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ABSTRACT

Handling of paper currency notes might be aregular means of exposure to
microbiological contamination. To assess the extent of bacterial
contamination of Bangladeshi paper currency notes (known as Taka) in
circulation, atotal of 540 notes of three denominations (2, 10 and 100) were
collected from different occupational groups and were subjected to
bacteriological analysis. Among the notes examined, 506 (93.70%) were
found to be contaminated with 5 different bacterial isolates. The load of
Salmonella spp., Shigella spp., Vibrio spp., Pseudomonas spp. and Sa-
phylococcus spp. ranged between 0 to 2.49x 108 cfu/cn??, 0 to 1.50x 108 cfu/
cm?, 7.7x107 to 1.59x10° cfu/cm?, 4.5x107 t0 8.24 x 108 cfu/cm?and 3.6x 107 to
1.32 x107 cfu/en?, respectively. Furthermore, 200 bacterial isolatesweretested
for their resistance against 10 commonly used antibiotics and 20-86%
Salmonella, 8-96% Vibrio, 16-82% Pseudomonas and 18-82%
Saphylococcus isolates were found to be resistant against at least one of
the antibiotics tested. Thus, the present study revealed that most of the
currency notes were contaminated with a huge range of bacteriaincluding
the antibiotic-resistant ones which might pose a severe public health risk.
© 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION

Currency iswiddy exchanged for goodsand ser-
vicesworldwide™® and handled by large numbers of
peopleunder avariety of persona and environmental
conditions. Currency notesmay carry potentidly patho-
genic organismsand serveas potential sourceinthe

transmission of infection*9. Paper currency notesare
susceptibleto bacterial contamination during continu-
ous handling to person to person, storing them at con-
taminated polythene/ cotton, leather bags at moist,
sweaty and dark conditionswhich aremost favorable
for thegrowth of coliformsaswell asother pathogenic
bacterid”418 Therelatively older paper notes offer
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more space for microorganisms (both pathogenic and
nonpathogenic) to accumulate*™. Consequently, this
increasesthe amount of bacteriacirculated amongits
handlers.

Contamination of matter by pathogenic microor-
ganismsisof much public health concern becausethe
contaminated materialscan further transmit the patho-
gensamong apopul ation. Paper money, therefore pre-
sentsaparticular threat to public health, since conta-
giousdiseases can broaden through the contact of these
paper currencies'*1%18, The high rates of microbial
contamination of currency and harmful pathogensas-
sociated with gastroenteritis, pneumonia, throat infec-
tion, tongllitis, peptic ulcers, urino-genita tract infec-
tion, and lung abscess have been reported from differ-
ent parts of the worl dl791314.151618]

Currency can be contaminated by dropletsof vari-
ous peopl e during coughing, sneezing, touching with
hands and placement on dirty surface during the han-
dling or transaction and capable of absorbing, harbor-
ingandtrangmittinginfectiousmicroorganisms. Insome
fish, poultry and vegetables markets, the salesmen
handle money and their respective sales product s mul-
taneoudy neglecting hand washing between thesetwo
tasks. Thispracticeintroducestherisk of cross-con-
tamination, possibly resulting in random casesof infec-
tiousintestinal diseaseamong sellersand customers.
Since, money isnot screened for microbes so, paper
currency becomeapotentid routeand vehiclefor trans-
mi ssion of various pathogenic bacteriato the userg®.

Paper currenciesarehandled by dl classesof people
induding children and therefore the contami nated notes
may play anvital rolein spreading of diseasesby taking
foodswithout washing hands after handling of money
or dueto contact of paper money by using salivausu-
aly by theilliterate people both in citiesand therural
areaof Bangladesh®. In Bangladesh, most peopleare
not habituated to wash their handsafter handling Taka
(Bangladesh currency) and even they are not aware
about the reality that they may be affected by many
dodgy diseases caused by pathogenic bacteriatrans-
mitted to them by handling of Taka.

Althoughtherearesevera reportsonthemicrobia
contamination of paper currency in somecountriesall
over theworld, only afew reportsareavailableon the
Bangladesh currency notes*9. However, those studies
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werelimited to the reporting the percentage of notes
contaminated with bacteriarather than actual bacteria
load on the paper currency notes. Here, wereport the
actual load of bacteria across on the paper currency
notesof threedifferent denominationsand for thefirst
time, we determined the antibi otic resi stance patterns
of the bacterial isolates from Bangladeshi currency
notes.

