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We evaluated the usefulness of loop-mediated isothermal amplification (LAMP) in detecting specific gene
sequences of Mycobacterium avium subsp. paratuberculosis (MAP). A total of 102 primer sets for LAMP was
designed to amplify the IS900, HspX, and F57 gene sequences of MAP. Using each of two primer sets (P-1 and
P-2) derived from the IS900 fragment, it was possible to detect MAP in a manner similar to that used with
nested PCR. The sensitivity of LAMP with P-1 was 0.5 pg/tube, which was more sensitive than nested PCR.
When P-2 was used, 5 pg/tube could be detected, which was the same level of sensitivity as that for nested PCR.
LAMP with P-1 was specific. Although only 2 Mycobacterium scrofulaceum strains out of 43 non-MAP myco-
bacterial strains were amplified, the amplification reaction for these strains was less efficient than for MAP
strains, and their products could be distinguished from MAP products by restriction digestion. LAMP with P-2
resulted in very specific amplification only from MAP, the same result obtained with nested PCR. Our LAMP
method was highly specific, and the white turbidity of magnesium pyrophosphate, a by-product of the LAMP
reaction, allowed simple visual detection. Our method is rapid, taking only 2 h, compared with 4 h for nested
PCR. In addition, the LAMP method is performed under isothermal conditions and no special apparatus is
needed, which makes it more economical and practical than nested PCR or real-time PCR. These results
indicate that LAMP can provide a rapid yet simple test for the detection of MAP.

Mycobacterium avium subsp. paratuberculosis (MAP) causes
Johne’s disease, a chronic progressive enteritis in ruminants (4,
12, 13, 21, 26). Cattle, sheep, goats, deer, alpaca, llamas, rhi-
noceros, rabbits, bison, and other herbivores have been diag-
nosed with paratuberculosis (3, 10, 11, 22). The organism has
also been isolated from primates, including humans (7, 9). The
disease is economically important in the cattle industry but its
control is hampered by the lack of accurate rapid diagnostic
tests. This necessitates the development of high-throughput,
sensitive diagnostic methods for the detection of infected an-
imals and animal products. Accurate diagnostic tests for
Johne’s disease are important in enabling the culling or segre-
gation of infected animals as well as the identification of dis-
ease-free animals to maintain the economic viability of dairy
farming. Bacterial isolation has to date been considered the
most reliable test for detecting MAP infection in cattle (25, 26,
31). Fecal culturing for MAP is technically simple and semi-
quantitative, detecting as few as 10 CFU/g (31). In addition,
fecal culturing requires little investment in equipment. How-
ever, because of the slow growth of MAP, it takes more than 8
weeks for colony formation. This prolonged test period favors
the growth of bacterial and fungal contaminants that are able
to survive the decontamination process.

Several PCR protocols to rapidly detect MAP have been

published (2, 7, 15, 17, 20, 23, 24, 28, 29). The targets of these
methods are the sequences specific to MAP: IS900, HspX, and
F57. Among them, IS900 is an insertion sequence that is
unique to MAP, and approximately 10 to 20 copies of the
sequence are present in the MAP genome (9). It has been
reported that IS900-based PCR is highly sensitive and that
nested PCR is more sensitive and specific for the detection of
MAP than conventional PCR (5). However, these methods
require several operations, such as an electrophoresis step, and
the risk of contamination is very real. Recently, a real-time
PCR method was developed (33). The sensitivity of this
method is equal to that of fecal culturing and can detect the
amplified products without electrophoresis. However, real-
time PCR requires a special apparatus to monitor the ampli-
fication of DNA. Loop-mediated isothermal amplification
(LAMP), which amplifies target nucleic acids with high speci-
ficity, efficiency, and rapidity under isothermal conditions, was
developed by Notomi and coworkers (17, 18, 19). LAMP sen-
sitivity is not significantly influenced by the presence of non-
target DNA. This method relies on auto-cycling strand dis-
placement DNA synthesis performed by a DNA polymerase
with high strand displacement activity. A specially designed set
of two inner and two outer primers is used, but later during the
cycling reaction only the inner primers are used for strand
displacement DNA synthesis. The reaction is highly specific for
the target sequence; this specificity is attributable to recogni-
tion of the target sequence by six independent sequences in the
initial stage and by four independent sequences during the
later stages of the LAMP reaction. LAMP is simple and easy to
perform once the appropriate primers are prepared, requiring
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TABLE 1. Comparison of the specificities of nested PCR and LAMPd

