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ABSTRACT
Mycobacterium avium subsp. paratuberculosis (MAP) is the etiological agent of paratuberculosis

(Johne´s disease) in ruminants. The infected and carrier animals shed the microorganism
intermittently in faeces. In order to ensure the sensitive identification of MAP-shedders by the
examination of faecal samples. Real-time PCR assays were compared which amplify the insertion
sequences IS900 and ISMAV2 and furthermore the genomic element F57. The assays were
designed as duplex-PCR including the amplification of PUC19-plasmid as internal control. The
analytical sensitivity of the assays was determined using DNA of 6 different isolates of MAP in
broad linear range (50 ng-5 fg μLG1). The specificity was validated using 23 known species and
subspecies of the Mycobacteriacea and 18 other non-Mycobacteriacea pathogens. The sensitivity
for  detection  of  MAP-DNA was 5 fg/ reaction targeting IS900. Reproducible detection limit for
real-time PCR targeting ISMAV2 and F57 was 50 fg reaction. All Mycobacteriacea different from
MAP and non-Mycobacteriacea gave negative results for ISMAV2 and F57 sequence. For IS900
weak positive signals were observed with highly concentrated DNA (5 ng μLG1) of 3 Mycobacterium
avium subsp. avium strains from cattle and poultry but not with low concentrated DNA (5 fg μLG1).
Thus  false-positive  results  should  not  be  found  if analyzing ruminant faeces directly with
IS900-PCR. ISMAV2-PCR and F57-PCR has to be preferred to IS900-PCR if real-time PCR is
intended for the specification of cultured Mycobacteria. 
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INTRODUCTION

Mycobacterium avium subsp. paratuberculosis (MAP) is etiological cause of Johne´s disease, a
chronic inflammatory enteric disease affecting cattle, sheep, goat and other ruminants. A great
individual variability of subclinical and clinical symptoms the infection is typically characterized
by a long incubation period followed by chronic progressive diarrhoea, decrease in milk production,
oedema, anaemia loss of weight leading to cachexia and finally to death (Harris and Barletta, 2001;
Donat et al., 2015; Mitchell et al., 2015). 

Initially intermittent and later persistent faecal excretion of MAP starts several months up to
2.5 years before the onset of clinical signs and leads to the contamination of both the infected
animal and the environment. This way the transmission of the infection mainly occurs following
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ingestion of MAP by offspring during the first month of life. Intrauterine transmission and direct
excretion with milk are also described as additional routes of infection but their epidemiological
importance is hardly to estimate (Mitchell et al., 2015; Schukken et al., 2015).

Therefore, the essential precondition for eradication of paratuberculosis from herds is the
identification and elimination of MAP-shedders. In control programs, ELISAs are widely used
screening assays for the detection of antibodies against MAP in blood or milk because of their
advantages like easy performance, high capacity and low costs. Due to the late formation of
antibodies ELISAs are characterized by low sensitivity especially in animals without or with
moderate shedding of MAP in their faeces (Kohler et al., 2008; Zare et al., 2014).

Therefore, the identification of infected animals by direct detection of MAP in ruminant faeces
is an indispensible tool for eradication. The diagnostic “gold standard” is faecal culture, which
allows MAP-detection with high specificity and sensitivity but consumes up to 3 months until
visible bacterial growth (Whitlock et al., 2000; Zare et al., 2014; Steuer et al., 2015). The diagnostic
sensitivity of faecal culture can additionally be reduced by chemical decontamination steps which
are necessarily implemented before cultivation to remove typical enteric bacteria. These
decontamination  steps  can  partly  inactivate  MAP  resulting  in  reduced  sensitivity  and in
false-negative results especially in the examination of subclinically infected animals that shed
mycobacterium in very low doses (Stabel, 1997). 

