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Abstract

TheThrace, whichis Turkey’s European part as well as the adjoining parts of Southern Bulgaria and north-east Greece has a strategicimportance
for being a vaccination buffer zone for Europe as declared by FAO in 1999. The objective of the study was to better understand the occurence of
MAP in this animal disease free area of Turkey by applying F57 Real time PCR assay and /S900 nested-PCR. In this study, 270 feces samples from
the dairy cattles over 2 years old in 30 randomly selected dairy farms, 45 raw milk samples from each of the bulk tanks belonging to these dairy
farms and the villages located in Thrace were collected. Nine fecal samples were used to create the pooled fecal sample for a dairy farm before
performing DNA extraction. All the samples were initially subjected to a F57-Real time PCR analysis, and subsequently an insertion sequence
1S900 nested-PCR was performed to verify the results. However, the results revealed that MAP genom could not be detected in any pooled fecal
and milk samples. In conclusion, the occurrence of MAP in this part of Turkey may likely be very lower than the capability of the detection limit
of the used Real time PCR assay. Furthermore, the results once more confirmed the difficulty of MAP detection in asymptomatic animals and
milk samples by performing PCR technique only.
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Turkiye Trakya Bolgesindeki Siit isletmelerinden Toplanan
Fekal ve Cig Siit Orneklerinde Mycobacterium avium subsp.
paratuberculosis (MAP) Incelemesi

Ozet

Trakya Turkiye'nin Avrupa topraklarinda olup, Giliney Bulgaristan ve Kuzeydogu Yunanistan sinirlarinin kesistigi bir bolgedir. FAO 1999 yilinda
bu bolgeyi zoonozlari erken dnlemek bakimindan stratejik &nemi olan Avrupa asilama tampon bdlgesi olarak duyurmustur. Mycobacterium
avium subsp. paratuberculosis (MAP) varligi Trakya'da net sekilde anlasilamamistir. Bu calismada zoonozlardan ari olarak kabul edilen Trakya'da
MAP varligini F57 Real time PCR assay ve /S900 nested-PCR yontemlerini uygulayarak incelemek amaglandi. Arastirmada, rastgele secilen 30
adet sit isletmesinde 2 yas ve Uzeri sigirlardan 270 adet fekal 6rnek ile bu isletmelerin ve bulunduklari kdylerin st toplama tanklarindan 45
adet cig siit érnekleri toplandi. Bir siit isletmesini temsilen 9 adet fekal &rnek tek havuz 6rnek olacak sekilde karistirildi. Orneklerden DNA
izolatlar elde edildi. izolatlara F57-Real time PCR assay uygulandi. Elde edilen sonuclarin IS900 nested-PCR yéntemi kullanilarak dogrulamasi
yapildi. Sonug olarak, havuz fekal 6rnekleri ve ¢ig st 6rneklerinde MAP genomu tespit edilmedi. Trakya bolgesinde MAP varliginin F57-Real
time PCR ydnteminin tespit sinirinin altinda kaldigi sonucuna varildi ve asemptomatik hayvanlar ve sit 6rneklerinde yalnizca PCR yontemi ile
MAP tespitinin zorlugu dogrulanmis oldu.

Anahtar sozciikler: Mycobacterium avium subsp. paratuberculosis, Real time PCR, Nested-PCR, Fekal, Stit

characterized by severe symptoms such as diarrhoea,
reducing milk production and weight loss 2. During a

INTRODUCTION

Mycobacterium avium subsp. paratuberculosis (MAP)
is the causative agent of paratuberculosis called Johne’s
Disease (JD), which is an infectious, chronic, and granulo-
matous enteropathy of the ruminants providing milk and/
or meat as food source for human consumption . JD is

long pre-clinical period more than 2 years it persists and
multiplies in subepithelial macrophages to lead to a
chronic transmural inflammatory reaction. This pathogen is
periodically shed in feces, milk and semen of MAP infected
dairy cattles 4,
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Although a causal link between MAP and Crohn’s
disease (CD) has not been proved, MAP may be involved in
CD in humans, and unfortunately no cure for CD is currently
known 7, The incidence rates for CD in some European
Countries (EU) were given as 5.2/10°in Germany, 6.4/10°
in France, 2.3/10°in Italy, and 5.9-11.7/10° in England,
respectively ®. In an epidemiological study conducted in
Turkey the incidence of CD was found to be 1.4/10° while
its prevalence was estimated as 7.7%, which was higher
than in Asia but lower than in Europe .,

