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Abstract : Mycobacterium avium subsp. paratuberculosis (MAP) causes paratuberculosis or Johne's disease, an intestinal
granulomatous infection in domestic and wild animals. The study aimed to develop and evaluate a panel of multiplex
quantitative real-time polymerase chain reaction (mqPCR) assay for simultaneous detection of three MAP-specific genes
(IS900, F57 and ISMAP02 genes). The analytic sensitivity (i.e., limit of detection, expressed as cells per 1 ml) was
150 for IS900, 1500 for F57, and 50 for ISMAP02. The specificity of the method was determined by testing 152
bovine fecal samples. Based on the test, it showed that the assay simultaneously detected the target genes in short
period of time and at lower cost compared to laboratory routine tests. The test agreement between the assay and routine
test was 94%. The discrepancy in the results was due to samples that were tested positive by the panel but negative
by the routine tests, suggesting that the assay has higher sensitivity than the routine tests. In conclusion, the mqPCR
assay could be a rapid and accurate testing tool for investigating paratuberculosis or Johne's disease cases in domestic
and wild animals.
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Introduction

Since 1895, Mycobacterium avium subspecies paratuber-

culosis (MAP), is known as a pathogen that causes paratuber-

culosis or Johne's disease, an intestinal granulomatous infection

in domestic (cattle, sheep, goats, and camelid) and wild rumi-

nants (cervidae and bovidae) as well as wild Canidae, Mus-

telidae, and Herpestidae (10,12,15,16,23,24). Recent studies

showed the potential etiological role of MAP in the patho-

genesis of Crohn's disease in human and the zoonotic poten-

tial of the organism (1,11,14). The disease in animals spreads

by ingestion of the organism from the feces of infected ani-

mals or contaminated food and surface water (23). The

infected animal served as the carrier of the disease that can

be easily transmitted to other animals. Excretion of the organ-

ism may occur intermittently for a prolonged period before

the onset of clinical disease. Therefore, early detection and

management strategy planning for the infected animals is

important to reduce the spread of the disease in domestic and

wild animal populations.

Laboratory techniques that have been commonly used to

diagnose paratuberculosis are fecal examination, bacterial cul-

ture, enzyme-linked immunosorbent assay (ELISA), comple-

ment fixation (CF) test, agar gel immunodiffusion (AGID),

and polymerase chain reaction (PCR) (3,5-7). These tradi-

tional methods are laborious, expensive, and/or slow in turn-

around. Some of them can also be less sensitive depending

on the specimen quality, timing of sampling or prior antimi-

crobial therapy. Recent studies suggested the use of a multi-

plex quantitative real-time PCR panel (mqPCR) as an alter-

native diagnostic method when investigating multi-factorial

diseases because it gives a good diagnostic performance with

simultaneous detection of multiple targets and rapid results

compared to conventional diagnostic methods (2,22).

The objective of this study was to develop and evaluate a

quantitative real-time PCR-based panel which can simulta-

neously detect three (3) MAP-specific genes (IS900, F57 and

ISMAP02 genes). Its diagnostic performance was evaluated

on clinical specimens in comparison to the various laboratory

test methods that were routinely used for MAP detection.

Materials and Methods

Biological materials

The MAP strain purchased from the American Type Cul-

ture Collection (ATCC19698) and 152 fecal samples collected

from 10 cattle herds were used for assessing analytic sensi-

tivity and for evaluating diagnostic performance of the assay.
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All fecal samples were collected from diarrheic cattle. Of

152 fecal samples, 24 were positive for MAP in culture or

MAP-specific gel-based PCR targeting ISMAP02 gene and

the remaining 128 samples have negative result. Among 128

samples, 6 samples were positive for MAP antibody-target-

ing ELISA test, but negative for the PCR.

Primer and probe

The composition of the multiplex quantitative real-time

PCR (mqPCR) assay is summarized in Table 1. The assay

included 3 primer/probe sets for the target genes (i.e, IS900,

F57 and ISMAP02), 1 primer/probe set for internal control

(IC), and reference dye. Sequences of primers and probes

used in the assay were adopted separately from published

information (13,20). All the primers and probes were synthe-

sized and purchased from Bioneer (Daejeon, Korea). To min-

imize interference among reporting dyes for the probe, the

assay comprised dyes in a combination of FAM, VIC, Cy5

for the genes, TAMRA for IC, and ROX reference dye.

Internal control (IC)

A 65-bp oligonucleotide IC was designed to monitor false

negative result due to failure of the PCR process causing the

presence of inhibitory substances in reactions. The IC con-

tained a non-specific 16S ribosomal RNA gene sequence

flanked by the same primer sequence for M. bovis (i.e., uvrC

gene). The sequence for the IC was TCTAATTTTT TCATA-

TCGCT AATGCTCTTG TACACACCGC CCAGTTCATT

GTAGCAAAGG CCTGA. For every reaction, 0.001 μM of

IC was added resulted to positive signal with Ct values of 36

to 38 if PCR inhibitory substances were not present in the

reaction.

