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In situ detection of Mycobacterium avium subsp. paratuberculosis is useful for diagnosis and research of paratuberculosis. The aim
of this paper was to detect this agent in formalin-fixed, paraffin-embedded tissue samples by a direct in situ PCR. The technique
was performed on ileum or ileocaecal lymph node samples from 8 naturally infected cattle and 1 healthy calf, by using p89 and
p92 primers for amplification of IS900 sequence. Moderate positive signal was detected in all positive samples and not in negative
control, but tissues resulted were affected in many cases due to the enzymatic treatment and the high temperature exposition.
Although the technique was useful for Map detection, the signal was lower than immunohistochemistry probably because of the
fixation process. In one case, signal was higher, which might be due to the detection of spheroplasts. Thus, the described method
should be recommended when others resulted negative or for spheroplasts detection.

1. Introduction

Mycobacterium avium subsp. paratuberculosis (Map) is the
causative agent of paratuberculosis (PTB), also called Johne’s
disease. This affects cattle, sheep, and goats and produces
losses in daily and beef production. Clinical features include
diarrhea and loss of weight, and the main pathologic changes
are granulomatous inflammation of the intestine and mesen-
teric lymph nodes [1]. Additionally, PTB is suspected to be
related to Crohn’s disease (CD) in humans although this
hypothesis is currently debated [2, 3].

Histopathology is used as a diagnostic method, but it is
also a very important tool for researching PTB. Detection
of Map in tissue samples increases the pathologic diagnosis
and may be necessary when experimental infections are per-
formed. Several techniques such as Ziehl Nielsen staining
(ZN), immunohistochemistry (IHC), and in situ hybridiza-
tion (ISH) were tested for detection of the agent [2, 4, 5],
but their performances are different. ZN and IHC are easy

to perform and have high sensitivity [4–6], but false negative
can arise when infection was recent or bacilli were scanty.
Besides, their specificity may be considered low since ZN
can not differentiate among acid fast microorganisms and
antigens shared by different mycobacteria may affect IHC
performance. When both are compared, ZN is cheaper, but
IHC may detect antigens of Map even when the bacillus
was digested in the cytoplasm of macrophages. On the other
hand, ISH is specific but more expensive, hard to perform,
and its interpretation may be difficult because of the lower
signal obtained [5]. However, detection of Map by ISH is
considered useful because it detects spheroplasts (forms of
Map with deficiencies in the cell wall) which may be involved
with the disease and may be not detected by ZN or IHC [2].
Besides, detection of DNA of Map may be useful when IHC
and ZN are negative because bacilli and their antigens are
damaged.

In situ PCR (ISP) consists of the amplification of one
specific sequence of DNA in a tissue sample. It has been
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described as a very sensitive and specific technique and is
used for diagnosis or research in many diseases. Related to
PTB, an ISP method followed by in situ hybridization was
performed for detection of Map in sheep and mice tissue
samples [7, 8]. Although it was useful for Map identification,
a direct ISP (dISP) method which does not require the
hybridization step should be easier to perform. To our
knowledge, dISP was successfully used to detect the infection
of M. tuberculosis in samples from affected and healthy
human subjects [9], but not for Map detection in veterinary
medicine. The aim of this paper was to detect Mycobacterium
avium subsp. paratuberculosis in tissue samples of naturally
infected cattle fixed in formalin paraffin embedded, by using
a dISP method, and compare it with immunohistochemistry.

2. Material and Methods

2.1. Analyzed Samples. Samples of ileum or ileocaecal lymph
node from nine cows were used. Eight corresponded to adult
animals with clinical signs of PTB and isolation of Map from
faeces. The other sample was from a calf belonging to a free
herd with no changes or clinical signs, which was used as
negative control. Tissues were fixed in 10% formalin solution
and embedded in paraffin following the standard histological
procedures. Compatible lesions and acid fast bacilli were
previously confirmed by hematoxylin and eosin and ZN
staining performed following routine techniques.

2.2. Direct In Situ PCR. Tissue sections (2 µm thickness)
were obtained and mounted on positive charged slides. These
were deparaffinised by keeping 18 h at 60◦C and immersed
in xylene (30 min at 37◦C), absolute ethanol at room tem-
perature (RT), 75% ethanol (RT), 50% ethanol (RT), 25%
ethanol (RT), and water (RT). Then, they were made
permeable by incubation at room temperature in 0.02 mol/L
HCl for 10 min, followed by 0.01% triton X-100 for 90 s.
Proteins were depleted by incubation with 1 mg/L proteinase
K (Gibco, Paisley, UK) for 30 min at 37◦C, which was inacti-
vated by boiling in a microwave for 15 s. Endogenous alkaline
phosphatase was inactivated by immediately immersing the
slides into 20% acetic acid for 15 s.