The importance of food as a source of exposure to MAP
has been assessed by many research groups. Milk and dairy
products might be a likely food source for human exposure
to MAP as well as a direct contact to the MAP infected
animal %", The MAP occurrence in milk worldwide was
estimated to be 1-3% "2, Thus, exposure of humans to
MAP should be minimized as a precautionary measure '3,
Due to this fact, the EU has compulsorily developed
effective control programs for monitoring it ',

The epidemiological situation of MAP in Turkey has
not been well-understood. A study in 1968 indicated that
sheeps in izmit-Turkey were infected with MAP. This result
was followed by another study performed for goats "%
Towards 2000, MAP was initially found in goats "¢, Sub-
sequently, mycobacterial DNA in milk samples of 500
dairy cows in Elazi§ was detected by a polymerase chain
reaction (PCR) based on 1S900 """, A recent study for the
dairy cattles in Usak-Turkey showed that MAP prevalence
was ranged between 9.5-17.0% in feces whereas it was

between 5.5-17.5% in milk samples [®. In Kars-Turkey the
sero-prevalence of subclinical paratuberculosis in the
cattles was found to be 3.5% while it was 41.6% in farms '),

Culture-based methods are time-consuming as well
as having insufficient effectiveness of decontaminating
methods. On the other hand, it still holds the advantage
of specificity for MAP detection 2%, Recently, molecular-
based methods such as PCR has become important for the
evaluation of MAP-infected animals and the products of
animal origin instead of using culture-based methods as
well as immuno-based diagnosis ",

The objective of the study was to investigate the
occurence of MAP in pooled fecal and bulk milk samples
collected from the Thrace, which is considered to be the
animal disease free area of Turkey by using F57 Real time
PCR and /S900 nested-PCR assays.

MATERIAL and METHODS

Sample Collection

In this study, 2 dairy farms per village, a total of 30
dairy herds from 15 villages in Thrace were randomly
selected. From October 2011 to December 2011, 270 fecal
samples from 9 cattles over 2 years per a farm and 45 bulk
milk samples from the dairy farms and the villages were
collected (Table 1). All samples were placed into sampling
bags, and immediately transported to the laboratory in a
container at 4°C for sample preparation.

Table1. Sampling data
Tablo 1. Numune bilgileri

Distribution of Collected Samples

Name of Village No of Herds M Ca_ttle LD An_imals . :
Population > 2 years in herd No of Fecal No of Bulk Milk | No of Bulk Milk Samples
Samples Samples from Bulk Milk

Bahcekoy 2 35 20 (57.1%) 18 2 1
Camlica 2 44 22 (50%) 18 2 1
Cobangesme 2 70 34 (48.6%) 18 2 1
izzetiye 2 34 18 (52.9%) 18 2 1
Karahisar 2 54 32 (59.3%) 18 2 1
Karasati 3 102 53 (51.9%) 27 3 1
Karlikdy 2 51 28 (54.9%) 18 2 1
Kilickdy 1 200 60 (30%) 9 1 1
Kuiclikdoganca 1 24 11 (45.8%) 9 1 1
Lalacik 2 50 25 (50%) 18 2 1
Orhaniye 3 92 53 (57.6%) 27 3 1
Pasayigit 2 38 22 (57.9%) 18 2 1
Pirnar 3 94 44 (46.8%) 27 3 1
Sigilli 1 22 10 (45.4%) 9 1 1
Tarkmen 2 130 85 (65.4%) 18 2 1
Total 30 1040 517 (49.7%) 270 30 15
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Number of Dairy Farms

Minimum number of the herds to be sampled was
calculated as 30 ?2. The criteria for decision were selected
to be an expected herd level-prevalence of 0.80 (EU
prevalance of MAP in herds), a maximum acceptable
error rate of 0.10, a probability of Type | error of 0.05 and
Z statistic for a level of confidence of 1.96 were choosen,
respectively.

