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ABSTRACT 
 
An experiment was carried out to study the development of sequential histological lesions 
and efficacy of certain diagnostic tests in experimentally induced subclinical 
paratuberculosis infection in goats. Twelve goats of 8-12 weeks age were infected with 
4.23 x 109Mycobacterium avium subsp.  Paratuberculosis on 8 occasions. Eight goats 
were kept as in-contact controls and 4 as uninfected controls. Diagnostic tests, gross and 
histopathological studies were carried out at 3, 6, 9 and 12 months post-infection. Two 
goats were positive in the AGID test at 12MPI. Three goats, one at 9 MPI and two at 12 
MPI were positive in faecal culture. Tissue PCR detected one goat positive each at 9 and 
12 MPI. Six (50%) of 12 infected goats had gross and histological lesions. Marked 
enlargements of the mesenteric lymph nodes were observed in the early stages (3 and 6 
months post infection) of infection. Mucosal thickening and corrugation of the jejunal and 
ileal mucosae, enlargement and oedema of the mesenteric lymph nodes, dilatation of 
lymphatics and gelatinisation of mesenteric fat were observed in goats euthanised at 9 and 
12 MPI. Histological lesions consisting of flat and broad villi with mild infiltration of 
lymphocytes and macrophages in the intestinal villi and crypts were common at 3 MPI 
and 6 MPI. Focal infiltration of macrophages in Peyer's patches and giant cells were 
found in the mesenteric lymph nodes at 6 MPI. Broadened villi and increased infiltration 
of lymphocytes and macrophages with Langhan's giant cells were observed in the villi and 
crypts at 9 MPI and 12 MPI goats. Acid-fast bacilli were detected in 3 goats, one each at 
6, 9 and 12 MPI. 
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INTRODUCTION  

Johne’s disease is an economically important chronic bacterial disease of all domestic and 
wild ruminants. The disease, caused by Mycobacterium avium subsp. paratuberculosis is 
characterized by chronic granulomatous enterocolitis, lymphangitis and lymphadenitis. 
The clinical manifestations of the disease include incurable diarrhoea, progressive weight 
loss and decline in the productivity of animals (Williams et al., 1979; Chiodini et al., 
1984; Benedictus et al., 1987; Buergelt and Ginn, 2000; Godfroid et al., 2000; Kramsky et 
al., 2000). The bacterium of Johne’s disease also has been implicated with an 
inflammatory bowel disease in humans known as Crohn’s disease (Stabel, 1998; Selby, 
2000). 
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In India, paratuberculosis in goat was first reported by Pande in 1942 from Assam. The 
disease now been reported from many parts of the country with prevalence varying from 
2.5 to 18.9 % (Srivastava and More, 1987; Kumar et al., 1988; Singh et al., 1998; Tripathi 
and Parihar, 1999, Tripathi et al., 2002). Various authors have described lesions in 
paratuberculosis, which occurs due to host’s inflammatory immune response to the 
invading mycobacteria (Paliwal and Rajya, 1982; Rubin and Habekar, 1999; Hirsh and 
Zee, 1999).  

The pathological changes in natural cases of paratuberculosis of goats were studied in 
detail by several workers (Nakamatsu et al., 1968; Majeed, 1972; Paliwal and Rajya, 
1982; Corpa et al., 2000). Corpa et al.,(2000) described lesions in the natural cases of 
caprine paratuberculosis as focal, diffuse multibacillary, diffuse lymphocytic and diffuse 
mixed based on the severity and pattern of cellular infiltration. Sigurdardottir et al., (1999) 
studied the pathological and immunological response in early subclinical stages of 
experimental paratuberculosis in goat kids. Similarly, Storset et al.,(2001) carried out 
immunological and microbiological study in subclinical paratuberculosis in goats 
following experimental infection. Valheim et al.,(2002) described lesions in subclinical 
paratuberculosis in goats, which were associated with persistent gut associated lymphoid 
tissues (jejunal and ileo-caecal valve Peyer’s patches). The studies on sequential 
development of lesions and their relationships with immunological, serological and 
bacteriological findings in early stages of paratuberculosis are scarce in goats. Therefore, 
this study was aimed for comparative assessment of commonly used diagnostic tests 
during subclinical infection in experimental infection in goats. 
 
MATERIALS AND METHODS 
 
Experimental design 
Twenty-four goats were randomly divided into three groups, namely, the infected (n=12), 
the in-contact control (n=8) and the uninfected control (n=4). The animals in the infected 
group were orally administered with 5 ml of bacterial suspension (4.23 x 109/ml) on eight 
occasions at 3 days interval within a month. Similarly, the uninfected control animals 
received 5 ml sterile PBS. The animals of the in-contact group were administered 
similarly with PBS and kept along with the animals of the infected group. Five animals (3 
infected, one in-contact and one uninfected control goats) were euthanised by intravenous 
injection of Thiopentone injection (Anesthal, Jagsonpal Pharmaceutical, Faridabad, India) 
at 3, 6, 9 and 12 months post-infection (MPI). 
 
Preparation of inoculum 
Small intestine from mid jejunum to the terminal ileum of an advanced case of 
paratuberculosis goat (multibacillary goat, case no.12A/2003) was collected at necropsy 
and the bacterial suspension was prepared as described previously (Kurade et al., 2004). 
The material was then filtered through the sterile gauze to remove tissue debris and to 
recover the bacterial suspension. The approximate number of acid-fast organisms in the 
suspension was found to be 4.23 x 109 AFB/ml (Talwar, 1983). The inoculum was stored 
in screwcapped plastic containers in 50 ml aliquots at -20oC. 
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The suspension was subjected to culture on the Herrold’s egg yolk medium (HEYM) and 
mycobactin – J dependent M. a. paratuberculosis was isolated. The identity of the strain 
was confirmed by the demonstration of the IS900 sequence by polymerase chain reaction 
and confirmed by restriction enzyme analysis (Sivakumar et al., 2005). 
 
