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Comparison of bacterial culture, histopathology, and
immunohistochemistry for the diagnosis of Johne’s disease in culled
dairy cows
Shannon A. Martinson,1 Paul E. Hanna, Basil O. Ikede, Jeff P. Lewis, Lisa M. Miller, Greg P. Keefe,
Shawn L. B. McKenna
Abstract. Paired samples of formalin-fixed, paraffin-embedded ileum and lymph node from 204 culled
dairy cows were investigated for evidence of infection by Mycobacterium avium subsp. paratuberculosis. Of the
samples, 151 were from animals that were tissue-culture positive for M. avium subsp. paratuberculosis, and 53
were from animals that were tissue and fecal culture negative. From the culture-positive animals, M. avium
subsp. paratuberculosis was isolated from 78 samples of ileum and from 107 samples of lymph node. ZiehlNeelsen acid-fast and immunoperoxidase stained slides were examined for 15 minutes each. Acid-fast
organisms were identified in 7 of 78 (8.97%) and 6 of 106 (5.61%) culture-positive ileum and lymph node
samples, respectively. Immunohistochemical (IHC) analysis of the same tissues identified infection in the ileum
of 9 of 78 (11.54%) and in the lymph node of 5 of 106 (4.67%) culture-positive tissues. All tissues from culturenegative animals tested negative when using acid-fast and IHC staining. The sensitivity of these 2 tests in
detecting M. avium subsp. paratuberculosis in culled dairy cows was not significantly different, and the tests
exhibited substantial to almost perfect agreement. Both tests were much less sensitive than bacterial culture,
detecting less than 6% of tissues positive compared with culture.
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through 4 main stages of disease. These are classified
as the following: 1) silent infection, 2) subclinical
disease, 3) clinical disease, and 4) advanced clinical
disease.32 Susceptibility to infection is highest in
calves less than 30 days old; however, clinical disease
is not usually apparent in cattle until 2–5 years of age,
and only 10–15% of infected animals develop clinical
signs of disease.6,21
Commonly described gross pathologic findings in
cattle include mucosal thickening, predominantly in
the distal small intestine; dilated serosal and mesenteric lymphatic vessels; and enlargement of mesenteric
lymph nodes. Other less common findings include
alopecia, and endocardial and aortic calcification.6
Histopathologic findings range from mild to marked
granulomatous inflammation of the intestine and
mesenteric lymph nodes as related in a previous
study.6
Johne’s disease is of significant economic importance to the dairy industry because of reduced milk
production, premature culling, and low body weights
at slaughter. In infected herds with 10% of cull cows
that demonstrate clinical signs of disease, economic
losses were estimated to be more than US$200 per
cow.22 In addition, the controversial role of MAP in
Crohn’s disease has led to an increased focus on
paratuberculosis and further emphasizes the importance of this bacterium.8,20