MATERIALSAND METHODS

Samplecollection

The currency samples[two taka (TK?2), tentaka
(TK10) and hundred taka (TK 100) notes| were col-
lected asepticaly in separate sterile polythenebagsfrom
different areas of Dhaka, Bangladesh. Sampleswere
collected from different chosen occupationa groups
such aspoultry and poultry productsseller (PS), fish
sdler (FS), vegetablessdler (VS), food vender (FV),
shopkeeper (SK) and rickshaw puller (RP). After col-
lection, samplesweretransferred immediately to the
laboratory. Threereplications of each sampling were
madein caseof every collection sitefor al thesample

types.
Bacteriological analyses

Each currency note of al sampletypesi.e., two
taka, ten taka and one hundred taka collected from
variousoccupationa groupsweresoakedin12ml, 15
ml and 20 ml of steriledistilled water respectively and
vigoroudy agitated for 5-10 minutes. After soaking, sevid
dilutions of each aqueous sampleweremadeupto 10
8, Theisolation of bacteriafrom the collected samples
was done by viable culture method using spread pl at-
ing, pour plating and membranefilter technique. 0.1 ml
of samplefrom each currency note and category was
spread onthe solid surface of Salmondla-Shigdla (SS)
agar (Hi-media, India), McConkey agar (Hi-media,
India), Tergitol-7 agar (Hi-media, India), and
Thiosulphate Citrate Bile Sdts Sucrose (TCBS) agar
(Hi-media, India) medium, and 1.0 ml samplefromeach
currency note and category was placed onto sterile
plateswhich wasthen mixed with sterilemediaof Sal-
monella-Shigella(SS) agar, McConkey agar, Tergitol-
7 agar and TCBS agar poured into the plates after be-
ing cooled to about 42 °C- 45 °C and diluted 10 ml
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samplefrom each category wasfiltrated through the
membranefilter (Millipore, Bedford, MA, USA) and
thefilterswerethen placed on selective mediapl ates.
All the plates were incubated at 37 °C for 24 hours.
Replicationsof all samplesweretested for successful
isolation. Theculturesfromthe plateswere purified by
subcultureinto singleidentical colonies. Standard mor-
phologica and biochemica testswerefollowed for con-
firmed identification of the characteristic colonies
(Buchanan & Gibbons 1974). In addition, using sev-
era polyvaent antisera(DENKA SEIKEN Co. Ltd,
Tokyo, Japan), Vibrio, Salmonella, Shigella, Saphy-
lococcus and Pseudomonaswerefindly identified af-
ter being subjected to latex aggl utinationtest.

Antibiotic susceptibility test

Theantibiotic susceptibility of each of thetest or-
ganisms [Salmonella (n=50), Vibrio (n=50),
Pseudomonas (n=50) and Saphylococcus (n=50)]
was determined using the standard disc-diffusion
method® and theguidelinesrecommended by Clinical
and Laboratory Standards Institute'®. The antibiotic
discs(Becton Dickinson, USA) used inthisstudy were:
Ampicillin (10 pg), Chloramphenicol (30 pg), Erythro-
myain (15 pg), Gentamicin (10 pg), Riphampicin (5 pg),
Penicillin (10 units), Tetracycline (30 pg) and Strepto-
mycin (10 ug), Cephalexin (30 pg), and Ciprofloxacin
(5 ng). For inoculation, the top of a single and well-
isolated colony wastouched with asterileinocul ating
loop and the culture was then inoculated into 2 ml
Mueler-Hinton broth. Thebroth wasthenincubated at
37 °Cfor 4 hoursto obtain theyoung culture. Thetur-
bidity of the culture was then adjusted to a 0.5
M cFarland standard. A sterile cotton swab wasthen
dipped into suspension and rotated the swab firmly
against theinside of thetube abovethefluidlevel to
remove excessfluid. Theswab wasused to spread the
bacterid suspensionevenly over thesurfaceof Mudler-
Hinton agar platesto obtain uniforminoculums. The
plateswerethen allowed to dry for several minutes.
Antibiotic discswerethen placed aseptically onthesur-
face of inocul ated plate by means of sterileforceps.
Each disc was gently pressed down to ensure com-
plete contact with the solid medium. Usudly, fivediscs
(Four discscontal ning different antibi otic and oneempty
disc asacontrol) were placed in one Petri plate. The
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plates were incubated at 37 °C for about 24 h. After
incubation, plateswere examined and thediameters of
thezoneof inhibition weremeasuredin nearest whole
millimeter. Thetested stain wasgrouped asresstant on
thebas sof theinterpretation chart provided by thesup-
plier (Becton Dickinson, USA).

