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Enteric disease

Clinical diagnosis

F Samphng

* Bacteriology mainly based
on quantitative criteria

* PCRs
* Histopathology

l

Necrospy and lesions
evaluation

In many cases the information
collected allow to a presumptive
diagnosis

¥

* Immunohistochemistry @)
* Insitu hybridization
* Immunofluorescence

* Virological methods

Others

The presumptive diagnosis drive
the sampling for confirmatory

laboratory investigations

Aetiological diagnosis

P ERER T < ik

Luppi et al., 2023




Particularly hazardous periods in the pigs life

PED. TGE

Salmonellosis

Swine dysentery _
Brachyspira spp,

Grower scour I L awsonia
intracellularis,

. . Salmonella
Post weaning diarrhoea BN - TEC EDEC. Salmonella
Three-wegk-diarrhoea 2 wks> rotavirus, parasite (white scour),
) _ Salmonella
Neonatal diarrhoea — E. coli, Clostridium, PED, TGE...
| | | >

Buth 1 2 3 4 5 6 7 8 9 1011 12 1314 15

weeks

Fig. 2. Diarrhoea 1n pig 1s often related to certain ages or certain periods during

rearing.
Jacobson M. 2003



E. coli E. coli E. coli (up to 12 weeks)
C. perfrigens C
C. difficile

Enterococcus spp.

Cystoisospora suis

Rotavirus

C. perfrigens A

TGEV
PEDV and other coronaviruses

Lawsonia intracellularis

Salmonella spp.

Suckling pigs Weaners Fatteners/finishers Adults

L productonpheses

Figure 2. Incidence of pathogens in enteric disease in pigs related to age (modified from Segales et al.,
2013) [6].
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Are there dead animals?

J

Yes

!

from death

< 30 minutes

!

!

Yes

No

§

No

.

Rectal swabs or faeces
(from five pigs)

—_

* Euthanize 3-5
acutely affected pigs
* Perform necropsy

1

ey

Laboratory
investigations

Perform necropsy and

sampling on
euthanized pigs

Figure 4. Enteric disease: sampling criteria in the diagnostic pathway.

Luppi et al., 2023
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Table 1. Enteric disease: specimen collection for histopathology (Modified from Arruda and Gauger,
2019) [4].

Tissue/Sample Specimen Collection
Lymph node Mesenteric—1 cm thickness
Tonsils Half of a tonsil
Spleen 1 cm thickness
Liver 1sample 2 x 2 x 0.5 cm
Kidney Half of a kidney, 0.5 cm slice through the centre
Stomach 3 x 3 x 3 cm piece 1 cm thickness
Jejunum Three sections, 2 cm long
[leum Three sections, 2 cm long

Spiral colon Three sections, 2 cm long
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Colibacillosis due to F4, STa, STh ETEC strain.

Luppi et al., 2023
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Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier

NG IREERNE B KER

Edema disease, pig. Note edema of the
eyelids, snout (top right), stomach mucosa
(bottom left) and mesentery of spiral colon
(* bottom right).




Figure 10-69 Fibrinoid Necrosis of Small Arteries, Edema Disease,
Stomach, Submucosa, Pig. Note the circumferential eosinophilic
(arrows) material in the walls of the arterioles and the extensive edema and
mild hemorrhage in surrounding submucosa. H&E stain. (Courtesy School
of Veterinary Medicine, Purdue University.)



Age of affected pigs:
1. Neonatal: mostly 0-4 days
2. Post-weaning: mostly 28-

60 days

Clinical signs: Lesions:
watery to a creamy diarrhoea Dehydration
* white to yellow in colour * Stomach with the hyperaemia of the fundus
* alkaline pH * Small intestine: oedematous and hyperaemic with diarrhoeic content

Sampling: 3-5 dead/euthanized animals, rectal swabs, intestines, faeces

Are quantitative

criteria respected?

‘Yes

No Diagnostic criteria for
— colibacillosis not respected

T | =
[ Histopathology |

Diagnosis of colibacillosis
due to:

toxins (STa, STb, LT and EAST1)
fimbriae (F4, FS, F6, F18, F41)

Enterotoxigenic E.coli (ETEC)

* protein Eae or intimin

Enteropathogenic E.coli (EPEC)

Stx2e (combined with F18
fimbriae only)

Oedema disease E. coli (EDEC)

Figure 10. Diagnostic algorithm for the diagnosis of colibacillosis.