Introduction
Johne’s disease, or paratuberculosis, is a chronic
infectious disease caused by Mycobacterium avium
subsp. paratuberculosis (MAP), a slow-growing, intracellular acid-fast bacillus. A variety of animals can
be infected, however, ruminants are the primary
hosts.25 There is a higher prevalence of disease in
dairy cattle compared with beef cattle, likely reflecting
differences in management practices, including the
close housing of dairy cattle, which may lead to easier
transmission of the organism from animal to animal.17 Clinical disease in cattle is characterized by
chronic or intermittent diarrhea, chronic progressive
weight loss, decreased milk production, and decreased
fertility, in association with granulomatous enteritis
and lymphadenitis.6,13,21
The primary route of MAP transmission is thought
to be fecal-oral, however, in utero infection also
occurs.4,26,29 Once infected, animals may move
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A major obstacle in the control of this disease is the
difficulty of identifying infected animals, especially
those in the subclinical stage of infection.21,27 For
every cow with advanced Johne’s disease on a farm, it
is estimated that 15–25 others on that farm are
infected, with less than 30% of these detectible by
diagnostic tests.32 As recently reviewed,7,31 several
tests for the diagnosis of MAP infection exist, and
they can be broadly classified into 2 categories: those
that detect specific serum humoral/cell-mediated
immune responses and those that detect the bacterial
agent. Serologic tests for Johne’s disease include
enzyme-linked immunosorbent assay, agar gel immunodiffusion, and the complement fixation test. These
are the most widely used tests for the presumptive
diagnosis of Johne’s disease; however, none of these
tests are particularly sensitive when compared with
fecal culture, especially for the detection of lowshedding subclinically infected animals.21,31
Fecal or tissue culture for organism detection is
considered the gold standard for MAP diagnosis,
however, the organism is fastidious and slow growing,
and bacteriologic culture may take as little as 4–
8 weeks or as long as 16 weeks, depending on the
culture methodology.19 MAP detection may also be
accomplished by histologic examination in conjunction with Ziehl-Neelsen (ZN) acid-fast staining of
target tissues, immunohistochemistry (IHC), and
polymerase chain reaction (PCR). These tests are
much more rapid than culture and conveniently can
be applied to formalin-fixed, paraffin-embedded
(FFPE) tissues, which are readily available to
pathologists. The sensitivities of these tests vary
greatly, with several reports supporting the superior
performance of each of these tests compared with
the others and compared with tissue/fecal
culture.2,9,12,23,27,28,30
The aim of this study was to evaluate and compare
histopathology in conjunction with acid-fast staining
and IHC in the diagnosis of Johne’s disease in tissues
from a large sample of dairy cattle collected at
slaughter. Tests were compared by using bacteriologic
culture as the gold standard. An additional goal was
to determine if prolonged examination would improve the detection of MAP in FFPE tissues when
using ZN acid-fast staining.
Materials and methods
Collection of samples
For a recent study on the prevalence of Johne’s disease in
culled dairy cows in Atlantic Canada and Maine, paired
samples of mesenteric lymph node and terminal ileum were
collected from 984 randomly selected cows at an abbatoir.16
Briefly, tissue sections and fecal samples were cultured for
MAP as previously described.16 Of these, 85 samples of

ileum, 110 samples of lymph node, and 33 fecal samples
were positive for growth of MAP on culture (total 165
culture-positive animals). Sections of the collected tissues
were fixed in 10% buffered formalin, embedded in paraffin,
sectioned at 5 mm, and stained with ZN acid-fast stain.
Each slide was examined for approximately 5 min, and
acid-fast bacilli were identified in tissues from 7 animals.16
Ziehl-Neelsen acid-fast examination
For this study, tissues from a subset of the 984 animals
were used. The samples consisted of ZN acid-fast slides,
and FFPE sections of ileum and lymph node from 151 of
the 165 culture-positive animals, and from 53 randomly
selected culture-negative animals. Tissue sections were
unavailable for 10 of the tissue-culture–positive animals,
and 4 animals were positive on fecal culture alone; these
samples were not included in the study.
Each ZN acid-fast slide was examined microscopically
for the presence of acid-fast bacilli within macrophages or
multinucleate giant cells for a period of 15 min, with the
majority of time spent carefully scanning the slide at low
magnification (103). The examiner was blinded to the
culture status and to the previous acid-fast results of the
samples.
Immunohistochemistry
Immunohistochemistry was performed on serial sections
of the ileum and mesenteric lymph node from the same
subset of animals for the localization of mycobacterial
antigens by using an indirect streptavidin-biotin method
with a commercially available peroxidase kit.a Briefly,
tissue sections were mounted on glass slides, deparaffinized
with xylene and alcohol rinses, and endogenous peroxidase
activity was blocked via immersion in 3% H2O2. After
rinsing, the slides were incubated with either polyclonal
rabbit anti-Mycobacteria bovis antibody or a negative
control reagent for 10 min. This polyclonal antibody is
marketed for the detection of M. bovis and reacts with
soluble and insoluble bacterial antigens, many of which are
common to other mycobacterial species, including MAP.2
The slides were then incubated with peroxidase-labeled
goat anti-rabbit antibody for 10 min, followed by the
application of freshly prepared substrate-chromogen solution. The peroxidase activity was detected with buffered
substrate solution and 3,39-diaminobenzidine. Enzymatic
activity was allowed to continue for 5 min, and the slides
were rinsed, counterstained with hematoxylin, rehydrated
with ethanol and xylene, and cover-slipped. Control
sections from other cattle that were positive for infection
with MAP were prepared in the same manner. Similar to
the acid-fast slides, these slides were examined for 15 min
each, with the majority of time spent carefully scanning the
slide at low magnification (103); the examiner was blinded
to the culture status of the samples.
Statistical analysis
Statistical analysis was performed with Stata 9.2b and
Minitab 14.c Confidence intervals (CI) for sensitivity of the
ZN acid-fast and IHC tests were determined by using the
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Table 1. Results for tissue culture, Ziehl-Neelsen (ZN) acid-fast staining, and immunohistochemistry (IHC) for the detection of
Mycobacterium avium subsp. paratuberculosis in ileum and mesenteric lymph node from tissue culture-positive cows.
ZN acid-fast
Tissue

