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Mycobacterium avium subsp. paratuberculosis in Raw Cow Milk in Egypt
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Abstract: Mycobacterium avium subsp. paratuberculosis (MAP) is the causative agent of Johne’s disease

mn cattle and it has been suggested that this orgamsm may be associated with Crohn’s disease in humans.
Diseased cows shed this organism into both milk and feces. The objective of this study was to use [S%00 PCR
and ELISA kit to detect MAP i raw cow milk in Egypt. [S900 PCR revealed that 9 milk samples out of 13(69.2%)
raw cow milk samples collected from a dairy farm at El Monefeia governorate, Egypt, were positive to ISO00 PCR.
Results indicated that ammals have shed the AMap n their milk or the milk had been contaminated with the
feaces of the diseased animal, which can play as a source of infection to other amimals and humans if this milk
was drunk. ELISA test was also applied on these collected milk samples and it was found that all samples were
negative to ELISA. These results reflected that these climcally diseased animals were shedding the MAP mn milk
without developing antibodies in their sera which mainly appear in the late stage of the disease. Egyptian

national programme is needed to decrease the risk of exposure to MAP 1n both humans and ammals.
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INTRODUCTION

Mycobacterium avium subsp. paratuberculosis
(MAP), the recognized pathogen of Johne’s disease (TD),
causes chronic granulomatous enteritis in cattle, sheep
and other ruminants [1, 2] and results in significant
economical loss to the dairy industry [3]. Tt is also a
suspected pathogen of Crohn’s disease in humans [4].
This pathogen has been cultured from cows with clinical
or subclinical JD m both their milk and feces [5, 6].
Confirmed MAP isolates were cultured from 1.8% of the
commercially pasteurized milk samples in the UK [7].
Similar data were published from the U.S.A. [8]. In the
UK. study, 11.8% of samples of retail milk were MAP-
positive by PCR. In Switzerland, 19.7% of bulk-tank milk
samples were 15900 PCR positive [9]. Goat and sheep
bulk tank milk samples were also PCR-positive for IS900
(23.0 and 23.8%, respectively), providing presumptive
evidence for the presence of MAP in Switzerland [10].
MAP has been cultivated from cheese [11, 12] as well.
Unfortunately, the culture methods require 6 to 16 wk
confirming that a sample 15 negative for MAP [13];
therefore, a rapid and sensitive protocol for detection of
MAP i1s important for development of a JD centrol

program. Efforts have been made in the last few decades
to develop protocols for the detection of MAP in feces,
milk, tissue, food and envirommental samples using
various methods. Serology and fecal culture, however,
are the most commonly used tests m the field [13, 14].
Polymerase chain reaction (PCR) is an ideal method for
rapid and accurate detection [15]. Progress has been made
recently to improve the sensitivity of PCR-based tests for
MAP inmilk [16 - 18]. The aim of this study was to detect
MAP m Egypt using [S900 PCR and ELISA.

MATERIALS AND METHODS

Samples: Only 13 raw cow milk samples from clinically
diseased ammals were collected from a dawry farm from El
—Monefia, Egypt and were tested for the presence of
MAP using PARACHEK®2 kit ELISA product no.633271
and IS%00 PCR.

ELISA Testing: (PARACHEK®?2 kit product no.633271).
All reagents were equilibrated except the conjugate. Milk
samples were diluted 1:2 in green diluents and mixed
thoroughly 3-5 times. Samples were covered and
incubated at room temperature (22°C+3) for 30 minutes.
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Only 100 pl of the test and control samples were added to
appropriate wells of the coated plate and the plate was
shaken. The plate was covered with a parafilm and
incubated at room temperature for 30 minutes. Conjugate
100X concentrate have been diluted to be ready for use at
the end of this incubation. The plate was washed 6 times
with wash buffer by using a plate washer with a suitable
washing program. Only 100 pl of freshly prepared
conjugate solution were added to each well. Each plate
was covered with a parafilm and incubated at room
temperature for 30 minutes. The plate was then washed.
Only 100 pl of enzyme substrate was added to each well.
The plate was covered with a parafilm and incubated for
30 minutes. Only 50 pl of stop solution was added and the
results were read at 450 nm filter after 2-20 minutes from
the incubation time (End Point Method).

Calculation of cut off value =Mean Negative Conirol
+0.150 (for Bovine Samples).

