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A B S T R A C T

Background: Confirmatory diagnosis of extra-pulmonary tuberculosis remains a true challenge owing to diffi-
culty in procuring appropriate specimen, inefficient laboratory methods and paucibacillary nature of infection.
These obstructions become all the very difficult in pediatric EPTB cases, due to non-specific clinical signs and
symptoms, low sensitivity of smear microscopy and culture, lack of awareness among clinicians, etc.
Aim of the study: The present study aimed to evaluate the diagnostic accuracy of rapid and cost-effective loop-
mediated isothermal amplification (LAMP) assay for EPTB diagnosis in children.
Methods: A total of 154 cases were analyzed by EPTB-site smear microscopy, culture, PCRs for IS6110, MPB64 &
Pab genes, nested PCR and LAMP assay. Single-gene PCRs were performed by custom-synthesized primers.
Nested PCR was performed using the 3B BIOTUB Kit and the LAMP assay was done using the Nu-LAMP TB kit.
Results: We observed that the molecular tests displayed 4-fold higher positivity rate (minimum 46%) in com-
parison to the microbiological tests (maximum 11.03%). In contrast to the composite reference standard, LAMP
assay was found to be 79.6% sensitive and 78% specific for EPTB diagnosis in childhood cases.
Conclusions: Our results indicate that LAMP assay is a promising technique for efficient diagnosis of EPTB in
children belonging to resource-limited regions.

1. Introduction

As per the statistics by World Health Organization, 10.4 million TB
cases were estimated globally, of which at least a million were in
children below 15 years of age (WHO, 2018). The low- and middle-
income countries account for over 95% of TB-related deaths, with India
leading the mortality rate among the developing countries (WHO,
2017). Approximately 75% of the global pediatric TB cases each year
originate from the 22 high-burden countries (Nelson and Wells, 2004).
Childhood TB is given low priority in many countries and given the
challenges associated with the diagnosis, a true estimate of the pediatric
TB burden seems difficult ultimately causing unwanted obstructions
toward containing the TB epidemic in children (Newton et al., 2008;
Ahmed et al., 2008).

Present methods for diagnosis of TB in children pose several chal-
lenges in accurate identification of the disease. Smear microscopy is
rapid and easy to perform but has low sensitivity. The gold-standard

culture (solid or liquid) methods are tremendously slow and require
well-trained personnel for handling cultures and expensive laboratory
equipments. Moreover, both these techniques generate low yields in
pediatric extra-pulmonary tuberculosis (EPTB) cases. Chest X-rays
provide non-specific findings (Togun et al., 2017) and tuberculin-skin-
test (TST) is of limited diagnostic value (Newton et al., 2008; Haimi-
Cohen et al., 2001). The high quality reference standard molecular
system, Xpert MTB/RIF, has been recommended by the World Health
Organization (WHO) for TB diagnosis. However, the method requires
expert handling of expensive laboratory equipments, which is im-
practical in less-developed nations. Moreover, the quality of evidence is
low for Xpert MTB/RIF based diagnosis of EPTB in children (WHO,
2014). Thus, simple, inexpensive and rapid molecular methods that
require minimal instrumentation and training are required for accurate
diagnosis of childhood EPTB cases in resource-limited settings.

Toward this end, loop-mediated isothermal amplification (LAMP)
assay has emerged as an attractive technique and has been
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recommended by the WHO for diagnosis of tuberculosis (WHO, 2016).
The LAMP assay takes about an hour to give results, which can be vi-
sualized with naked eye. However, evidence remains limited for EPTB
cases (WHO, 2016), which are paucibacillary in nature and often re-
main undetected by high quality gold standard techniques and culture
methods. There have been only few studies that aimed at analyzing use
of LAMP assay in EPTB cases and that too in pediatric population. Thus,
in our present study, we intended to analyze and compare diagnostic
accuracy of LAMP assay with the other molecular and microbiological
methods in clinically suspected EPTB pediatric patients visiting the Out
Patient Department (OPD) of our tertiary care TB hospital in Delhi.