Number of Animals

Minimum number of the animals to be samples
was taken as 270 2223 The criteria was decided to be an
expected animal level prevalence proportion of 0.05,
Z statistic for a level of confidence of 1.96, precision of
0.025 3, The average number of animals per dairy farm
was directly obtained as 9.

Extraction Procedure of DNA from Pooled Fecal and
Bulk Milk Samples

Approximately 2 g from each of 9 fecal samples per
herd was put into a clean tube for pooling, i.e. a total of 18
g pooled mixture (9 randomly selected fecal samples/pool;
1 pooled sample/herd). It was homogenized for 5 min by
vortexing (Daihan Scientific, South Korea). Then, 1.5 g of
pooled feces was mixed with 5 ml of Roche S.T.A.R Buffer
Solution in a 15 ml falcon tube followed by vortexing
for 30 s (Daihan Scientific, South Korea). The tubes were
allowed to stand at room conditions till a clear supernatant
is observed. Following that 200 uL of this supernatant
was transferred to a 2 ml Eppendorf tube, in which 200 pl
of Roche Lysozyme was. Finally, it was incubated at 37°C
for 1 h in an incubator (Binder, Germany). In a similar
way, 10 ml of bulk milk sample were pippetted into a 15-
ml falcon tube. It was centrifuged at 2.500 xg for 30 min
(Hettich, Germany). The pellets were resuspended in 200
pl of Roche Lysozyme, well-mixed by vortexing, following
that incubated at 37°C for 1 h. DNA isolation was made
according to GENESpin DNA Isolation Kit protocol (Eurofins
GeneScan GmbH, Germany). Then, eluted DNA was kept
at 4°C for direct use or at —20°C for further processing.

F57 Real-time PCR Application

The kit procedure of MAPsureEasy® (TransMIT GmbH,
Germany) was followed. F57 Real time PCR analysis was
performed in a 96-well plate format on Agilent Stratagene
Mx3000P Real-time PCR (Stratagene, USA). A 5 pl aliquot
of DNA was mixed with 20 pl of Master Mix (12.5 pl of
gPCR Master Mix, 1 pl of MAP Oligonucleotid Mix, 1 pl
of IAC Solution and 5.5 ul of A. dest). HEX fluorescence
was selected because its emission peaks do not extend
over each other due existence of inhibitory impurities in
feces matrix. FAM was used for IAC. Thermal processing
parameters were adjusted as 1 cycle at 95°C for 15 s and
45 cycles at 60°C for 1 min. Reference strain ATCC 19698
as positive control, DNA of a non-MAP mycobacteria as

negative control as well as a master mix blank control were
included. Each measurement was performed in duplicate
with /1S900 nested-PCR method by using primers and PCR
conditions 4, Threshold cycle (C,) of the assay C; < 40 was
accepted to be positive in MAP 2],

Determination of Detection Probability

The detection limit of Real-time PCR assay was initially
determined by analyzing serial dilutions including MAP
reference strain ATCC 19698. Subsequently, the inoculum
for spiking was prepared by inoculating 10 ml Middlebrook
7H9 broth (Difco Laboratories, Germany) containing 10%
OADC supplement (Becton-Dickinson, Germany), 2 ug/
mL mycobactin J (Allied Monitor, USA), 0.05% Tween 80
(Sigma-Aldrich, Germany) and 2.5% glycerol with a colony
of the reference strains of MAP from a slant of Herrold’s
Egg Yolk Medium (BD HEYM, Germany). MAP reference
strains were grown in a shaker incubator for 6-8 weeks
at 37°C. Broth cultures were centrifuged at 2500 x g for
15 min and the pellets were re-suspended in phosphate
buffered saline (PBS) by vortexing with a few sterile glass
beads (VWR International, Germany) to yield a suspension
containing approximately 107 MAP cfu/mL. An initial
MAP concentration of about 107 cfu/mL was set using
a photometer and a counting chamber. Serial dilutions
prepared from the MAP stock solution ranged from 107
to 10" cfu/ml using PBS and 1 ml of each of the dilutions
were serially added to 10 ml of raw milk and 10 g of feces
homogenate. Positive controls used were “raw milk” and
“feces” spiked with 107 cfu/ml MAP whereas negative
controls as raw milk and feces were spiked with equivalent
volume of sterile PBS, respectively. Serial dilutions for
spiking were also confirmed by DNA extraction, and sub-
sequently by F57 Real time PCR as described above. All
experiments were repeated in triplicate format.