Clinical signs 
All the goats of the infected, in-contact and uninfected control groups were examined 
regularly for development of the clinical signs. The body weights of all the animals were 
recorded at monthly intervals. 
 
Johnin testing 
The test was carried out by single intradermal inoculation of 0.1 ml of Johnin purified 
protein derivative (1 mg/ml, BP Division, IVRI, Izatnagar) at a shaven site on one side of 
the neck. The thickness of skin was measured before inoculation and at 72 hours after 
injection with the help of Vernier callipers. Animals showing an increase of 2 mm in 
thickness of skin were considered positive (OIE Manual, 2000; Perez et. al., 1996). 
 
Faecal and tissue smear examination 
Faecal samples (2.0 g) collected directly from the rectum of each goat, was mixed well in 
15 ml of distilled water and left overnight to settle.  5 ml of the supernatant was 
centrifuged at 1500 g for 20 min and smears were prepared from the sediment. Similarly 
scraping smears were prepared from the jejunum, ileum, ileocaecalcalve and mesenteric 
lymph nodes. After heat fixation, smears were stained by Ziehl Neelsen’s (ZN) method 
and examined under microscope using oil-immersion objective. The presence of 2-3, 
strongly acid-fast bacilli in clumps were considered as positive (OIE Manual, 2000, 
Anonymous, 2004). 
 
Bacterial culture of faeces and tissue samples 
Faeces (2.0 g) and pooled tissue samples (2.5 g) from small intestine and mesenteric 
lymph node were homogenized in sterile distilled water and decontaminated with 0.9% 
hexadecylpyridinium chloride (final concentration 0.75%) as described previously 
(Whipple et al., 1991; Rajukumar, 1998; Tripathi et al., 2000).  The samples were cultured 
on Herrold's egg yolk medium (HEYM, pH 7.1-7.4), with and without Mycobactin - J 
(Allied Monitor Inc., Missouri, USA) at 37oC for 16 weeks. The culture was checked 
every 4 weeks. The growth of acid-fast colonies on Mycobactin J supplemented HEYM 
tubes were identified as positive, which were also subjected to the IS900 PCR 
confirmation. 
 
Polymerase Chain Reaction (PCR) 
IS900PCR was carried out in faecal and tissue samples at 3, 6, 9 and 12 months post 
infection. The PCR mixture included 10x buffer(5µl), Mgcl2(5µl), dNTP(10µl), primers 
BN1 and BN2(2.5µl each), Taq. Polymerase(0.5µl), DNA(0.5µl) and water(24µl). 
Oligonucleotide primersBN1: 5’ GTT ATT AAC GAC GCC CAG C-3’ and BN2: ACG 
ATG CTG TGT TGG GCG TTA G-3’ flanking a region of 626 bp fragments, designed 
from published sequence of IS 900 of M.a. paratuberculosis(Sivakumar et al., 2005 and 
Green et al., 1989) was used. Initial denaturation (1 cycle) was carried out at 94C for 4 
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min, denaturation (30 cycles) at 94º C for 1 min., annealing (30 cycle) at 60ºC, synthesis 
(30 cycles) at 72ºC for4 min, final elongation (1 cycle) at 74ºC for 4 min and holding at 
4ºC for 30 min.      
 
Serological tests 
a) Agar gel immunodiffusion test (AGID): AGID test was carried out in 1% agarose 
prepared in PBS (pH 7.4) as per the procedure already developed in the laboratory (Goat 
Lab Division of Pathology IVRI).  
 
b) Absorbed ELISA: The capture antigen from MAP strain 316 and the adsorbing 
antigen from Mycobacterium phlei were prepared as described previously (Rajukumar 
etal., 2001).  The flat bottom 96-well plates (Maxisorp, Nunc, Denmark) were used.  The 
ELISA procedures including optimum concentration of capture and adsorbing antigens, 
sera and conjugate (antigoat IgG-HRP, Sigma, St. Louis, MO, USA) were carried out at 
Goat Disease Lab, Division of Pathology, IVRI. The colour was developed by addition of 
hydrogen peroxide and O-phenylenediamine (Sigma).  The optical density was measured 
at 492 nm in and ELISA reader (Multiscan Ex; Becton Dickinson, Franklin Lakes, NJ, 
USA). The serum samples were incubated with optimum concentration of adsorbing 
antigen (M. phlei antigen). 
 
The positive ELISA results were determined by S/P value (sample to positive ratio) using 
the following  formula: 
 
          Sample mean – Negative control mean 
S/P=  ———————————————— 
         Positive control mean – Negative control mean 
 
The samples showing S/P value of 0.35 (cut off value) or more were considered positive.  
The cut off value was determined based on sera collected from 100 goats from an 
organized farm that had no history of occurrence of paratuberculosis and for last 3 
consecutive years, had been testing negative in faecal culture, PCR and AGID.  
 
Pathological studies 
The experimental animals were euthanised at 3, 6, 9 and 12 months post infection. 
Detailed necropsy examination was conducted, and the gross pathological changes were 
recorded. The tissue collection for the microscopic examination included 1 section of 
duodenum, 4 sections of jejunum, 3 sections of ileum, 1 section each of the mesenteric 
lymph node, ileocaecal lymph node, caecum, colon and rectum. One section each from 
other organs such as liver, kidneys, spleen, adrenals, pancreas, heart, lungs and aorta were 
also collected.  All tissue samples were fixed in 10% neutral buffered formalin and cut 
into pieces of 2-3 mm thickness before conventional processing. The embedded tissues 
were sectioned at 4µm thickness and stained with haematoxylene and eosin (Culling, 
1968). Adjacent sections from all tissues were also stained by Ziehl Neelsen’s (ZN) 
method. 
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RESULTS 
 
Clinical signs 
The body weight did not show significance difference between the infected, in-contact and 
the uninfected control animals. Three goats, one at 9 MPI and two at 12 MPI.  showed 
unthriftiness and mild muscle wasting. Oedema of the intermandibular space in two goats 
(One at 9 MPI and one at 12 MPI) and intermittent soft faeces (two at 9 MPI and one at 12 
MPI) which were observed during 7 months of infection and persisted for 3 weeks. The 
remaining animals of the infected and control groups had normal appetite and pelleted 
faeces during the observation period.  
 
