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The role of currency as reservoirs of pathogenic bacteria and UV light to disinfect the contaminated notes
was evaluated. Two hundred currencies of different denomination were collected from different places
from central part of Karnataka. The sterile swab was rolled over the currency and dipped in a falcon tube
containing 10 ml of brain heart infusion broth. After 24 hours, subculture was done on Blood agar, Mac
Conkey agar plates and SDA tube. After incubation for 24-48 hours, plates were examined for the growth
and microorganisms were identified by standard microbiological techniques. Anti-microbial susceptibility
test was done as per CSLI guidelines. To disinfect currency, the notes were exposed to UV light inside the
laminar air flow for different time intervals and the currencies were subjected for culture to evaluate the
efficacy of disinfectant. Three hundred and seventeen organisms were isolated from the currencies. Mixed
contamination was observed in a higher percentage 60% (120/200) of tested notes. Bacillus species was
the predominant bacteria grown followed by diphtheriods, CoNS, Staphylococcus aureus. Among the
fungus yeast, Rhizopus sps and Aspergillus sps was isolated. Bacteria isolated were resistant for more than
2 class of antibiotics and hence all the isolates were multidrug resistant. Ten out of 26 Staphylococcus
aureus were methicillin resistant and all the MRSA strains were sensitive to Clindamycin, Linezolid and
Vancomycin. UV light was very effective in disinfecting all the currency notes at 30 mins of
exposure. The transmission of pathogenic drug resistant bacteria through currency notes is well
documented. Our study highlights the need for the public awareness regarding hygiene to be followed after
any form of transaction and also banks to explore the various possibilities to disinfect the currencies.

Introduction

Microorganisms are ubiquitous in nature and
could be source of

disinfection

properly. The

infections? may be a result of the two way
transmission of microorganism from the
community to the hospital setting and vice

infection if proper  versa®*.This may be due to the increasing
policies are not followed asymptomatic  carriage  of  pathogenic
increasing number of  organisms in humans along with the
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occurrence of community-associated
infection. The money in the form of currency
and coins is extensively traded for goods and
services in countries all over the world®.
Perhaps it is the most widely handled
commodity throughout the world being
exchanged by several hands each day”®.
Money goes through clean and dirty hands
and can get contaminated with microorganism
which may be non-pathogen or pathogens
thus the likelihood of currency being a fomite
in transmitting the diseases”’. Paper currency
offers a large surface area as a propagation
medium for microorganism.

The soiled currency could be transferred from
the cashiers to the public®*®. The habit of
wetting of fingers with saliva or the use of
water to lubricate fingers during money
counting can lead to the transfer of bacteria,
viruses, ova / cyst of parasite to currency and
then in to the community through vendor is
very well documented>™. There is no
literature to illustrate how to disinfect the
contaminated currency. Hence the study is
designed to study the level of contamination
of paper currency notes and explore the
possibility of using UV light to disinfect the
soiled currency.

Materials and Methods
Ethics statement

The study and the consent procedure were
approved by the Institutional Ethics Review
Board of S. S. Institute of Medical Sciences
and Research Centre, Davangere, Karnataka.

Bacterial isolation

200 currencies of different denomination were
collected from different places from central
part of Karnataka. The sterile swab was rolled
over the currency and dipped in a falcon tube
containing 10 ml of brain heart infusion broth.

After 24 hours, subculture was done on Blood
agar and Mac Conkey agar plates®®. After
incubation for 24-48 hours, plates were
examined for the growth and microorganisms
were identified by standard microbiological
techniques”™. The yeast was isolated and
identified by sub culturing on Sabroaud
dextrose media after 24-48 hours and moulds

were identified after incubating for 5 days'®*".

Anti-microbial susceptibility testing

Antimicrobial ~ susceptibility  test  was
performed by disc diffusion method™ as per
Clinical Laboratory Standards Institute
(CLSI)™. Antimicrobial susceptibility testing
was done only for bacteria, specifically for
CoNS, Staphylococcus aureus, Pneumococci,
Eoli, and Pseudomonas aeruginosa.