Ileum
Lymph nodes

Culture results

Positive (78)
Negative (73)
Positive (107)
Negative (44)

IHC

Positive

Negative

Positive

Negative

7
1
6
0

71
72
101
44

9
0
5
0

69
73
102
44

Wilson estimate.18 The McNemar test was used to compare
paired population proportions for the ZN acid-fast and
IHC tests, and for ZN acid-fast results obtained with 5-min
and 15-min scanning times. A significant McNemar test
indicates serious disagreement between tests, whereas
a nonsignificant test indicates that the 2 proportions do
not differ. P values below 0.05 were considered significant.
Agreement among the results obtained for these tests was
determined by calculating the kappa statistic. Because the
kappa statistic becomes difficult to interpret when prevalence is low,10 this value was calculated for a subset of the
culture-positive animals to improve accuracy. The agreement was considered moderate, substantial, or almost
perfect if values were estimated at 0.4 # k , 0.6, 0.6 # k ,
0.8, or 0.8 # k , 1.0, respectively.

Results
Acid-fast bacilli were identified in 7 of the 78
culture-positive samples of ileum, giving a test
sensitivity of 8.97% (95% CI: 4.21–17.74%), and
from 6 of the 107 culture-positive samples of lymph
node, giving a test sensitivity of 5.61% (95% CI: 2.40–
12.02%) when culture of tissues is used as the gold
standard for detection (Table 1). A small number of
acid-fast bacilli were detected in 1 sample of culturenegative ileum; this animal, however, was detected as
positive for MAP on lymph-node culture. In total,
acid-fast bacilli were identified in 8 (or 5.30%) of the
151 tissue-culture–positive animals.
Lesions varied from mild to marked, with mild
lesions that consisted of small aggregates of macrophages or multinucleated giant cells that contained
small numbers (2–4) of acid-fast bacilli infiltrating the
villous lamina propria of the ileum or the paracortical
and cortical tissue of the lymph node. Marked lesions
consisted of sheet-like infiltrates of macrophages and
multinucleated cells that contained large numbers
of acid-fast bacilli, admixed with lymphocytes and
plasma cells that expanded the lamina propria and
submucosa of the ileum, and the paracortex
and medullary sinuses in the lymph node.
No acid-fast organisms were identified in tissues
from the 53 culture-negative animals. Occasionally,
nonspecific acid-fast staining was noted within
macrophages in the medullary sinuses of lymph nodes

