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Background: Early detection of tuberculosis (TB) is challenging in resource-poor settings
because of limited accessibility to molecular diagnostics. The aim of this study was to evaluate the performance of the loop-mediated isothermal amplification kit (TB-LAMP) for TB
diagnosis compared with conventional and molecular tests.
Methods: A total of 290 consecutive sputum samples were collected from May till September, 2015. All samples were processed using the N -Acetyl-L-cysteine (NALC) NaOH
method and tested by smear microscopy, solid and liquid culture, real-time PCR, and TBLAMP.
Results: The sensitivity of TB-LAMP for smear-positive and smear-negative samples with
culture positivity was 92.0% and 58.8%, respectively. TB-LAMP was positive in 14.9% of
TB culture-negative samples; however, all those samples were also positive by real-time
PCR. In addition, none of the samples positive for nontuberculous mycobacteria by culture were positive by TB-LAMP. The overall agreement between TB-LAMP and real-time
PCR was good; however, the concordance rate was significantly lower for real-time PCR
positive samples with Ct values of 30–35.
Conclusions: TB-LAMP could replace smear microscopy and increase TB diagnostic capacity when Xpert MTB/RIF is not feasible because of poor infrastructure.
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INTRODUCTION
Tuberculosis (TB) is a major global health threat. According to
the WHO, 9.6 million people newly developed TB, and 1.5 million died from TB in 2014 [1]. Successful control of TB necessitates its timely and correct diagnosis. However, a large proportion of TB cases are missed by TB control programs, and even
notified TB patients often do not undergo any type of laboratory
test, especially in resource-poor settings [1]. Thus, laboratory
improvements and new diagnostic tools are crucial for identifying more TB cases and improving the accuracy of TB diagnosis.
While current microbiological tests, including smear microscopy
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and culture, have been used as standard TB diagnosis methods, molecular tests are considered as alternative diagnostics
for overcoming the limitations of conventional tests [2]. Many
countries have invested considerable effort in implementing
new diagnostics; however, only a few molecular methods are
available in high-TB burden countries. Moreover, most molecular tests are expensive and complicated and thus are not feasible at the district level where most TB patients are cared for [3].
Loop-mediated isothermal amplification (LAMP) is a unique
nucleic acid amplification test (NAAT) [4]. This method has
been applied to the diagnostics of various infectious diseases
[5]. Eiken Chemical developed a diagnostic kit for TB using the
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LAMP method (TB-LAMP) [6]. TB-LAMP has been highlighted
as a candidate replacement for conventional TB diagnosis tests
because of its simplicity and low cost [3]. There have been many
studies evaluating LAMP for TB diagnosis. However, early studies often used in-house kits, and only few studies compared TBLAMP with both conventional and molecular tests [7]. The aims
of this study were to evaluate the performance of TB-LAMP compared with conventional and molecular tests and assess its feasibility as a replacement test for smear microscopy.

METHODS
1. Samples
A total of 290 consecutive sputum samples were collected from
247 patients who visited public health centers from May till September, 2015. All samples were tested by smear microscopy,
culture, real-time PCR, and TB-LAMP at the Korean Institute of
Tuberculosis, which is a supranational TB reference laboratory.
The protocol was reviewed by the public institutional review board
designated by the Ministry of Health and Welfare of the Republic of Korea (P01-201511-31-003).

2. Smear microscopy and culture tests
Samples were processed using the N -Acetyl-L-cysteine (NALC)
NaOH method according to the WHO guidelines [8]. Briefly, NA
LC-2% NaOH solution (at a volume equal to that of the sample)
was added to the sample tube and mixed by vortexing. Following 15 minutes incubation at room temperature (20–25°C), the
sample was centrifuged at 3,000 g for 15 minutes. Next, the
supernatant was poured off, and the pellet was resuspended
with 2 mL of phosphate buffer. Smears were prepared from the
pellet and stained with auramine O. Slides were examined using
fluorescence microscopy, and the results were recorded according to the WHO guidelines [8]. Culture was performed using the
MGIT 960 system (BD, Sparks, MD, USA) with Lowenstein-Jensen medium. If a culture was contaminated, stored samples
were processed again using the same method and inoculated
into a new culture medium. Differentiation of Mycobacterium
tuberculosis (MTB) in positive cultures was performed using the
SD Bioline TB Ag MPT64 RAPID kit (Standard Diagnostics, Seoul,
Korea).