Nucleic acid extraction

Bacterial nucleic acids were extracted using mGITC/SC

method as described previously (18). Briefly, one ml of GITC

L6 lysis buffer [5.25 < GuSCN, 50 mM Tris-HCl (pH 6.4),

20 mM EDTA, 1.3% Triton X-100, distilled water] was added

to the fecal suspension in a 2 ml tube, vortexed for 30 sec,

and then incubated at 95oC for 15 min. The tube was vor-

texed again and centrifuged at 13,000 g for 2 min. The super-

natant (300 μL) was transferred into a new 1.5 ml tube con-

taining 700 μL of L6 lysis buffer and incubated at 70oC for 5

min, after which 250 μL of 100% ethanol were added; the

mixture was then incubated at 56oC for 5 min. After incuba-

tion, the mixture was passed through a mini spin column fit-

ted with a silica membrane (Epoch Biolab, Sugerland, TX,

USA), washed with 700 μL of L2 washing buffer (5.25M

GuSCN, 50 mM Tris-HCl, distilled water) and washed again

with 700 μL of 70% ethanol twice. Finally, DNA was eluted

with 40 μL of nuclease-free water.

PCR condition

The panel was optimized using a multiplex PCR kit

(Applied Biosystems, Austin, TX, USA) by following the

manufacturer’s recommended protocols in a reaction volume

of 25 μl. ABI7500 Fast Real-Time PCR system (Applied

Biosystems) was used for PCR amplification. Each reaction

contained 0.4 μM of each primer, 0.2 μM of each probe, and

5 μl (for PCR B and C) of template. The cycling conditions

were as follows: a) a 15-min initial activation step at 95oC;

and b) 40 cycles of 90 sec at 60oC. Samples with a threshold

cycle (Ct) of 37 or lower were considered positive for the

corresponding gene.

Analytic sensitivity and diagnostic performance

To assess analytic sensitivity of the assay, a bacterial sus-

pension with known colony-forming units (CFU) was used.

Briefly, MAP (ATCC19968) was cultured in modified Her-

Table 1. Oligonucleotide sequences of primers and probes used for multiplex real-time polymerase chain reaction assay

Target gene Primer/probe Sequences (5' to 3')
Annealing

temperature (oC)

Product size 

(bp)
Reference

IS900

IS900(Q)-F

IS900(Q)-R

IS900(Q)-probe

GATGGCCGAAGGAGATTG

CACAACCACCTCCGTAACC

FAM-ATTGGATCGCTGTGTAAGGACACGT-BHQ1

60 145 20

F57

F57(Q)-F

F57(Q)-R

F57(Q)-probe

GCCCATTTCATCGATACCC

GTACCGAATGTTGTTGTCAC

Joe-CAATTCTCAGCTGCAACTCGAACACAC-BHQ1

60 147 20

ISMAP02

ISMAP02-for

ISMAP02-rev

ISMAP02-probe

CGCCAGGAACGCAAACAT

GTGCAGGGTCGCTCTGATG

Cy5-ACTCCGCATCCAACAACTCACGCTG-BHQ2

60 96 13

Fig 1. Multiple detection of MAP-specific gene sequences. A

series of 10-fold dilutions of cultured MAP strain from 5 × 101

to 105 was prepared and used for assessing analytic sensitivity of

the assay. The Y-axis indicates the Ct value of targets using each

dilution of the strain. Each regression line was constructed based

on duplicate measurement.
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rold's egg yolk medium (HEYM) supplemented with 2 mg/L

of mycobactin J (ID-Vet; Montpellier, France) and three anti-

biotics (nalidixic acid, vancomycin, and amphotericin B)

conditioned at 37oC for 8 weeks. Colonies were harvested by

swab and transferred into 5 ml of phosphate buffered saline

(PBS) supplemented with 0.25% Tween 80, and then vor-

texed for 1 min to minimize the clumping of cells. Finally,

cell concentrations from 5 × 101 to 105 spiked into 250 mg of

feces were used for analytic sensitivity testing.

The mqPCR assay was performed on 152 fecal samples.

Samples with discrepancy between the mqPCR and routine

test methods were re-evaluated in two ways. First, PCR

amplicons were obtained from each sample using singleplex

qPCR with only the primer set in question and examined by

electrophoretic analyses to verify that the PCR amplified the

target gene with the expected molecular size. Second, PCR

products with expected molecular sizes were sequenced for

intended target genes. After sequencing, the deduced sequence

was compared with sequences available in GenBank data-

base to identify corresponding pathogens.