DNA extraction, IS20¢8 PCR and electrophoresis [19]:
DNA pellets were extracted [20]. The extracted DNA
samples were applied to ISZ00 PCR according the
following program: 1 cycle at 94 C, 10 min; 50 cycles at
94°C, 59 sec, 60°C, 30 sec and 72°C, 59 =ec; followed by a
final extension cycle at 72°C, 10 min.The following highly
gengitive ISP00 primers were used.

Forward: 5-CCGCTAATTGAGAGATGCGATTGG-3".
Reverse: 5"-AATCAACTCCAGCAGCGCGGCCTCG-3".

The electrophoresis grade Agarose was prepared
in 1x electrophoresiz buffer to reach the required
1.5% concentration. The Agarose was cooked in a
microwave with agitation fill being clear. The Agaroge
was allowed to cool, then 0.5 pg/ml ethidium
bromide was added. The Agarose was poured in the
electrophoresis mould to make 4 mm depth. The comb
was inserted and left to solidify. The comb was
removed gently. The TAE buffer was poured until
covering the gel. The sample was injected with loading
dye and sunk in the well. The cathode and anode were
matched with power supply at 100 volt. The current was
stopped when the loading dye reached 2:3 to the gel.
The ftransilluminator was used to detect the desired
229 bp band.

RESULTS

15920¢ PCR Results: Nine milk samples out of 13 were
positive to IS900 PCR(69.2%) and gave a 229 bp
molecular size band confirming the presence of ISS00
sequence specific for Mycobacterium avium subsp.
paratuberculosis as shownin Fig. 1.

Fig 1: 15900 PCR application on 13 raw cow milk samples targeting 229 bp amplicon

Lane 1 corresponds to 100 bp DN A ladder.

Lane 2 corresponds to spiked milk with BCG strain as negative control.

Lanes 3 and 4 correspond to spiked milk cream and whey with standard strain of Map as positive control.

Lanes 5-13 correspond to positive ISZ00 PCR milk samples.
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Fig. 2: ELISA test on raw cow milk samples using PARACHEK ®2 kit for 13 cow milk samples respectively

Strip 1. Raw cow milk samples from 1-8.

Strip 2. From well A to well E negative raw cow milk samples from 9-13.

Strip 2. Well F positive control.
Strip 2. Wells G and H negative controls.

ELISA Results: All raw cow milk samples were negative
to the presence of AMap antibodies as shown in Fig. 2.

DISCUSSION

Mycobacterium avium  subsp.  parafuberculosis
(MAP) iz a recognized pathogen that affects many
species of ruminant and non-ruminant animals [19]. It is
the etiological agent of Johne’s disease (JD) in cattle.
Symptoms are progressive weight loss and chronic
diarrhea associated with granulomatous enteritis.
Subclinical infection of cows results in reduced milk
production and fertility and signifiez a considerable
economic loss for the global catile industry [21]. Infected
animals with clinical disease and subclinical infections
shed MAP bacteria in both milk and feces. Detectable
levels of this organism have been found in milk from both
clinically infected cattle and asymptomatic carriers [5, 22].
Live MAP organi sms were recovered from some samples
of retail pasteurized milk and several studies reported
survival after exposure to high temperature short time
pasteurization [7, 23 ].

Crohn's dizease is an inflammatory gastrointestinal
tract disease in humans, presenting with similar symptoms
and pathological changes in the gut as Johne's dizeasze in
cattle. Therefore, it was suggested that MAP could be
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one of the etiologic factors of the dizease [24, 25]. MAP
ig possibly passed on to humans through contaminated
milk and dairy products although shedding levels appear
to be low, especially in subclinical cases (2-8 cfu/50 ml),
[26]. Mycobacterium avium subsp. paratuberculosis has
been cultured from the breast milk of patients with active
CD [27]. Although the role of this organism in CD is
unclear, cow milk can be a source of human exposure to
the organism [28]. Due to the possible link between M.
avium subsp. paratuberculosis and the development of
Crohn’s disease in humans [29, 30] M. avium subsp.
paratuberculosiz has become of interest as a public health
issue.