RESULTS

This study assessed the occurrence of MAP in pooled
fecal samples from the cattles over 2 years and the bulk
milk samples from each of the collection tanks installed in
the randomly selected dairy farms and the villages located
in the Thrace Region of Turkey by using a F57 Real time
PCR and /15900 nested-PCR assays. The results revealed
that MAP genom could not be detected in any pooled
fecal and milk samples

DISCUSSION

The Thrace, i.e. Turkey’s European part and the ad-
joining parts of Southern Bulgaria and north-east Greece
has a strategic importance as a vaccination buffer zone for
Europe 9. In literature, the studies related to understanding
MAP prevalance in this region are significantly limited.
MAP could not be detected in fecal samples of 2 years-old
and/or older cattle from Thrace by PCR based on /15900 .,
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In 2007, Turkey firstly reported Food and Mouth Disease
in Thrace whereas there was no information of MAP in this
reporting 28, A low prevalance of MAP in animals from
Thrace part of Greece was determined by F57 Real time
PCR and /1S900 n-PCR. But, in this study, no MAP could be
detected in the collected fecal and bulk milk samples in
a defined area of Thrace #.,

In MAP prevalence studies, sampling size is arranged
by randomly selecting herds and animals from these herds
as wells as considering sensitivity and specificity of the
diagnostic test B% In this study, sampling size calculations
were performed based on prevalences of both MAP-
infected herd and MAP-infected cattle as 80% and 5%
according to EU Data due to the lack of official data
indicating MAP prevalance in Turkey. In this study,
minimum numbers of the herds and the animals to be
sampled were found as 30 and 270, respectively 2223,

Estimation of the apparent prevalence of MAP in the
dairy herds varies significantly among studies, depending
on number of the herd, number of the animals to be
tested and the method to be performed B'. Sensitivity of
detection for MAP was greater with a smaller pool size, i.e.
5 versus 10 samples per pool whereas 10 cows per pool
was recommended by another study 523, In this study,
we performed 9 fecal samples per pool as well as the bulk
milk samples from the holding tanks were already pooled
naturally. Thus, our MAP negative results might likely be
due to the dilutions in the pooled feces and the bulk milks.
In this way, probability density for low prevalence herds
and infected animals would not be distributed within the
reference prevalence of MAP in EU as 80%.

The effective diagnosis of MAP is a challenge due
to lack of the clinical signs from sub-clinically infected
animals, the difficulties in primary isolation of this hardy
bacillus, and possible unknown kinds of the MAP strains 34,
Real time PCR has significant advantages over other
methods #°%, On the other hand, success of a Real time PCR
is dependent on a well-performed DNA extraction from
test matrix >3¢, Thus, commercial kits for DNA extraction
would detect MAP from feces with high sensitivity without
cultivating bacteria 5. Bead beating in a lysis solution for
cell distruption as well as use of spin column technology
can perform more effective DNA extraction especially
from fecal samples 8. In this study, DNA extraction was
also conducted by commercial kit supported with lysis
solution and spin column technology for the most accurate
diagnosis of MAP.