3. Real-time PCR
Real-time PCR was performed using the Advansure TB/NTM kit
(LG Life Sciences, Seoul, Korea) according to the manufacturer’s
instructions. DNA was extracted using the bead-beating method,
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as previously described [9]. DNA template was added to the reaction tube and loaded onto a SLAN system (LG Life Sciences).
This kit detects both MTB and nontuberculous mycobacteria
(NTM). Cycle threshold (Ct) values were recorded, as well as
MTB-positive results.

4. TB-LAMP
The TB-LAMP test was conducted following the manufacturer’s
instructions. Briefly, DNA was extracted using the Loopamp PURE
DNA extraction kit (Eiken Chemical Co., Ltd., Tokyo, Japan). Following pretreatment of the sputum sample, 60 μL of pellet was
transferred to the heating tube of the kit and incubated at 90°C
for 5 minutes. Then, the heating tube was assembled with the
absorbent tube, and the sample was mixed with an absorbent
powder by vigorous shaking. After attaching the injection cap to
the tube, 30 μL of the DNA solution was dispensed into the reaction tube of the Loopamp MTBC detection kit (Eiken Chemical). The tubes were loaded into a turbidimeter (LA500, Eiken
Chemical) at 67°C for 40 minutes.

5. Statistical analysis
Statistical analyses were carried out using the Analyse-it program
(Analyse-it software, Leeds, UK). Test agreement was presented
as percent agreement and kappa coefficient. The Wilcoxon-MannWhitney test was used to analyze the differences in the Ct values of the real-time PCR by TB-LAMP results between real-time
PCR positive samples. A P value < 0.05 was considered statistically significant.

RESULTS
Of the 290 samples, 186 (64.1%) were smear-negative and 104
(35.9%) were smear-positive (Table 1). TB-LAMP detected MTB
in 14 of the 186 smear-negative samples and in 71 of the 104
smear-positive samples (Table 1). The positive rate of TB-LAMP
increased with smear microscopy grade. TB-LAMP was positive
in 17.6%, 73.6%, 81.3%, and 88.9% of scanty, 1+, 2+, and 3+
samples, respectively. There were 67 culture-positive samples,
of which 56 (83.6%) were positive by TB-LAMP (Table 2). Of
the 186 smear-negative samples, 17 cases of MTB were identified by culture, 10 of which (58.8%) were detected by TB-LAMP
(Table 2). MTB was cultured from 50 of the 104 smear-positive
samples, and TB-LAMP was positive in 46 (92.0%) of these
samples (Table 2). Thirty-three samples were culture-positive
for NTM; none of them were positive by TB-LAMP or real-time
PCR. Of the 188 culture-negative samples, 28 samples were
https://doi.org/10.3343/alm.2018.38.2.119
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Table 1. Comparison of TB-LAMP positive rates according to smear
grade

TB-LAMP
Smear

Positive
(%)

Negative
(%)

Total

14 (7.5)

172 (92.5)

186

3 (17.6)

14 (82.4)

17

1+

39 (73.6)

14 (26.4)

53

2+

13 (81.3)

3 (18.8)

16

3+

16 (88.9)

2 (11.1)

18

Total

85 (29.3) 205 (70.7)

290

Negative
Scanty

% Agreement
(95% CI)

Indicators

κ
(95% CI)

83.8 (79.1–87.6) 0.63 (0.54–0.73)

Overall

Smear-positive Smear-negative

Sensitivity (95% CI)

83.6 (72.9–90.6) 92.0 (81.2–96.8) 58.8 (36.0–78.4)

Specificity (95% CI)

100 (NA)

-

-

PPV (95% CI)

100 (NA)

-

-

NPV (95% CI)

94.6 (91.1-96.8)

-

-

Twenty-eight culture-negative samples that were positive by both TB-LAMP
and real-time PCR were excluded from the analysis.
Abbreviations: TB-LAMP, loop-mediated isothermal amplification assay; CI,
confidence interval; PPV, positive predictive value; NPV, negative predictive
value; NA, not available.

For assessing agreement, the smear results were divided into positive and
negative regardless of grade.
Abbreviations: CI, confidence interval; κ, kappa coefficient; TB-LAMP, loopmediated isothermal amplification assay.