PCR-assays provide a rapid alternative for sensitive detection of MAP in clinical samples
including faeces. The insertion element 900 (IS900) is the mostly used target for identification and
also differentiation of MAP from other mycobacteria. The IS900 is 1.451 bp in length and is found
in 15-20 copies in the MAP genome (Khare et al., 2004; Selim, 2011; Selim et al., 2013). Some recent
reports  indicate  risk  of  false-positive  results  because  IS900-like  sequences  can  be found in
M. avium subsp. avium and in some isolates of the M. intracellulare-complex (Cousins et al., 1999;
Motiwala et al., 2004). Therefore, alternative genetic elements including ISMAV2 and F57 sequence
have been evaluated to improve the specificity and therefore the reliability of MAP-detection by
PCR. 

The ISMAV2 occurs in at least three copies in MAP-cells (Stabel and Bannantine, 2005;
Stratmann et al., 2006; Stevenson, 2015). Also, the F57 sequence is a single copy element of 620 bp
and was found to be specific for MAP. It was not present in M. avium subsp. avium or any other
mycobacteria (Tasara and Stephan, 2005; Schonenbrucher et al., 2008; Han et al., 2015). In this
study, we compared the sensitivity and specificity of real-time PCR-protocols targeting the genetic
elements IS900, ISMAV2 and F57 for direct detection of Mycobacterium avium subsp.
Paratuberculosis.
 
MATERIAL AND METHODS
Bacterial strains: The  specificity  of  the  real-time  PCR  protocols  was  evaluated  using  6
MAP-isolates and 23 non MAP-isolates representing 14 further mycobacterial species. Origin and
detailed characterisation of these mycobacteria were described by Mobius et al. (2008). Additionally
18 non-mycobacterial pathogens, which can frequently found in faeces and other samples from
cattle were examined (Table 1). 

Preparation of DNA from bacterial strains: Genomic DNA of mycobacterium strains kindly
provided    by    the    Friedrich    Loeffler    Institut    (FLI),    Jena   was   prepared   by   the  
Cetyl-trimethyl-ammonium-bromide  (CTAB)  method  (Van  Soolingen  et  al.,  1991).  The   DNA 
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Table 1: Mycobacteria and non-mycobacteria analysed for the determination of the specificity of real-time MAP-PCR 
Target sequences
-----------------------------------------------------------------------------------------
IS900 ISMAV2 F57
-------------------------- ------------------------- ----------------------------
Template concentration
----------------------------------------------------------------------------------------

Species, subspecies and designation Types Host species/Source 5 ng μLG1 5 pg μLG1 5 ng μLG1 5 pg μLG1 5 ng μLG1 5 pg μLG1