2. Materials and methods

2.1. Study design and sample collection

The study was conducted at the National Institute of Tuberculosis
and Respiratory Diseases (NITRD), New Delhi, India following approval
by the institutional ethics committee. The patients visiting the Out
Patient Department of NITRD, and suspected of extra-pulmonary tu-
berculosis were investigated. A total of 154 children, of which 86 were
boys and 68 were girls during 2015–2017 were enrolled for the present
study as per the below-mentioned criteria. Inclusion criteria: Clinically
suspected EPTB cases of either gender aged 18 years or below. Exclusion
criteria: Clinically unsuspected EPTB cases of either gender aged above
18 years.

2.2. Sample processing and microbiological confirmation of TB

The samples collected from the OPD of NITRD, New Delhi were
immediately transferred to the laboratory of Department of Molecular
Medicine, NITRD for further processing. The sample processing varied
as per the sample type. Sterile specimens, such as, cerebrospinal fluid,
peritoneal fluid, pleural fluid, or lymph node, were simply re-suspended
(after homogenization wherever required) in saline and concentrated
by centrifugation; while the non-sterile samples, such as, urine, or pus
were decontaminated by treatment with NALC-NaOH as per the stan-
dard protocol (Kent and Kubica, 1985) described below.

2.2.1. NALC-NaOH decontamination
A mixture containing equal volumes of 4% sodium hydroxide and

2.94% sodium citrate was prepared followed by addition of 0.5% (for a
0.25% final concentration) of N-acetyl-l-cysteine. Equal volume of this
mixture was added to each sample and allowed to stand at room tem-
perature for 15min. Precaution was taken not to exceed the incubation
time for> 15min., so as to avoid any unintended killing of
Mycobacterium spp. About 40–45ml of phosphate buffer (pH 6.8) was
added to the tube and swirled for proper mixing. The mixture was
centrifuged at 4500 RPM for 15min. The supernatant was discarded
and the pellet was used for further testing.

2.2.2. Microbiological confirmation of TB
Smear of all the specimens of the EPTB site were subjected to Ziehl-

Neelsen staining (ZNS) followed by microscopy and culture.

2.3. DNA extraction

DNA from the decontaminated specimens was isolated using the
Qiagen's QIAamp DNA mini kit (QIAGEN, Hilden, Germany) as per the
manufacturer's instructions. Briefly, the pellet was transferred to a
1.5 ml microcentrifuge tube followed by addition of 180 μl of ATL
buffer and 20 μl of proteinase K (10mg/ml). Post incubation at 56 °C/
260 RPM for either overnight or 2–3 h, 200 μl of AL buffer was added to
the mixture and vortexed for 15 s. After incubation at 70 °C for 10min.,
the tube was briefly spun followed by addition of chilled 100% ethanol.
The tube was pulse-vortexed and transferred to a spin-column (pro-
vided along with the kit) and centrifuged at 8000 RPM at 4 °C for 1min.
The filtrate was discarded followed by washings with 500 μl each of
AW1 and AW2 buffers. Finally, the DNA was eluted in 50 μl of TE buffer
in fresh 1.5 ml microcentrifuge tubes by centrifugation at 8000 RPM/
4 °C for 1min. in two rounds and labeled as Elute 1 and Elute 2 re-
spectively. The concentration of extracted DNA was estimated by
spectrophotometric analysis (IMPLEN NanoPhotometer P-300) and ac-
cordingly working dilutions of DNA were prepared and stored at
−20 °C until further use.

2.4. Molecular diagnosis

2.4.1. Conventional PCR for genes: IS6110, Pab, MPB64
The isolated bacterial DNA was subjected to conventional poly-

merase chain reactions for detection of each of the 3 Mtb genes, viz.,
IS6110, Pab and MPB64. The reaction mixture contained 50–100 ng of
sample DNA, 2.5mM of PCR buffer, 200–400 μM dNTP mix, 50–100 ng
of each primer (forward & reverse), 1 U of Taq polymerase in a 25 μl of
final volume. The reaction conditions and details of primers for each
gene are listed in the Table 1.