Johnin testing 
Three goats (Goat No 3, 4 and 28) tested positive at 6 MPI. Five goats(Goat No. 1, 3, 4, 5, 
and 6) tested positive at 9 MPI. Two goats (Goat No 3 and 4) tested positive both at 6 and 
9 MPI. Two of 3 goats that were positives at 9 MPI became negative at 12 MPI (Table 1).  
 
Table 1: Result of different diagnostic tests employed in 12 experimental infected animals 
 
Goat 
No. 

Sacrifice 
MPI 

DTH AGID ELISA Faecal 
smear 

Faecal 
culture 

Faecal 
PCR 

Tissue 
smear 

Tissue 
culture 

Tissue 
PCR 

H/p 
lesion 

ZN 
stain 

1 
2 
3 
4 
5 
6 
7 
23 
26 
27 
28 
31 

12 
12 
12 
9 
9 
9 
3 
6 
3 
6 
6 
3 

+ 
- 
+ 
+ 
+ 
+  
- 
- 
- 
- 
+ 
- 

+ 
- 
+ 
- 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
- 
+ 
- 
- 
- 
- 
+ 
- 
+ 
+ 
- 

+ 
- 
- 
+ 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
- 
+ 
+ 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
- 
- 
+ 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
- 
- 
+ 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
- 
- 
+ 
- 
- 
- 
- 
- 
+ 
- 
- 

+ 
= 
= 
+ 
= 
= 
= 
= 
= 
+ 
= 
= 

 
Serological examination 
 
Agar gelimmunodiffusion test (AGID) 
In the infected group, 2 goats (Goat No.1 and 3) were positive at 12 MPI in the AGID test.  
All goats of the in contact and uninfected control groups were tested negative in the AGID 
test. 
 
Absorbed ELISA 
There were increased S/P values in both infected and in-contact groups as compared with 
the control group.  However, the mean S/P values were negative at all time points. A total 
of 5 experimentally infected goats (Goat N. 1, 3, 23, 27 and 28) were found positive at 
various month post infection. Only one goat showed positive after 1 MPI, two were found 
positive after 5 and 6 MPI and other two goats were tested positive after 8 and 10 MPI.  

Nepalese Vet J. 34: 69-84 



 

Howe
found
 
Bacte
M.a. 
MPI 
and a
bacte
positi
 
Polym
All th
PCR 
at 9 M
 
Gros
The 
muco
mese
disco
prom
obser
 
 

Fig

ever monthl
d negative fo

erial culture
paratubercu
and two goa
all the anim
erial culture 
ive for bacte

merase Cha
he experime
carried out 

MPI (G4) an

ss Pathology
important g

osa and enla
nteric lymp

olouration of
minent in goa

rved in two g

.1: Intestinal 

ly mean S/P
or ELISA for

e 
ulosis was i
ats (Goat No

mals of the i
at all time

erial culture 

ain Reaction
ental animal
on tissue sa

nd 12 MPI (G

y 
gross lesions
rgement and

ph nodes w
f mucosa, th
ats necropsi
goats (G1 an

tract (6 MPI)

 values of e
r paratuberc

solated from
o.1 and 3) a
in contact a

e points.  T
(Table 1). 

n (PCR) 
ls were nega
amples revea
G1) (Table 1

s consisted 
d oedema of
was marked 
hickening an
ied at 9 and
nd G3) each 

): enlarged M

74 

entire infecte
ulosis infect

m faeces of 
at 12 MPI.  
and uninfect
Tissues from

ative in the 
aled positive
).  

of thickenin
f the mesente

in goats n
nd corrugati
d 12 MPI.  
at 9 and 12 M

 
LN (blue arro

arrow). 

ed, in-contac
tion (Table 1

3 animals, o
Remaining 
ted control 

m one infect

faecal PCR
e amplificati

ng and corr
eric lymph n
necropsied 
ion of jejunu
Gelatinisati
MPI (Fig 1 a

ow) and thick

Progr

ct and contr
1). 

one goat (G
animals of i
groups were
ted goat(Go

R at all time 
on in two g

rugations of 
nodes. Enlar
on 3 and 

um and ileu
ion of mese
and 2).  

 

kened intestin

ressive Patho

rol group we

Goat no.4) at
infected grou
e negative f
at No 1) w

points. IS9
oats, one ea

f the intestin
rgement of t
6 MPI. Pa

um were mo
nteric fat w

al wall (white

ological Chang

ere 

t 9 
up 
for 

was 

00 
ach 

nal 
the 
ale 
ore 

was 

e 

ges 



 

Fig

 
Histo
In go
and m
Peyer
mese
infect
and m
show
were 
were 
(G27
 
 

Fig.3

 

Nepa

.2: Jejunum a
oedematous

opathology 
oats at 3 MP
macrophages
r's patches o
nteric lymp
ted goats. In
macrophages

wed focal inf
observed in
detected in

) (Fig 3 and 

3: Ileum (3 M

alese Vet J. 34

and MLN (12
s jejunal MLN

PI, slightly f
s were notice
of two goat

ph node of 
n the infected
s in the ileu
filtration wit
n the paracor
n ZN stained

4). 