from the culture-positive and culture-negative animals.
In a previous study,16 examination of each of the
ZN acid-fast slides for 5 minutes revealed positive
results in 7 samples of ileum and 6 samples of lymph
node from a total of 7 animals. Extending the
searching time from 5 to 15 minutes in the present
study resulted in the identification of the same 7
infected animals identified previously, with a single
additional positive result. These 2 tests were found to
show almost perfect agreement, with a kappa value of
0.93, and a nonsignificant McNemar test result (P 5
0.3173), indicating that the 2 proportions do not
differ significantly.
Examination of immunoperoxidase-stained slides
resulted in the identification of positive staining in 9
of the 78 culture-positive samples of ileum, giving
a test sensitivity of 11.54% (95% CI: 6.04–20.79%),
and from 5 of the 107 culture-positive samples of
lymph node, giving a test sensitivity of 4.76% (95%
CI: 1.78–10.83%) when culture of tissues is used as
the gold standard for detection (Table 1). In total,
positive IHC staining was identified in 9 (or 5.92%) of
the 151 tissue-culture–positive animals.
Positive results are seen as distinct, granular, brown
staining within macrophages and multinucleated
giant cells (as depicted in Fig. 1). Positive staining
within these cells was most commonly noted in lesions
as described for the ZN acid-fast staining. In a small
number of cases, positive staining was identified
focally within the Peyer’s Patches of tissues in which
acid-fast bacilli were not detected. When compared
with acid-fast staining, IHC identified 7 of 8 of the
same animals and an additional 2 animals (Table 2).
No significant difference is noted in the sensitivity of
IHC compared with ZN acid-fast staining for the
identification of infected animals. These 2 tests were
found to show substantial to almost perfect agreement, with a kappa value of 0.81, and a nonsignificant
McNemar test result (P 5 0.5637).
Discussion
Several tests exist for the diagnosis of Johne’s
disease in cattle; however, considerable debate exists
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Figure 1. Tissue section of ileum immunostained with polyclonal rabbit anti-Mycobacterium bovis antibody. Positive reactions
appear as distinct granular brown staining within macrophages and multinucleated giant cells. Bar 5 50 mm.

over which is most effective, and this varies with the
stage of disease. Although advanced clinical disease is
relatively easily diagnosed, subclinically affected
animals pose a diagnostic challenge. The tissues for
the present study were collected from dairy cows that

were randomly selected at slaughter, and it is likely,
therefore, that the population includes uninfected
animals, subclinically infected animals, and clinically
infected animals. This is in contrast to many studies
that compared diagnostic tests for Johne’s disease in

Table 2. Relationship of tissue culture to Ziehl-Neelsen (ZN) acid-fast staining and immunohistochemistry (IHC) for the detection
of Mycobacterium avium subsp. paratuberculosis in ileum and mesenteric lymph node (LN).
Tissue culture
Cow ID

