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In the present study, Mycobacterium avium subsp. paratuberculosis (MAP) was investigated
in goats slaughtered in Shiraz abattoir using histopathological examinations and polymerase
chain reaction (PCR). Ilium and mesenteric lymph node samples from 66 suspected goat
carcasses to Johne’s disease were collected. Among 66 examined slaughtered goats, nine
(13.63%) goats were positive for MAP in both histopathological and PCR examinations. Eight
goats were positive in PCR method while no lesion related to Johne’s disease was observed in
their histopathological sections. All positive goats in histopathological examination were also
positive in PCR. Based on the results of PCR, the detection rate of MAP in Shiraz abattoir was
25.80% (17 goats). According to the present findings, although both histopathological and PCR
methods are appropriate for detecting Johne’s disease, PCR is more sensitive than
histopathological examination.

© 2018 Urmia University. All rights reserved.
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Introduction

Mycobacterium avium subsp. paratuberculosis (MAP) is
the causative agent of paratuberculosis (PTB), also known
as John's disease. The disease has worldwide distribution
and in Iran its prevalence has been investigated in a
number of research works most of them focused on the
detection of MAP in cattle's milk bulk.! The MAP is an acid-
fast staining small rod-shaped and slow-growing
bacterium. Its unique cell wall structure which is rich in
complex lipids is responsible for the persistence of this
bacteria, both in the environment and inside the host.2

Because of MAP detection in environmental samples,
surviving up to one year in contaminated pastures and
possibility of remaining viable after milk pasteurization,
its real threat is clearly underestimated for both
ruminants and human. Paratuberculosis is one of the
most economically important disease affecting cattle,
sheep and goats by increasing the mortality and
premature culling risks, lower reproductive efficiency,
compromised growth rates and decreased milk yield.34
There is no therapy for John's disease and the control of
this disease in ruminants depends on the early
detection and culling of infected animals.5

The major route of MAP infection in ruminants is via
ingestion, so the first step in infection is uptake of MAP
through mucosal surfaces primarily in the ileum, via M
cells (specialized absorptive mucosal cells) residing in the
Peyer’s patches and then phagocytosed by subepithelial
macrophages. Eventually, the infected macrophages
migrate into local lymphatics and the infection spread to
regional lymph nodes.®

Several techniques such as Ziehl Nielsen staining (ZN),
histopathology, immunohistochemistry (IHC), in situ
hybridization (ISH) and polymerase chain reaction (PCR)
were tested for detection of MAP, but their performances
are different. Traditionally, the gold standard for diagnosis
of John's disease is fecal culture for MAP.” However, fecal
culture of MAP is time-consuming and detects only 38.00
to 50.00% of infected cows.8 The most convenient tests for
detecting MAP are ZN and IHC tests. Although these tests
have high sensitivity for MAP detection, false negative can
arise when infection is recent or bacilli are scanty.?
Histopathology for detection of MAP in tissue samples is
an important tool and will be necessary when
experimental infections are induced. In situ hybridization
has high specificity, but it is expensive, difficult to perform,
and its interpretation may be difficult because of the low
obtained signals.1® Molecular methods based on the PCR
are quick with high sensitivity and specificity for detection
of MAP.11 The most common target locus for the direct
detection of MAP by PCR is the multiple copy insertion
sequence [S90012 that is present in genome in 12 to 18
copies.!? The objective of this study was to investigate the
presence of MAP in goats slaughtered in Shiraz abattoir

using histopathology and 1S900 PCR methods for
examining 66 suspected goats to John’s disease.

Materials and Methods

Sample collection. During six months (fall and winter
2015-2016), a number of 66 suspected goats to John’s
disease slaughtered in Shiraz abattoir were sampled.
Tissue samples including ileum and mesenteric lymph
nodes were collected.® Necropsy findings of suspected
carcasses were emaciation, intestinal mucosal thickness,
enlarged lymph nodes and occasionally serous atrophy of
fat. The samples were immediately put in sterile plastic
bags, placed in cooling boxes and were transported to the
microbiology laboratory. Samples of suspected carcasses
were considered for both tissue staining procedure and
DNA extraction.