Detection of methicillin resistance
Staphylococcus aureus was performed
according to the Kirby-Bauer method®, as
described in the guidelines of the CLSI with a
1pg oxacillin and Mueller-Hinton agar (Hi-
Media, India)'*. The CLSI recommends the
direct colony suspension method for testing
Staphylococci for potential methicillin or
oxacillin resistance.

The plates were incubated in ambient air at
35°C, and inhibition zones around the disk
were measured after 24h. In addition, all
isolates were screened by the disk diffusion
method for resistance to 30pg cefoxitin
according to CLSI guidelines to ensure that
they were methicillin resistant™>**,

Furthermore, to evaluate the susceptibility
pattern of methicillin resistant Staphylococci,
we tested different antimicrobial agents;
gentamicin (10ug), carbenicillin  (100ug),
ciprofloxacin (5ug), clindamycin, linezolid,
vancomycin (30pg) and amikacin  (30p).
Enterococcus faecalis ATCC 29212 and S.
aureus ATCC 25923 were used as controls.
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Disinfection of currency

To disinfect currency, the currencies were
exposed to UV light (180-280 nm)® for
different time interval inside the laminar air
flow. The currencies were exposed for 10
minutes, 20 minutes and 30 mins respectively.
After exposure the currencies were subjected
for microbiological culture to evaluate the
effect of disinfectant at different time
intervals.

Results and Discussion

Total of two hundred currencies were
collected from different part of central
Karnataka and examined for microbial
contamination and all samples were found to
be contaminated with different species of
bacteria, yeast and moulds. Out of 200
collected notes, 96 (48%) were dirty, 62
(31%) were clean, and 42 (21%) were very
dirty based on physical observation.

But there was a no significant relationship
between the number of isolates and the
physical appearance of banknotes. Two or
more than two microorganisms was observed
with high percentages in dirty, clean, very
dirty, banknotes by 68%, 24%, and 8%
respectively.

Three hundred and seventeen organisms were
recovered from the samples. Mixed
contamination was observed in a higher
percentage 60% (120/200) of tested notes.

Bacillus species (30.9%) was the predominant
bacteria grown followed by diphtheriods
(27.4%), CoNS (21.5%), Staphylococcus
aureus (8.2%), Pseudomonas aeruginosa
(3.8%), and E. coli (1.9%) Pneumococci
(0.6%) and among mould Rhizopus sps was
isolated in (1.6%) and Aspergillus sps was
isolated in (0.9%) yeast was isolated in 3.2%
(Table 1).

Antimicrobial susceptibility testing

Among Gram positive cocci, all the

Coagulase negative staphylococci were
sensitive  to  Clindamycin,  Linezolid,
Vancomycin, Amikacin, Netillmycin and

none of them were resistant to methicillin.
Pneumococcus was sensitive to all the
antibiotics tested.

Out of 26 Staphylococcus aureus isolated 22
isolates were resistant to more than two
classes of antibiotics, hence multidrug
resistant Staphylococcus aureus. Out of 22
MDR isolates, 10 were resistant to oxacillin
and cefoxitin.

All the MRSA strains were resistant to
penicillin, chloramphenicol, carbenicillin and
gentamicin. 70% were resistant to amixacin,
80% were resistant to netillmycin and none of
the isolates were resistant to Clindamycin,
Linezolid and VVancomycin.

Among Gram negative bacilli, all the
Pseudomonas aeruginosa isolates were
resistant to more than 2 antibiotics, hence
multidrug resistant isolates. 66.7%
Pseudomonas aeruginosa were sensitive to
Imipenem, Meropenem and Ertapenem.