91
134
197
264
317
379
441
662
849
986

ZN acid-fast

IHC

Ileum

LN

Ileum

LN

Ileum

LN

+
+
+
+
–
+
+
+
+
+

+
+
+
+
+
–
+
–
+
+

+
+
+
+
+
–
+
–
+
+

–
+
+
+
–
–
+
–
+
–

+
+
+
+
–
+
+
+
+
+

–
+
+
+
–
–
+
–
+
–
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which only clinically or experimentally infected
animals are examined. In addition, the disease
exposure in this case is natural, and a large sample
population was tested.
Bacterial culture has long been considered the gold
standard for paratuberculosis diagnosis, but it is
costly and time consuming, and, when gross lesions
are not apparent during necropsy, fresh tissues may
not be submitted for culture. Therefore, the most
convenient and rapid tests for pathologists are those
that can be applied to FFPE tissues, including ZN
acid-fast and IHC techniques.
Histopathologic analysis of tissues from infected
animals, in conjunction with ZN acid-fast staining
has been found in some studies to be the most
sensitive method of confirmation of Johne’s disease.9,11 In 1 study, fecal and tissue cultures were
shown to have lower sensitivities (15% and 30%,
respectively) in experimentally infected lambs compared with histologic demonstration (80%) of ZN
acid-fast bacilli.14 Other studies demonstrated these 2
tests to perform equally well in identifying infected
cattle.12 In this study, histopathology was found to
have a low sensitivity (5.30%) compared with
bacteriologic culture, identifying only 8 of 151
culture-positive animals. This is similar to other
studies that showed that tissue culture of lymph
nodes, in particular, detected more infected cattle
than histologic examination.1 Several factors affect
the sensitivity of this test, including the multifocal
distribution of small granulomas, which may prevent
histopathologic identification.27 As well, the ZN acidfast technique only stains bacteria with an intact cell
wall; therefore, the absence of acid-fast bacteria may
be because of degradation of bacteria, scarcity of
bacteria in lesions, or the presence of only cell-wall
deficient forms of MAP.21 A larger amount of tissue
was tested via culture (2 g of tissue16) when compared
with ZN acid-fast and IHC testing in which only a 5mm thick section of tissue that averaged less than
10 mg in weight was examined microscopically.
Because the same piece of tissue cannot be used for
both culture and microscopy, the examined tissues are
often millimeters to centimeters apart from the tissues
submitted for culture. Therefore, it is possible that the
examined sections were from uninfected areas, while
cultures were taken from areas of infection.34 It has
been suggested that tissue samples from animals with
subclinical paratuberculosis should be processed for
both histopathologic examination and tissue culture
to enhance diagnostic sensitivity.12,15,33
Preliminary examination of histologic sections by
pathologists may fail to detect subclinical Johne’s
disease lesions. In 1 study, it was found that
prolonged examination of tissues with negative initial
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findings detected small focal lesions with acid-fast
bacteria in 44% of slides reexamined.9 It has been
found that even small isolated lesions were readily
recognized by scanning sections at low magnification
(43) and that extended high-power searching of ZN
acid-fast slides was ineffective in increasing the
accuracy of a histopathologic diagnosis of Johne’s
disease.5 It, therefore, was decided that, in the present
study, the majority of the 15 minutes would be spent
carefully scanning the slide at low magnification
(103). No significant increase in sensitivity was
gained by increasing the scanning period from 5 to
15 minutes. Increasing the time spent examining the
slides resulted in the identification of only 1
additional positive animal, and most of the positive
results obtained were identified within the first 2–
7 minutes of examination. There are reports that
emphasize the importance of examining large numbers of sections of intestine and lymph node, rather
than spending prolonged periods scanning fewer
slides.5,9
Immunohistochemical techniques are able to detect
not only intact viable organisms but also soluble
MAP, cell fragments, and altered microorganisms
with defective cell walls, and, therefore, are potentially more sensitive and specific than ZN acid-fast
staining.23 Immunoperoxidase staining has been
found to be better than acid-fast staining for detection of low numbers of mycobacteria in FFPE
bovine tissue sections from culture-positive animals.2
In the present study, no significant difference in the
sensitivities of these 2 tests was detected, with only 1
additional positive result obtained when using IHC
compared with ZN acid-fast staining. When compared with a kappa estimator, these tests showed
substantial to almost perfect agreement, identifying
most of the same infected animals.
It has been found that histopathologic examination
and histochemical staining produced evidence of
infection in more goats than did a bacteriologic
examination.27,30 In cattle, IHC has been shown to
perform equally as well as tissue culture for the
diagnosis of Johne’s disease.12 However, in the
present study, IHC had a low sensitivity when
compared with culture, detecting positive staining in
the lymph node or ileum of only 5.96% of the culturepositive animals. As for acid-fast staining, the low
sensitivity of IHC relative to culture may be because
of the multifocal nature of the lesions and because the
same section of tissue cannot be used for both culture
and microscopy. Another potential cause of falsenegative results when using IHC is antigenic alteration because of formalin fixation.24 Ideally, tissues to
be used for IHC testing should be processed after
a maximum of 24 hour’s fixation in formalin.23
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Additional potential problems encountered when
using immunoperoxidase staining include a reduced
signal-to-noise ratio because of the presence of
melanin and hemosiderin-laden macrophages within
the lymph node and Peyer’s Patches,24 and because of
the presence of ‘‘garbage’’ macrophages, which are
frequently described in these tissues.3,11,12
Slaughter and postmortem examination provide
the opportunity to assess the histopathologic diagnosis of Johne’s disease in clinically normal
animals. In the present study, bacteriologic culture
proved to be far superior to ZN acid-fast and IHC in
the diagnosis of Johne’s disease in tissues collected
from culled dairy cows. ZN acid-fast staining and
IHC exhibited almost perfect agreement, with no
significant difference in sensitivity. In addition,
prolonging the scanning time did not improve the
sensitivity of the histopathologic diagnosis of Johne’s
disease when using FFPE tissues. Recently, PCR
techniques were used for identification of MAP in
FFPE tissues.23 This test is potentially more sensitive
and specific than ZN staining and IHC, and future
work may include applying this test to these samples.
Acknowledgements
This project was supported by the Atlantic Veterinary
College Internal Research Fund. The authors would like to
thank Darlene Jones for her excellent technical assistance,
Drs. Alfonso Lopez and David Sims for their assistance
with digital photography, and Dr. Henrik Stryhn for his
guidance with the statistical analysis.

