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Paper currency notes are the most commonly exchanged fomites which can be contaminated and have the
potential to transmit pathogenic organisms. The presence of tuberculosis causative bacteria on the most
commonly circulated Indian currency notes was investigated using loop-mediated isothermal amplification
(LAMP). Out of 1,000 random samples of 10-rupee Indian currency notes, 11.3% tested positive for the
presence of genomic DNA of Mycobacterium tuberculosis. It was observed that soiled/old notes are more likely
than new currency notes to harbor M. tuberculosis. This study demonstrates the novel application of LAMP
technique for screening fomites for the presence of pathogens.

1. INTRODUCTION

Fomites have been known to transmit many deadly diseases [1]. The
COVID-19 pandemic has highlighted the importance of exploring
the surface transmission possibility of respiratory diseases [2].
Tuberculosis (TB) has remained a deadly disease worldwide for
centuries. It is known that the disease is spread by direct contact via
droplet nuclei infection [3]. However, there is a possibility of other
routes of infection because the TB-causing pathogen is known to
remain viable for several days and months in the environment [4,5].
Paper currency notes may be one such potential fomite because
they frequently exchange hands. In countries such as India, the
hygienic practices while handling money are not followed by the
majority of the population. The rough surface of paper currency
can serve as an excellent environment for microbes, including
bacteria, fungi, and viruses [6,7]. There are several studies that
have investigated and confirmed the presence of various disease-
causing pathogens on currency notes across all nations [6,8—13].
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The most commonly described pathogenic bacterial genera are
Escherichia (E. coli), Klebsiella, Staphylococcus, Enterococcus,
Salmonella, Shigella, Pseudomonas, and Proteus [7,14-16]. In
recent literature, several studies have also explored the potential
of antibiotic-resistant strains transmission via the currency
notes [7,10,13,14,16-20]. Most of these studies have reported
the presence of pathogens-causing foodborne illnesses. There is
very scarce literature reporting the presence of Mycobacterium
on currency notes [16]. Hence, the aim of this study was to
investigate the contamination of Indian paper currency notes with
Mycobacterium tuberculosis using the novel technique of loop-
mediated isothermal amplification (LAMP).

2. MATERIAL AND METHODS

For this cross-sectional study, samples were selected for the
most circulated notes by the Reserve Bank of India of small
denomination 210. One thousand paper currency samples were
collected in sterile plastic bags from random spots such as street
vendors, grocery shops, canteens, tea shops, chemists, etc., across
the Delhi metropolitan city (National Capital Territory of Delhi).
The currency notes were also collected from people in the vicinity
of Vallabhbhai Patel Chest Institute, University of Delhi. These
included the visiting patients, their family members, food stalls
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owners, vendors, and rickshaw pullers. The currency notes were
collected in sterile plastic bags and brought to the laboratory in the
institution. All the individuals were given new notes from the bank
as equivalent replacement. The currency notes were classified
according to condition, appearance, and degree of dirtiness as
new, moderate, and soiled/torn (Set A, B, and C, respectively).
Out of 1,000, 175, 293, and 532 notes were categorized into Set A,
B, and C, respectively.

For total genomic DNA isolation, each currency note was gently
washed with Tween-80 solution (0.05%). This collected solution
was centrifuged at 10,000 rpm for 10 minutes to obtain a pellet.
Chelex-100 solution containing 10% Chelex-100 resin, 0.03%
Triton X-100, and 0.3% Tween 20 was added to the pellet [21].
It was mixed and incubated in a dry bath at 90°C for 30 minutes.
Then, it was allowed to cool down to room temperature and
centrifuged at 10,000 rpm for 5 minutes. The supernatant was
carefully transferred to a fresh tube and stored in a deep freezer
for further use. Five microliters of the supernatant was used as
template for LAMP reaction to specifically amplify target gene of
M. tuberculosis. The primers were used to amplify 190 bp region
of sdaA gene of M. tuberculosis according to the LAMP reaction
mixture described by Nimesh ez al. [22-24]. The primer sequences
(Patent Number 362827) and the target region are shown in the
Table 1 and Figure 1. The specificity of these primers has been
tested with various reference species/strains of mycobacteria
[23.,24]. Genomic DNA of M. tuberculosis was used as positive
control and no template control were included with each set of
specimens for amplification.