Luppi et al., 2023
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Enterotoxemia, small intestine, pig. The entire
small intestinal mucosa is hemorrhagic. Necrosis can
extend through the muscularis mucosa and is caused
by toxins of the Clostridium perfringens type C.

L - g
. o .
5 '#’.l’n @ oLV
: ..’J.A" i,\ , o _7‘.
f\ t 'A'AL:} L2 N

Necrohemorrhagic enteritis, small intestine
(histo), cow . Note the horizontal linear "band”
of acute coagulative necrosis affecting the
superficial half of the mucosa (light pink zone)
of the intestine caused by clostridial toxins.

20



Dark red intestine, gas bubbles visible beneath the serosa. Lumen will be
filled with bloody necrotic content. C. perfringens Type C




C. perfrigens type C

* Age of affected pigs: neonates

* Clinical signs: haemorrhagic diarrhoea

* Gross lesions: segmental necro-haemorrhagic
or fibrino-necrotic enteritis

Laboratory investigations

Sampling (fresh samples)

—

3-5 dead/euthanized

animals or intestines

faeces

Histopathology

Can further
confirm the
diagnosis

R

Genotyping of isolates:
detection of genes encoding

for CPB

Diagnosis of clostridiosis
due to C. perfringens type C

Quantitative bacteriology

Yes

&

Isolation of large numbers of
C. perfringens

1No

Diagnostic criteria for
clostridiosis not respected

Luppi et al., 2023
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C. perfrigens type A Laboratory investigations

* Age of affected pigs: neonates Sampling (fresh samples)
* Clinical signs: non-

haemorrhagic mucoid
8 3-5 dead/euthanized

diarrhoea i ) ) faeces
< . animals or intestines
* @Gross lesions: No consistent

and few inconsistent lesions

Histopathology Quantitative bacteriology
Genotyping of isolates: detection of genes ‘
encoding for for CPA and CPB2 (CPB2 detection Isolation of large numbers of
does not contribute for the diagnosis of C. Vo C. perfringens

perfringens type A-associated enteric diseases)

lNo

* Other causes of diarrhoea Dl dleatian o
excluded ]

+ Large amount of bacilli in close » C. perfringens type A Diagnosis of
contact to the enterocytes in involvement in the clostridiosis
the small intestine diarrhoea excluded

Luppi et al., 2023

23



. -

-

KM EE/ Clostridium difficile Luppi et al., 2023

24



C. difficile

Age of affected pigs: 1-7
days of life

Clinical signs: pasty-to-
watery yellowish faeces
Gross lesions: mesocolonic
oedema and necro-
suppurative or
erosive/ulcerative colitis
and typhlocolitis

PCR for Toxinotyping:
detection of genes enconding

for TcdA and/or TcdB

Laboratory investigations

Sampling (fresh samples)

3-5 dead/euthanized animals or intestines

F

aeces OR Faeces

Bacteriology Enzyme immunoassays
$ I

C. difficile isolation

Detection of TcdA and/or TcdB

-

—

T3

Diagnostic criteria for
CDAD not respected

|-

Histopathology: are there characteristic lesions in colonic mucosa?

confirmed

Diagnosis of CDAD

Diagnostic criteria for
CDAD not respected

Luppi et al., 2023
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* Transmissible gastro-
enteritis (TGE)
« Coronavirus infection
« Highly contagious & high
mortality in pigs < 14 days
old
« Severe villous atrophy

= QOthers

« Porcine epidemic diarrhea
« Porcine rotavirus

TGE, small intestine, piglet. The small
intestine is dilated by gas, is thin walled,
and contains undigested milk.

Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier
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Gaunt dehydrated piglets. Vomiting sow.
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New variants of PEDV, which emerged in Taiwan in late 2013, have caused a

high morbidity and mortality IN Neonatal piglets!
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INTESTINE

48 HOURS

VILLI

21 DAYS.

|

N

& WEnTEROCYTE
El
i WGOBLETCELL

i Menpocring
B cEL

Small & Large Intestines Structure

*Long coiled tube, large

surface area

*Folded mucosa

*Villi (7-14 fold increase)

*Microvilli (15-40 fold increase)
Functions

*Digestion, absorption,

excretion

*Fermentation vat (cecum)

*Good defense mechanisms

In 3-week-old pigs the turnover rate is 2 to
3 days.

In neonatal pigs, the turnover
rate is 7 to 10 days!

31



New Variant PEDVs

Age All age, especially in suckling piglets.
Clinical signs Watery diarrhea, piglets may die from
dehydration

Gross lesions 1. Small intestine is distended with yellow, foamy
fluid, and the wall is thin and transparent
2. Stomach is distended with curdled milk

Microscopic 1. Villous height : crypt depth ratio reduction
lesions 2. Cell exfoliation

(Jung and Saif, 20 5 Straw et OI 2006!



(Courtesy Dr. 5. Gelberg, College of Veterinary Medicine, Oregon State Unwversity.)
Zachary and McGavin: Pathologic Basis of Veterinary Disease. 5 edition.
Copyright © 2012 by Mosby. Inc., an affiliate of Elsevier Inc.

Wet mount, intestinal villi, transmissible gastroenteritis, small intestine,
piglet. There is notable villous atrophy(bottom) compared with normal intestine (top)

33



Rotavirus enteritis, jejunum, piglet. There is
notable blunting and fusion of intestinal villi
secondary to virus-induced cytolysis of enterocytes
covering the tips and sides of intestinal villi.

Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier

- -

(Courtesy Dr. B.G. Harmon, College of Veterinary Medicine, The University of Gecrgia and Noah's Arkive. College of Veterinary Medicine. The University of Georgia )
Zachary and McGavin: Pathologic Basis of Veterinary Disease. 5% edition.
Copyright © 2012 by Mosty, Inc., an afiiate of Elsevier Inc.

TGE, small intestine, piglet. Marked villous
atrophy & fusion (arrow).

34
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RT-PCR or real time RT-PCR: Detect PEDV genetic material from feces, oral
fluid, environment and feed

IHC: antibodies to detect PEDV antigen

<+ |nternal control, 1,000 bp

-<+— PEC, 623 bp

-+— PEDV, 502 bp
-+— TGEV, 438 bp
<— PoTV, 352 bp

<— Rota A, 239 bp

35



Severely Damaged Neonatal Pig Gut
Post-PEDV Infection

Neonatal Pig 36 Hours After PEDV Infection

https://www.aasv.org/pedv/Conceptsforherdexposure121713.pdf

Pig 36
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Viral isolation, ICC, IFA, TEM
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http://humanviruses.org/wp-content/uploads/2014/01/Coronavirdae-Cov-1-15-14.png
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Fig. 3. Results of an immunochromatographic assay kit that can be
used for porcine epidemic diarrhea virus (PEDV) detection. (A) The up-
per and lower panels show positive and negative results, respective-
ly. (B) Dual-detecting immunochromatographic kit for the detection of
PEDV and porcine rotavirus.
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Clinical signs

Profuse yellow-white watery diarrhoea, with undigested milk

Lethz.ar.gy Gross lesions

Vomltlr?g * Dilation of small intestine

Anorexia _ _ * Watery, yellow, or grey contents of small intestine
POOT average daily gain * Intestinal walls are thin

Weight loss « Stomach containing undigested milk

Laboratory investigations

3-5 recently dead/euthanized pigs or intestines

. 4

Detection of rotavirus by PCR assays (screening method)

\

Histopathology (confirmation method)

Nor Detection of characteristic microscopic lesions?

l Yes

Diagnosis of Rotavirosis
not confirmed

Suggestive of Rotavirosis

Luppi et al., 2023
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54 IKk=2iE Cystoisospora (syn. Isospora) suis

(a) Eimeria perminuta  (b) Eimeria scabra (c) Cystoisospora suis

42



Kanamori et al., 2018




C. suis

Age of affected pigs: second
week of life

Clinical signs: yellowish-grey
and creamy to liquid faeces

Gross lesions: haemorrhagic or
non-haemorrhagic enteritis,

Coccidiosis: diagnostic tools and criteria

Laboratory investigations

Multiple sampling of

faeces/intestinal content
(e.g. 7, 14 and 21 days of age)