Histopathological examinations. The tissue samples
from ileum and mesenteric lymph nodes were fixed in
10% neutral buffered formalin, embedded in paraffin,
sectioned at 5 pum in thickness and stained with
hematoxylin and eosin (H & E) and ZN staining.1415

DNA extraction. One gram of each small intestine and
lymph node was separately homogenized in 1.00 mL
distilled water and centrifuged (13000 g, 30 sec).
Supernatant was removed and 1.50 mL distilled water was
added to the tissue pellet, resuspended and centrifuged
(13,000 g, 30 sec). This step was repeated twice for
washing the tissues. An amount of 500 pL of lysis buffer
(Tris-HCL, EDTA, 0.2% Tween; Sinaclon, Tehran, Iran) and
50 pL proteinase K (Sinaclon) was added and incubated
overnight at 37 °C. The enzyme digested samples were
mixed with 500 pL of phenol:chloroform:isoamylalcohol
(25:24:1) for 15 min. Then, the mixture was centrifuged
(10000 g, 10 min). The DNA was purified from the
supernatant by adding equal volume of phenol:
chloroform:isoamylalcohol (25:24:1) and was centrifuged
at 10000 g for 1 min. The DNA was precipitated from the
aqueous phase by addition of 2.50 volume of absolute
ethanol and incubated at -20 °C for 1 hr. The resultant DNA
pellet was washed with 70.00% ethanol twice, dried and
resuspended in 50 pL distilled water.16

PCR detection of MAP. All 132 extracted DNA from
goat's tissues were subjected to PCR for detection of MAP.
The primers P90 (5' -GAA GGG TGT TCG GGG CCG TCG CTT
AGG-3") and P91 (5' -GGC GTT GAG GTC GAT CGC CCA CGT
GAC-3') which described previously were used.l” The PCR
contained 0.75 pL. dNTPs (each at 0.20 mM; Sinaclon), 1.00
pL of each primer (20 pmol), 0.75 pL 50 mM MgCl;
(Sinaclon), 2.50 pL 10X PCR buffer (Sinaclon), 0.20 Taq
DNA polymerase (5.00 U pL1) (Sinaclon) and 2 pL of
template DNA. Sterile distilled water was added to make
the final volume of PCR to 25.00 pL. Polymerase chain
reaction condition were as follows: 5 min at 94 °C, 30
cycles of 1 min at 94 °C, 1 min at 59 °C, 2 min at 72 °C, and a
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final extension of 7 min at 72 °C. Negative and positive
bacterial DNA (MAP ATCC43105, kindly provided by Prof.
Leonardo Sechi, Department of Biomedical Sciences
University of Sassari, Sassari, Italy) controls were included
for each PCR. The PCR products were subjected to
electrophoresis in 1.50% agarose gel containing Gel Red
(2.00 pL per 50 gel) and the gel visualized under UV light.

Results

Macroscopic findings. Thickened intestinal wall,
mucosal folds, corrugated and granular mucosa, serous
atrophy of fat, thickened mesenteric lymphatic vessels,
enlarged and edematous mesenteric lymph nodes and
occasionally calcium deposits were macroscopic lesions
seen in the collected samples (Fig. 1A).

Histopathological results. In histopathological
evaluation of the tissue samples using H&E staining, nine
samples (13.63%) were positive for Johne's disease. Four
positive samples had diffuse multibacillary lesions
(44.40%), which were characterized by a diffuse
granulomatous enteritis (Fig. 1B) and lymphadenitis with
infiltration of large numbers of epithelioid macrophages in
the intestinal lamina propria and cortex of lymph node. In
some cases, there were submucosa lymphangitis and
lymphangiectasia. Caseous necrosis and calcification were
observed in lymph nodes of two cases. The rest of samples
had diffused lymphocytic lesions (33.30%) and diffused
mixed lesions (12.30%). Diffused lymphocytic lesions
consisted of a diffused granulomatous enteritis (Fig. 1C)
and lymphadenitis with infiltration of large numbers of
lymphocytes and a few epithelioid macrophages in the
intestinal lamina propria and cortex of lymph node.
Caseous necrosis and calcification was seen in lymph node
sections of one case. In diffused mixed lesions, a mixture of
large numbers of lymphocytes and epithelioid macrophages
were observed in the intestinal lamina propria (Fig. 1D)
and cortex of lymph nodes. Caseous necrosis and
calcification of lymph node was similar to diffused
lymphocytic form.

The negative samples were screened and parasitic
infection, particularly coccidiosis was the most common
cause of intestinal lesions (Table 1). In ZN staining, eight
intestinal sections (12.10%), (Fig. 1E) and eight
mesenteric lymph nodes (12.10%), (Fig. 1F) were positive
for Johne's disease (Table 1).

PCR results. The IS900 PCR amplified products of 413-
bp in size were considered as positive. Seventeen ilium
samples (25.80%) and 12 mesenteric lymph node samples
(18.20%) were positive for Johne's disease (Fig. 2).