Results

Analytic sensitivity of the panel

The analytic sensitivity (i.e., detection limit) of the mqPCR

assay was estimated using serially-diluted bacterial suspen-

sions with known CFU per 1 ml. The estimated detection

limit (cells/ml) of the assay for each target gene was: 150 for

IS900; 50 for ISMAP02; and 1500 for F57. Standard curves

generated by the assay using 10-fold serial dilutions of each

target genes showed correlation coefficients (R2) ranging

from 0.992 to 0.999 and slopes of 3.246-4.362 (Fig 1), indi-

cating good linearity of the PCR reaction.

Diagnostic performance of the assay in comparison to

other tests

Comparative test results on the 152 fecal samples between

the mqPCR assay and other laboratory tests are summarized

in Table 2. The mqPCR assay detected 33 samples that were

9 higher than the number of positive samples identified by

the conventional laboratory tests for each agent. Notably, all

6 samples that were positive for MAP antibody, but negative

for culture or gel-based PCR were positive in the mqPCR

assay, especially an assay targeting ISMAP02 gene sequence.

Overall test agreement between the mqPCR assay and con-

ventional tests was 94% (κ = 0.807).

Discussion

In this study, mqPCR assay targeting MAP-specific gene

sequences (IS900, F57, and ISMAP02) was designed and

evaluated for simple and rapid detection of MAP-positive

individuals in clinical laboratories. Overall analytic and diag-

nostic performance of the mqPCR assay showed good ana-

lytic sensitivity and test agreement (94%). In particular, the

mqPCR assay detected 9 additional positive samples than

conventional tests which includes 6 samples which were MAP

antibody positive, but negative for MAP antigen in antigen-

targeted test. These observations suggest that the mqPCR

assay could be a tool to get more accurate diagnostic data in

a short turnaround time.

Traditionally, diagnostic assays for the detection of MAP

in fecal samples have utilized the IS900 gene sequence as the

target because of its multicopy nature, raising analytic sensi-

tivity of the test (9,17,21). However, there are some debates

on whether the IS900 is indeed unique to MAP (4,8). Two

studies that demonstrated the presence of IS900 in environ-

mental mycobacteria, M. cookii and M. scrofulaceum, sug-

gesteding that the use of the IS900 sequence alone may yield

false-positive results. To deal with the issue on IS900, the

mqPCR assay targeting more than 2 genes have been de-

scribed (13,19,20); however, the assay focused on the gene

with low copy number (24) or the exact detection limit was

not reported (13,20). In this study, the mqPCR assay included

IS900 along with two additional MAP-specific elements, F57

and ISMAP02 and the assay was optimized to test three tar-

get genes in a single reaction with high analytic sensitivity. In

particular, ISMAP02 presents six copies in a single genome

of MAP (21), making it more sensitive and specific target for

the detection of MAP. The analytic sensitivity testing in this

study also showed that the subset for ISMAP02 had the most

sensitive result (50 cells/ml) followed by the subset for IS900

(150 cells/ml).

In conclusion, the mqPCR assay in this study showed

higher diagnostic performance than conventional diagnostic

tests such as culture or gel-based PCR. Likewise, this assay

could be an alternative or additional method for the rapid

detection of MAP in fecal samples from suspected animals.
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분변 시료에서 Mycobacterium avium subsp. paratuberculosis 의

빠른 검출을 위한 다중 실시간 중합효소연쇄반응기법의 개발

한재익***·정영훈*·최창용*·유재규*·강석진*·유한상**·박홍태**·권응기*·조용일*
1

*국립축산과학원, **서울대학교, ***건국대학교

요 약 : Mycobacterium avium subsp. paratuberculosis (MAP)는 가축 및 야생동물에서 장 내 육아종성 감염증을 유

발한다. 이 연구의 목적은 MAP 특이유전자 3개(IS900, F57 및 ISMAP02)의 빠른 검사를 위한 다중 실시간 중합효소

연쇄반응기법을 개발하고 평가하는데 있다. 평가 결과 분석 민감도는 IS900이 150 cells/ml, F57이 1500 cells/ml,

ISMAP02가 50 cells/ml로 확인되었다. 152개 소 분변시료를 대상으로 실시한 검사 결과 개발한 기법이 기존 검사방법

보다 빠르고 적은 비용으로 동시검사가 가능한 것으로 확인되었다. 검사결과의 일치도는 94%로 나타났다. 불일치 결

과는 개발한 기법이 양성으로 확인하였으나, 기존 검사에서는 음성으로 나타난 것 때문으로 확인되어, 개발한 기법이

더 높은 민감도를 갖는 것으로 나타났다. 개발한 다중 실시간 중합효소연쇄반응기법은 가축 및 야생동물에서 파라결

핵 또는 요네병의 조사를 위한 빠르고 정확한 검사기법이 될 것이다.

주요어 : Mycobacterium avium subsp. paratuberculosis, 다중 실시간 중합효소연쇄반응기법, 진단