The genomic DNA isolated from the specimens was used as
template in the total volume of 25 pl of reaction mixture containing
20 mM Tris-HCI (pH 8.8), 50 mM KCl, 10 mM (NH,),SO,,
0.1% Tween-20, 8 mM MgSO,, 0.8 M betaine, 1.0 mM each
deoxynucleotide triphosphates (deoxyadenosine triphosphate,
deoxyguanosine triphosphate, deoxycytidine triphosphate,
deoxyuridine triphosphate), 0.2 uM each of F3 and B3 primers, 0.8
uM each of forward Inner Primer (FIP) and backward Inner Primer
(BIP), and 8 U Bst 2.0 DNA polymerase (New England Biolabs,
USA). The reaction mixture was incubated at 37°C for 10 minutes
with 3 U Uracil-DNA Glycosylase enzyme followed by 65°C for 45
minutes and inactivated at 80°C for 5 minutes [23]. For results, the
amplified products were observed with the naked eye by adding 2
pl of 1,000x SYBR Green I to the tube and noticing the color of the
solution. The binding of SYBR green to amplified DNA changed
the color of solution to green while the tubes with no amplification
remained orange (Fig. 2). To confirm the specificity of the LAMP
assay in positive specimens, amplified products from the same
were checked by agarose gel electrophoresis after restriction
digestion with Sacll restriction enzyme at 37°C for 4 hours
(Fig. 3). Furthermore, the positive specimens were also verified
by DNA sequencing for the target region of amplified sdaAd gene
using outer primers.

3. RESULT AND DISCUSSION

The positive specimens showed color change from orange to
green upon addition of SYBR Green I dye, as shown in Figure 2.
The positive percentage was determined to be 11.3% (113 out of

Table 1: Sequence of LAMP primers used for specific amplification of the sdaA gene® of M.

tuberculosis.
Primer® Type Length Sequence
F3 Forward outer 20-mer 5'- TAGGGAAGGGCAACTGAGCA -3’
B3 Backward outer 20-mer 5'- AGCGTGATATCGACCTGCAT -3’
. 40-mer (F1C:18- 5'-CACGGAACAGACCAGCGGTITTIT
FIP Forwardinner (FIC+ TTTT+F2) 0 "k 18-mer)  GGATGTTGGCCGCTGTTG-3"
BIP Backward inner (BIC + TTTT + B2) 38-mer (BI1C:17- 5-CCGCGGCAGTGAACGTCTTTT

mer, B2:17-mer) GCCAACGCATCCCAACG-3'

* GenBank accession no.: CP072765.1.
® For nomenclature, see reference [25].

F3 F2 F1

5-TAGGGAAGGGCAACTGAGCATGGATGTTGGCCGCTGTTGCCGLTGGTCTGTTCCGTGACGATGAACCCTCCGCCCACCGAAAAATAAGTCTCGGTGGC
3-ATCCCTTCCCGTTGACTCGTACCTACAACCGGCGACAACGGLGACCAGACAAGGCACTGCTACTTGGGAGGCGGGTGGCTTTTTATTCAGAGCCACCG

F3c F2c Flc

B1c B2c B3c

CAAGACGCGGCCGTGTGGGCCLGLGGCAGTGAACGTCATTCCGTTGGGATGCGTTGGCAGAACGATGTCGGGATGCAGGTCGATATCACGCT-3
GTTCTGCGCCGGCACACCCGGGLGLCGTCACTTGCAGTAAGGCAACCCTACGCAACCGTCTTGCTACAGCCCTACGTCCAGCTATAGTGCGA- 5

B1 B2 B3

Figure 1: Schematic representation of primer sequences in the 190 bp region of sdad gene of M. tuberculosis (Refer to Table 1 for details).