2.4.2. Nested PCR
Nested PCR was performed using the commercially available 3B

BIOTUB Kit (3B BlackBio Biotech India Ltd., India) as per the manu-
facturer's protocol. Briefly, the ‘First PCR’ reaction was set-up using
4.5 μl DNA samples as template along with 2× Multiplex Master mix
(15 μl), 5× MTB PM-1 (6 μl) and 8-MOP solution (4.5 μl) in a final
volume of 30 micro liters. The reaction tubes were placed in a pre-
heated (94 °C) thermal cycler and the amplification was performed at
94 °C for 15min, 30 cycles of 94 °C/20 s, 60 °C/20 s & 72 °C/30 s, with
final extension at 72 °C for 5min.

The ‘Second PCR’ reaction (nested PCR) mix consisted of 2×
Multiplex Master mix (15 μl), 4× MTB PM-2 (7.5 μl), 8-MOP solution
(6 μl) and 1.5 μl of the ‘First PCR’ product in a final volume of 30 μl. The
nested PCR mix was transferred to a pre-heated (94 °C) thermal cycler
and the amplification was done with the following conditions: 94 °C/
15min, 35 cycles of 94 °C/20 s, 62 °C/30 s & 72 °C/30 s, and a final
extension at 72 °C for 5min. Both positive and negative controls (pro-
vided with the kit) were included for each round of PCR. The PCR
products were fractioned in 2% of low EEO agarose gel (Pronadisa,
Laboratories Conda S.A., Madrid, Spain) for analysis of the target gene
amplification.

Table 1
Sequence of primers and PCR conditions for amplification of Mtb genes by conventional PCR.

Gene Primer sequence (5′ to 3′) PCR product size (bp) PCR conditions

IS6110 F: CCTGCGAGCGTAGGCGTCGG; 123 94 °C for 5 min.; 40 cycles of 94 °C for 1 min., 65 °C for 1min., 72 °C for 1 min.; 72 °C for 10min.
R: CTCGTCCAGCGCCGCTTCGG

Pab F: ACCACCGAGCGGTTCGCCTGA; 419 94 °C for 5 min.; 40 cycles of 94 °C for 1 min., 65 °C for 1min., 72 °C for 1 min.; 72 °C for 10min.
R: GATCTGCGGGTCGTCCCAGGT

MPB64 F: TCCGCTGCCAGTCGTCTTCC; 240 94 °C for 5 min.; 40 cycles of 94 °C for 1 min., 65 °C for 1 min. 30 s., 72 °C for 1 min. 30 s.; 72 °C for 10min.
R:GTCCTCGCGAGTCTAGGCCA
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2.4.3. LAMP assay
Commercially available Nu-LAMP TB kit (RAS Lifesciences Pvt. Ltd.,

Hyderabad, India) was used to perform LAMP assay as per the manu-
facturer's protocol. The kit is intended to detect the strains of
Mycobacterium tuberculosis complex (Mycobacterium africanum,
Mycobacterium bovis, Mycobacterium canettii, Mycobacterium microti,
Mycobacterium tuberculosis) in body fluids. The loop mediated iso-
thermal amplification was performed on PCR machine/heating block
and the end point detection was done under UV light (254 nm).

The LAMP assay reaction mixture was set-up as per the manufac-
turer's instructions followed by incubation at 65 °C for 60min. Positive
and negative controls (provided along with the kit) were included in
each run of the assay. Apart from these, two additional negative con-
trols, viz., non-tubercle mycobacteria and DNA from healthy control
(HC), were also included in each run. The individuals with no signs,
symptoms or history of mycobacterial infection were considered
healthy controls for the test. The results were interpreted by naked
human eye under visible spectrum or UV radiation.