M. avium subsp. paratuberculosis         
(02A0267) TS Cattle 17.9 31.1 21.8 31.6 22.0 31.6
(03A2388) TS Cattle 21.4 31.1 20.9 30.6 18.5 31.6
(06A0159/b) FI-J Cattle 17.1 28.5 19.9 29.1 21.0 31.1
(05A3268) FI-J Cattle 18.1 26.2 18.1 31.5 20.1 33.0
(06A01262/6) FI-J Cattle 23.8 33.9 21.0 31.0 20.6 31.8
(06A0987/f) FI-J Sheep 26.9 36.9 31.0 38.5 30.2 37.9
M. avium subsp. avium         
(M128/2) TS Cattle 37.7 - - - - -
(01A1077/2) FI-J Cattle - - - - - -
(00A0720/2) FI-J Pig - - - - - -
(03A0910/2) FI-J Poultry 34.1 - - - - -
(03A2530/1) FI-J Poultry 37.0 - - - - -
M. avium subsp. hominisuis      
(00A0854) FI-J Cattle - - - - - -
(01A0554/1) FI-J Pig - - - - - -
(01A1054/1) FI-J Human - - - - - -
(01A0255/1) FI-J Dog - - - - - -
M. bovis (07A0151) TS  - - - - - -
M. bovis BCG (99A1119/1) a - - - - - -
M. dierhoferi (M132/1) TS Environment - - - - - -
M. fortuitum (M134/1) TS Human - - - - - -
M. intracellulare (M136/1) TS a - - - - - -
M. nonchromogenicum (M433/1) FI-J Environment - - - - - -
M. abuense (03A0262/3) TS Human - - - - - -
M. palustre (04A0610/1) TS Environment - - - - - -
M. phlei (M139/1) TS Phage - - - - - -
M. scrofulaceum (M 140/3) TS Human - - - - - -
M. smegmatis (M141/1) TS a - - - - - -
M. terrae (M142/B) Cattle - - - - - -
M. tuberculosis (05A3246) FI-J a - - - - - -
Bacteroides fragilis (100308MC0001) TS Human - - - - - -
Bifidobacterium pseudolongum subsp. TS a - - - - - -
globosum (100308MC0003)
Bifidobacterium thermophilum  (100308MC0005) TS Cattle - - - - - -
Brucella abortus (1/05) FI-S Cattle - - - - - -
Campylobacter jejuni (ATCC 33560) TS Cattle - - - - - -
Coxiella burnetii (1/08 ) FI-S Cattle - - - - - -
Escherichia coli (1/06 ) FI-S Cattle - - - - - -
Lactobacillus ruminis (100308MC0007) TS Cattle - - - - - -
Leptospira bovis (3/04) FI-S Cattle - - - - - -
Listeria monocytogenes (5/98) FI-S Cattle - - - - - -
Mannheimia haemolytica (100308MC0009) TS a - - - - - -
Pasteurella multocida (100308MC0011) TS a - - - - - -
Proteus mirabilis (1003080MC0013) TS a - - - - - -
Salmonella dublin (SD81) TS Cattle - - - - - -
Salmonella typhimurium (STM421) TS Cattle - - - - - -
Staphylococcus aureus subsp. aureus TS Cattle - - - - - -
(1003080MC0015)
Streptococuus agalactiae (1003080MC0017) TS Cattle - - - - - -
Streptococcus parauberis (1003080MC0019) TS Human - - - - - -
TS:  Reference strains of species or subspecies, FI-J: Field isolates from Germany cultivated in FLI Jena, FI-S: Field isolates from LAV Stendal,
ATCC: Designation of type strains by the American Type Culture Collection, Rockville, USA, DSM: Designation of type and reference strains of the
German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany, Host species unknown

of other non-non-mycobacteria strains was isolated using the High Pure PCR Template Preparation
Kit (Roche Diagnostics,  Mannheim,  Germany)  according  to  the  manufacturer's   instructions.
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DNAconcentration was measured by spectrophotometer (DU640 Photometer, Beckman Coulter
GmbH, Krefeld, Germany) at 260 and 280 nm.

Target sequences for MAP-detection using real-time PCR and Internal Control (IC): For
detection  of  MAP  real-time  PCR  targeting  three different genomic regions were evaluated
(Table 2). The identification  of the most frequently used IS900 was based on the procedure of
Khare et al. (2004). ISMAV2-PCR was self-designed using the Software Primer3 Input version 0.4.0
(Whitehead Institute for Biomedical Research, Singapore) applying the published sequence
AF286339.1 (Strommenger et al., 2001). The detection of the F57 sequence was described by
Schonenbrucher et al. (2008).

For monitoring of amplification conditions and the detection of PCR-inhibitors especially in
faecal samples commercially available PUC19-plasmid DNA (BioRon, Ludwigshafen, Germany) was
used as non-competitive internal amplification control (IC). 

In order to optimize of the IC-concentration per reaction a serial dilution of PUC19-plasmid was
prepared   ranging  from  100  to  1011  copies  per ml. Based on primers and probe according to
Made et al. (2008), the concentration of PUC19-plasmid was finally adjusted to 100 copies per
reaction  resulting  in  a  Ct-value  of  about  35  when  amplification  of IC was combined with
MAP-detection in a duplex-PCR.