Strain
no. Mycobacterial strain Nested PCR resulta

(�17b)

LAMP result

P-1 P-2

(�17b) (�0.1b) (�17b)

1 M. avium subsp. paratuberculosisc ATCC 19698 � � � �
2 M. avium subsp. paratuberculosisc TO-O187 � � � �
3 M. avium subsp. paratuberculosisc TA-G185 � � � �
4 M. avium subsp. paratuberculosisc RI-M194 � � � �
5 M. avium subsp. paratuberculosisc O-A196 � � � �
6 M. avium subsp. paratuberculosisc RI-S272 � � � �
7 M. avium subsp. paratuberculosisc MA-O77 � � � �
8 M. avium subsp. paratuberculosisc MA-O78 � � � �
9 M. avium subsp. paratuberculosisc O-Y116 � � � �
10 M. avium subsp. paratuberculosisc RI-S273 � � � �
11 M. avium subsp. paratuberculosisc A-I285 � � � �
12 M. avium subsp. paratuberculosisc I-K49 � � � �
13 M. avium subsp. paratuberculosisc A-K30 � � � �
14 M. avium subsp. paratuberculosisc O-Yyanai � � � �
15 M. avium subsp. paratuberculosisc ME-Jtanaka � � � �
16 M. avium subsp. paratuberculosisc RI-H250 � � � �
17 M. avium subsp. paratuberculosisc OB-Y255 � � � �
18 M. avium subsp. paratuberculosisc TA-S263 � � � �
19 M. avium subsp. paratuberculosisc SHI-E260 � � � �
20 M. avium subsp. paratuberculosisc TA-S265 � � � �
21 M. avium serotype 1 ATCC 15769 � � � �
22 M. avium serotype 2 14141-1395 � � � �
23 M. avium serotype 3 6195 � � � �
24 M. intracellulare serotype 4 13528-1079 � � � �
25 M. intracellulare serotype 5 4443-1237 � � � �
26 M. intracellulare serotype 6 34540 � � � �
27 M. intracellulare serotype 7 Manten 157 � � � �
28 M. intracellulare serotype 8 14658-1686 � � � �
29 M. intracellulare serotype 9 6450-204 � � � �
30 M. intracellulare serotype 10 1602-1965 � � � �
31 M. intracellulare serotype 11 14186-1424 � � � �
32 M. intracellulare serotype 12 P42 � � � �
33 M. intracellulare serotype 13 Chance � � � �
34 M. intracellulare serotype 14 P39 � � � �
35 M. intracellulare serotype 15 Simpson � � � �
36 M. intracellulare serotype 16 ATCC15987 � � � �
37 M. intracellulare serotype 17 Comell � � � �
38 M. intracellulare serotype 18 Melnick � � � �
39 M. intracellulare serotype 20 P40 � � � �
40 M. avium serotype 1 11907-300 � � � �
41 M. avium serotype 3 128-Germany � � � �
42 M. intracellulare serotype 19 Darden � � � �
43 M. intracellulare serotype 20 TMC1419 � � � �
44 M. intracellulare serotype 21 2993 � � � �
45 M. intracellulare serotype 22 5154O’Conner � � � �
46 M. intracellulare serotype 23 CDC1214 � � � �
47 M. intracellulare serotype 24 12645 � � � �
48 M. intracellulare serotype 25 CDC1195 � � � �
49 M. intracellulare serotype 27 Lane3081 � � � �
50 M. intracellulare serotype 28 Matthews9055 � � � �
51 M. scrofulaceum Bridge � � � �
52 M. scrofulaceum CDC1198 � � � �
53 M. scrofulaceum Underson � � � �
54 M. smegmatis 155 � � � �
55 M. avium serotype 8 Kumamotoc � � � �
56 M. avium FKS 1-1c � � � �
57 M. avium FKS 10-1c � � � �
58 M. avium FMS 11-1c � � � �
59 M. bovis BCG � � � �
60 M. bovis B-10 � � � �
61 M. tuberculosis Aoyama B � � � �
62 M. kansasii S-55322 � � � �

a Nested PCR was performed as described previously (9).
b The amount of DNA contained in a reaction mixture (nanograms per tube).
c Field strain isolated from cows.
d �, PCR or LAMP amplification; �, no PCR or no LAMP amplification.
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only four primers, DNA polymerase, and a regular laboratory
heat block for the reaction. No special apparatus is needed,
which makes it more economical and practical than nested
PCR or real-time PCR. Thus, LAMP has several advantages
and could be a novel method to replace conventional PCR
methods.

One of the characteristics of LAMP is its ability to synthesize
an extremely large amount of DNA. Accordingly, a large
amount of by-product, pyrophosphate ion, is produced, yield-
ing a white precipitate of magnesium pyrophosphate in the
reaction mixture. The presence of this white precipitate allows
easy detection of nucleic acids amplified by the LAMP method
(16). In addition, the amplification products generated by
LAMP can be detected with gel electrophoresis in the same
way as for PCR. The LAMP reaction produces many bands of
different sizes, forming a ladder of DNA fragments of 100 bp
and larger. Production of the bands depends on the presence
of the inner primers, the template, and the DNA polymerase.
Specific amplification can be distinguished from nonspecific
amplification by the difference in the ladder pattern. Digestion
with restriction enzymes is also useful in confirming the struc-
ture of the amplified product(s) (19). The present study reports
the usefulness of the LAMP method for detection of MAP.

MATERIALS AND METHODS

Mycobacterial strains. The mycobacterial strains used in this study are shown
in Table 1; a total of 62 were examined. Strain number 1 was used as a template
for examining the efficiency of LAMP. Strain numbers 2 to 20 of MAP were
isolated from the intestinal lymph nodes of diseased cows. Strain numbers 21 to
43 were obtained from the original collection of W. B. Schaefer (23), and strain
numbers 44 to 54 came from an authenticated collection of A. Y. Tsang and
coworkers (27). Strain numbers 55 to 58 were identified by IS1245 PCR. Myco-
bacterial strains other than those of MAP were cultured on 1% Ogawa medium
(Nissui, Tokyo, Japan), and the MAP strains were cultured on Herrold’s egg yolk
medium supplemented with mycobactin. Genomic DNA was extracted from
mycobacterial strains as follows. (i) First, an isolated colony was selected and
resuspended in 1 ml of autoclaved water in a microtube and centrifuged for 1 min

at 10,000 � g, and the supernatants were removed. (ii) The pellets were sus-
pended in 200 �l of InstaGene matrix (Bio-Rad, Tokyo, Japan), and the tubes
were incubated at 56°C for 15 to 30 min. (iii) After high-speed vortex mixing for
10 s, the tubes were placed in a heat block at 100°C for 8 min. (iv) After vortex
mixing again, the tubes were subjected to centrifugation at 10,000 � g for 2 to 3
min. The supernatant was then used for the examinations.

Plasmid DNA. IS900 fragments (9) were obtained by PCR amplification from
a MAP strain (ATCC 19698). The 1,451-bp amplified fragments from IS900 were
digested with SalI and EcoRI and cloned into pBluescript II (TOYOBO, Tokyo,
Japan) plasmid vectors (pIS900) according to standard protocols.