Nimesh et al.: Screening paper currency for Mycobacterium tuberculosis using loop-mediated isothermal 223
amplification 2022;10(01):221-225

1 2 3 4 S 6 N P

Figure 2: Visual results for LAMP for six specimens (tube 1-6) with negative (N) and positive (P) controls, respectively. The
fluorescent green color depicts the presence of amplified product.
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Figure 3: Agarose gel electrophoresis results for sdad LAMP reaction products. a) Amplified
product and b) analysis with Sac/I restriction enzyme. Lane M shows the 100 bp DNA ladder;
lane N shows no template control; and lane P shows positive control (5 ul of amplification
products) ; lane 1 shows 2 pl of amplification products before digestion and lane 2 shows
amplified reaction products after restriction digestion with Sacl/, confirming the specificity of
amplified products.
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Figure 4: Bar chart depicting the percentage in different categories of currency note samples. (Set A, B, and C
refers to new, moderate, and soiled/torn currency notes, respectively).



224 Nimesh et al.: Journal of Applied Biology & Biotechnology 2022;10(01):221-225

1,000) for the presence of M. tuberculosis. The category-wise
positive percentage is shown in Figure 4. A chi-square test of
independence was carried out to examine the relationship between
dirtiness or new versus soiled currency notes and the presence
of M. tuberculosis. The relationship between these variables was
significant, X? (2, N=1,000) = 5.99, p value = 0.04986 (The result
is significant at p < 0.05) using Statistical Package for the Social
Sciences software (version 26.0). The p-value indicates that these
variables are not independent of each other.

This is a novel study to report the presence of M. tuberculosis on
paper currency notes using LAMP, to the best of our knowledge.
Culture method is the gold standard method for confirmation of
viable pathogens, but it is very time-consuming for slow-growing
microbes such as M. tuberculosis and it requires well-contained
biosafety facilities [26]. Recent studies have highlighted the
importance of using the cultivation independent methods for
detecting mycobacteria on fomites when possible due to low
sensitivity of culture [27]. Sequencing and polymerase Chain
Reaction (PCR) are also commonly used techniques but these
methods require sophisticated instruments and expensive reagents.
LAMP is based on isothermal amplification using six distinct regions
targeted by primers [25]. This method does not require a thermal
cycler and is more sensitive and specific than PCR. This technique is
less prone to presence of inhibitors in specimens [28,29]. Even since
its inception, this technique has been widely applied in detection of
various disease-causing pathogens including bacteria, virus, fungi,
parasites, etc. It has also been used for many other applications such
as cancer diagnosis, detection of environmental contaminants and
food adulterants, allergens, and DNA profiling studies [29-31].
Owing to its superior qualities and efficiency, the LAMP technique
was considered for screening currency notes for presence of M.
tuberculosis.

According to our findings, 11.3% of the currency notes included
in the study showed the presence of genomic DNA of M.
tuberculosis. It has been reported that microbial contamination of
currency notes can be up to 100% [17]. However, no such data is
available for M. tuberculosis. The statistical analysis showed that
soiled/old notes are more likely than new currency notes to show
the presence of M. tuberculosis. This can be explained by the less
favorable environment provided by a clean smooth surface and
probable less frequent exchange of new notes in the population.

Large sample size and highly sensitive detection techniques are the
strengths of this study. The caveats include inability to differentiate
between viable and dead microbes and the sampling is limited to
small denomination currency notes only. This study paves way
for further inquiry into viability of M. tuberculosis pathogens on
the currency note surface and highlights the need for exploring
the possibility of transmission [4,5]. It has been reported that M.
tuberculosis can persist on dry and inanimate surfaces for several
weeks [32]. However, there are knowledge gaps in transmission
dynamics of TB disease by fomites [4].

4. CONCLUSION

Contaminated currency might pose a public health problem in the
global control of TB and there is also need to investigate the presence
of drug-resistant pathogens. The present findings are an important

first step toward the possibility of risk of transmission of TB by
fomites, which warrants further investigation using approaches that
can confirm the duration of persistence, viability, bacterial load,
and chances of re-aerosolization. This study has implications for
TB research, public health, and application of LAMP for pathogen
screening on surfaces as well as bio-surveillance.
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