There are the genomes highly homologous to other
environmental Mycobacterium species. It highly affects the
reliability of PCR application 2. F57 and /S900 are MAP-
specific genetic elements “%, Insertion sequence /S900 is a
reference marker for confirmation of MAP whereas it may
lead to cross-reactions and possible false positive results 24,
Due to this fact, another alternative genetic element F57

is used “ In contrast to /S900, F57 is not similar to genes
on other related organisms “2, But, F57 does not provide
for as high a sensitivity as /1S900 element with less false
positive results “3, DNA extraction followed by Real-time
PCR is a sensitive method making possible a detection
limit of MAP like such as log 2.0 cfu/mL or g of raw milk
and feces within one day only ¥4, In this study, F57 Real
time PCR assay was very reliable because it was tested for
specificity by including an internal amplification control
(IAC) to exclude false-negative PCRs for smaller MAP DNA
amounts. In addition to that, /S900 n-PCR was applied
despite of being time-consuming with high risks of cross-
contamination ®\. Thus, any other available PCR system
was not able to detect any MAP DNA 6],

Diagnostic strategies to detect MAP super-shedder
cows in dairy herds have been minimally studied “. Similar
to our study based on Real time PCR, MAP was determined
at a level of 10* cfu/g of spiked feces, 1-10 cfu/ml of milk,
2.42 x 10" MAP cells in T ml of artificially contaminated
raw milk, and 10? cfu/g of feces and 10? cfu/10 ml of bulk
milk, respectively #2450, Hence, in our study we concluded
that number of MAP cells in samples might be lower than
detection levels of the assays used.

In this study, MAP negative results might be arised
from some limitations. These limitations would be lack of
information for MAP prevalance in Turkey, no clinical signs
on sampled animals over 2 years, MAP cells in smaller
amounts, lower sensitivity of F57-Real time PCR assay,
dilution effect of pooling, and lack of culture-based method.

In conclusion, screening of MAP should be extended
to cover the whole region by increasing sampling size of
herds, animals, fecals and bulk milk samples in parallel
to including the culture based microbiological method
together with molecular-based methods for an effective
investigation of MAP throughout this animal disease
free area of Turkey in Europe.

REFERENCES

1. Berger ST, Griffin FT: A comparison of ovine monocyte-derived
macrophage function following infection with Mycobacterium avium ssp.
avium and Mycobacterium avium ssp. Paratuberculosis. Inmunol Cell
Biol, 84, 349-356, 2006. DOI: 10.1111/j.1440-1711.2006.01431.x

2. Klee W: Paratuberkulose (Johne'sche Krankheit). In, Dirksen G, Grunder
HD, Stober M (Eds): Innere Medizin und Chirurgie des Rindes. 586-591,
Parey Verlag 5, 2012.

3. Cetinkaya B, Erdogan HM, Morgan KL: Relationships between
the presence of Johne's Disease and farm and management factors in
dairy cattle in England. Prev Vet Med, 32, 253-266, 1997. DOI: 10.1016/
S0167-5877(97)00028-7

4. Clarke CJ: The pathology and pathogenesis of paratuberculosis in
ruminants and other species. J Comp Pathol, 116, 217-261, 1997. DOI:
10.1016/50021-9975(97)80001-1

5. Manning EJ, Collins MT: Mycobacterium avium subsp. paratuberculosis:
pathogen, pathogenesis and diagnosis. Rev Sci Tech, 20, 133-150, 2001.

6. Nacy C, Buckley M: Mycobacterium avium paratuberculosis: Infrequent
Human Pathogen or Public Health Threat? A Report from American



251

OZPINAR, TEKINER
KARAMAN, KURT

Academy of Microbiology. 1752 N Street, NW Washington DC, 2008.

7. Eltholth MM, Marsh VR, Van Winden S, Guitian FJ: Contamination of
food products with Mycobacterium avium paratuberculosis: A systematic
review. J Appl Microbiol, 107 (4): 1061-1071, 2009. DOI: 10.1111/j.1365-
2672.2009.04286.x

8. Economou M, Pappas G: New global map of Crohn’s Disease: Genetic,
environmental, and socioeconomic correlations. Inflamm Bowel Dis, 14
(5): 709-720, 2008. DOI: 10.1002/ibd.20352

9. Dagh U: Turkish Inflammatory Bowel Disease Society recommendations
on selected topics of Crohn’s Disease. Turk J Gastroenterol, 21 (1): 78-
79,2010.DOI: 10.4318/tjg.2010.0059

10. Behr MA: Paratuberculosis: Organism, Disease, Control. In, Collins
DM (Ed): Paratuberculosis: Organism, Disease, Control. AgResearch, New
Zealand, ISBN: 978 1 84593 613 6, 2010.