Fig. 1. A) Thickening and corrugation of the intestinal
mucosa; B) Diffused multibacillary lesion with infiltration of
numerous epithelioid macrophages (H&E); C) Diffused
lymphocytic lesion with infiltration of numerous lymphocytes
(*) and a few epithelioid macrophages (arrow) (H & E); D)
Diffused mixed lesion with infiltration of mixture of
lymphocytes (*) and epithelioid macrophages (arrow) (H&E);
E and F) Acid fast bacilli in the cytoplasm of epithelioid
macrophages in intestinal mucosa and mesenteric lymph node
sections, respectively (ZN staining, Bars = 55 um).

Fig. 2. Electrophoretic analysis (1.50% agarose gel) of DNA
amplified fragments. M: DNA marker 100 bp (Sinaclon). Lane 1:
positive control (MAP ATCC43105); Lane 2: negative control;
Lane 3: positive sample; Lane 4: negative sample.

Table 1.Results of hematoxylin and eosin, Ziehl Nielsen staining and IS900 PCR in intestinal and mesenteric lymph node tissues.

Sample Number of samples Direct H&E positive Direct ZN positive PCR positive
Ilium tissue 66 9 (13.60%) 8 (12.10%) 17 (25.80%)
Mesenteric lymph node 66 9 (13.60%) 8 (12.10%) 12 (18.90%)
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Generally, among 66 goats, nine samples of both lymph
nodes and ilium tissues were positive in both PCR and
histopathology approaches (13.63%). Eight samples were
positive in PCR method while no lesion related to
Johne’sdisease was observed in their histopathological
sections. There was no sample with positive histo-
pathological and negative PCR result.

Discussion

Paratuberculosis is one of the most economically
important diseases, affecting ruminants worldwide. In the
present study, we investigated MAP in goats slaughtered
in Shiraz slaughterhouse using IS900 PCR assay. PCR
method and histopathology (H&E and ZN staining) were
compared for their performance in detecting MAP using
132 tissue specimens of the ileum and the mesenteric
lymph nodes suspected to paratuberculosis.

In the present study, MAP was detected in 17 goats
(25.70%) using PCR assay. In a previous study on the
bulk-tank milk of cattle in southern Shiraz, the herd
prevalence of John's disease was 8.60 to 23.00% using
PCR.! Also, the prevalence of John's disease was
reported 2.00% using Ziehl-Neelsen staining on
ileocecal valve samples of cattle slaughtered in Ahvaz
abattoir.18 In other countries, there are a few reports on
the prevalence of paratuberculosis in goat populations.
In Norway, Djonnea et al. reported paratuberculosis
from 7.10% of milk samples of goats.1® Based on Kruze
et al, 14.60% of the fecal cultures of dairy goats were
positive for MAP, all of them were confirmed by PCR
[S900.20 The varied results reported by the different
investigators can be related to the sample collection
procedures, specimen type, diversity of geographic
locations and sensitivity or specificity of the detection
assays for identification of MAP.

In this study, the detection of MAP using PCR in the
ileum samples was higher than mesenteric lymph nodes.
Histopathologically, our results revealed that the most
common lesion of this disease was diffused multibacillary
(44.40%) that are similar to the previous studies.?1?2 The
results can be explained by the fact that the major
entrance route of infection in ruminants is via ingestion of
MAP and the uptake of this agent through mucosal
surfaces primarily in the ileum. Accordingly, it seems that
the important site for the detection of MAP will be
intestinal tissue especially the ileum.

In conclusion, the results of the present study
demonstrated that H&E and ZN staining had the same
sensitivity for detection of MAP and PCR assay was more
sensitive than histopathological examination. Further-
more, it is critical to conduct in-depth epidemiological
studies for identifying the prevalence of John’s disease in
small ruminants and its economic consequences
throughout the country.

Acknowledgements

The authors would like thank Dr. Nasrollah Ahmadi for
his advices on pathology, the Research Council of Shiraz
University and School of Veterinary Medicine, Shiraz
University for financial and technical support of this study.

Conflicts of interest
The authors declare no conflict of interests.
References

1. Haghkhah M, Ansari-Lari M, Novin-Baheran A, et al.
Herd-level prevalence of Mycobacterium avium
paratuberculosis by bulk-tank milk PCR in Fars
province (southern Iran) dairy herds. Prev Vet Med
2008; 86:8-13.

2. Sechi LA, Dow CT. Mycobacterium avium ss.
paratuberculosis zoonosis — The hundred year war -
beyond Crohn'’s disease. Front Immunol 2015; 6:1-8.