MPI): Broad v

4: 69-84 

 MPI): Muco
N with distinc

flat and broa
ed. Focal inf
s (G26 and 
one goat. A
d goats at 6 
um and jeju
th macropha
rtical region
d sections o

villi showing i

75 

 
osal corrugatio
ct grayish wh

ad villi with 
filtration of m

G31) and i
Acid-fast ba
MPI, there w

unum. The P
ages. Multinu
 of the mese

of the jejunu

 
infiltration of

160 

on in the jejun
hite area (blue

increased in
macrophage
ileo-caecal v
acilli were n
were more i

Peyer's patch
ucleated gia
enteric lymp
um and ileo

f lymphocytes

num and note
e arrow) in the

nfiltration o
s was observ
valve Peyer'
not detected
nfiltration o

hes of jejunu
ant cells of L
ph node.   Ac
ocaecal valv

 

s and macroph

 

e enlarged and
e cortex. 

f lymphocyt
ved in the ile
's patches a
d in any of 
f lymphocyt
um and ileu
Langhans ty
cid-fast baci

ve of one go

hages. H&E X

d 

tes 
eal 
nd 

f 3 
tes 
um 
ype 
illi 
oat 

X 



 

Fig.4

 
Micro
comp
and 
multi
frequ
gangl
macr
and i
along
regio
 
In inf
lymp
patch
were 
Interf
and f
at 12
macr
5 and
 

4: Mesenteric

oscopic lesi
pared with 3
showed di

inucleated gi
uently detect
lion cells 
opahges. Ac
ileocaecal va
g with mult
ns without d

fected goats 
hocytes and

hes of jejunu
detected in

follicular are
formation of 
2 MPI rev
ophages in s

d 6).  

c lymph node 

ions in infec
3 and 6 MPI
ffuse infiltr
iant cells in 
ted in the j
of Meissne

cid-fast bacil
alve of one 
tinucleated 
demonstrable

at 12 MPI v
d macrophag
um. Giant ce
n ZN stain
eas of corte

f granuloma 
vealed mild
small intestin

(3 MPI): Foc
in the paracor

cted goats a
I groups.  Th
ration with 
the mucosa 
jejunal and 
er's plexus 
lli were dete
goat (G4). I
giant cells 
e acid-fast b

villi were br
ges. There w
ells were pre
ned tissue s
ex, and the p
at the cortic

d thickening
ne were com

76 

 
cal granuloma
rtical area. H&

at 9 months
he intestinal

lymphocyt
of the jejunu
ileal villi i

were surr
ected in the Z
In the mesen
were obser
acteria. 

road, short an
were infiltra
sent in the c

section of i
paracortex s
co-medullary
g but mild

mmon in mo

a (blue arrow)
&E X160. 

s post infect
l villi were b
tes, macrop
um and ileum
n one goat 
rounded by
ZN stained s
nteric lymph
rved in the 

nd had show
ations of ma
crypt region 
leo-caecal v

showed infil
y junction. T
d infiltratio
st of the in-c

 

) consisting o

tion were m
broad, and a
phages and
m. Focal gra
(G4). In th

y the lymp
sections of je
h nodes, mic

cortical an

wn diffuse in
acrophages 
of ileum. A
valve of on
ltration with
The in-contac
ns of lym
contact cont

Progressiv

of macrophage

more severe 
at places fus
d occasional
anulomas we
he same go
phocytes a
ejunum, ileu
crogranulom
d paracortic

nfiltration wi
in the Peye
cid-fast baci
ne goat (G
h macrophag
ct control go

mphocytes an
trol goats ( F

ve Pathologic

es 

as 
sed 
lly 
ere 
at, 
nd 

um 
mas 
cal 

ith 
er's 
illi 
1). 

ges 
oat 
nd 

Fig 

cal Changes 



 

Fig. 5

 

 
DISC
 
In thi
soft f
long 
al., 1
 
Six g
type 
which
in CM
Stors
positi
with 
fast o
goats
sensit

Nepales

5: Ileum (12 M

Fig. 6

CUSSION 

is study few 
faeces and o
term studies
999; Munjal

goats from th
hypersensiti
h were posit
MI response 
et et al., 20
ive goats, ac
paratubercu

organisms co
s suggested t
tise the in-co

se Vet J. 34: 6

MPI): Shorten

: Ileocaecal v

infected ani
oedema of th
s in which th
l,2004). 

he infected a
ivity (DTH) 
tive at 9 MP
has been re

001) and ot
cid-fast bacil
losis. In oth
ould not be 
that the excr
ontact goats.

69-84 

ning and broa

valve(12 MPI

imals showe
he inter man
here were no

and none fro
reaction us

PI in DTH fa
eported frequ
ther small ru
lli were dete
er 3 goats, a
demonstrate
etion of baci
. 

77 

 
adening of vil

X160. 

 
) with clumps

ed unthriftin
ndibular spac
o symptoms

om the in-co
sing Johnin P
ailed to resp
uently in par
uminants (K
cted in 3 goa

although ther
ed. The nega
illi from the

lli with infiltr

s of acid fast 

ess, mild mu
ce, which w
 of paratube

ontact group
PPD at diffe
ond positive
ratuberculos
Kurade et a
ats, which al
re were spec
ative DTH r
 infected ani

 

ration of macr

 

Bacilli in cry

uscle wastin
was in contra
erculosis (Sig

s yielded po
erent MPI.  
ely at 12 MP
is in goats (
l., 2004). O
lso had lesio
cific tissue re
esults in all 
imals was no

rophages. H&

ypts 

ng, intermitte
ast to previo
gurdardottir 

ositive delay
Two anima

PI. Fluctuati
(Munjal, 200
Out of 6 DT
ons compatib
eactions, aci
the in-conta

ot sufficient 

&E 

ent 
ous 

et 

yed 
als, 
on 

04; 
TH 
ble 
id-
act 
to 



78 
 

 
In the present study, only 2 of 3 goats at 12 MPI were positive in the AGID test, 
suggesting poor sensitivity of the test in the subclinical paratuberculosis (Shulaw et al., 
1993; Clarke et al., 1996).  Out of 12 infected goats, 5 goats were found to be positive in 
the ELISA, 4 of these were positive at 5 MPI. In the experiment of Sigurdardottir et al., 
(1999), only one goat of 8 infected goats was positive in the ELISA after 8 months of 
infection. Storset et al., (2001) detected antibodies against M. a. paratuberculosis from 
15-20 weeks in 4 of 7 animals and one additional animal became positive by 35th week. 
Munjal (2004) detected 4 goats positive in ELISA at 180 days post infection. Our results 
alongwith the previous studies suggested the utility of the ELISA in diagnosing 
subclinical infection in goats. 
 