Both efforts to manage Johne’s dizease and studies
of heat resistance of M. avium subsp. paratuberculosis
have been hampered by the lack of rapid, specific
detection M. subsp.
paratuberculosis cells. An ideal M. avium subsp.
paratuberculosis detection test would be low cost, rapid
and specific and provide live/dead differentiation. Culture
is currenfly regarded as the definitive method for the
detection of viable M. avium subsp. paratuberculosis
bacteria; however, M. avium subsp. paratuberculosis is
an extremely fastidious organism and requires the
longest incubation periods of all the mycobacteria
cultured to date (6 to 16 weeks). Additionally, harsh

tests for wiable aviim
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chemical decontamination of samples is required to
suppress growth of competitive microorgamsms, which
can reduce the sensitivity of culture to detect M. avium
subsp. paratuberculosis [31].

Various mycobacterial species contain a number of
highly specific msertion sequences (1S) integrated in the
genome [32]. Some of those genetic elements can be used
to distinguish species of mycobacteria [4, 33].

The specific insertion sequence of MAP 1s the IS900
element [34, 35]. Raw milk may be a potential vehicle for
the transmission of MAP to human population.
Sweeney et al. [6] found, that MAP is shed into milk by
12% of subclinically infected cows in a concentration of
2 to 8 CFU per 50 ml milk. Moreover, results of laboratory
pasteurization tests of whole milk spiked with MAP
showed that MAP was capable of surviving
pasteurization of raw milk [36,37]. Nevertheless, literature
data are very divergent. Sung ef al. [38] reported
a D-value (decimal reduction time) for MAP in milk of 11
sec at 71°C, so there is a possibility for MAP to survive
HTST (high temperature short time) pasteurization if the
initial number is >101 cfu ml-1 milk. Tn a study of whole-
pasteurized cows milk obtained from retail outlets n
England 7% of these samples tested MAP-positive
(IS200-positive) by PCR [39]. Grant et al. [7] pasteurized
raw cows' milk naturally infected with MAP and found,
that MAP is capable of surviving commercial scale
pasteurization at 73°C for 15 s and 25 s with and without
prior homogenization if the bacterial cells are present in
sufficient numbers before heat treatment. They also tested
commercially pasteurized cows' milk samples from dairy
processing establishments for the presence of MAP by
culture. Only 1.8% of the tested pasteurized milk samples
were MAP-positive [7]. Furthermore, the production
process for hard and semi-hard raw milk cheese seems not
to completely reduce MAP. An efficient method for
detection of MAP bacterium in bulk tank raw milk is
mnportant for assessment of this risk factor and the
determination of MAP status of dairy farms in a ID
control program.

Efforts have been made in the last few decades to
develop protocols for the detection of MAP i feces, milk,
tissue, food and environmental samples using various
methods.

Serology and fecal culture, however, are the most
commonly used tests in the field [13, 14]. The sensitivity
of the ELISA for detection of high shedders was >90%
both for individual milk and serum samples [40]. PCR is an
ideal method for rapid turn around time [15]. These assays
have been successfully used to detect the presence of
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M.
amplification of the sequences [S900 [41].
The Map is contagious infection spreads both

avium  subsp.  paratuberculosis based on the

horizontally and vertically. The horizontal mfection
proceeded through the contact with feces, contaminated
pastures, litter and equipments used during milking and
care instruments. In turn, the vertical infection proceeded
through: colostrum, milk as well as interuterinally and
through semen as reviewed by Whittington and Windsor
[42]. The disease in cattle is spread by ingestion of Map
from the The
persisted after the introduction of infected animals.
Infection can be spread vertically to the fetus and semen

contaminated environment. disease

could be mfected with the orgamsm. The primary source
of infection in calves was milk from infected cows or milk
that was contaminated with the feces of diseased cattle as
stated by McFadden et al [34]. A possible relationship
between Crohn’s disease and Map have been stimulated
by the recent findings by researchers in the Umted
Kingdom which revealed that Map DNA could be
detected m pasteurized milk samples purchased from retail
markets as shown by Millar et @l [39]. Cattle could be
infected early m life by ingestion of Map via colostrum,
milk, fecal contaminated teats, water, feeds or surfaces as
stated by Stabel [43].