The PCR was performed by incubation of the sections
with 50 mL 1X reaction buffer (Gibco, BRL), 1.5 U Taq poly-
merase, 2 mmol/L MgCl2, 40 mmol/L dNTP, 0.2 mmol/L
dUTP labelled with digoxigenin (Boehringer Mannheim,
Lewes, UK), and 60 pg each of IS900 M. avium subsp. paratu-
berculosis insertion sequence primers. The primers used were
p89 (sequence 5′-CGTCGGGTATGGCTTTCATGTGGTTG-
CTGTG-3′) and p92 (sequence 5′-CGTCGTTGGCCACC-
CGCTGCGAGAGCAAT-3′), previously tested by ISH [2, 5].
The slides were sealed with the Assembly tool (Perkin Elmer,
Cambridge, UK) and placed in a Touch Down thermocycler
(Hybaid, Ashford, UK). PCR was undertaken with the
following thermocycler conditions: 5 min at 95 8C, 35 cycles
of 94 8C (1 min), 64.5 8C (1 min) and 72 8C (1 min) ending
at 72 8C for 2 min. PCR products were detected with alka-
line phosphatase-conjugated sheep antibodies against antidi-

goxigenin (Boehringer Mannheim) diluted 1/500. The chro-
mogen was 5-bromo-4-chloro-3-3 indolyl phosphate tolui-
dine salt and tetrazolium nitroblue (Boehringer Manheim)
diluted 1/50. Sections were counterstained with nuclear fast
red. For control of false positives, each test section was
subjected to PCR without the Taq polymerase.

2.3. Immunohistochemistry. Immunohistochemistry was per-
formed following procedures previously described [5].
Briefly, 2 µm sections were obtained, mounted on positively
charged slides, and deparaffinized. Endogenous peroxidase
activity was blocked with 10% hydrogen peroxide in meth-
anol (20 min), and antigenic recovery was performed by
humid heat treatment (121◦C, 15 min) in citrate buffer
(monohydrate citrate, 10 mM, pH 6). After cooling, slides
were immersed in TBS buffer (50 mM Tris–HCl, 300 mM
NaCl pH 7.6) for 20 min. A blocking step was performed
(BSA (Promega) 2% in TBS, 5 min), after which 40 mL of
the anti-Map antibody (rabbit polyclonal, Queen’s Univer-
sity Belfast, Northern Ireland, UK) diluted 1/100 in TBS
was added and incubated at 4◦C overnight. The reaction
was revealed using the LSAB2R system (Dako Citomation
System) and DAB. Slides were counterstained with Mayer
Hematoxylin and coverslipped with synthetic medium.

2.4. Slides Interpretation. All preparations were observed
with a conventional light microscope at 40 X, 100 X, 200 X,
400 X, and 1000 X magnification and were compared observ-
ing the same regions in all cases. The obtained results were
classified as negative (−), weak (+), moderate (++), and
intense (+++), according to the number of stained cells at
400 X. When abundant staining was observed at 100 X, it was
classified as intense.

3. Results

3.1. In Situ PCR. All infected samples showed staining,
which consisted in small blue spots inside the macrophages
or Langhans giant cells. Most of them were in the cytoplasm,
and few were in the nucleus of the cells (Figures 1(a) and
1(b)). The intensity of the signal was moderate in all cases
(Table 1). Negative control was negative, and positive tissues
which were incubated without Taq did not show any signal.

Tissue morphology was not perfectly conserved. Con-
nective tissue was not correctly counterstained and a lot of
cellular nuclei could not be clearly observed (Figure 1(d)).
Areas of tissue were disrupted and removed from the slide
in several cases, which made impossible the interpretation of
dISP in these areas.

3.2. Immunohistochemistry. All infected tissues showed im-
munostaining in areas with granulomatous inflammation.
Staining was inside the epithelioid and Langhans giant cells,
which were distributed in the ileal mucosa and submucosa
(Figure 1(c)). The signal was intense in all cases, except in
sample 6, in which it was weak (Table 1). Negative control
did not show immunostaining.
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Figure 1: (a) Positive in situ PCR signal (small blue spots) inside the cytoplasm of epithelioid and Langhans giant cells (lamina propria,
ileum). (b) Positive in situ PCR signal (small blue spots) inside the cytoplasm of macrophages (ileocaecal lymph node, cortex). (c) Positive
immunostaining (brown color) inside the cytoplasm of epithelioid cells. Tissue’s architecture is perfectly conserved (lamina propria, ileum).
(d) Positive in situ PCR signal inside the cytoplasm of an epithelioid cell. Interpretation of this slide became very difficult due to damage on
tissue’s architecture (lamina propria, ileum).