Primer design for LAMP. Four primers were used for LAMP reactions, two
inner primers and two outer primers (Fig. 1). The two inner primers are called
the forward inner primer (FIP) and the backward inner primer (BIP), and each
contains two distinct sequences corresponding to the sense and antisense se-
quences of the target DNA, one for priming in the first stage and the other for
self-priming in later stages. For ease of explanation, the sequences (typically 23
to 24 nt) inside both ends of the region targeted for amplification in a DNA
fragment are designated F2c and B2. Two inner sequences (typically 23 to 24 nt)
40 nt from the ends of F2c and B2 are designated F1c and B1, and two sequences
(17 to 21 nt) outside the ends of F2c and B2 are designated F3c and B3. Given
this structure, the sequences of FIP and BIP were designed as follows. FIP
contains the sequence (F1c) complementary to F1 and F2. BIP contains B1 and
the sequence (B2c) complementary to B2. The two outer primers consist of F3
and the sequence (B3c) complementary to B3. The gene sequences of IS900
(accession no. X16293), HspX (accession no. AF069754), and F57 (accession no.
X70277) were obtained from GenBank. The primers for LAMP were designed to
amplify the gene fragments of IS900, HspX (1), and F57 (20) of MAP with the
Primer Designing Support software (FUJITSU, Tokyo, Japan).

LAMP. LAMP was carried out in a 25-�l (total volume) reaction mixture
containing 2.4 �M (each) FIP and BIP, 0.2 �M concentrations of the forward
outer primer (F3) and backward outer primer (B3), 400 �M deoxynucleoside
triphosphates (dNTPs), 0.8 M betaine (Sigma, St. Louis, Mo.), 20 mM Tris-HCl
(pH 8.8), 10 mM KCl, 10 mM (NH4)2SO4, 4 mM MgSO4, 0.1% Triton X-100
(Sigma), 8 U of Bst DNA polymerase (New England Biolabs, Beverly, Mass.),
and the template DNA. Amplification was undertaken in 0.2-ml microtubes in a
thermal cycler at isothermal conditions of 65°C for 90 to 120 min. When an
amplification result was tested by real-time monitoring of the turbidity by using
LA-200 (Teramecs, Kyoto, Japan), the absorbance of the reaction mixture at 650
nm was measured sequentially, and the composition of 400 mM dNTPs–4 mM
MgSO4–0.1% Triton X-100 changed to 1.4 mM dNTPs–8 mM MgSO4–0.1%
Tween 20. Seven microliters of LAMP products was electrophoresed at 100 V in
3% agarose gels (1� Tris-acetate–EDTA), followed by staining with ethidium
bromide, using appropriate size markers (100-base pair [bp] ladder; New En-
gland Biolabs). In addition, to confirm the structure, the amplified products were
digested with several restriction endonucleases and their sizes were analyzed by
electrophoresis. AflIII cuts between B1 and B2 of P-1, and PvuII cuts between B1
and B2 of P-2. If the amplification occurred as expected, the amplified products
would be fragmented into 107-, 131-, and 197-bp fragments by AflIII digestion,
and 184-, 201-, and 289-bp fragments by PvuII digestion. Aliquots (5 �l) of
LAMP products and 2 �l of the products digested with restriction enzymes were
also subjected to electrophoresis on 3% agarose gels.

Nested PCR. To compare LAMP with nested PCR, we tested the sensitivity
and specificity of nested PCR with the same template DNA at identical concen-
trations as were used in the LAMP test. Two-microliter samples were added to
20-�l reaction mixtures containing HotStar Taq Master Mix Kit (1� PCR buffer,
200 �M [each] dNTP, 2.5 U of HotStar Taq DNA polymerase; QIAGEN, Tokyo,
Japan) and 1 �M (each) primer in a 0.2-ml microtube. Nested PCR with primers
and thermal-cycle conditions as described previously was performed (16). The
primary PCR amplification was performed with 30 cycles of denaturation at 97°C
for 30 s and combined annealing and extension at 65°C for 30 s in a thermal

FIG. 1. Design of LAMP primers.