Duplex real-time PCR assay (MAP with IC): Duplex real-time PCR of each target was carried
out in 25 μL reaction volume. The PCR-mixtures contained 0.75 μL of both reverse and forward
MAP-primer,  0.375  μL  MAP-probe,  0.625  μL  of  both reverse and forward IC-primer, 0.25 μL
IC-probe, 100 copies of PUC19-plasmid and 12.5 μL 2xQuantiTect Multiplex No Rox MasterMix
(Qiagen, Hilden, Germany). Finally 5.0 μL template were added. All primers were delivered by
Biotez (Berlin, Germany) and probes by Eurogentec (Belgium), respectively. They were added to
the reaction mixtures in separate working solutions of 10 pmol μLG1.

The PCR reaction was performed on Stratagene Mx3005 (Agilent Technologies, Santa Clara,
USA) with the following program: Initial denaturation and activation of Taq-polymerase for 15 min
at 95°C followed by 45 cycles of 1 min at 94°C and 1 min at 60°C (Table 2).

Determination of analytical sensitivity by dilution of isolated MAP-DNA: Sensitivity of
real-time PCR was determined by serial dilution of purified DNA from cultures of MAP- reference
strain 03A3288 and field strains 05A3268, 06A0162 and 06A0159/b. DNA concentration  of  stock

Table 2: Primers and probes for MAP-detection and internal amplification control (PUC19)
Targets Primers Sequences Accession No. Positions Product size (bp)
IS900 K-F 5´-CGGGCGGCCAATCTC-3´ S74401 1343-1357 66

K-R 5´-CCAGGGACGTCGGGTATG-3` 1409-1392
Khare-TaqMan FAM-TTCGGCCATCCAACACAGCAACC-BHQ1 1359-1381

F57 F57-F 5´-TACGAGCACGCAGGCATTC-3` EU092638 59-77 62
F57-R 5´-CGGTCCAGTTCGCTGTCAT-3` 121-103
F57-TaqMan FAM-CCTGACCACCCTTC-MGB 83-96

ISMAV2 SM-F 5´-GGCCTAAAACACAACCCAGA-3` AF286339 2092-2111 60
SM-R 5´-GGTTGCTCGGTGACATTTCTA-3´ 2152-2130
Mon--TaqMan FAM-GTGTCACCGATCAACCGACBHQ1 2112-2132 

PUC19 PUC18-F 5´-TGT CGT GCC AGC TGC ATT A-3´ L09137 620-638 82
PUC18-R 5´-GAGCGAGGAAGCGGAAGAG-3´ 702-684
PUC18-TaqMan HEX-AATCGGCCAACGCGCGG-BHQ1 642-658
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solutions was measured by spectrophotometer (DU640 Photometer, Beckman Coulter GmbH,
Krefeld, Germany) at 260 and 280 nm. Afterwards serial dilutions were freshly prepared from stock
solutions with sterile water in broad range from 50 ng to 0.05 fg μLG1. These serial dilutions were
examined 5-fold for each target sequence, following with calculation of mean of Ct values and
Standard Deviation (SD).

Determination of analytical sensitivity by dilution of ISMAV2-plasmid: The sensitivity of
the self-designed ISMAV2-PCR was additionally evaluated by serial dilution of ISMAV2-plasmid
ranging from 109 to 100 copies per milliliter. The ISMAV2-plasmid was derived from a PCR-product
by Gene express (Berlin, Germany). Serial dilutions of ISMAV2-plasmid were examined 5-fold
followed by calculation of mean of Ct-values and Standard Deviation (SD).

Analytical specificity and inclusivity: For  determination  of  the  analytical  specificity  of 
real-time PCR for IS900, ISMAV2 and F57, 23 mycobacteria species and 18 other non-mycobacteria
strains were analyzed at both high and low DNA concentration of 5 ng μLG1 and 5 pg μLG1 as shown
in Table 1. For inclusivity DNA-templates of 6 MAP-strain received from the FLI in Jena were
applied (Table 1).