Table 2. Comparison of the TB-LAMP and culture according to AFB
smear

Culture

Table 3. Diagnostic accuracy of the TB-LAMP compared with culture

Smear-negative
(n = 186)

Smear-positive
(n = 104)

LAMP LAMP
Total
(+)
(-)

LAMP LAMP
Total
(+)
(-)

Total

Table 4. Comparison of the TB-LAMP and real-time PCR by correlation

TB-LAMP

10

7

17

46

4

50

67

NTM

-

12

12

-

21

21

33

No growth

4

153

157

24

7

31

188

Contamination

-

-

-

1

1

2

2

Total

14

172

186

71

33

104

290

Negative Total
(%)

MTB*

85 (84.2)

18 (15.8) 103 93.8 (90.4–96.0) 0.86 (0.80–0.92)

NTM

-

33 (100)

33

Negative

-

154 (100)

154
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85 (29.3)

205 (70.7) 290

NTM was regarded as negative for agreement analysis.
*Two isolates positive for both MTB and NTM were included.
Abbreviations: TB-LAMP, loop-mediated isothermal amplification assay; MTB,
M. tuberculosis; NTM, nontuberculous mycobacteria; κ, kappa coefficient.

Ct value

Abbreviations: TB-LAMP, loop-mediated isothermal amplification assay; AFB,
acid-fast bacilli; MTB, M. tuberculosis; NTM, nontuberculous mycobacteria.

positive by TB-LAMP and real-time PCR. After excluding these
samples, the sensitivity, specificity, positive predictive value, and
negative predictive value compared with culture were 83.6%,
100%, 100%, and 94.6%, respectively (Table 3). In addition,
the sensitivity of TB-LAMP for smear-positive and negative samples was 92.0% and 58.8%, respectively. The concordance rate
between TB-LAMP and real-time PCR was fairly high (93.8%
agreement, κ = 0.86; Table 4). MTB was not detected by TBLAMP in all samples identified as MTB-negative or NTM-positive by real-time PCR. Of the 103 MTB-positive samples by realtime PCR, the positive rate for TB-LAMP was 84.2% (85/103).
However, the median real-time PCR Ct values were significantly
different between the TB-LAMP positive and negative groups
(Fig. 1). The TB-LAMP positive rate was 98.7% (78/79) for high
MTB-positive samples with Ct values < 30. In contrast, TB-LAMP
failed to detect MTB in 70.8% (17/24) of samples with low MTB
content (Ct value 30 to 35).

κ
(95% CI)

Positive
(%)

Total

MTB

% Agreement
(95% CI)

Advansure

35.0
32.5
30.0
27.5
25.0
22.5
20.0
17.5
15.0
12.5

Negative

Positive
TB-LAMP

1. Distribution of of
Ct values
of real-time
PCR according
to TB-LAMP
results.to
Median
Fig.Figure
1. Distribution
Ct values
of real-time
PCR
according
TBLAMP
results.
Median
Ct
values
for
TB-LAMP-positive
(n
=
79)
and
Ct values for TB-LAMP-positive (n = 79) and negative (n = 24) samples were 24.5 and 31.1,
negative (n = 24) samples were 24.5 and 31.1, respectively (P <
respectively (P < 0.0001).
0.0001).

Abbreviations: TB-LAMP, loop-mediated isothermal amplification assay.
Abbreviations: TB-LAMP, loop-mediated isothermal amplification assay

