyerly, B., Annamalai, T., Lu, Z., Saif, L.J., 2015b.

Structural alteration of tight and
adherens junctions in villous and crypt
epithelium of the small and large intestine of
conventional nursing piglets infected with
porcine epidemic diarrhea virus. Vet Microbiol.

177,373-378.

Jung, K., Wang, Q., Scheuer, KA., Lu, Z., Zhang, Y., Saif,

Kim, O.,
Kim, O.,
Kim, S.Y.

L.J., 2014. Pathology of US porcine
epidemic diarrhea virus strain PC21A in
gnotobiotic pigs. Emerg Infect Dis. 20, 662-665.
Chae, C., 2000. In Situ Hybridization for the
Detection and  Localization of Porcine
Epidemic Diarrhea Virus in the Intestinal Tissues
from Naturally Infected Piglets. Vet Pathol.
37, 62-67.

Chae, C., Kweon, C.H., 1999. Monoclonal
antibody-based immunohistochemical
detection of porcine epidemic diarrhea virus
antigen in formalin-fixed, paraffin-embedded
intestinal tissues. J Vet Diagn Invest. 11, 458-
462.

, Song, D.S., Park, B.K., 2001. Differential
detection of transmissible gastroenteritis virus
and porcine epidemic diarrhea virus by duplex

RT-PCR. J Vet Diagn Invest. 13, 516-520.

Madson, D.M., Arruda, P.H.E., Magstadt, D.R., Burrough,

E.R., Hoang, H., Sun, D., Bower, L.P,

Bhandari, M., Gauger, P.C., Stevenson, G.W.,

46

Wilberts, B.L., Wang, C., Zhang, J., Yoon,
K.J., 2016. Characterization of Porcine Epidemic
Diarrhea Virus Isolate US/lowa/18984/2013
Infection in  1-Day-Old  Cesarean-Derived
Colostrum-Deprived Piglets. Vet Pathol. 53,
44-52.

Madson, D.M., Magstadt, D.R., Arruda, P.H.E., Hoang, H.,

Sun, D., Bower, L.P., Bhandari, M.,
Burrough, E.R., Gauger, P.C., Pillatzki, A.E.,
Stevenson, G.W., Wilberts, B.L., Brodie, J.,
Harmon, K.M., Wang, C., Main, R.G., Zhang, J.,
Yoon, K.J., 2014. Pathogenesis of porcine
epidemic diarrhea virus isolate
(US/lowa/18984/2013) in 3-week-old weaned
pigs. Vet Microbiol. 174, 60-68.

Olanratmanee, E.O., Kunavongkrit, A., Tummaruk, P.,

2010. Impact of porcine epidemic diarrhea
virus infection at different periods of pregnancy
on subsequent reproductive performance

in gilts and sows. Anim Reprod Sci 122, 42-51.

Puranaveja, S., Poolperm, P., Lertwatcharasarakul, P.,

Kesdaengsakonwut, S, Boonsoongnern,
A., Urairong, K., Kitikoon, P., Choojai, P.,
Kedkovid, R., Teankum, K., Thanawongnuwech,
R., 2009. Chinese-like strain of porcine epidemic
diarrhea virus, Thailand. Emerg Infect  Dis. 15,

1112-1115.

Stevenson, G.W., Hoang, H., Schwartz, K.J., Burrough,

E.R., Sun, D., Madson, D., Cooper, V.L,
Pillatzki, A., Gauger, P., Schmitt, B.J., Koster,
L.G., Kilian, M.L., Yoon, KJ.,, 2013.
Emergence of Porcine epidemic diarrhea virus
in the United States: Clinical signs, lesions,
and viral genomic sequences. J Vet Diagn

Invest. 25, 649-654.

Sueyoshi, M., Tsuda, T., Yamazaki, K., Yoshida, K,

Nakazawa, M., Sato, K., Minami, T., Iwashita,
K., Watanabe, M., Suzuki, Y., Mori, M., 1995. An
immunohistochemical investigation of ~ porcine

epidemic diarrhoea. J Comp Pathol. 113, 59-67.