Statistical methods: Excel 2007 (Microsoft, Redmond, Washington, US) was used for tables,
builds, mean values, standard deviation, correlation coefficients and regression analysis of each
protocol for real-time PCR. PCR efficiency was calculated using the following equation:

Efficiency = 10(-1/slope)-1

The Kappa test was calculated using the statistical program Win Episcope 2.0 (University of
Edinburgh, United Kingdom).

RESULTS
Analytical sensitivity: The  detection  limit of IS900 PCR based on serial dilution of isolated
MAP-DNA was 5 fg  reaction, i.e. approximately  one  MAP-genome  per  reaction. Rodriguez-
Lazaro et al. (2005) reported 5.28 fg DNA per MAP-genome. For ISMAV2 the detection limit based
on consistent positive results was 50 fg/ reaction. At the 5 fg-level one negative result in the 5-fold
assay was found. The reproducible detection limit of the F57-PCR sequence was also seen at 50 fg 
reaction but with further reduced reproducibility at the lower concentrated DNA, i.e. only two
positive reactions were observed in the 5-fold assay at the 5fg-level (Table 3). The internal control
has been positive in all samples at a level of Ct-values 34-36.

The   sensitivity  of  ISMAV2-PCR  was  additionally evaluated with a serial dilution of
ISMAV2-plasmid from 109-100 copies per milliliter. The reproducible detection limit was 0.5
copies/reaction. At 0.05 copies/reaction the PCR assay was positive only in two PCR assay out of
five repeats and with Ct-value >39 (SD, 0.14) (Table 4).

The calculated results for the analytical sensitivity are summarized in Table 5. In principles
the correlation coefficients (r2) exceed 0.99 and show strong linear relationship between ct-values
and the corresponding MAP-targets. Only for the amplification of diluted genomic MAP-DNA with
the F57-assay r2 was slightly decreased at a level of 0.9891. The calculated efficiency of real-time
PCR ranged between 92.5 and 109.8%. 
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Table 3: Analytical sensitivity recorded by Ct-values for serial dilution of quantified MAP-DNA
IS900 ISMAV2 F57
------------------------------- --------------------------------- ---------------------------------

MAP-DNA per PCR-reaction Mean SD Mean SD Mean SD
50 (ng) 17.1 1.21 17.9 0.25 16.0 3.59
5 (ng) 19.0 1.64 21.0 0.72 20.1 1.86
500 (pg) 22.2 1.75 24.3 1.17 23.9 1.99
50 (pg) 25.3 1.86 27.5 1.12 26.8 2.00
5 (pg) 28.6 1.72 30.8 1.02 30.8 2.31
500 (fg) 31.8 1.36 33.7 1.02 33.5 1.95
50 (fg) 35.5 2.06 36.4 0.81 36.3 2.05
5 (fg) 39.3 2.79 39.7 1.78 37.5 0.26
0.5 (fg) no Ct  no Ct  no Ct  
0.05 (fg) no Ct  no Ct  no Ct
*One run negative from 5-fold assays at 5 fg MAP-DNA per reaction
**Only 2runs positive from 5-fold assays at 5 fg MAP-DNA per reaction

Table 4: Sensitivity of ISMAV2-PCR determined by serial dilution of ISMAV2-plasmid
Number of MAP-plasmid/mL Number of MAP-plasmid per PCR-reaction Mean Ct-value SD
109 5,000,000 14.7 1.96
108 500,000 18.2 1.95
107 50,000 21.5 2.31
106 5,000 24.9 2.35
105 500 28.2 2.55
104 50 31.6 2.67
103 5 34.4 2.17
102 0.5 37.4 1.57
101 0.05 38.2* 0.14
100 0.005 no Ct
*Only 2 runs positive from 5-fold assays at 101 MAP-plasmid μL, SD: Standard deviation

Table 5: Summarized data of determination of analytical PCR sensitivity
Method
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Dilution of genomic MAP-DNA Dilution of IS MAV2-Plasmid
According to Table 3 According to Table 4
------------------------------------------------------------------------- ------------------------------------------------------------------------