The obtained results confirmed the presence of
15900 specific to MAP which is either to an infection or
contaminated by the feaces of the diseased ammal Milk
was considered to be the main source of infection in both
cattle and humen. Therefore, detection of Map in milk was
important to diagnose and control the disease m cattle
and human by excluding the positive Map mille and its
animal to prevent the spread of infection. Application of
15900 PCR was performed to detect the DNA of Map in
milk and 1t was found that 9 milk samples out of 13(69.2%)
raw cow milk from a dairy farm at El- Monefeia
governorate, Egypt, were positive to IS900 PCR  as
shown in Fig. 1. In the light of the previous data, the
results indicated that animals have shed the Map in their
mulk, which can play a source of infection to other ammals
and human if this milk was drunk. These results agreed to
some extent with those obtained by Millar et al. [39] who
detected the Map 1n pasteurized milk samples purchased
from retail markets. ELISA test was also applied on these
collected milk samples and it was found that all were
negative to ELISA as shown in Fig. 2, which reflects
that these climcaly diseased ammals were shedding the
MAP in milk without developing antibodies in their sera
which mainly appear in late stage of the disease as
reported by Stable [43]. IS200 PCR is considered to be
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the best choice to detect MAP in milk in such case
despite that 13900 PCR can not differentiate between
living and dead cells. The possible risk of Mycobacterium
avium subsp. paratuberculosis living cells, dead cells and
its structures 1n milk and food mn respect to autoimmune
Crohn’s disease should be carefully mormtored to
decrease the risk of exposure for children and people
under the highest risk for Crohn’s disease and a national
programme should be developed for controlling the
disease in Egypt in both humans and animals.

REFERENCES

1. Beard, P.M., M.J. Daniels and D. Henderson, 2001
Paratuberculosis infection of nonruminant wildlife in
Scotland. J. Clin. Microbiol., 39: 1517-1521.

2. Chiodimi, RJ. and HJ. van Krumimngen, 1985
Characterization of Mycobacterium paratuberculosis
of bovine, caprine and ovine origin by gas-liqud
chromatographic analysis of fatty acids in whole-cell
extracts. Am. J. Vet. Res., 46: 1980-1989.

3. Ott, 31., S.I. Wells and B.A. Wagner, 1999. Herd-
level economic losses associated with Johne’s
disease on US dairy operations. Prev. Vet. Med,
40: 179-192.

4. Hermon-Taylor, I., T.I. Bull, .M. Sheridan, J. Cheng,
M.L. Stellakis and N. Sumar, 2000. Causation of
Crohn's  disease by  Mycobacterium  avium
subspecies paratuberculosis. Can. I. Gastroenterol.,
14: 521-539.

5. Streeter, RN., G.F. Hoffsis, S. Bech-Nielson, W.P.
Shulaw and D.M. Rings 1995, TIsolation of
Mycobacterium paratuberculosis from colostrum and
milk of subclinically infected cows. Am. J. Vet. Res.,
56:1322-1324.

6. Sweeney, RW., RH. Whitlock and A E. Rosenberger,
1992, Mycobacterium paratuberculosis cultured from
milk and supramammearylymph nodes of infected
asymptomatic cows. J. Clin. Microbiol., 30: 166-171.

7.  Grant, LR., EL Hitchings, A. McCartney, F. Ferguson
and M.T. Rowe, 2002. Effect of commercial-scale
high-temperature, short-time pasteurization on the
viability of Mycobacterium paratuberculosis n
naturally infected cows' milk. Appl. Environ.
Microbiol., 68(2): 602-7.

8. Ellingson, I.1.E., I.L.. Anderson, I.J. Koziczkowski,
R.P. Radcliff, 8.J. Sloan, S.E. Allen and N.M. Sullivan,
2005. Detection of viable Mycobacterium avium
subsp. paratuberculosis in retail pasteurized whole
milk by two culture methods and PCR. J. Food Prot.,
68: 966-972.

43

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Stephan, R., K. Buhler and S. Corti, 2002. Incidence of
Mycobacterium avium subspecies paratuberculosis
i bulk-tank milk samples from different regions in
Switzerland. Vetermary Record, 150: 214-215.
Muehlherr, J.E., C. Zweifel, S. Corti, J.E. Blanco and
R. Stephan, 2003. Microbiological quality of raw
goat's and ewe's bulk-tank milk in Switzerland. T.
Dairy Sci., 86: 3848-3856.

Donaghy, T.A., N.L.. Totton and M.T. Rowe, 2004.
Persistence of Mycobacterium paratuberculosis
during manufacture and ripening of cheddar cheese.
Applied and Environ. Microbiol., 70: 4899-4905.
Tkonomopoulos, 1., I. Pavlik, M. Bartos, P. Svastova,
W.Y. Ayele, P. Roubal, J. Lukas, N. Cook and
M. Gazouls, 2005, Detection of Mycobacterium avium
subsp. paratuberculosis i retail cheeses from Greece
and the Czech Republic., Appl. Environ. Microbiol.,
71(12): 8934-6.