3. Pithua P, Kollias NS. Estimated prevalence of caprine
paratuberculosis in boer goat herds in Missouri,
USA. Vet Med Int 2012; 674085. doi:10.1155/2012/
674085.

4. Fawzy A, Prince A, Hassan AA, et al. Epidemiological
studies on Johne’s disease in ruminants and Crohn’s
disease in humans in Egypt. Int ] Vet Sci Med 2013;
1:79-86.

5. Erume ], Spergser ], Rosengarten R. Rapid detection
of Mycobacterium avium subsp. paratuberculosis
from cattle and zoo animals by nested PCR. Afr
Health Sci 2001; 1(2):83-89.

6. Tiwari A, VanLeeuwen JA, McKenna SLB, et al.
Johne’s disease in Canada Part I: Clinical symptoms,
pathophysiology, diagnosis, and prevalence in dairy
herds. Can Vet ] 2006; 47(9):874-882.

7. Stabel JR. Johne’s disease: a hidden threat. ] Dairy Sci
1998; 81:283-288.

8. Whitlock RH, Wells S], Sweeney RW, et al. ELISA and
fecal culture for paratuberculosis (Johne’s disease):
Sensitivity and specificity of each method. Vet
Microbiol 2000; 77:387-398.

9. Behr MA, Collins DM. Paratuberculosis organism,
disease, control. Wallingford, UK: CABI Publishing
2010;169-179.

10.Delgado F, Aguilar D, Garbaccio S, et al. Detection of
Mycobacterium avium subsp. paratuberculosis by a
direct in situ PCR method. Vet Med Int 2011; 2011:
267102. doi: 10.4061/2011/267102.

11.Slana I, Kralik P, Kralova A, et al. On-farm spread of
Mycobacterium avium subsp. paratuberculosis in
raw milk studied by IS900 and F57 competitive real
time quantitative PCR and culture examination. Int ]
Food Microbiol 2008; 128:250-257.



A. Derakhshandeh et al. Veterinary Research Forum. 2018; 9 (3) 253 - 257 257

12.Green EP, Tizard ML, Moss MT, et al. Sequence and
characteristics of IS900, an insertion element identified
in human Crohne’s disease isolate of Mycobacterium
paratuberculosis. Nucleic Acids Res 1989;
17:9063-9073.

13. Bull TJ, Hermon-Taylor |, Pavlik |, et al. Characterization
of IS900 loci in Mycobacterium avium subsp.
paratuberculosis and development of multiplex PCR
typing. Microbiol 2000; 146:2185-2197.

14.Bancroft ]JD, Stevens A. Theory and practice of
histological techniques. London, UK: Churchill
Livingston1990; 21-119.

15. Prophet EB, Mills B, Arrington ]B, Sobin LH. Laboratory
methods in histotechnology. Washington DC, USA:
American Registry of Pathology 1994; 219-222.

16.Sambrook ], Russell RW. Molecular cloning: A
laboratory manual. 34 ed. New York, USA: Cold spring
harbor laboratory press 2001;47-53.

17.Corti S, Stephan R. Detection of Mycobacterium
avium subspecies paratuberculosis specific 1S900
insertion sequences in bulk-tank milk samples
obtained from different regions throughout
Switzerland. BMC Microbiol 2002; 2(1): 15. doi:

10.1186/1471-2180-2-15.

18.Haji Hajikolaei MR, Ghorbanpoor M, Solaymani M.
The prevalence of Mycobacterium paratuberculosis
infection in ileocecal valve of cattle slaughtered in
Ahvaz abattoir, southern Iran. Iran J Vet Res2006;
7:2-15.

19. Djonnea B, Jensena MR, Grantb IR, et al. Detection by
immunomagnetic PCR of Mycobacterium avium subsp
paratuberculosis in milk from dairy goats in Norway.
Vet Microbiol 2002; 92:135-143.

20.Kruze ], Salgado M, Paredes E, et al. Goat
paratuberculosis in Chile: First isolation and
confirmation of Mycobacterium avium subspecies
paratuberculosis infection in a dairy goat. ] Vet Diagn
Invest 2006; 18:476-479.

21. Corpa JM, Garrido ], Garcia- Marin JF, e al. Classification
of lesions observed in natural cases of paratuberculosis
in goats. ] Comp Pathol 2000; 122:55-65.

22.Kheirandish R, Khodakaram Tafti A, Hosseini A.
Classification of lesions and comparison of
immunohistochemical and acid fast staining in
diagnosis of naturally occurring paratuberculosis in
goats. Small Ruminant Res 2009; 87:81-85.