Parameters r2 PCR-efficiency (%) Detection limit* r2 PCR-efficiency (%) Detection limit
IS900 0.9950 104.7 1   nd
IS MAV2 0.9993 109.8 10 0.9991 102.8 0.5 copies
F57 0.9858 107.9 10   nd
*Last dilution with consitent positive results, estimated as to MAP-genoms / PCR, nd: Not deteted

Analytical specificity and inclusivity: All six MAP-strains analysed for the determination of
the inclusivity were detected by IS900, ISMAV2 and F57 PCR protocols (Table 1). IS900-PCR
showed weakly positive results for 3 of 5 Mycobacterium avium subsp. avium strains which isolated
from of bovine and avian at highly concentrated DNA-templates (5 ng μLG1). For low concentrated
DNA of Mycobacterium avium subsp. avium (5 pg μLG1) and also for the remaining mycobacteria
and non-mycobacteria species the IS900-PCR showed the expected negative results.

ISMAV2-PCR and F57-PCR showed high specificity for detection of MAP. Both protocols
showed no cross reaction with mycobacterial strains and non mycobacterial strains different from
MAP.

DISCUSSION
For  direct  detection  of  MAP  in several  sample matrices former conventional and nested

PCR-protocols are increasingly replaced by real-time PCR. The main advantages are simplified
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laboratory  procedure  due  to  elimination  of  electrophoresis,  reduced  risk  for 
contaminations,especially during nested PCR and the shortening of analysis time. The application
of real-time PCR essentially requires similar performance compared to established protocols for
sensitive nested PCR.

Several protocols for real-time PCR have been described until now. IS900 represents the most
widely applied target sequence. Alternative assays have been described for ISMAV2, the genetic
element F57 und locus 251 (Tasara and Stephan, 2005; Selim et al., 2013; Fawzy et al., 2015).
Analytical sensitivity of real-time MAP-PCR differs according to both target sequence and template
type. In this study, results obtained for serial dilutions of genomic MAP-DNA correlate with the
frequency of the target sequence in MAP-cells. The copy-number of IS900 varies between 15-20 per
cell (Englund et al., 2002; Fawzy et al., 2015), thereby facilitate high sensitivity of IS900-based
assays. ISMAV2 can only be found in three copies per MAP-cell resulting in a lower sensitivity than
IS900-PCR (Stratmann et al., 2002; Stabel and Bannantine, 2005; Sevilla et al., 2014). The lowest
analytical sensitivity seen for F57-PCR corresponds to the existence of the F57 genetic element in
only one copy per MAP-cell (Tasara and Stephan, 2005; Vansnick et al., 2007; Keller et al., 2014).
Different detection limits according to the cellular copy number of the target sequence were also
observed by Herthnek and Bolske (2006) for IS900 and F57 whereas Schonenbrucher et al. (2008)
found no difference between ISMAV2 and F57. Based on a unique plasmid (Irenge et al., 2009)
described  identical  analytical  sensitivity for IS900, F57 and ISMAP02 in triplex real-time PCR. 

For  comparison  with  further  data  for  sensitivity  of  PCR  the  detection  limit based on
DNA-amount can be transformed into copy-number. With respect to a MAP-genome of 5,867,714
bp (Bannantine et al., 2002) each MAP cell theoretically contains approximately 6.8 fg of DNA. A
slightly lower DNA-content of 5.1 fg MAP-DNA per MAP-cell was calculated by Ravva and Stanker
(2005). Therefore 5 fg DNA can be approximated to one MAP-genome or one cell equivalent. 

Using genomic MAP-DNA as template the reported detection limits was 5 fg for all targets
whereas  the  lowest  reproducible level of detection was 5 fg (~1 MAP) for IS900-PCR and 50 fg
(~10 MAP) for ISMAV2 and F57. Furthermore, the detection limit was 0.5 plasmid copy/PCR
reaction in ISMAV2-PCR using serial dilution of ISMAV2 plasmid. Taking methodical differences
into consideration these evaluated real-time PCR assays revealed high sensitivity.