RESULTS

Prevalence of pathogenic bacteriaamong thepa-
per currency notes

In general 97.23% TK2 notes, 95% TK 10 notes
and 88.88% TK 100 notes were contaminated with
bacteria (Figure 1). Salmonella contamination was
detected on 66.66 to 80% paper currencies procured
from Fish sellersfollowed by Poultry-product sellers
(63.33 to 73.33%), Vegetables sellers (36.66 to
46.66%), Food vendors (20 to 36.66%), Rickshaw
pullers (0 to 30%) and Shop keepers (13.33 to
16.66%). No Salmonella was detected on the TK 100
notes procured from Rickshaw-pullers (TABLE 1).
Shigella was detected on the 46.66 to 73.33% paper
currenciescollected from Fish sdlersfollowed by those
collected from Poultry-product sellers (23.33 to
43.33%). Only 10 to 13.33% notes obtained from
Vegetablessdlerswerefound positivefor Shigdla. But
the currency notes procured from Food vendors and
Shop keeperswerefound freefrom Shigella contamina
tion (TABLE 1). Vibriowasdetected on all the TK2
notesreceived from Fish sdlers. Currency notesof other
two denominations (TK 10 and TK 100) collected from
the sameoccupationd group asoregistered highlevel

TK10 TK100
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80

60

40

20

0
TK2

Figurel: Contamination rate (%) of paper currency notesof
threedenominations(TK 2, TK 10and TK 100).

Contamination (%)
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TABLE 1: Percentageof currency notescontaminated with variouspathogenic and potentially pathogenicbacteriain differ-

ent occupational groups

Occupational Group

No. of notes contaminated with (%)

(Sample type) Salmonella Shigella Vibrio Pseudomonas Staphylococcus
Fish seller
(TK2) 24 (80.00) 22 (73.33) 30 (100.00) 29 (96.66) 27 (90.00)
(TK10) 22 (73.33) 17 (56.66) 28 (93.33) 27 (90.00) 27 (90.00)
(TK100) 20(66.66) 14 (46.66) 28 (93.33) 28 (93.33) 26 (86.66)
Poultry-product seller
(TK2) 22 (73.33) 13 (43.33) 25 (83.33) 27 (90.00) 26 (86.66)
(TK10) 19 (63.33) 13 (43.33) 20 (66.66) 22 (73.33) 24 (80.00)
(TK100) 20 (66.66) 7(23.33) 26 (86.66) 22 (73.33) 24 (80.00)
Vegetables seller
(TK2) 14 (46.66) 4(13.33) 20 (66.66) 23 (76.66) 20 (66.66)
(TK10) 13 (43.33) 3(10.00) 20 (66.66) 20 (66.66) 16 (53.33)
(TK100) 11 (36.66) 4(13.33) 16 (53.33) 20 (66.66) 22 (73.33)
Food vendor
(TK2) 11 (36.66) 0 (00.00) 19 (66.33) 20 (66.66) 16 (53.33)
(TK10) 10 (33.33) 0 (00.00) 16 (53.33) 16 (53.33) 15 (50.00)
(TK100) 6 (20.00) 0 (00.00) 14 (46.66) 15 (50.00) 14 (46.66)
Shop keeper
(TK2) 5 (16.66) 0 (00.00) 17 (56.66) 19 (63.33) 15 (50.00)
(TK10) 4(13.33) 0 (00.00) 15 (50.00) 16 (53.33) 13 (43.33)
(TK100) 4(13.33) 0 (00.00) 16 (53.33) 13 (43.33) 11 (36.66)
Rickshaw puller
(TK2) 9 (30.00) 3(10.00) 17 (56.66) 15 (50.00) 17 (56.66)
(TK10) 7(23.33) 0 (00.00) 14 (46.66) 11 (36.66) 15 (50.00)
(TK100) 0 (00.00) 0 (00.00) 19 (63.33) 9 (30.00) 9 (30.00)