Among 6 E. coli, 2 isolates were resistant to
more than 2 groups of antibiotics. Other 4 E.
coli were sensitive to Norfloxacin, Amikacin,
Levofloxacin, Nitrofurantion, Ceftriaxone,
Imipenem and Meropenem

Effect of UV on culture positivity of
contaminated currency notes at different
intervals

Of 200 currencies cultured, all the samples
showed growth. After 10 mins of exposure to
UV light, 142 currency notes did not show
growth for bacteria or fungi, 58 currencies
showed growth for mixed bacteria and
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fungus. Bacillus and Diphtheriods were the
predominant organisms isolated (Table 2).
After 20 mins of exposure to UV light, 6
currency notes showed growth. No mixed
aetiology was observed in this 6 currency
notes. 4 bacillus species, one Rhizopus and
one Aspergillus were grown (Table 2). After
30 mins of exposure to UV light, none of the
currency notes showed growth of bacteria or
fungus.

Money has mass circulation among the
general public and has potentiality to transmit
disease causing microorganisms so that paper
currency is commonly contaminated with
bacteria and this may play a role in the
transmission  of  potentiality  harmful
microorganisms. These currency notes may
serve as a carrier of microbes, thus leading to
the transmission of infectious diseases and the
outbreak of serious infection>*°. There is an
indication that money contamination is
associated to unhygienic practice of people
and is suggestive of significant fecal
contamination of currency, and is a reflection
of poor local environmental sanitation®*.

In our study we found all the currency
collected revealed growth for microbes and
60% of the notes showed growth for multiple
microbes. In our study we observed Bacillus
species as the commonest contaminant of the
circulating currency and Bacillus species is
commonly found in the soil. So it is common
practice to keep notes in contact with surfaces
such as the ground, soil, table surfaces may
have contaminated the notes. The next most
common bacteria isolated were Diphtheriods
and CoNS which are normally found as the
colonizer of the skin. Currency coming in
contact with the skin and the sweat and also
the saliva used while counting the money
might have contributed for colonization of
Diphtheriods and CoNS on the currency.
Presence of Pseudomonas which is also seen
in the soil or seen in the hospital might have
colonized during hospital visit or coming in

contact with the soil. Presence of E. coli
suggests unhygienic practices since E. coli is
the fecal flora. This is in corroboration with
other similar studies’ ™.

Presence of Staphylococcus aureus which is a
versatile and precarious human pathogen
armed with various virulence factors and is
the foremost cause of important infections in

hospital settings and community 2® s
alarming. S. aureus is responsible for
infections ranging from folliculitis, food

poisoning, osteomyelitis, endocarditis, septic
arthritis, pneumonia, and skin and deep tissue
infections to life-threatening  invasive
diseases.

Twenty six Staphylococcus aureus were
isolated from currency and 22 of them were
multidrug resistant isolates and 10 of them
were resistant to methicillin suggesting these
isolates are methicillin resistant
Staphylococcus aureus.

MRSA is a major cause of morbidity and
mortality both in healthcare settings and in
healthy individuals in the last two decades®®.
The global emergence and spread of MRSA
harbouring multi-resistance genes limits the
effectiveness of therapeutic options for
staphylococcal infections and worsens their
clinical outcomes'. The difference between
hospital-associated MRSA (HA-MRSA) and
community-associated MRSA (CA-MRSA) is
becoming hazy as transmission of S. aureus
from the community to hospitals and vice
versa easily occurs™.