In the present study faecal or tissue culture and tissue PCR detected 2-3 goats positive 
after 9 months of infection (write culture results of other workers (Sigurdartottir et al., 
1999, Storset et al., 2001, Vathiem et al.,2002, Munjal, 2004). 
 
Sensitivity of bacterial culture and PCR have been reported to be comparable 
(Sigurdardottir et al., 1999; Collins et al., 1993; Anonymous, 2004) and poor in the 
experimentally infected small ruminants because of variable incubation period (Colgrove, 
1989; Collins et al., 1993; OIE Manual 2000; Carrigan and Seaman, 1990; Sigurdardottir 
et al., 1999).  
 
The sensitivity of the bacterial culture and PCR was reported to be variable in the clinical 
sample (Collins, 1996) and depends on various factors such as number of bacteria, DNA 
extraction procedure, concentration of eukaryotic DNA and presence of PCR inhibitors 
(Van der Geison. et al., 1993; Collins et al., 1993; Collins, 1996). In the current study, low 
numbers of bacteria in subclinical infection appeared to be the major factor for poor 
sensitivity of the bacterial culture and PCR. 
 
Initially (3 and 6 MPI) gross lesions were more prominent in the merenteric lymph node 
than in the small intestine where thickening and corrugations were more obvious after 9 
months of infection.  While these findings generally agree with those reported previously 
(Fodstad and Gunnarson, 1979; Paliwal and Rajya, 1982; Collins et al., 1984; Rajukumar, 
1998; Sigurdardottir et al., 1999; Corpa et al., 2000, Munjal, 2004), mesenteric lymph 
node lesions should be examined carefully in early cases. In the small intestine, 
comparatively severe lesions observed in the jejunum than ileum corroborated earlier 
observation correlating lesions with the Peyer’s patches, which persist in adult life (Corpa 
et al., 2000; Valheim et al., 2002; Munjal, 2004). 
 
At 3 MPI, except for the presence of increased proliferation of lymphocytes and 
macrophages in the mucosa and infiltration of macrophages in the peyer’s patches specific 
granulomas with acid-fast bacteria were not observed. While these lesions cannot be 
considered specific for paratuberculosis, there was no means to absolutely rule out that 
such initial lesion would not be caused by Mycobacterium avium paratuberculosis. 
Sigurdardottir et al. (1999), failed to detect lesions in experimental goats at 11 weeks post 
infection (WPI) but at 17 WPI, inflammatory cell infiltrate and giant cells were detected in 
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the jejunum and ileum. Munjal (2004) reported granulomatous lesion in the ileo-caecal 
valve in one goat at 2 MPI. Experimental infection of goats with M. a. paratuberculosis 
(human isolate) produced granulomatous lesions consisting of clusters of epithelioid cells 
and giant cells in the interfollicular and basal regions of the ileal and jejunal Peyer’s 
patches at 3 MPI (Van Kruiningen et al., 1986; Clarke 1997). The mild lesions observed 
in the present study could be due to the dose and strain variation and age of the animals, 
which were comparatively younger in previous studies (Van Kruiningen et al., 1986; 
Clarke 1997). 
 
At 6 MPI histological lesions were more developed alongwith demonstration of AFB than 
those seen at 3 MPI and were similar to those reported by Sigurdardottir et al.,(1999) at 
24-week post-infection, and Munjal (2004) at 30 weeks post-infection in the experimental 
goats. In the experimental goats sacrificed at 9 MPI had increased infiltration with 
lymphocytes and macrophages, and multinucleated Langhan's giant cells in the lamina 
propria of the jejunum and ileum of one goat. Proportions of macrophages were more in 
comparison to lymphocytes. Acid-fast organisms were detected in the jejunum, ileum and 
ileo-caecal valve of one goat. Sigurdardottir et al., (1999) detected microscopic lesions of 
inflammatory infiltrates in the jejunum and ileum at 37 weeks post infection. Munjal, 
(2004) detected lesions in intestine consisting of few multinucleated giant cells and 
accumulation of AFB in the intestinal villi at 270 DPI.  
 
In the present study, experimental goats sacrificed at 12 MPI also revealed broad and 
flattened villi with more infiltration of macrophages. Multinucleated Langhan's type of 
giant cells was also seen in the crypt region of ileum. Peyer’s patches were infiltrated with 
macrophages. Granulomas were observed in the cortical and paracortical areas of the 
mesenteric lymph nodes. Acid-fast organisms were detected in the ileo-cecal valve of one 
goat. In comparison to other studies that were carried out for more than one year 
(Sigurdardottir et. al., 1999; Storset, 2001), typical histological lesions of paratuberculsis 
were observed in goats in the present study.  
 
In spite of observation of corrugations of intestinal mucosa in 9 infected goats, 
granulomas and giant cells were seen in the small intestines of one infected goat each at 9 
and 12 MPI. The presence of giant cells in the paracortical region of lymph node was 
observed in one goat at 6 MPI. These findings suggest that thickening and corrugation of 
intestinal mucosa in goats can be due to infiltration of lymphocytes and macrophages in 
subclinical paratuberculosis without presence of classical lesions. This is important from 
diagnosis point of view in naturally infected cases, wherein such lesions even without 
demonstration of acid-fast bacteria should be suspected for paratuberculosis. 
 