of Vibrio contamination (93.33%). Currency notes
collected from Poultry-product sellersa so registered
highleve of ibrio contamination (66. 66 to 83.33%).
More than half of the currency notes procured from
Vegetables sellers, Food vendors, Shop keepersand
Rickshaw pullerswerefound contaminated with \ibrio
(TABLE 1). The Pseudomonads and Saphyl ococcus
were detected on the notes procured from each occu-
pationa group. Asliketheprevaenceof enteric bacte-
riathe prevaence of Pseudomonas and Saphylococ-
cus were high (96.66 and 90%, respectively) on the
TK2 notesobtained from Fishsdllers(TABLE 1).
Asdepicted from TABLE 2, bacteria prevalence
wasfound among each of thethreedenominations(TK 2,
TK10 and TK100). Maximum load (1.59 x10° cfu/
cm?) of Vibrio wasin the TK 10 received from Fish
sdlers. However, highest load of Salmonella (2.40 <108

cfu/cm?), Shigella (1.50 <108 cfu/cm?), Pseudomo-
nas (8.24 x108 cfu/cm?) and Staphylococcus
(1.32x10° cfu/cm?) were recorded on TK 2 procured
from Fish sdllers. On the contrary, minimum counts of
Vibrio (7.7 x10° cfu/cm?), Pseudomonas (4.5 x10°
cfu/cm?) and Staphylococcus (3.6 x 108 cfu/cm?) were
recorded on the TK 100 notes procured from Rick-
shaw pullers.

Antibiogram

Antibiotic susceptibility pattern of Salmonella,
Vibrio, Pseudomonas and Saphylococcus isolated
from paper currency notesare presented in Figure 2.
Resistance spectrum of Salmonella, for 10 antibiotics
tested in descending order wasPenicillin> Tetracycline>
Ampidcillin> Cephaexin> Erythromyd n> Riphampicin>
Chloramphenicol> Streptomycin> Ciprofloxacin> Gen-
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TABLE 2: Load of pathogenicand potentially bacteriaon currency notestested from differ ent occupational groups

Occupational Group Bacterial count (cfu/cm?)
(Sampletype)  Salmonella (x10%) Shigella (x10°) Vibrio (x10%) Pseudomonas (x10°) Staphylococcus (x108)
Fish seller
(TK2) 2.49 1.50 14.9 8.24 13.20
(TK10) 171 0.76 15.94 4.59 7.78
(TK100) 1.01 0.50 9.04 6.39 5.23
Poultry-product seller
(TK2) 1.93 0.64 6.21 5.13 4.98
(TK10) 1.04 0.55 3.55 1.68 3.06
(TK100) 1.69 0.26 10.26 1.43 6.22
Vegetables seller
(TK2) 0.73 0.18 3.63 2.46 221
(TK10) 0.52 0.09 2.54 1.28 1.28
(TK100) 0.32 0.12 121 0.68 152
Food vendor
(TK2) 0.55 0 2.09 1.47 1.35
(TK10) 0.37 0 141 0.91 1.01
(TK100) 0.18 0 1.04 0.71 0.65
Shop keeper
(TK2) 0.27 0 181 1.38 1.29
(TK10) 0.18 0 141 0.89 0.89
(TK100) 0.12 0 113 0.50 0.59
Rickshaw puller
(TK2) 0.34 0.09 2.00 150 1.78
(TK10) 0.21 0 1.10 0.91 1.07
(TK100) 0 0 0.77 0.45 0.36
100 W Salmonella OTlibrio
BPseudomonas OStaphviococciis
80 E = =
g 60 H 1 Kt i H
z u . ' ' i
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Figure2: Antibioticresistancepattern of the bacterial strainsisolated from currency notesof Bangladesh
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tamicin. Anitbiotic res stance pattern of Vibriowasas
follows (in descending order): Penicillin> Erythromy-
cin> Tetracycline> Riphampicin>Ampicillin> Stirepto-
mycin Cepha exin> Chloramphenicol> Ciprofloxacin>
Gentamicin. However, Pseudomonasisol ates showed
adifferent pattern of antibiotic resistance (in descend-
ing order): Erythromycin>Ampicillin> Tetracycline>
Riphampicin> Cephaexin> Chloramphenicol> Penicil-
lin> Streptomycin> Gentamicin> Ciprofloxacin. The
Gram positive Saphyl ococcusisol ates showed antibi-
otic res stance pattern asfollows (in descending order):
Ampicillin> Penicillin> Tetracycline> Cephal exin>
Chloramphenicol> Erythromycin> Riphampicin> Strep-
tomycin> Gentamicin> Ciprofloxacin. Itisevident from
Figure 2 that 20-86% of the Salmonella isolates, 8-
96% Vibrio isolates 16-82% Pseudomonas isol ates
and 18-82% Saphylococcus isolates showed resis-
tance against one of theantibioticstested. Ciprofloxacin
or Gentamicin wasfound effective against most of the
isolates.