The obtained data showed that the analytical sensitivity of real-time PCR is more sensitive
than previous reported limit 0.1 pg/PCR reaction of triplex real-time PCR target ISMAV2 and F57
by (Schonenbrucher et al., 2008) and 10 plasmid copies/PCR reaction in another triplex real-time
PCR target IS900, ISMAP02 and F57 by Irenge et al. (2009).

In general, real-time PCR is considerable more sensitive than conventional single-step PCR for
which detection limits were found to range between 1 pg and 100 fg (Stabel and Bannantine, 2005;
Mobius  et  al.,  2008).  The  previous  reported  detection  limits  for  nested PCR are 1.2 fg
(Englund  et  al.,  1999),  1CFU  ~5  fg,  (Vansnick  et  al., 2004) and 10 copies ~50 fg,
(Ikonomopoulos et al., 2004). Mobius et al. (2008) found detection limits up to 1 fg for nested PCR
by direct comparison of several PCR-assays analyzing unique dilution series of MAP-DNA. 

For IS900-PCR false-positive amplification for Mycobacterium avium subsp. avium was
observed for highly concentrated DNA (5 fg μLG1) of one strain isolated from cattle and two poultry
strains. Since, DNA from Mycobacterium avium subsp. avium is unlikely to occur in faecal samples
at this high level the risk of false-positive results in clinical samples seems to be low. Tasara et al.
(2005) got   also  false-positive  results  of  nested  IS900-PCR  for  M.  chelonae, M. scofulaceum,
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M. terrae, M. xenopi and Mycobacterium strain 2333. As far as we could examine the specificity of
real-time PCR targeting IS900 we did not observe cross reactions with other mycobacteria. 

The   absence   of   false-positive  PCR-results  for  mycobacteria  different  from  MAP  and 
non-mycobacterial bacteria confirmed the selective specificity of the genomic element F57 and of
ISMAV2 only for Mycobacterium avium subsp. paratuberculosis as described for F57 by Tasara and
Stephan (2005)  and  Keller et al. (2014)  and for ISMAV2 by Stabel and Bannantine (2005) and
Han et al. (2015). 

Nevertheless we conclude that ISMAV2-PCR and F57-PCR should be preferred to IS900-assays
if real-time PCR is used for the specification of cultured mycobacteria. 

These findings support the strategy recommended by Herthnek and Bolske (2006) to use a
highly sensitive assay for MAP-screening followed by confirmation of positive screening results by
at least one independent assay detecting a target sequence with highest specificity. From the
present results the diagnostic procedure for direct PCR for detection of MAP in faecal samples
should start with IS900-PCR as the most sensitive assay followed by ISMAV2-PCR and/or F57-PCR
for confirmation. Although several MAP-target sequences are recommended for application in
multiplex PCR (Tasara et al., 2005; Han et al., 2015) or in multiplex real-time PCR (Irenge et al.,
2009). We preferred the simultaneous detection of only one MAP-target with an internal
amplification control PCR to prevent reduced sensitivity due to competitive inhibition as observed
by Rajeev et al. (2005) for duplex PCR targeting IS900 und MAP-specific locus 251. 

Apart from often used house keeping genes as internal control the adjustable addition of
PUC19-plasmid was used to monitor the absence of inhibitors. This way we intend to avoid any
decrease  of  sensitivity  by  interaction  of  primers  and probes or by competitive inhibition of
MAP-PCR by a surplus of a house-keeping gene especially in samples with low MAP-content.

CONCLUSION
The sensitivity of alternative real-time PCR correlates with the number of target sequences in

MAP-genome. These findings recommended IS900-PCR for primary screening of faecal samples.
ISMAV2-PCR  and/or  F57-PCR  should  follow  for  confirmation  of IS900 positive results.
ISMAV2-PCR and F57-PCR has to be preferred to IS900-PCR if real-time PCR is intended for the
specification of cultured Mycobacteria. 
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