In the present study, acid-fast organisms were mainly detected in the Ileo-caecal valve and 
associated Peyer’s patches indicating the major involvement of Ileocaecal valve in the 
progression of subclinical infection in goats. A previous study on experimental 
paratuberculosis using young goats showed that ileal Peyer’s patches can take up the 
bacteria and hence it could be a site of early histological lesions (Valheim et al., 2002). In 
the present study, most of the infected goats had infiltration with macrophages in the 
Peyer’s patches. Only one goat at 12 MPI revealed the presence of acid-fast bacilli in the 
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Peyer’s patches of ileo-caecal valve confirming that these were the sites of bacterial 
invasion multiplication and further dissemination. Munjal (2004) demonstrated acid-fast 
bacilli in 2 experimentally infected goats, one at 60, and other at 210 days post infection 
with similar lesions as observed in the present study.  
 
Van Kruiningen et al., (1986) reported that M. a. paratuberculosis infection began in the 
ileo-caecal or jejunal Peyer’s patches, the only intestinal lymphoid tissues persisting in the 
adult animals (Landverk et al., 1991; Perez et al., 1996). As seen in this study, 
macrophage infiltration in the jejunal Peyer’s patches were also noticed by Corpa et al., 
(2000) in natural cases of paratuberculosis suggesting that initial focus of histological 
changes starts around Peyer’s patches. 
 
In the present study, mononuclear cell infiltration around ganglion cells of Meissner's 
plexus in small intestine in one goat at 9 MPI was like those observed in cattle and sheep 
with histological evidence of paratuberculosis (Gwozdz et al., 2001).  Buergelt et 
al.,(1978) described the intestinal neural lesions, which were characterised by infiltration 
of myenteric ganglia with globular leucocytes. Chiodini et al., (1984) highlighted the 
possibility of axonal degeneration of sciatic and brachial plexuses. Binford, (1985) noticed 
distinct aggregation of mononuclear cells around nerves in the ileal submucosa and 
muscular layer of 8 naturally and 5 experimentally infected sheep. It has been suggested 
that the neural lesions may represent an autoimmune reaction triggered by antigens 
expressed in nerves or nerve associated cells in affected parts of the intestine since nerve 
runs parallel to lymphatics (Gwozdz et al., 2001). Though, in the present study, goat had 
only soft faeces, neuritis causing involuntary musele relaxation in the small intestine 
during infection, may potentiate diarrhoea that has been correlated with type 1 or III 
hypersensitivity (Tizard, 1996). 
 
Mild thickening of intestines in the in-contact control goats at 12 MPI and infiltrations 
mainly of lymphocytes in the small intestine and ileo-caecal valve in most of the in-
contact goats could be the result of the sensitization of animals by exposure to M. a. 
paratuberculosis organisms but it might not have been enough to cause the detectable 
infection. None of the in-contact animals could be detected positive by any diagnostic 
tests employed. Moreover, it should be kept in the mind none of infected animals were 
heavy shedders as most of them were in subclincial stage of disease in the present study. 
 
The results of the present and earlier studies (Sigurdardottir et al., 1999; Valheim et al., 
2002; Storset et al.,2001; Munjal, 2004), initially there were no distinct granulomas and 
clinical disease could not be induced even with higher dosage up to 2 years of age (Storset 
et al., 2001).  On the contrary, in sheep with similar experimental design (Kurade et al., 
2004) like the present study and in others (Begara-McGorum et al., 1998) well delineated 
granulomas were reported as early as 4 weeks after infection and production of clinical 
disease within a year of infection.  Though comparison of infection process in goat from 
sheep was not the aim of this study, evidences suggest that early pathogenetic mechanism 
differ between these two species.  While goat could be a better experimental model for 
persistence of infection without developing immune granuloma, sheep for the clinical 
disease model that early pathogenetic mechanism differs between sheep and goat and 
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latter does not appear to be a better experimental model for clinical paratuberculosis.  This 
conclusion may be true only for experimental paratuberculosis, but it raises other 
questions, as clinical disease is not produced in goats, if goat is resistant, it should develop 
immune granulomas to resist and clear the infection, which was not obvious in any 
experimental studies. This means that the mechanism of resistance to Mycobacterium 
avium paratuberculosis infection in goat differs from sheep, inferring that the mechanism 
to intracellular resistance could be characteristics of the species and hence may vary. 
While goats may not be a good experimental model for paratuberculosis, it could be a 
good subject to study the resistance of Map infection in goats for quite long time without 
showing any distinct granuloma. 
 
ACKNOWLEDGEMENT 
 
The authors are thankful to al lthe technical and supportive staffs of Experimental Animal 
House, Postmortem Room, Histopathology, Central Instrumentation Laboratory, Avian 
diseases Laboratory and Registry of Pathology of Division of Pathology, IVRI, India. 
Thanks to the Nepal Agricultural Research Council. Nepal for granting the main author 
with scholarship to undergo Doctorate course in Veterinary Pathology at the reputed 
Indian Veterinary Research Institute, Izatnagar, UP., India  

 
 REFERENCES 
 

Anonymous (2004). Manual of diagnostic tests and accines for Terrestrial Animals, 
Paratuberculosis (Johne’s disease). OIE Manualfifth edition, Paris, France Chapter 
2.2.6. 

Begara-Mcgorum, I., Wildblood, L.A., Clarke, C.J, Connor, K.M., Stevensen, K., 
McInnes, C.J., Sharp, J.M. and Jones, D.G. (1998). Early immuno pathological 
events in experimental bovine paratuberculosis. Vet. Immunol. 
Immunopathol,63(3): 265-287. 