FIG. 2. Positions of LAMP primers on IS900.
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cycler (TaKaRa, Tokyo, Japan). A second PCR was performed by using 0.4 �l of
the first PCR solution in 19.6 �l of fresh reaction buffer containing a second set
of primers nested inside the first set. The second PCR was performed for 20
cycles with the same conditions as before but with an extension time of 10 min
for the last cycle. Samples of PCR amplification products (10 �l) were subjected
to electrophoresis on a 3% agarose gel.

RESULTS

A total of 102 LAMP primer sets was designed and tested,
based on three gene sequences reported to be specific to MAP,
IS900, HspX, and F57. Only two primer sets based on IS900
were sensitive enough to specifically amplify MAP DNA by the
LAMP method. Eight primer sets derived from each of the two
gene sequences (HspX and F57) did not amplify or did not
show acceptable sensitivity and specificity (data not shown).
Thus, two sets of LAMP primers (P-1 and P-2) designed from
IS900 were selected (Fig. 2; Table 2), and the following results
were obtained. pIS900 and genomic DNAs of MAP were used
to ascertain the detection limit of the IS900 gene by using
LAMP. P-1 showed a sensitivity of 0.05 pg/tube when plasmid
DNA in 90-min reactions was used. In the case of MAP
genomic DNA, the detection limit was 0.5 pg/tube under the
same conditions. The LAMP with P-1 had a sensitivity equal to
or greater than that of the nested PCR techniques (Table 3).

P-2 showed a detection limit of 0.1 pg/tube when plasmid DNA
in a 120-min reaction was used. In the case of MAP genomic
DNA, the sensitivity was 5 pg/tube under the same conditions
(Table 3).

The specificity of LAMP with P-1 and P-2 was examined
with various mycobacterial DNA samples (Table 1). Both
primer sets showed the same positive results with 20 field
strains isolated from cows infected with MAP. P-1 gave nega-
tive results with all 43 mycobacterial strains except for Myco-
bacterium scrofulaceum strains (no. 51 and 52), which gave
positive reactions but with lower amplification efficiencies than
with MAP. P-2 did not give a positive reaction with any of the
43 mycobacterial strains; only MAP was specifically amplified
with this primer set.

LAMP amplified extremely large amounts of target DNA
and produced magnesium pyrophosphate as a by-product. As
shown in Fig. 3, white turbidity was visible; therefore, it was
possible to detect the amplification products by the white pre-
cipitate of magnesium pyrophosphate in the reaction mixture
without gel electrophoresis.

Figure 4A shows the results of turbidity measurements for
the LAMP reaction with P-1 for 90 min at 65°C. The detection
limit of the turbidity was 0.5 pg/tube for MAP. Turbidities were
not observed when other DNA templates, except for those for
M. scrofulaceum strains (no. 51 and 52), were used. However,
for M. scrofulaceum strains (no. 51 and 52), there was an
increase in turbidity following LAMP in reaction mixtures con-
taining more than 100 pg of DNA of each strain per tube.
Figure 4B shows the results of the electrophoretic analysis
of the LAMP reaction mixture using P-1. The ladder pattern
confirmed the specific amplification of the target sequence.

Figure 5A shows the results of turbidity measurements for
the LAMP reaction mixture using P-2, conducted for 120 min
at 65°C. An increase in turbidity was observed in specimens
containing template DNA from MAP. In cases where MAP
template DNA was not present or was less than 5 pg/tube, the
turbidity of the reaction mixture did not increase. Other tem-
plate DNAs besides MAP did not show turbidity. Figure 5B
shows the results of electrophoretic analysis of the LAMP
reaction mixture using P-2. The amplification of the target
sequence was confirmed by the detection of the appropriate
ladder pattern.