11. NAC: Assessment of food as a source of exposure to Mycobacterium
avium subspecies paratuberculosis (MAP). J Food Prot, 73 (7): 1357-1397,
2010.

12. Mihajlovic B, Klassen M, Springthorpe S, Couture H, Farber J:
Assessment of sources of exposure for Mycobacterium avium subsp.
paratuberculosis in food and water. Int Food Risk Anal J, 1 (2): 1-22, 2011.

13. Gill CO, Saucier L, Meadus WJ: Mycobacterium avium subsp.
paratuberculosis in dairy products, meat, and drinking water. J Food Prot,
74 (3): 480-499, 2011. DOI: 10.4315/0362-028X.JFP-10-301

14. Khol JL, Baumgartner W: Examples and suggestions for the control of
paratuberculosis in European cattle. Jpn J Vet Res, 60 (Suppl.): S1-S7, 2012.

15. Alibasoglu M, Ertiirk E, Yiicel N: Tirkiye'de rastlanan ilk keci
paratiiberkiiloz olaylar lizerinde patolojik incelemeler. Ankara Univ Vet
Fak Derg, 20 (1): 43-63, 1973.

16. Karadas E, Metiin, N, Yaman U: Elazigda bir kecide gozlenen ilk
parattberkiiloz olgusunda patolojik bulgular. Turk J Vet Anim Sci, 24, 317-
323, 2000.

17. Getinkaya B, Muz A, Ertas HB, Ongor H, Sezen iY, Giilcii HB: Siit
ineklerinde Paratuberkiiloz prevalansinin polimeraz zincir reaksiyonu
(PZR) ile saptanmasi. Turk J Vet Anim Sci, 24, 371-379, 2000.

18. Yildirim D, Civelek T: Prevalence of subclinical Paratuberculosis
in dairy cattle in Usak region. Kafkas Univ Vet Fak Derg, 19 (1): 121-126,
2012.

19. Makav M, Gokge E: Seroprevalence of subclinical Paratuberculosisin
cattle in Kars region. Kafkas Univ Vet Fak Derg, 19 (5): 913-916, 2013. DOI:
10.9775/kvfd.2013.8529

20. Ayele WY, Svastova P, Roubal P, Bartos M, Pavlik I: Mycobacterium
avium subsp. paratuberculosis cultured from locally and commercially
pasteurized cow’s milk in the Czech Republic. Appl Environm Microbiol,
71,1210-1214, 2005. DOI: 10.1128/AEM.71.3.1210-1214.2005

21. Fang Y, Wu WH, Pepper JL, Larsen JL, Marras, SAE, Nelson EA,
Epperson WB, Christopher-Hennings J: Comparison of real-time,
quantitative PCR with molecular beacons to nested PCR and culture
methods for detection of Mycobacterium avium subsp. paratuberculosis
in bovine fecal samples. J Clin Microbiol, 40 (1): 287-291, 2002. DOI:
10.1128/JCM.40.1.287-291.2002

22. Johnson-Ifearulundu YJ, Kaneene JB: Management-related risk
factors for M. paratuberculosis infection in Michigan, USA, dairy herds.
Prev Vet Med, 37: (1-4), 41-54, 1998. DOI: 10.1016/S0167-5877(98)00110-X

23. Naing L, Winn T, Rusli BN: Practical issues in calculating the sample
size for prevalaence studies. Arch Orofac Sci, 1, 9-14, 2006.