Stabel J.R., S.J. Wells and B.A. Wagner, 2002.
Relationships between fecal culture, ELISA and bulk
tank milk test results for Johne’s disease in US dairy
herds. T. Dairy Sci., 85: 525-531.

Whittington, R.J. and E.S.G. Sergeant, 2001. Progress
towards understanding the spread, detection and
control  of  Mycobacterium  avium  subsp.
paratuberculosis in animal populations. Aust Vet. T,
4: 267-278.

Van der Giessery, I W.B, R M Haring and E. Vauclare,
1992, Evaluation of the abilities of three diagnostic
tests based on the polymerase chain reaction to
detect Mycobacterium paratuberculosis m cattle:
Application in a control program. I. Clin. Microbicl,,
30:1216-1219.

Khare, S., T. Ficht and R. Santos, 2004. Rapid and
sensitive detection of Mycobacterium avium subsp.
paratuberculosis in bovine milk and feces by a
combination of immunomagnetic bead separation-
conventional PCR and real-time PCR. J. Clin.
Micrebiol., 42: 1075-1081.

O’Mahomny, J. and C. Hill, 2004. Rapid real-time PCR
assay for detection and quantitation of
Mycobacterium avium subsp. paratuberculosis DNA
i artificially contaminated milk. Appl. Envron.
Micrebiol., 70: 4561 -4568.

Gao A., L. Mutharia, M. Raymond and J. Odumeru,
2007. Improved template DNA preparation procedure
for detection of Mycobacterium avium subsp.
paratuberculosis n milk by PCR. J. Microbiol
Methods., 69: 417-420.



19.

20.

21.

22,

23.

24

25.

26.

27

28.

European J. of Biol. Sci., 2 (2): 39-45, 2010

Stabel, JR., TL. Bosworth, T.A. Kirkbride,
R L. Forde and R H. Whtlock, 2004. A simple, rapid
method for the
Mycobacterium paratuberculosis DNA from fecal

and effective extraction of
samples for polymerase chain reaction. J. Vet. Diagn
Invest., 16: 22-30.

Momka D., V. Patrick, K. Johannes, B. Walter,
W. Martin and H. Tngeborg, 2010. A novel real-time
PCR assay for specific detection and quantification
of Mycobacterium avium subsp. paratuberculosis in
milk with the inherent possibility of differentiation
between viable and dead cells. BMC Res. Notes,
3: 251,

Wong, S.Y.Y., LR. Grant, M. Friedman, C. Elliott and
C. Situ, 2008. Antibacterial activities of naturally
occurring compounds against Mycobacterium avium
subsp. paratuberculosis. Appl. Environ. Microbiol,,
74: 5986-5990. doi: 10.1128/AEM.00981-08.
Taylor, TK., CR. Wilks and D.3. McQueen, 1981.
Isolation of Mycobacterium paratuberculosis from
the milk of a cow with Johne’s disease. Vet Rec.,
109: 532-533,

Gao, A., L. Mutharia, S. Chen, K. Rahnand
I. Odumeru, 2002. Effect of pasteurization on survival
of Mycobacterium paratuberculosis in milk. J. Dairy
Sci., 85: 3189-3205.

Hermon-Taylor, J., 2009. Mycobacterium avium
subspecies paratuberculosis, Crohn's disease and the
Doomsday Scenario. Gut Pathogens, 1(1): 15. doi:
10.1186/1757-4749-1-15.

Mendoza, JL., R. Lana and M. Daz-Rubio, 2009.
Mycobacterium avium subspecies paratuberculosis
and its relationship with Crohn's disease. World T.
Gastroenterol., 28: 417-422. doi: 10.3748/wig,. 15.417.
Tasara, T. and R. Stephan, 2005. Development of an
F57
detection

sequence-based real-time PCR assay for

of Mycobacterium  avium  subsp.
paratuberculosis in milk. Appl. Environ. Microbiol,,
71:5957-5968.do1: 10.1128/AEM.71.10.5957-5968.2005.
Naser, S.A., D. Schwartz and I. Shafran, 2000.
Isolation of Mycobacterium  avium  subsp.
paratuberculosis from breast milk of Crohn’s disease
patients. Am. J. Gastroenterol., 95: 1094-1095.

Hermon-Taylor, T., 2002. Bull Crohn’s disease caused
by

paratuberculosis. A public health tragedy whose

Mycobacterium avium subspecies

resolution is long overdue. J. Med Microbiol.,
51: 3-6.