DISCUSSION
The overall performance of TB-LAMP was superior to smear microscopy in this study. TB-LAMP detected MTB in 10 out of 17
smear-negative/culture-positive samples; thus, the sensitivity for
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those samples was 58.8% (Table 3). The sensitivity of TB-LAMP
for smear-positive samples was 92.0% (Table 3). Several evaluation studies have been conducted in various countries. However, the performance indicators varied greatly across the studies [10-13]. Previous studies have shown that TB-LAMP has
lower sensitivity than fluorescence microscopy (FM) and that
the performance of TB-LAMP is insufficient in smear-negative
samples [14, 15]. However, in this study, TB-LAMP detected
more TB cases than FM. Although culturing was used as the
standard method in this study and is more sensitive than any
other method, culturing may fail because of contamination. The
optimal contamination rate of solid media culture is 2% to 5%
and is higher for liquid media [7]. Although decontamination
was repeated if a culture was contaminated, contamination still
occurred during culturing. In such cases, NAAT would be useful, and TB-LAMP actually detected MTB in samples with culture contamination. Ou et al [12] reported a recent large-scale
multicenter study on TB-LAMP conducted in China. They showed
that the sensitivity of TB-LAMP was 92.12% and 53.81% for
smear-positive and smear-negative samples with positive culture,
respectively. These results were comparable to our findings.
Many real-time PCR-based assays have been developed and
are commonly used to detect MTB and drug resistance to antiTB drugs [9, 16-19]. Generally, the sensitivity of real-time PCR
assays is higher than that of TB-LAMP [6, 17-20]. The detection
rates of TB-LAMP have been shown to be clearly distinguishable with a real-time PCR Ct value of 30. TB-LAMP was positive
for 98.7% of samples with Ct < 30; however, the positive rate
decreased to 29.2% for samples with Ct values of 30 to 35. It
indicates that TB-LAMP is inferior to real-time PCR in terms of
analytic sensitivity. This may be due to a difference in amplification efficiency between the isothermal test and real-time PCR.
In addition, a relatively small volume (60 μL) of the sample is
utilized for TB-LAMP compared with other NAATs. TB-LAMP
was found to be negative for four samples that were positive by
both smear microscopy and culture. These samples were all
scanty-positive by smear, and their real-time PCR Ct values were
> 30. Nevertheless, negative TB-LAMP results in smear-positive
samples should not be ignored and require further evaluation.
Mitarai et al [20] reported that indirect LAMP using concentrated samples showed lower sensitivity than direct application,
especially for smear-negative samples. Our study tested concentrated samples only, so we could not evaluate the difference in
sensitivity between indirect and direct testing. However, the sensitivity of TB-LAMP for smear-negative samples was similar to
that of direct LAMP testing reported by Mitarai et al [20]. There-
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fore, further evaluation is necessary to determine which approach
is better for TB-LAMP.
In this study, a large proportion of culture-negative samples
were found to be positive by TB-LAMP. We were unable to reveal the reason for this because the tests were requested without clinical information including diagnosis, X-ray findings, and
previous laboratory results. This is a major limitation of our study.
We speculate that the suspected causes are delayed sample
delivery and patient TB medication. In fact, those discrepant
samples were all confirmed to be positive by real-time PCR; thus,
we concluded that they were not false positive results. Previous
studies conducted in Korea have demonstrated a similar problem of high NAAT-positive rates for culture-negative samples
[21, 22]. All discrepant cases or samples from cases with a recent TB medication history were excluded from analysis in these
studies [21, 22]. NTM can be isolated from culture. The prevalence of NTM infection has increased in low-TB burden countries, and NTM is frequently isolated from TB suspects even in
high-TB burden countries [23, 24]. NAATs are useful for differentiating between MTB and NTM in smear-positive samples
[16]. In this study, NTM was isolated from 33 samples, none of
which were positive by TB-LAMP.
NAAT has many advantages over conventional microbiological
tests such as smear microscopy and culture [3]. The turnaround
time (TAT) of NAATs is much faster than that of culture, and the
sensitivity and specificity of NAATs are significantly higher than
those of smear microscopy. However, NAATs have not been widely
used in high-TB burden, resource-poor settings, because they
require infrastructure and trained staff [25]. To date, only two
NAATs (Xpert MTB/RIF and TB-LAMP) were endorsed by the
WHO for the diagnosis of pulmonary TB [26, 27]. Xpert has been
implemented in many countries following the WHO policy [2,
26]. However, many factors need to be considered prior to implementing Xpert. Rifampicin susceptibility testing is usually not
necessary for new cases, and Xpert may cause false resistance
results in settings with low rifampicin resistance rates [26]. Moreover, the GeneXpert instrument is vulnerable to unstable electricity supply and harsh environments; Xpert test failures and
module malfunction are more common in settings with poor infrastructure [28]. TB-LAMP might be less sensitive than Xpert,
but it is less affected by electricity and temperature [27]. While
most NAATs require a separate DNA extraction step, the TB-LAMP
system provides the solution for DNA extraction (Loopamp PURE
DNA extraction kit) [20]. In addition, amplification can be detected by visual inspection under UV light instead of using a turbidimeter (LA-500). Compared with existing NAATs, TB-LAMP
https://doi.org/10.3343/alm.2018.38.2.119
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would be more feasible for district level laboratories, which are the
basic unit of laboratory network and case management [5, 29].
Thus, TB-LAMP could be more feasible at the district level in
resource-limited countries. In addition, TB laboratories can process more samples using TB-LAMP than smear microscopy or
Xpert because of its fast TAT and higher throughput [26, 27]. In
conclusion, this study demonstrates that TB-LAMP has decent
performance compared with conventional and molecular tests.
Therefore, it could replace smear microscopy in the future and
be useful in increasing TB diagnostic capacity in situations where
Xpert is not feasible because of poor infrastructure.
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