24. Bull TJ, McMinn EJ, Sidi-Boumedine K, Skull A, Durkin D, Neild
P, Rhodes G, Pickup R, Hermon-Taylor J: Detection and verification
of Mycobacterium avium subsp. paratuberculosis in fresh ileocolonic
mucosal biopsy specimens from individuals with and without Crohn'’s
disease.JClin Microbiol, 41,2915-2923,2003.DOI: 10.1128/JCM.41.7.2915-
2923.2003

25. Donaghy JA, Johnston J, Rowe MT: Detection of Mycobacterium
avium ssp. paratuberculosis in cheese, milk powder and milk using 1S900
and f57-based qPCR assays. J Appl Microbio, 110 (2): 479-489, 2011. DOI:
10.1111/j.1365-2672.2010.04905.x

26. FAO: Serosurveillance for Foot-and-Mouth Disease in Bulgaria.
Session of the Research Group of the Standing Technical Committee
of EuFMD. Appendix 10, 1999.

27. lkiz S, Bagcigil AF, Seyyal AK, Ozgur NY, Lgaz A: Paratuberculosis
in cattle in Turkey detected by PCR. Med Weter, 61, 881-883, 2005.

28. OIE - World Organisation for Animal Health: Word Animal Health in
2006. pp.7, Paris, France, 2006.

29. Mpatziou R, Ntafis V, Liandris E, Ikonomopoulos J, Xylouri E:
Serological investigation of IBR and MAP in dairy cows in Greece. The 61¢
Annual Meeting of The European Association for Animal Production, 23-27
August, Heraklion-Greece, pp.235, 2010.

30. Humphry RW, Cameron A, Gunn GJ: A practical approach to
calculate sample size for herd prevalence surveys. Prev Vet Med, 65, 173-
188, 2004. DOI: 10.1016/j.prevetmed.2004.07.003

31. Cetinkaya B, Erdogan HM, Morgan KL: Risk factors for bovine
Paratuberculosis. Il. The multiple analysis of risk ractors for bovine
Paratuberculosis. Turk J Vet Anim Sci, 21, 303-306, 1997.

32. Raizman EA, Wells SJ, Mufoz-Zanzi CA, Tavornpanich S:
Estimated within-herd prevalence (WHP) of Mycobacterium avium subsp.
paratuberculosis in a sample of Minnesota dairy herds using bacterial
culture of pooled fecal samples. Can J Vet Res, 75 (2): 112-116, 2011.

33. van Schaik G, Pradenas FM, Mella NA, Kruze VJ: Diagnostic validity
and costs of pooled fecal samples and individual blood or fecal samples
to determine the cow- and herd-status for Mycobacterium avium
subsp. paratuberculosis. Prev Vet Med, 82, 159-165, 2007. DOI: 10.1016/j.
prevetmed.2007.05.018

34. Sohal JS, Sing SV, Subhodh S, Singh AV, Singh PK, Sheoran N,
Sandhu K, Narayansamy K, Maitra A: Mycobacterium avium subspecies
paratuberculosis diagnosis and strain typing - Present status and future
developments. Indian J Exp Biol, 45, 843-852, 2007.

35. Ozpinar H, Tezmen G, Gokge i, Tekiner iH: Detection of animal
species in some meat and meat products by comparatively using DNA
microarray and real time PCR methods. Kafkas Univ Vet Fak Derg, 19 (2): 245-
252,2013.DOI: 10.9775/kvfd.2012.7616

36. Ozpinar H, Turan B, Tekiner iH, Tezmen G, Gokge i, Akineden
O: Evaluation of pathogenic Escherichia coli occurrence in vegetable s
amples from district bazaars of Istanbul using Real Time PCR. Lett App/
Microbiol, 57 (4): 362-367,2013. DOI: 10.1111/lam.12122

37. Christopher-Hennings J, Dammen MA, Weeks SR, Epperson
WB, Singh SN, Steinlicht GL, Fang Y, Skaare JL, Larsen JL, Payeur JB,
Nelson EA: Comparison of two DNA extractions and nested PCR, real-
time PCR, a new commercial PCR assay, and bacterial culture for detection
of Mycobacterium avium subsp. paratuberculosis in bovine feces. J Vet
Diagn Invest, 15 (2): 87-93, 2003.