To confirm the structure, the amplified products were di-
gested with several restriction enzymes and their sizes were
analyzed by electrophoresis. As shown in Figure 6, the sizes of
the fragments generated were approximately 107, 131, and 197

TABLE 2. Sequence of LAMP primers

Primer set Primer Sequence

P-1 F3 GGG TAT GGC TTT CAT GTG GT
F2 GTT GGA TGG CCG AAG GAG AT
F1c TCA ATT AGC GGT CGA GTC GTC
B1 TGC GAT TGG ATC GCT GTG TA
B2c TCC AGA TCA ACC CAG CAG AC
B3 CAC CTC CGT AAC CGT CAT T
FIP TCA ATT AGC GGT CGA GTC GTC GTT

GGA TGG CCG AAG GAG AT
BIP TGC GAT TGG ATC GCT GTG TAT CCA

GAT CAA CCC AGC AGA C

P-2 F3 CGA TCA TCG CCG ATC AG
F2 CCA CGA CTT GCA GCC TCT G
F1c GTC AGG ATG CGC AGC TCG A
B1 CGA TCG AAC CGA ATG CGC G
B2c GGC TCT TGT TGT AGT CGA AGG
B3 GCC AGT AAG CAG GAT CAG C
FIP GTC AGG ATG CGC AGC TCG ACC ACG

ACT TGC AGC CTC TG
BIP CGA TCG AAC CGA ATG CGC GGG CTC

TTG TTG TAG TCG AAG G

TABLE 3. Comparison of the detection sensitivities of PCR and LAMP

Amplification
method

Primer
set

Amplification withc:

Plasmid DNA (pg/tube) MAP genomic DNA (pg/tube)

100 10 1 0.1 0.05 0.01 0.005 0.001 100 10 5 1 0.5 0.1

LAMP P-1 � � � � � � � � � � � � � �
P-2 � � � � � � � � � � � � � �

PCRb �/� �/� �/� �/� �/� �/�
Nested PCRa � � � � � � � � � � � � � �

a Nested PCR was performed as described previously (9).
b PCR was performed as described previously (19).
c �, PCR or LAMP amplification; �, no PCR or LAMP amplification.
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bp for AflIII digestion and 184, 201, and 289 bp for PvuII
digestion, in good agreement with the predicted sizes. The
products of strain numbers 51 and 52 were not digested by the
restriction enzymes. The sequences of these amplification
products demonstrated that several mutations were present,
including some located within restriction enzyme sites (data
not shown).

DISCUSSION

The growth of MAP in culture is so slow that it takes two to
three months for diagnosis of Johne’s disease. Therefore, a

rapid diagnostic test for Johne’s disease has been anxiously
awaited. This report describes the development of LAMP for
the rapid detection of IS900, a gene sequence specific to MAP.
Two primer sets specific to MAP were selected for LAMP.
These primers bind in a region similar to that of previously
described PCR primers (15, 29), which indicates that the spec-
ificity of the IS900 sequence is located in the first half of the
sequence. It has been reported that sequences similar to IS900
are present in other mycobacteria (6, 14, 32), and sequences in
which homology is 94% with IS900 were recently reported (8).
In the present study, LAMP with P-1 amplified M. scrofula-
ceum and the sequences of the amplified products are similar
to that of MAP. However, since several mutations had oc-
curred in the restriction enzyme site, it was possible to distin-
guish these sequences from that of MAP. Moreover, LAMP
has the ability to distinguish target bacteria from similar bac-
teria by monitoring the difference in amplification efficiency
between them. As shown by the results with P-2, although
there are many insertion sequences similar to IS900, by using
the LAMP method based on the region of IS900 specific to
MAP, it is possible to specifically detect MAP.

Two primer sets for LAMP were able to detect 0.5 to 5 pg of
DNA per tube. This detection sensitivity was greater than that
for conventional PCR, which can detect 100 pg of DNA/tube
(28), and was similar to that of nested PCR, which can detect
1 pg of DNA/tube (5, 15). Designing appropriate primers for
LAMP is one of the most important key points in optimizing

FIG. 3. Detection of turbidity for the LAMP method. Left tube,
negative; right tube, positive.