Sources and manufacturers
a. Dako LSAB 2 System, Peroxidase, DAKO Corp., Carpentaria, CA.
b. Stata Corp., College Station, TX.
c. Minitab, Inc., State College, PA.

References
1. Benedictus G, Haagsma J: 1986, The efficacy of mesenteric
lymph node biopsy in the eradication of paratuberculosis from
an infected dairy farm. Vet Q 8:5–11.
2. Brees DJ, Reimer SB, Cheville NF, et al.: 2000, Immunohistochemical detection of Mycobacterium paratuberculosis in
formalin-fixed, paraffin-embedded bovine tissue section. J Vet
Diagn Invest 12:60–63.
3. Buergelt CD, Ginn PE: 2000, The histopathologic diagnosis of
subclinical Johne’s disease in North American Bison (Bison
bison). Vet Microbiol 77:325–331.
4. Buergelt CD, Williams E, Monif GRG, et al.: 2006, Nested
polymerase chain reaction and prenatal detection of Mycobacterium avium subspecies paratuberculosis (Map) in bovine
allantoic fluid and fetuses. Int J Appl Res Vet Med
14:232–238.
5. Carbonell P: 1998, Histopathological diagnosis of Johne’s
disease [letter]. Aust Vet J 76:499.

6. Clarke CJ: 1997, The pathology and pathogenesis of paratuberculosis in ruminants and other species. J Comp Pathol
116:217–261.
7. Collins MT, Gardner IA, Garry FB, et al.: 2006, Consensus
recommendations on diagnostic testing for the detection of
paratuberculosis in cattle in the United States. J Am Vet Med
Assoc 229:1912–1919.
8. Collins MT, Lisby G, Moser C, et al.: 2000, Results of
multiple diagnostic tests for Mycobacterium avium subsp.
paratuberculosis in patients with inflammatory bowel disease
and in controls. J Clin Microbiol 38:4373–4381.
9. Condron RJ, Schroen CJ, Black CA, et al.: 1994, Histological
confirmation of subclinical infection with M. paratuberculosis
in cattle. In: Proceedings of the Fourth International
Colloquium on Paratuberculosis, ed. Chiodini RJ, Collins
MT, Bassey EOE, pp. 37–40. International Association for
Paratuberculosis, Rehoboth, MA.
10. Dohoo I, Martin W, Stryhn H: 2003, Screening and diagnostic
tests. In: Veterinary epidemiologic research, pp. 85–120.
Atlantic Veterinary College, Charlottetown, Prince Edward
Island, Canada.
11. Gonzalez J, Geijo MV, Garcia-Pariente C, et al.: 2005,
Histopathological classification of lesions associated with
natural paratuberculosis infection in cattle. J Comp Pathol
133:184–196.
12. Huda A, Jensen HE: 2003, Comparison of histopathology,
cultivation of tissues and rectal contents, and interferongamma and serum antibody responses for the diagnosis of
bovine paratuberculosis. J Comp Pathol 129:259–267.
13. Johnson-Ifearulundu YJ, Kaneene JB, Sprecher DJ, et al.:
2000, The effect of subclinical Mycobacterium paratuberculosis
infection on days open in Michigan, USA, dairy cows. Prev
Vet Med 46:171–181.
14. Kurade NP, Tripathi BN, Rajukumar K, Parihar NS: 2004,
Sequential development of histologic lesions and their relationship with bacterial isolation, fecal shedding, and
immune responses during progressive stages of experimental
infection of lambs with Mycobacterium avium subsp. paratuberculosis. Vet Pathol 41:378–387.
15. McDonald WL, Ridge SE, Hope AF, Condron RJ: 1999,
Evaluation of diagnostic tests for Johne’s disease in young
cattle. Aust Vet J 77:113–119.
16. McKenna SLB, Keefe GP, Barkema HW, et al.: 2004, Cowlevel prevalence of paratuberculosis in culled dairy cows in
Atlantic Canada and Maine. J Dairy Sci 87:3770–3777.
17. Merkal RS, Whipple DL, Sacks JM, Snyder GR: 1987,
Prevalence of Mycobacterium paratuberculosis in ileocecal
lymph nodes of cattle culled in the United States. J Am Vet
Med Assoc 190:676–680.
18. Moore DS, McCabe GP: 2003, Inference for proportions. In:
Introduction to the practice of statistics, 4th ed., pp. 571–608.
WH Freeman, New York, NY.
19. Motiwala AS, Strother M, Theus NE, et al.: 2005, Rapid
detection and typing of strains of Mycobacterium avium subsp.
paratuberculosis from broth cultures. J Clin Microbiol 43:
2111–2117.
20. Naser SA, Ghobrial G, Romero C, Valentine JF: 2004,
Culture of Mycobacterium avium subspecies paratuberculosis
from the blood of patients with Crohn’s disease. Lancet
364:1039–1044.
21. Olsen I, Sigurdardottir OG, Djonne B: 2002, Paratuberculosis
with special reference to cattle. a review. Vet Q 24:12–28.
22. Ott SL, Wells SJ, Wagner BA: 1999, Herd-level economic
losses associated with Johne’s disease in US dairy operations.
Prev Vet Med 40:179–192.