2.5. Statistical analysis

Comparison of TB positivity rate was done by direct counting
method. Parameters for diagnostic accuracy were determined using
MedCalc, version 18.9.1 (MedCalc software bvba, Ostend, Belgium).
Efficiency of LAMP assay was compared to Composite Reference
Standard, which included culture, IS6110-PCR and MPB64-PCR, among
different specimen types using Chi-square test. A p-value ≤.05 was
considered statistically significant for all the analyses.

3. Results and discussion

3.1. Study population and clinical specimens

A total of 154 subjects participated in the study, of which 55.8%
(n=86) were males and 44.1% (n= 68) were females with mean age
13 ± 5 years for both the genders. The site of infection ranged from
neck, spine, to the abdomen. The major type of sample was pleural fluid
in males and lymph node in female patients (Fig. 1).

3.2. Molecular vs. microbiological TB diagnosis

Of the total 154 clinically suspected EPTB cases, only 5% or 11%
could be confirmed microbiologically as TB-positive by smear micro-
scopy or culture respectively. On the contrary, at least 46.7% specimens
were confirmed TB-positives by molecular diagnostic tests. Thus, a 4-
fold difference was observed in diagnostic positivity rate between mo-
lecular and microbiological methods.

Of the 154 specimens, 85.7% (n=132) samples were smear nega-
tive and culture negative; and of these 132 specimens, at least 58 (44%)
came out to be positive by molecular tests (Table 2). The overall

maximum positivity rate for TB by molecular tests was 70%; nearly 6-
fold higher than that by microbiological tests. Hence, a marked dif-
ference could be observed in the sensitivity of molecular diagnosis as
compared to either smear microscopy or bacterial culture in childhood
EPTB cases. This becomes especially relevant in context to those cases
that come out negative by smear and culture and remain undiagnosed
and untreated, thus constituting “hidden” TB burden in the population.
Such cases can be efficiently diagnosed by the LAMP assay, which re-
quires minimal use of equipment. The LAMP assay results did not differ
under visible light and UV light (Fig. 2), hence direct visualization with
naked eye under visible light provides a rapid read out of the results
and reduces the overall turn-around-time. Further, with all the controls
being well-diagnosed, the LAMP assay may be considered as an accu-
rate technique for identification of “hidden” TB cases.

Among the smear- and culture-positive & smear positive culture
negative group, LAMP assay demonstrated 100% positivity for TB. This
is in concordance with a previous study wherein sensitivity of M. tu-
berculosis LAMP in smear-positive and culture-positive sputum samples
was 97.7% (Boehme et al., 2007). Such results reflect that LAMP is a
beneficial technique for clinical confirmation in cases positive by cul-
ture and also in those where the bacterial load may be low. In the
smear- and culture- negative EPTB specimens, nested PCR demon-
strated the highest positivity rate (66%) followed by IS6110-PCR
(62%). The LAMP assay exhibited a fold lower positivity at 58%, which
may be regarded as fairly acceptable considering that not all specimens
may be true TB-positives under the group. Results from the other 2
groups (Table 2) showed exact efficiency of all the molecular tests ex-
cept Pab-PCR. This is in accordance with the earlier reports describing
Pab gene as an inefficient PCR target for diagnosis of TB (Sharma et al.,
2013 and Singh et al., 2014) in comparison to IS6110 or MPB64 genes.

LAMP assay results were at par with the IS6110-, MPB64- & nested
PCRs with 100% sensitivity in smear positive cases. These results are in
concordance with previous studies (Ou et al., 2014; Habeenzu et al.,
2017; Joon et al., 2015) that demonstrate LAMP assay as a faster,
cheaper and fairly efficient technique for diagnosis of tuberculosis. Ou
and colleagues demonstrated that LAMP assay could detect Mtb in spot
sputum specimens with 70.67% sensitivity (Ou et al., 2014) in PTB
patients in China. In a separate study, LAMP assay was assessed to have
82.3% sensitivity for diagnosis of PTB in sputum samples of Moroccan
TB suspects (Bentaleb et al., 2016). As compared to smear microscopy,
comparable sensitivity and specificity of LAMP assay (96.9% & 96.5%)
than the Xpert MTB/RIF (95.4% & 93.9%) was reported (Habeenzu
et al., 2017).