Table 1: Analyzed samples and obtained results.

Case Organ Map culture Histopathology IHC ISPCR

1 Ileum Positive Positive +++ ++
2 Ileum Positive Positive +++ ++
3 Ileum Positive Positive +++ ++
4 Ileocaecal LN Positive Positive +++ ++
5 Ileocaecal LN Positive Positive +++ ++
6 Ileum Positive Positive + ++
7 Ileum Positive Positive +++ ++
8 Ileum Positive Positive +++ ++
9 Ileum Negative Negative − −

References: (IHC): immunohistochemistry, (dISP): direct in situ PCR. (+++): intense, (++): moderate, (+): weak, (−): negative.

Tissue morphology was perfectly conserved in all cases,
and interpretation was easy to perform.

4. Discussion

Detection of Map in tissue samples supports pathological
diagnosis and allows to determinate where the agent persists
in the experimental disease [4, 8]. The obtained results indi-

cated that dISP was able to detect Map in all formalin-fixed,
paraffin-embedded tissue samples from naturally infected
cattle. The blue positive signal was clearly identified in
areas with pathological changes, inside the macrophages or
Langhans giant cells. Negative control and positive samples
incubated without Taq enzyme resulted negatively, which
confirmed that obtained signal in the positive samples was
due to the presence of Map.
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It was described that spheroplasts may be related to the
development of PTB or CD, and these forms of Map can be
detected by ISH [2, 7]. In a similar way, dISP would be useful
for their identification since it is based in the detection of
mycobacterial DNA, and this fact may improve its sensitivity
when compared to IHC. In the present paper, IHC signal was
intense in all cases, except in sample 6, in which it was weak
but moderate for dISP. This fact may be explained by the
detection of spheroplasts in this section, which was suggested
in a previous study [5].

Although the sensitivity of dISP was described as very
high [9], our results indicate that its sensitivity is lower than
IHC since the dISP detected signal was moderate and im-
munostaining was intense in most of cases. However, this
difference on staining results may be related with damage on
DNA probably occurred during the fixation process, because
variables such as time of fixation or nature of fixative solution
were not considered when sampling was done, and they
can alter the DNA integrity [10]. Although IHC may also
be affected by fixation [11], antigen recovery may recuper-
ate immunogenicity Considering that the analyzed samples
were not collected for dISP and fixation was not controlled,
further studies will be necessary to evaluate sensitivity of
dISP.

In situ hybridization was not tested in the present paper.
However, the signal obtained with dISP was higher than the
weak signal reported for ISH in our previous paper [5]. The
cause of this difference may be related to the amplification of
DNA obtained by dISP. Besides, the size of the probe, which
has to penetrate the cell to hybridize the target DNA in ISH,
did not affect the efficiency of dISP since primers and dNTPs
are very small and constantly available.

The specificity of the dISP method is based on the am-
plified gene sequence. Although “IS900-like” sequences were
described in other microorganisms [12, 13], IS900 is consid-
ered the gold standard in the molecular detection of Map
by PCR [14]. It may be possible that these sequences affect
the performance, which might decrease the specificity of the
technique. The amplification of other more specific sequence
of Map may reduce mismatching [7], and further studies will
be necessary to determinate which sequence improves the
sensitivity. However, it is critical to relate dISP staining with
the histopathological changes in order to avoid false positive
diagnosis.

Tissue morphology was affected when dISP was per-
formed. This fact may be related to the enzymatic digestion
and repeated exposition of the slides to high temperature
in each PCR cycle since this problem was not detected with
IHC. Because of this, interpretation of the latter was easier,
while tissues damaged by dISP required repeating the per-
formed test.

5. Conclusion

A dISP method against IS900 DNA sequence was success-
fully used for Map detection in formalin-fixed, paraffin-
embedded tissue samples, which were obtained from nat-
urally infected adult cows. Although the signal was lower

than IHC, further studies should be necessary to determi-
nate sensitivity and specificity of the technique. As it was
previously described for ISH, detection of Map DNA by dISP
should be useful for the detection of spheroplasts. However,
the tissue’s structure was affected, and its development was
more difficult than IHC. At the light of these facts, this
method should be performed after IHC failed to detect Map
or to detect spheroplasts in tissue samples with compatible
changes.
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