Pasty faecal samples
are likely to contain
more oocysts than
liguid samples

involving jejunum and ileum '
Bk fletanen 2 Different PCR assays
(store faeces at +4°C :
q L f available
Histopathology 0 not freeze)
Autofluorescence Staining protocols

Luppi et al., 2023
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Fibrinous enteritis with involvement of colon and
infected with S. Typhimurium.

small intestine in pigs

47



Salmonellosis

= Acute form

« Fibrinonecrotic enterocolitis,
necrosis of Peyer’'s patches &
mesenteric lymphadenopathy

« Multifocal hepatitis (paratyphoid
nodules) hyperplasia of Kupffer cells

Paratyphoid h
intralesional bacteria (arrow)
S. typhimurium, liver, cow.

Acute salmonellosis. Yellow-brown intaluminal fibrinous cast, bovine (left) &

fibrinonecrotic pseudomembranes in spiral colon, pig (right).
48



Salmonellosis

= Chronic form
« Vasculitis = thrombosis
- infarct = button ulcers

« Ulcerative enterocolitis &
proctitis

+ Rectal strictures & obstruction

Rectal stricture and megacolon in pigs. Marked
dilation of the colon (bottom right) is due to rectal
stricture (left) secondary to ulcerative proctitis, ischemia
and granulation tissue formation.

Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier

o T
T i i
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. ® “n v ¥ = AN

Button ulcers (arrows), colon, pig. These lesions
are focal infarcts due to chronic salmonellosis.




Chronic enteric salmonellosis, colon, pig. Multiple foci of mucosal
necrosis (arrow) are termed button ulcers and are pathognomonic for chronic
enteric salmonellosis

{Courtesy Dr. M.D. McGavin. College of Veterinary Medicine. University of Tennessee.)
Zachary and McGavin: Pathologic Basis of Veterinary Disease, 5 edition.
Copyright © 2012 by Mosby. Inc., an affiliate of Elsevier Inc.
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Salmonellosis

* Peracute/septicemic form Septicemic salmonellosis. Blue-red discoloration
« S cholerasuis of extremities.

« Widspread petechial
hemorrhages, DIC

« Fibrinoid necrosis of blood
vessels - thrombosis =
ischemia, cyanosis

Fibrinous polyserositis

Peracute to acute salmonellosis, colon, horse.
Serosal surfaces. Note the areas of hemorrhage
and necrosis affecting multiple sacculations. This
pattern is consistent with colonic infarcts.

Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier N



S.Typhimurium and its monophasic variant S. 1,4,[5],12:i:-

* Age of affected pigs: mostly in growing period
* Clinical signs: fever, yellow watery diarrhoea that may contain blood and mucus
* Gross lesions: necrotic enterotyphlocolitis with diphtheritic membrane on the mucosal surface

Laboratory investigations

Sampling of faeces/intestines/mesenteric

lymph nodes

Bacteriology (using selective media
with or without enrichment)
[

Serotyping Isolation of Salmonella spp.
Dlagn05|s. of Is the isolation supported by the detection of e of
salmonellosis not No iibicakeizns anclsprontictellesions | Yes salmonellosis
confirmed = : = confirmed

Histopathology _I

Luppi et al., 2023
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L. 'C ;‘ k.h
Thick hyperplastic ileal mucosa with blood clot in lumen.
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Lawsonia enteritis, ileum, pig. Notice
the corrugated cobblestone appearance
of intestinal serosa.

WMEMER - EERE

Lawsonia enteritis, ileum, pig. The
mucosa is partially covered by a yellow
fibrinonecrotic (diphtheritic)
pseudomembrane. A large fibrinous
cast (c) is present in the lumen, and
there are prominent mucosal folds (f) in
one of the segments (necroproliferative
form).