DISCUSSION

Paper currency notesare highly mobileinanimate
object in the human soci ety and hence havethe poten-
tial to transmit disease-causing microorganisms?Z.
Present study reveal ed that on an average, nine out of
ten paper currency notesfrom thetested occupational
groups are contaminated with pathogenic and poten-
tidly pathogenic microorganisms. Our findingscorrobo-
rateswith thefindingsthat 94% of the US one-dollar
billsare contaminated with pathogenic and potentialy
pathogenic microorganisms*®#. Furthermore, inanother
study Basavarajappaet a.? reported that the 96% of
the Indian currency notes are contaminated with bacte-
ria. Contamination rateishigher on the notes of lowest
denomination (TK2), probably becausethesmaler unit
notesaremost frequently handledin petty in daily mon-
etary transactiong®9,

We observed ahighleve of bacteria load on most
of the currency notesexamined inthisstudy. Presence
of such ahigh number of enteric bacterial load (upto
2.9 x107 cfu/lcm?) was a so reported on the currency
notesof Myanmart™, Inthisstudy, paper currency notes
obtained from Fish sellersand Poultry sellershad the
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highlevel of bacterid contamination indicating that the
members of these two occupational groupsgiveless
attention to persona hygienein additionto the objects
they handle. Currency notesreceived from Rickshaw-
puller, Shop keepershad rel atively less bacterial |oad
indicating that they are more consciousabout persona
hygiene than those of other occupational groupsin-
cludedinthisstudy.

Itisevident fromthisstudy that Penicillin resstance
iswidespread among Vibrio (96%), Salmonella (86%)
whereas resistance against Ampicillinishigh among
Pseudomonas (80%) and Saphylococcus (82%). In
thisstudy, currency notes collected from the persons
belong to lower level of socioeconomic scale. Pres-
enceof suchahighlevd of antibiotic-resstant bacteria
on currency notes procured from the people of differ-
ent occupational groupscovered inthisstudy may be
explained by the socioeconomic and behaviord factors
of those peopl €. Among the antibioticstested, Gen-
tamicin and Ciprofloxacin gppeared to beuseful aganst
the bacterid isolates. Emikpe & Oyerd® aso reported
the effectiveness of Gentamicin against Saphylococ-
cusisolated from Nigerian currency. However, it seems
likely that the situation will not prevail for long as be-
cause someisolates of present study a so showed re-
sstance against Gentamicin and Ciprofloxacin. Micro-
organisms like Salmonella, Shigella, Vibrio,
Pseudomonas and Saphyl ococcus can cause various
typesof diseases. Transmission of antibiotic-resistant
bacteriafrom person to person viacontaminated paper
currency notesmay causeclinicaly sgnificant infection
particularly inimmune-compromised persons. Further-
more, contaminated paper currency might havearela
tion with the spread of antibiotic resistant bacteriain
Bangladesh. Thusthe presenceof high number of anti-
bioti c-resistant bacteriaon Bangladeshi currency notes
reflectsan darming Stuation for health policy-makers.

Itisquiteclear that paper currency notesin circula-
tioninBangladesh harbor antibiotic res stant pathogenic
or potentially pathogeni ¢ bacteriawhich may posea
public health threat. To control the spread of such or-
ganismswerecommend: (i) periodic withdrawal of old,
soiled, tattered and mutilated currency notesfromthe
circulation, (ii) set up of currency decontaminating fa-
cilities by the central bank or other competent author-
ity, (ii) awareness buildup among the peopleto wash
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their hands after counting money and not to wet their
hands by salivabefore counting paper currency;, (iii)
introduction of coinsreplacing the paper currency notes
of lower denominations(viz, TK2, TK10and TK 100),
and (iv) introduction of plastic currency notesfor higher
denominations.
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