38. Leite FL, Stokes KD, Robbe-Austerman S, Stabel JR: Comparison
of fecal DNA extraction kits for the detection of Mycobacterium avium
subsp. paratuberculosis by polymerase chain reaction. J Vet Diagn Invest,
25(1):27-34,2013. DOI: 10.1177/1040638712466395

39. Englund S, Bolske G, Johansson KE: An 1S900-like sequence
found in a Mycobacterium sp. other than Mycobacterium avium subsp.
paratuberculosis. FEMS Microbiol Lett, 209, 267-271, 2002. DOI: 10.1111/
j.1574-6968.2002.tb11142.x

40. Akineden O, Fernandez-Silva JA, Weirich S, Abdulmawjood A,
Biilte M: Comparison of two decontamination procedures, three culture
media, and real time-PCR assay for the detection of Mycobacteriumavium
subsp. paratuberculosis (MAP) from artificially contaminated raw sausage.
Archiv fur Lebensmittelhygiene, 62,150-156, 2011.

41. Tasara T, Stephan R: Development of an F57 sequence-based
Real-Time PCR assay for detection of Mycobacterium avium subsp.
paratuberculosis in milk. Appl Environ Microbio, 71 (10): 5957-5968, 2005.
DOI: 10.1128/AEM.71.10.5957-5968.2005

42. Herthnek D, Bolske G: New PCR systems to confirm real-time PCR
detection of Mycobacterium avium subsp. paratuberculosis. BMC Microbiol,
6,87,2006.DOI: 10.1186/1471-2180-6-87

43. Slana |, Paolicchi F, Janstova B, Navratilova P, Pavlik I: Detection
methods for Mycobacterium avium subsp. paratuberculosis in milk and



252

Investigation of Mycobacterium ...

milk products: A review. Vet Med Czech, 53 (6): 283-306, 2008.

44. Schonenbriicher H, Abdulmawjoo A, Failing K, Biilte M: New
triplex Real-Time PCR assay for detection of Mycobacterium avium subsp.
paratuberculosis in bovine feces. Appl Environ Microbiol, 74 (9): 2751-2758,
2008. DOI: 10.1128/AEM.02534-07

45. Ricchi M, Manini F, Cammi G, Donaghy J, Arrigoni N: Comparison
of four different PCR methods for the detection of Mycobacterium avium
subsp. paratuberculosis in milk. Proceedings of the 10% International
Colloquium on Paratuberculosis, August 9-14, Minneapolis, Minnesota-
USA. pp.56-59, 2009.

46. Diéguez FJ, Gonzédlez AM, Menéndez S, Vilar MJ, Sanjuan ML, Yus
E, Arnaiz I: Evaluation of four commercial serum ELISAs for detection
of Mycobacterium avium subspecies paratuberculosis infection in dairy
cows. Vet J, 180, 231-235, 2009. DOI: 10.1016/j.tvjl.2007.11.004

47. Aly SS, Anderson RJ, Whitlock RH, Fyock TL, McAdams SC, Byrem
TM, Jiang J, Adaska JM, Gardner IA: Cost-effectiveness of diagnostic
strategies to identify Mycobacterium avium subspecies paratuberculosis

super-shedder cows in a large dairy herd using antibody enzyme-linked
immunosorbent assays, quantitative real-time polymerase chain reaction,
and bacterial culture. J Vet Diagn Invest, 24 (5): 821-832, 2012. DOI:
10.1177/1040638712452107

48. Herthnek D, Nielsen SS, Lindberg A, Bolske G: A robust method
for bacterial lysis and DNA purification to be used with real-time PCR
for detection of Mycobacterium avium subsp. paratuberculosis in milk. J
Microbiol Methods, 75 (2): 335-340, 2008. DOI: 10.1016/j.mimet.2008.07.009

49. Dzieciol M, Volgger P, Khol J, Baumgartner W, Wagner M, Hein I:
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. BMIC Res
Notes, 3,251,2010. DOI: 10.1186/1756-0500-3-251

50. Kralik P, Slana I, Kralova A, Babak V, Whitlock RH, Pavlik I:
Development of a predictive model for detection of Mycobacterium
avium subsp. paratuberculosis in faeces by quantitative real time PCR. Vet
Microbiol, 149 (1-2): 133-138,2011. DOI: 10.1016/j.vetmic.2010.10.009