All the MRSA strains were resistant to
penicillin, chloramphenicol, carbenicillin and
gentamicin. 70% were resistant to amixacin,
80% were resistant to netillmycin and none of
the isolates were resistant to Clindamycin,
Linezolid and Vancomycin. Studies have
identified MRSA contamination in public
facilities, probably because of the higher
prevalence of CA-MRSA in the developed
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countries'’*®, Kaseem et al., identified MRSA
on two (8%) of 24 keyboards in open access
student computer rooms . These studies
suggest widespread contamination with CA-
MRSA. Furthermore, contaminated fomites
have been implicated in community outbreaks
of CA-MRSA, and a recent review proposes

CA-MRSA infection pathogenesis relies
much  more on  acquisition  from
environmental sources and less on nasal
colonization®"8,

If this is the case, we can expect to see more
environmental contamination with CA-MRSA
as prevalence increases, particularly in
community settings prone to outbreaks such
as gymnasium, facilities used by sports teams
and public transport. In the present study we
could not classify the MRSA isolates as
community-associated MRSA clones
(SCCmec type 1V) or health care-associated
MRSA clones (SCCmec type I1). One more
study from central Karnataka on public
transport as a fomite found 45% of
Staphylococcus aureus were methicillin
resistant™®. In a systematic review, Kramer et
al., (2006) reported that many bacterial,

fungal, and viral pathogens could survive on
the inanimate objects for several months®,
and such pathogens could cause epidemic
infections as a result of direct or indirect
transmission in  “hand-object susceptible
patient” cycle. Specifically, high rates of
microbial accumulation were found on the
mobile phones and computers’ keypads which
had similar features with ATMs according to
their physical and operational aspects.
Tekerekoglu et al., (2011) reported that cell
phones of patients, visitors and health care
workers carried multidrug-resistant hospital
pathogens including Acinetobacter spp., S.
aureus, and extended-spectrum plactamase
ESBL-positive Enterobacteriaceae?.
Similarly, Dogan et al., (2008) found many
types of pathogens on the computers’ mouse
and key-pads which were used in hospitals
and in education institutes'®. These studies
suggested frequent disinfection of mobile
phones, keypads and mouse to reduce
bacterial reservoir on these devices. But there
are no clear directions how to disinfect the
currencies. It is not possible to disinfect the
currency by using liquid disinfectant since the
currencies we use are made up of paper.

Table.1 Bacteria isolated from swab collected from different sites of the bus

Organisms
Bacillus species
Diphtheriods

Coagulase negative staphylococcus

Staphylococcus aureus
Pseudomonas species
E. coli

Yeast

Rhizopus

Aspergillus
Pneumococci

Total

Numbers Percentage
98 30.9
87 27.4
68 215
26 8.2
12 3.8
6 1.9
10 3.2
5 1.6
3 0.9
2 0.6

317
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Exposure to UV light for different

Organisms 0 mins
Bacillus species 98 (30.9)
Diphtheriods 87 (27.4)
Coagulase negative 68 (21.5)
Staphylococcus
Staphylococcus aureus 26 (8.2)
Pseudomonas species 12 (3.8)
E. coli 6 (1.9
Yeast 10 (3.2)
Rhizopus 5(1.6)
Aspergillus 3(0.9)
Pneumococci 2 (0.6)
Total 317

Hence an attempt was made to disinfect the
currency by using UV light in our laboratory.
We exposed the notes for the UV light of
wave length 180-280 nm for different
intervals. When the notes were exposed for 10
mins 60.3% of reduction of microbial load
was observed and on exposure to 20 mins
98.1% of reduction was observed and when
the currency notes were exposed to 30 mins,
no microbes were isolated on culture
suggesting the circulating currency notes were
completely disinfected.

It is not possible for the public’s to disinfect
the currency at their home, at least they can
wash their hands regularly with soap and
water or sanitize their hand with the alcohol
based sanitizers. But in bank every day the
currency notes and or coins could be
disinfected by exposing them to UV light
before lending money to the bank customers.

The transmission of pathogenic drug resistant
bacteria through currency notes is well
documented by various studies. Our study
highlights the need for the public awareness
regarding hygiene to be followed after each
transaction and also banks to explore the

intervals
10 mins 20 mins 30 mins
62 4 0
24 0 0
12 0 0
8 0 0
4 0 0
1 0 0
8 0 0
4 1 0
3 1 0
0 0 0
126 6 0
various  possibilities to disinfect the
currencies.
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