Benedictus G., Dijhucigen, A.A., Stelwagen, J. (1987). Economic losses to 
paratuberculosis in dairy cattle. Vet. Rec., 121:142 -146. 

Binford, C.H. (1985). Leprosy, In:  Anderson’s Pathology, J.M. Kissane and W.A.D. 
Anderson, Eds., C.V. Mosby Company, pp. 322 - 334. 

Buergelt, C.D. and Ginn, P.E. (2000). The histopathologic diagnosis of subclincial Johne’s 
disease in North American Bison (Bison bison) Vet.Microbiol.,77: 325 - 331. 

Buergelt, C.D., Hall, C., McEntee K. and Duncan, J.R. (1978). Pathological evaluation of 
paratuberculosis in naturally infected cattle. Vet. Pathol.,15: 196 - 207. 

Carrigan, M.J. and Seaman, J.T. (1990). The pathology of Johne’s disease in sheep.Aust 
Vet. J.,67(2): 47. 

Chiodini, R.J., Van Kruiningen, H.J.and Merkal, R.S. (1984). Ruminant paratuberculosis 
(Johne’s disease) the current status and future prospects. Cornell Vet.,74: 218 - 
262. 

Clarke, C.J., Patterson, I.A.P., Armstrong, K.E. and Low, J.C. (1996). Comparison of the 
absorbed ELISA and agar gel immuno diffusion test with clinicopathological 
findings in ovine clinical paratuberculosis. Vet. Rec.,139: 618 - 621. 

Nepalese Vet J. 34: 69-84 



82 
 

Clarke, C.J. (1997). The pathology and pathogenesis of paratuberculosis in ruminants and 
other species. J. Comp. Path.,116:217 - 261. 

Collins, P., Davies, D.C. and Matthews, P.R.J. (1984). Mycobacterial infection in goats: 
diagnosis and pathogenicity of the organism. British Vet. J., 140: 196 - 201. 

Collins, D.M., Stephens, D.M. and Lisle, G.W. (1993). Comparison of PCR tests and 
faecal culture for detecting M. paratuberculosis in bovine faeces. Vet. Microbiol, 
36: 289 - 299. 

Collins, M.T. (1996). Diagnosis of paratuberculosis. Veterinary clinics of North America. 
Food Anim. Pract., 12(2): 357-371. 

Corpa, J.M., Gurrido, J., Garcia, J.F. and Perez, V. (2000). Classification of lesions 
observed in natural cases of paratuberculosis in goats. J. Comp. Path., 122: 255 - 
265. 

Culling C.F.A. (1968). Histological and Histochemical staining techniques, 3rd Edition. 
Woodsworth Publication Pvt. Ltd. London. 

Fodstad, F.H. and Gunnarson, E. (1979). Postmortem examination in diagnosis of Johne’s 
disease in goats. Acta Vet. Scand., 20: 157-167. 

Godfroid, J., Boelaert, F., Heier, A., Calvareauc, Wellemans, V., Desmecht, M., Roels, S., 
Walravens, K. (2000). First evidence of Johne’s disease in farmed red deer (Cervus 
elaphus) in Belgium. Vet. Microbiol, 77: 283 - 290. 

Green, E. P., Tizard, M.V.L., Moss, H. J., Thompson, J. Winterbourne, D.J., Macfadden, 
J.J. and Hermon Taylor, J. (1989). Sequence and characterization of IS900, an 
element identified in a human Crohn’s disease isolate of Mycobacterium 
paratuberculosis, Nucl.Acid Res., 17:9063 - 9073. 

Gwozdz, J.M., Thompson, K.G. and Manktelow, B.W. (2001). Lymphocytic neuritis of 
the Ileum in sheep with naturally acquired and experimental paratuberculosis. J. 
Comp. Path.,124: 317 - 320. 

Hirsh, D.C. and Zee, Y.C. (1999). Mycobacterium avium sub sp. paratuberculosis. 
Veterinary Microbiology Black well Science Inc. USA, pp. 104 -108. 

Kramsky, J.A., Miller, D.S., Hope, A., Collins, M.T. (2000). Modification of a bovine 
ELISA to detect camelid antibodies to Mycobacterium paratuberculosis. Vet. 
Microbiol.,77: 333 - 337. 

Kumar, R., Prassad, M.C. and Paliwal, O.P. (1988). Paratubercuosis in goat – a 
retrospective study. Indian Vet. J., 65(7): 582-584. 

Kurade, N.P., Tripathi, B.N., Rajukumar, K. and Parihar, N.S. (2004). Sequential 
development of histological lesions and their relationship with bacterial isolation, 
faecal shedding, and immune responses during progressive stages of experimental 
infections of lambs with Mycobacterium avium subsp. paratuberculosis. Vet. 
Pathol.,41(4): 378-387. 

Landverk, T., Halleraker, M., Aleksandersen, M., Mcclure, S., Hein, W. and Nicander, L. 
(1991). The intestinal habitat for organised lymphoid tissues in ruminants, 
comparative aspects of structure, function and development. Vet. Immunol. 
Immunopathol,28(1):1 -10. 

Majeed, S.K. (1972). The paratuberculosis:  an inflammatory process in goats. Druk Krig 
Elinkunjk, Utrecht, Netherlands. 

Progressive Pathological Changes 



83 
 

Munjal, S.K. (2004). Studies on immunopathogenesis and diagnosis in experimental 
paratuberculosis in goats. Ph.D. Thesis submitted in Veterinary Pathology, IVRI, 
Izatnagar, India. 

Nakamatsu, M. and Fujimoto, Y. and Satoh, H. (1968). The pathological study of 
paratuberculosis in goats centered around the formation of remote lesions. Jap. J. 
Vet. Res., 16(4): 64-19. 

OIE Manual (2000). Manual of standards for diagnostic tests and vaccines. 
Paratuberculosis (Johne’s diseases). Chapter 2.2.6. Fourth edition, Paris, France 
pp292-303. 