Since there is lack of any gold-standard technique for diagnosis of
EPTB in children, we analyzed the diagnostic efficiency of LAMP test in
reference to a composite reference standard (CRS) which comprised of
culture, IS6110-PCR and MPB64-PCR. Samples were graded according
to ‘Any Positive’ rule, wherein, the samples positive by any of the 3 tests
were regarded as TB positive, while the samples that were negative by
all the 3 tests were considered TB negative. Upon comparison with CRS
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Fig. 1. Types of EPTB specimens analyzed in the study.
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(Table 3) or culture alone (data not shown), we found that the Nu LAMP
TB assay demonstrated highly significant (p < .001 and p= .003)
sensitivity (80% and 100% respectively) and specificity (78% and
40.1% respectively) in our study. This is in contrast to the findings
reported by Ghosh and colleagues (Ghosh et al., 2017), who found the
Nu LAMP TB kit to be 95.6% sensitive and 95.4% specific in EPTB
specimens as compared to the culture based diagnosis. This non-con-
cordance may be attributed to the sample type-based variation and
subject population. The major (55.5%) specimen type in the study by
Ghosh et al. was the skin punched biopsy and the study population
possibly comprised both adults and children as no data was given on the
age of the study subjects. In contrast, the major specimen type in our
study was pleural fluid and the study was conducted on childhood cases
only (≤18 years). In 2 separate reports conducted on frozen CSF spe-
cimens from Indian TB patients, 88% and 92% sensitivity and 80% and
61% specificity was recorded in comparison to CRS (Nagdev et al.,
2011) and culture alone (Modi et al., 2016) respectively. In another
study, LAMP assay was reported to be 93.3% sensitive and 91.9%
specific for diagnosis of EPTB in different clinical specimens, such as,
urine, blood, lymph node, etc. (Joon et al., 2015). The research group
further improved their in-house LAMP assay that demonstrated a higher

sensitivity (94.4%) and specificity (97.2%) in PTB cases, however, the
EPTB specimens showed comparatively lower sensitivity (86.67%) and
specificity (94.04%) (Joon et al., 2017). In Chinese population, LAMP
assay demonstrated 43.02% sensitivity comparable to real time fluor-
escent quantitative PCR for diagnosis of tubercular meningitis (Sun
et al., 2017). In a multi-targeted LAMP assay, 90% sensitivity and 100%
specificity was reported for diagnosis of tubercular lymphadenitis in
Indian population (Sharma et al., 2016). Overall, the type of EPTB
specimen (fresh/frozen and EP site), target population and assay
method (i.e. target gene) seem to account for the variable sensitivity
and specificity of the LAMP assay. All of these studies suggest that
LAMP assay can be an excellent tool for rapid diagnosis of extra-pul-
monary tuberculosis.

With reference to the CRS, nested PCR showed higher sensitivity
(85%) but lower specificity (71%) than the LAMP assay (Table 3). This
is in accordance with the fact that nested PCR is a valuable technique
for specimens with low bacterial load, i.e. upto 1 MTB copy of genome
(Aryan et al., 2010).

Further, we compared the LAMP assay based diagnosis with that of
the GenXpert in 43 childhood specimens and 32 adult specimens (as we
could generate GenXpert data only for these 75 specimens). The LAMP

Table 2
Category-wise distribution of specimens positive for TB by different molecular assays.

Smear +ve culture +ve
(n= 3)

Smear +ve culture −ve
(n= 5)

Smear −ve culture +ve
(n= 14)

Smear −ve culture −ve
(n=132)

Total cases (n= 154)

IS6110-PCR +ve specimens 3 (100) 5 (100) 12 (85.7) 83 (62.8) 103 (66.8)
MPB64-PCR +ve specimens 3 (100) 5 (100) 13 (92.8) 81 (61.3) 102 (66.2)
Pab-PCR +ve specimens 3 (100) 2 (40) 9 (64.2) 58 (43.9) 72 (46.7)
Nested PCR +ve specimens 3 (100) 5 (100) 13 (92.8) 87 (65.9) 108 (70.1)
LAMP assay +ve specimens 3 (100) 5 (100) 14 (100) 77 (58.3) 99 (64.2)