FIG. 4. (A) Turbidity measurements of LAMP reaction mixtures for MAP detection using P-1. (B) Electrophoretic analysis of LAMP reaction
mixtures for MAP detection using P-1. Lane 1, 5 pg of MAP per �l; lane 2, 0.5 pg of MAP per �l; lane 3, 500 pg of strain number 51 per �l; lane
4, 50 pg of strain number 51 per �l; lane 5, 500 pg of strain number 52 per �l; lane 6, 50 pg of strain number 52 per �l; lane 7, 0.05 pg of plasmid
DNA of IS900 per �l; lane 8, negative control; lane M, 100-bp ladder. Abs., absorbance.
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the LAMP reaction because LAMP uses four primers that
recognize six distinct regions on the target DNA. While, there-
fore, the design of LAMP primers is much more complex than
that for conventional PCR, the use of Primer Designing Sup-

port Software enabled us to efficiently design candidate prim-
ers. The previously described reaction time for LAMP (19) is
60 min, but the two primer sets used in this experiment re-
quired a longer reaction time (90 to 120 min). Examination
and further improvement of the primers for LAMP may im-
prove the speed of the reaction and the sensitivity of detection
in the future.

The LAMP method was quicker, taking only 2 h, compared
with 4 h for nested PCR. Newer techniques such as real-time
PCR are as rapid as LAMP; results can be obtained in a short
time, and electrophoresis is unnecessary. In addition to being
rapid, LAMP is easy to perform and is suitable for processing
many samples at the same time.

This report presents the results of LAMP using cultures of
mycobacteria, so it is necessary to consider detection from
fecal samples. Many PCR methods for detecting MAP from
fecal samples have been reported (5, 15, 23, 28, 30). When
attempting to detect MAP by these methods, PCR inhibitors,
which are present in fecal samples, cause a problem, and var-
ious devices to reduce PCR inhibitors are required. LAMP
seems less sensitive to the presence of nonspecific DNA than
does PCR. The presence of 100 ng of human genomic DNA in
a LAMP reaction mixture to detect six copies of hepatitis B
virus target did not adversely affect the amplification efficiency
or result in significant background (19). Moreover, LAMP was
not inhibited by blood serum and plasma in heparin, which are
known to inhibit PCRs (data not shown).

In conclusion, the LAMP method showed high specificity

FIG. 5. (A) Turbidity measurements of LAMP reaction mixtures for MAP detection using P-2. (B) Electrophoretic analysis of LAMP reaction
mixtures for MAP detection using P-2. Lane 1, 50 pg of MAP per �l; lane 2, 20 pg of MAP per �l; lane 3, 10 pg of MAP per �l; lane 4, 5 pg of
MAP per �l; lane 5, 1 pg of MAP per �l; lane 6, 0.1 pg of plasmid DNA per �l; lane 7, negative control; lane M, 100-bp ladder. Abs., absorbance.

FIG. 6. Restriction analysis of LAMP products using P-1 (A) and
P-2 (B). (A) Lane 1, amplified products of pIS900; lane 2, pIS900
digested with AflIII; lane 3, amplified products of MAP; lane 4, MAP
digested with AflIII. (B) Lane 1, amplified products of pIS900; lane 2,
pIS900 digested with PvuII; lane 3, amplified products of MAP; lane 4,
MAP digested with PvuII; lane M, 100-bp ladder.
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with IS900 primer sets and MAP cultures. In addition, we
demonstrated the possibility of a simple visual detection strat-
egy based on the production of the white turbidity of magne-
sium pyrophosphate, a by-product of the LAMP reaction. For
application in the field, further experiments will be necessary
to develop a procedure for obtaining DNA from fecal samples.
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