Paliwal, O.P. and Rajya, B.S. (1982). Evaluation of paratuberculosis in goats. 
Pathomorphological studies. Indian J. Vet. Pathol, 6: 29 - 34. 

Pande, P.G. (1942). Paratuberculosis (Johne’s disease) in goats at the government cattle 
breeding farm Sylhet, Assam. Indian J.Vet. Sc.  & Animal Husb. 12(2): 160 -164. 

Perez, V., Garcia Marin, J.F. and Badiola, J.J. (1996). Description and classification of 
different type of lesions associated with natural paratuberculosis infection in 
sheep.J. Comp. Pathol.,114: 107 - 122  

Rajukumar, K. (1998). Pathology and diagnosis of caprine paratuberculosis. M.V.Sc. 
Thesis, IVRI, Izatnagar. 

Rajukumar, K., tripathi, B.N., Kurade, N.P. and Parihar, N.S. (2001) An enzyme linked 
immunosorbent assay using immunoaffinity purified antigen in the diagnosis of 
caprine paratuberculosis and its comparison with conventional ELISAs. Vet. Res. 
Commu.25: 539-553. 

Rubin J.L. and Habekar P.L. (1999). Hepatic encephalopathy associated with 
paratuberculosis in goat. J. Am. Vet. Med. Assoc.,215(2): 236 - 238. 

Selby, W. (2000). Pathogenesis and therapeutic aspects of Crohn’s disease. Vet.
 Microbiol., 77: 505 - 511. 

Shulaw, W.P., Beach-Nielson, S., Rings, D.M., Getny, D.M., and Woodruff, T.C. (1993). 
Serodiagnosis of paratuberculosis in sheep by use of agar gel immunodiffusion 
test. Am. J. Vet. Res. 54: 13-19. 

Sigurdardottir, O.G., Press, C.M., Saxegaard, F. and Evensen, O. (1999). Bacterial 
isolation, immunological response, and histopatholgoical lesions during the early 
subclinical phase of expeirmental infection of goat kids with Mycobacterium 
avium subsp. paratubeculosis. Vet. Pathol. 36: 542 -550. 

Singh, N., Vihan, V.S., Singh, S.V. and Gupta, V.K. (1998). Prevalence of Johne’s  
 disease in organised goat herds. Indian J. Anim. Sci., 68(1): 41 - 42. 
Sivakumar, P., Tripathi, B. N. and Singh Nem (2005). Detection of M. a. paratuberculosis 

in intestinal and lymph node tissues of water buffaloes (Bubalos bubalis) by PCR 
and bacterial culture. Vet. Microbiol. 108:263-270. 

Srivastava, A.K. and More, B.K. (1987). Prevalence of Johne’s disease in local, Angora  
  and cross bred goats in Maharastra. Livestock Adv., 12(2): 32 -37. 
Stabel, J.R. (1998). Johne’s Disease-A hidden threat. J. Dairy Sci., 81:283 - 288. 
Storset, A.K., Hasvold, H.J., Valheim, M., Brun-Hansen, H., Bernsten, G., Whist, S.K., 

Djonne, B., Press, C. McL. Holstad, G. and Larsen, H.J.S. (2001). Subclinical 
paratuberculosis in goats following experimental infection. An Immunological and 
Microbiological study. Vet. Immunol. Immunopathol.,80: 271-287. 

Nepalese Vet J. 34: 69-84 



84 
 

Talwar, G.P. (1983). Extraction of Leprae from skin biopsies in: A handbook ofpractical 
immunology. Vikas Publishing House Pvt. Ltd., New Delhi, India, pp. 344 - 345. 
P295. 

Tizard, I.A. (1996). In: Veterinary immunology an introduction. Fifth edition, W. B. 
Saunder’s Co., USA. 

Tripathi, B.N., Munjal, S.K. and Paliwal, O.P. (2002). An overview of paratuberculosis 
(Johne’s disease) in animals. Indian J. Vet. Pathol.,26:1-10. 

Tripathi, B.N., Rajukumar, K. Kurade, M.P. and Parihar, N.S. (2000). Prevalence of 
Mycobacterium avium aparatuberculosis infection in goats and sheep based on the 
faecal culture.Indian J. Comp.  Microbiol. Immunol. Infect Dis. 21(1): 72 - 73. 

Tripathi, B.N. and Parihar, N.S. (1999). Status of paratuberculosis in goats a 5-year study 
based on post mortem cases. Indian J. Vet. Pathol.,23: 79 - 80. 

Valheim, M., Storset, A.K., Aleksandersen, M., Brun-Hansen, H. and Press, C. McL. 
(2002). Lesions in subclinical paratuberculosis of goats were associated with 
persistent gut-associated lymphoid tissue. J. Comp. Path., 127: 194 - 202. 

Van der gieson (1993). A molecular approach to the diagnosis and control of Bovine 
paratuberculosis. Ph.D. Thesis University of Utrecht. The Netherlands. 

Van Kruiningen, H.J., Chiodini, R.J., Thayer, W.R., Coutu, J.A., Merkal, R.S. and 
Runnels, P.L. (1986). Experimental disease in infant goats induced by a 
Mycobacterium isolated from a patient with Crohn’s disease. Digestive disease and 
sciences, 31: 1351 -1560. 

Whipple, D.L. Callihan, D.R.and Jarnagin, J.L. (1991). Cultivation of Mycobacterium 
paratuberculosis from bovine faecal specimens and a suggested standardized 
procedure. J. Vet. Diasgn. Invest.,3: 368-373. 

Williams, E.S., Spraker, T.R. and Schoonvold, G.G. (1979). Paratuberculosis (Johne's 
disease) in bighorn sheep and a rocky mountain goat in Colorado. J. Wildlife Dis. 
5(2):221-227.

Progressive Pathological Changes 