Fig. 2. End-point results of LAMP assay for detection
of Mtb DNA in clinical specimens. The LAMP assay
results were visualized under both visible and Ultra-
violet (UV) spectrum. PC is positive control; NTC is
no-template control; NTM is non-tubercle
Mycobacteria; and HC is Healthy control. The nu-
merical against each tube indicates sample number
and the ‘+’ or ‘−’ signs indicate test positive or test
negative respectively. Under short wave UV radia-
tion, the TB-positive samples or PC showed fluor-
escent green color while no color was observed in
NTC, NTM or HC.

Table 3
Comparison of diagnostic accuracy of LAMP assay with composite reference standard.

Test CRS+ ve (n) CRS -ve (n) Sensitivity (%) Specificity (%) χ2- value p-value

LAMP assay +ve 90 9 79.65 78.05 41.14 <0.001
LAMP assay −ve 23 32
95% CI 71.04–86.64 62.39–89.44
Nested PCR +ve 96 12 84.96 70.73 41.91 <0.001
Nested PCR −ve 17 29
95% CI 77.01–90.9 54.46–83.87

Abbreviation: CRS- composite reference standard; χ2- values are Yates corrected.

R. Rajput et al. Journal of Microbiological Methods 158 (2019) 59–65

62



assay demonstrated 82% and 87% sensitivity and 47% and 41% spe-
cificity in childhood and adult cases respectively (Table 4). The overall
sensitivity of LAMP assay was 84.6% with 45% specificity in EPTB cases
in comparison to the GenXpert. Although GenXpert is a highly sophis-
ticated technique, it has been well-documented that the paucibacillary
EPTB specimens do not present as ideal samples for the same (Eddabra
and Ait Benhassou, 2018). The sensitivity of GenXpert is low in smear-
negative PTB specimens and special populations, like, HIV-positives,
children and extra-pulmonary TB. Hence, the comparison of LAMP
assay with GenXpert (which tends to miss true positive EPTB cases) may
not be very reliable. Moreover, mechanical errors have been reported
during sample processing for Xpert MTB/RIF (Habeenzu et al., 2017;
Nhu et al., 2013), and thus make this method unsuitable for peripheral
laboratories.

Of the 43 childhood cases, only 11 (25.5%) cases were positive by
GenXpert, of which 8 were rifampicin sensitive, 2 rifampicin resistant;
and for 1 sample drug susceptibility was indeterminate. Of the 8 RIF
sensitive cases, 7 were positive by LAMP assay. Also 1 RIF resistant and
1 indeterminate childhood case were positive by LAMP assay.

Further analysis was done to evaluate if the specimen type plays any
role in performance of the Nu LAMP TB assay (Table 5). For this
comparison, results of LAMP assay were compared to the CRS based
diagnosis using Chi-square test. Among the pleural fluid samples, sta-
tistically significant difference was observed between LAMP assay and
CRS with 80% sensitivity and 85% specificity. The highest positivity
rate of the LAMP assay was in pus specimens at 92.8% followed by
‘other’ sample types, such as, blood, gastric aspirate, etc. and lymph
node. In pleural fluid and ‘other’ specimens, LAMP assay showed sta-
tistically significant (p≤ .05) sensitivity (80% and 100% respectively)
and specificity (85% and 100% respectively). The lymph node speci-
mens also exhibited fairly significant (p= .057) sensitivity (74.2%) and
specificity (61.5%). Perhaps, the low sample numbers in other different
specimen categories led to statistically insignificant results.