IR IE MBS

= [ awsonia intracellularis

* Pigs >4 weeks

* Hyperplasia of crypt epithelium
- crypt necrosis

* Morbidity 5-15%; mortality ~ 50%
* |leum

. Synonyms
Proliferative enteropathy (PE)
* Intestinal adenomatosis complex
+ Proliferative hemorrhagic enteropathy
+ Distal ileal hypertrophy
* Regional or terminal ileitis

Lawsonia enteritis, ileum, pig. Noticeable hyperplasia of crypts
resembling an adenoma. Note hyperplastic glands composed of

tightly packed enterocytes (e) and numerous mitoses (arrows,
Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier | in set).
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Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier

Proliferative hemorrhagic enteropathy.
Lawsonia enteritis, ileum, pig. Note the large
hemorragic cast in the lumen (c). The serosa is
corrugated.

Ty oy
m‘\& i~ 8 X°

-:,- 3 : v, ":_*..' " X A S * ..':.5‘_" F""«.‘.;.
‘:" o ‘ .,T, ; ,' ‘ . _,7:.'"_"
Histo. Curved Lawsonia spp bacteria (arrows) are present in
the apical cytoplasm of enterocytes. Warthin-Starry stain. L




Luppi et al., 2023
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L. intracellularis

* Age of affected pigs: 4-12 months of age (PHE); 6-20 weeks (PIA)

* Clinical signs: sudden death associated with anaemia, haemorrhagic diarrhoea melena or
haematochezia (PHE); yellow watery diarrhoea that may contain blood and mucus (PIA)

* Gross lesions: the ileum is dilated and the wall is thickened and contains one or more formed
blood clots combined with fibrino-necrotic debris (PHE); the mucosa is thickened, corrugated, or
with a cerebriform appearance (PIA).

Subclinical form

2 — * Normal faeces
l Laboratory investigations l
v g * Reduced

weight gain

Histopathology: are there PCR/qPCR assays: screaning

characteristic lesions in the ileum ? \ method
0 & ©

IHC positivity ? (gold standard) I—b Diagnostic criteria for PE not respected

‘ Caution when interpreting negative IHC results due to the inexact segmental
¥

distribution of the PE lesions.

1
It is important to sample more segments of ileum

Diagnosis of PE

Luppi et al., 2023
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Brachyspira hyodysenteriae +
anaerobic bacteria

Pigs 8

Morbidity ~ 90%; mortality ~ 30%

Colon

Findings:

-14 wks old

Swine dysentery

Colonic malabsorption syndrome

Fibrinonecrotic pseudomembranes

Hemorrhage

Necrosis of superficial mucosa

Luminal spirochetes (Warthin-
Starry)

Swine dysentery, colon, pig. This impression
smear contains a few enterocytes and
numerous bacteria. Note the spiral bacteria
(arrows) consistent with Brachyspira spp. Diff-
Quik stain.

Pathologic Basis of Veterinary Disease, 5%ed., Mosby-Elsevier
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Swine dysentery. The mucosa of the spiral colon has a rough diphtheritic membrane due to necrosis of
superficial mucosa and fibrin exudation (top left). Hemorrhagic colitis (bottom right). Bloody anal discharge
(bottom left). Histo: Colon, several spiral bacteria (arrow) are present in the lumen of a crypt (L). Silver stain.




Fibrinonecrotic debris with dark blood clots on the colon mucosa Chronic Swine Dysentery: less blood but thickened mucosa c:
with adherent yellow tan necrotic membrane.
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B. hyodysenteriae (B. hampsonii; B. suanatina)

* Age of affected pigs: mainly in grower and finisher pigs
* Clinical signs: yellow to grey diarrhoeic faeces, with muco-fibrinous exudate and blood
* Gross lesions: muco-haemorrhagic typhlocolitis

Acutely affected pigs: (10%-
10°/g) of Brachyspira spp.
in their colonic mucosa and
faeces

Laboratory investigations

Collect faeces/intestines (cecum/colon)
from 3-5 acutely affected animals

Do not freeze the samples

|

Asymptomatic pigs only
periodically  shed the
organism at detectable
levels (>103 cells/mL
contents) in their faeces

!

Histopathology

PCR assays &

Bacteriology |[m——)

Is the strain isolated
B-haemolytic?

Yis No
B. hyodysenteriae | | B. pilosicoli?

(B. hampsonii; B. Other Brachyspira

suanatina) ?

strains ?

for speciation i

Luppi et al., 2023
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