44

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

Bull, T.I., E.J. McMinn, K. Sidi-Boumedine, A. Skull,
D. Dudkin, P. Neild, G. Rhodes, RW. Pickup and
I. Hermon-Taylor, 2003. Detection and verification of
Mycobacterium avium subsp. paratuberculosis 1n
fresh 1ileocolonic mucosal biopsy specimens from
individuals with and without Crohn’s disease. J. Clin.
Micrebiol., 41: 2915-2923.

Naser, S.A., G. Ghobrial, C. Romero and
IF. Valentine, 2004. Culture of Mycobacterium
avium subspecies paratuberculosis
blood of patients with Crohn’s disease. Lancet,
364: 1039-1044.

Dundee, L., LR. Grant, H.J. Ball and M.T. Rowe, 2001.
Comparative evaluation of four decontamination

from the

protocols for the 1solation of Mycobacterium avium

subsp. paratuberculosis from milk. Lett. Appl

Microbiol., 33: 173-177.

Rastogi, N., E. Legrand and C. Sola, 2001. The

mycobacteria: an ntroduction to nomenclature and

pathogenesis. Rev. Sci. Tech., 20: 21-54.

Moss, M.T., E.P. Green, M.L. Tizard, 7.P. Malik and
1991.

paratuberculosis

Specific  detection of
by  DNA
hybridisation with a fragment of the insertion element
IS960. Gut, 32: 395-398.

McFadden, J.J., P.D. Butcher, R. Chiedimi and
I. Hermon-Taylor, 1987. Crohn’s disease — 1solated
1dentical

I. Hermon-Taylor,
Mycobacterium

mycobacteria  are to  Mycobacterium
paratuberculosis, as determined by DNA probes that
distinguish between mycobacterial species. J. Clin.
Microbiol., 25: 796-801.

Green, E.P., M.1.. Tizard, M.T. Moss, I. Thompson,
D.J. Winterbourne, J.J. Mc¢ Fadden and J. Hermon-
Taylor, 1989. Sequence and characteristics of 1S900,
an insertion element identified in a human Crohn's
disease isolate of Mycobacterium paratuberculosis.
Nucleic Acids Res., 17: 9063-9073.

Chiodimi, R.J. and J. Hermmon-Taylor, 1993. The
thermal resistance of Mycobacterium
paratuberculosis i raw milk under conditions
simulating pasteurization. J. Vet. Diagn. Invest,
5:629-631.

Keswani, J. and I.F. Frank, 1998. Thermal mactivation
of Mycobacterium paratuberculosis in milk. J. Food
Prot., 61: 974-978.

Sung, N. and M.T. Colling, 1998. Thermal tolerance of
Mycobacterium paratuberculosis. Appl. Environ.

Microbiol., 64: 999-1005.



39.

40.

European J. of Biol. Sci., 2 (2): 39-45, 2010

Millar, D., T. Ford, T. Sanderson, S. Withey, M. Tizard,
T. Doran and J. Hermon-Taylor, 1996. [S200 PCR to
detect Mycobacterium paratuberculosis in retail
supplies of whole pasteurized cows' milk in England
and Wales. Appl. Environ. Microbiol, 62: 3446-3452.
Van Weerng, H., G. van Schaik, A. van der Meulen,
M. Waal, P. Franken and K. Van Maanen, 2007.
Diagnostic performance of the Pourquier ELISA for
detection of antibodies
avium subspecies paratuberculosis in individual milk

against Mycobacterium

and bulk milk samples of dairy herds. Animal Health
Service, 7400 AA, Deventer, The Netherlands. Vet.
Microbiol., 15 125(1-2): 49-58. Epub 2007 May 18.

45

41.

42.

43.

Grant, L.R., CM. Pope, .M. O’Riordan, H.J. Ball and
M.T. 2000. of
Mycobacterium avium subsp paratuberculosis m milk
by mmmunomagnetic PCR. Vet. Microbiol., 77: 369-378.
Whittingtor, R.J. and P.A. Windsor, 2007. In utero
infection of cattle with Mycobacterium avium subsp.

Rowe, Improved detection

paratuberculosis: a critical review and meta analysis.
Vet. T, 179(1): 60-9.

Stabel, T.R., 1998. Johne's disease: a hidden threat. J
Dairy Seci., 81(1): 283-8.