3.3. Choosing the right assay

The ‘right assay’ refers to a rapid, easy to perform, cheaper tech-
nique with reasonable sensitivity and specificity. Smear microscopy is a
tedious and less efficient process that is prone to human errors during
scanning of the slides. Furthermore, the technique becomes less sensi-
tive in specimens where the bacterial load is< 10,000 bacilli/ml of the
test sample, and this is always the case in extra-pulmonary tuberculosis
specimens. However, due to limited resources rapid diagnosis of MTB in
high TB-burden developing countries relies on smear microscopy
(Ghosh et al., 2017). Culture methods are reliable as these can detect
lower bacterial load (10–100 bacilli/ml of concentrated specimen) than
smear microscopy (Gupta et al., 2016; Davies and Pai, 2008) and aids in
generation of data on conventional drug susceptibility test and

identification of Mycobacterium species. However, the culture methods
are not 100% sensitive owing to the possible loss of bacterial load while
decontamination of EPTB samples. The newer rapid culture methods,
like liquid culture system enhance the yield by 10% over solid culture
method; however, the associated high cost and need for safe disposal of
the radioactive waste hinders its use in peripheral laboratories (Purohit
and Mustafa, 2015). Thus, simpler, cost-effective, safe, rapid and effi-
cient diagnostic methods are the need-of-the-hour to unveil the
“hidden” TB cases in high-TB burden and resource-poor.

Evolution of molecular methods has revolutionized the diagnosis of
tuberculosis (Yu et al., 2018); however, much improvement needs to be
done to obtain the required fool-proof TB diagnosis (Nagai et al., 2016).
It is well-known that nested PCR is more sensitive and specific than the
conventional PCR method. The sensitivity of the nested PCR kit that
was used in this study was<10 copies/reaction and no cross-reactivity
was observed with common human pathogenic bacteria other than
Mycobacterium tuberculosis. In our study, the nested PCR exhibited
higher sensitivity (85%) to the LAMP assay. However, the nested PCR
involves setting-up of two PCR reactions, which lengthens the turn-
around-time for diagnosis. The conventional single-gene PCRs (IS6110-
& MPB64-PCRs) also take at least 120min run-time.

In contrast, LAMP assay requires much lesser time, approx. 60min.
(half the time of single-gene PCR) for a single run in a basic aluminum
heat block; thereby reducing the overall time for generation of diag-
nostic results. Moreover, the results can be visualized with naked eyes
under visible light (Fig. 2), without the requirement of additional
equipment. In our present study, LAMP assay exhibited 80% sensitivity
and 78% specificity. LAMP assay showed an overall 64% positivity rate
with analytical sensitivity of 5 copies per reaction and specificity to the
strains of Mycobacterium tuberculosis complex. Furthermore, efficient
detection of M. tb in different types of EPTB specimens displayed LAMP
assay as an apparent preference for TB diagnosis. Other than being
much easier and less time-consuming than nested PCR, the LAMP assay
is simpler, easy to conduct, has lesser turn-around-time, requires only
basic equipment for single temperature incubation, and demonstrates
comparable sensitivity and specificity.

4. Conclusions

Molecular diagnosis of tuberculosis is imperative along with routine
smear microscopy and culture methods. Our findings from the present
work provide further evidence that LAMP assay is a promising tech-
nique for EPTB diagnosis in childhood cases. And that the technique can
be implemented in developing countries where TB burden is high and
resources and infra-structure is scarce.

Table 4
Diagnostic efficiency of LAMP test vs GenXpert (total n=75).

Test GenXpert +ve (n) GenXpert −ve (n) Sensitivity (%) Specificity (%) χ2- value p-value

Adults (n= 32)
LAMP assay +ve 13 10 86.7 41.2 1.83 0.176
LAMP assay −ve 2 7
95% CI 66.8–97.5 23.7–50.8

Children (n= 43)
LAMP assay +ve 9 17 81.8 46.9 1.74 0.186
LAMP assay –ve 2 15
95% CI 52–96.7 36.6–52

Total (n= 75)
LAMP assay +ve 22 27 84.6 44.9 5.29 0.021
LAMP assay −ve 4 22
95% CI 68.1–94.7 36.1–50.3

χ2- values are Yates corrected. Bold Signifies statistically significant p-values < 0.5.
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