Bacterial culture, histopathology, and immunohistochemistry for the diagnosis of Johne’s disease
23. Plante Y, Remenda BW, Chelak BJ, Haines DM: 1996,
Detection of Mycobacterium paratuberculosis in formalinfixed paraffin-embedded tissues by the polymerase chain
reaction. Can J Vet Res 60:115–120.
24. Ramos-Vara JA: 2005, Review article: technical aspects of
immunohistochemistry. Vet Pathol 42:405–426.
25. Rideout BA, Brown ST, Davis WC, et al.: 2003, Introduction.
In: Diagnosis and control of Johne’s disease, pp. 13–15.
National Academies Press, Washington, DC.
26. Seitz SE, Heider LE, Hueston WD, et al.: 1989, Bovine fetal
infection with Mycobacterium paratuberculosis. J Am Vet Med
Assoc 194:1423–1426.
27. Sigurdardottir OG, Press CM, Saxegaard F, Evensen O: 1999,
Bacterial isolation, immunologic response, and histopathological lesions during the early subclinical phase of experimental infection of goat kids with Mycobacterium avium
subsp. paratuberculosis. Vet Pathol 36:542–550.
28. Stabel JR, Ackermann MR, Goff JP: 1996, Comparison of
polyclonal antibodies to three different preparations of
Mycobacteria paratuberculosis in immunohistochemical diagnosis of Johne’s disease in cattle. J Vet Diagn Invest
8:469–473.
29. Sweeney RW, Whitlock RH, Rosenberger AE: 1992, Mycobacterium paratuberculosis isolated from fetuses of infected

30.

31.

32.

33.

34.

57

cows not manifesting signs of the disease. Am J Vet Res
53:477–480.
Thoresen OF, Falk K, Evensen O: 1994, Comparison of
immunohistochemistry, acid fast staining, and cultivation for
detection of Mycobacterium paratuberculosis in goats. J Vet
Diagn Invest 6:195–199.
Tiwari A, VanLeeuwen JA, McKenna SLB, et al.: 2006,
Johne’s disease in Canada. Part I: clinical symptoms,
pathophysiology, diagnosis, and prevalence in diary herds.
Can Vet J 47:874–882.
Whitlock RH, Buergelt C: 1996, Preclinical and clinical
manifestations of paratuberculosis (including pathology).
Vet Clin North Am Food Anim Pract 12:345–356.
Whitlock RH, West SR, Layton B, et al.: 1999, Paratuberculosis in bison: comparison of PCR, culture, serology, and
histopathology. In: Proceedings of the Sixth International
Colloquium on Paratuberculosis, ed. Manning EJB, Collins
MT, pp. 424–438. International Association for Paratuberculosis, Rehoboth, MA.
Whittington RJ, Sergeant ESG: 2001, Progress towards
understanding the spread, detection, and control of Mycobacterium avium subsp paratuberculosis in animal populations.
Aust Vet J 79:267–278.

