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Abstract. Fomites are inanimate objects that are capable of absorbing, harboring
and transmitting infectious microorganisms. Paper currency, an exchangeable
fomite, is constantly subjected to contamination. This study investigated bacterial
contamination on the Saudi one Riyal paper note. Two hundred one Riyal bills (100
4t version and 100 5 version) were collected in the city of Jeddah for examina-
tion. The notes were examined for bacterial contamination using blood agar and
MacConkey agar. Eighty-eight percent of the notes were contaminated with mixed
(= 2 types) bacterial growth. All 4t version notes had mixed bacterial growth:
gram-positive bacilli (79%), coagulase-negative staphylococci (75%), Staphylococ-
cus aureus (38%), Klebsiella spp (21%), Pseudomonas spp (19%), Escherichia coli (9%),
viridans group streptococci (VGS) (8%), and non-hemolytic streptococci (4%).
Seventy-six percent of the newer 5" version notes had mixed bacterial growth:
gram-positive bacilli (68%), coagulase-negative staphylococci (64%), S. aureus
(13%), Klebsiella spp (9%), Pseudomonas spp (5%), E. coli (2%) and VGS (2%). These
results indicate the Saudi one Riyal paper note is commonly contaminated with
bacteria, and may act as a vehicle for the transmission of potentially pathogenic
bacteria. The more the bill had been handled the greater the contamination was.
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INTRODUCTION

Money is handled by persons of vary-
ing health and hygienic standards and
is stored under varying environmental
and personal hygienic conditions. Paper
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currency is widely exchanged for goods
and services. Some gram-negative bacte-
ria can remain as long as eleven days on
coins (El-Dars and Hassan, 2005). Many
coins contain copper which can hinder-
ing growth of microbes. Paper currency
offers a larger surface area as a breeding
ground for pathogens. Microbes may
persist on it for longer periods. The older
the paper note the more accumulation
of microbes occurs (El-Dars and Hassan,
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2005). Lower-denomination notes receive
the most handling because they are ex-
changed more often. Money may serve as
an unrecognized reservoir for pathogenic
and non-pathogenic bacteria. One type
of pathogenic bacteria that represents a
threat is enteric bacteria (Oo et al, 1989).
Accumulated data over the past two de-
cades indicates simultaneous handling
of paper currency and food is related to
sporadic food borne illness cases (Brady
and Kelly, 2000; Michaels, 2002).

Studies of the contamination of
money with microbial agents is lacking
in most developing countries. Shortage
of information may contribute to the ab-
sence of public health policies regarding
currency usage, handling, and circulation.

In Jeddah, Saudi Arabia, the minimal
change handled for services, such as pub-
lic transportation, buying a newspaper
or daily groceries, is a one Riyal bill. Two
versions of the one Riyal note are being
exchanged: the 4t version issued in 1984
and the newer 5t version issued in 2007.

The current study was designed to
add to the limited body of literature on
bacterial contamination of currency notes
and to emphasize the risks associated with
microbial contamination from handling
money. This study aims at investigating
the status of bacterial contamination of
the 4" and 5% versions of the Saudi one
Riyal note.

MATERIALS AND METHODS

A total of 200 (100 4t version and
100 of 5 version) one riyal notes were
collected in Jeddah city. The notes were
collected from various sources, including
supermarkets, minimarkets, gas stations,
cafeterias and schools. Samples were ob-
tained randomly and aseptically. These
paper notes were collected with sterile
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gloves and placed in sterile containers.
Specimens were transported to the labo-
ratory and each note was immediately
placed in 5 ml of brain heart infusion
broth.

Fifty control samples were also in-
cluded. Those were new one-Riyal paper
notes of 5" version obtained from differ-
ent banks and never used.

Isolation of bacteria from the notes
was performed using standard techniques
described previously (Singh and Thakur,
2002). Briefly, each sample was placed in 5
ml of brain heart infusion broth in a sterile
container, and vortexed for one minute.
The total suspension of 200 ul was plated
out on blood agar and MacConkey agar.
The media was incubated aerobically at
35-37°C for 24 hours. Pure colonies of iso-
lates were identified and characterized us-
ing standard microbiological techniques
(Cheesbrough, 2006).

RESULTS

A total of 176 samples (88%) of the
examined 200 one Riyal notes (100 of the
4™ yersion and 100 of the 5% version) had
mixed (> 2 types) bacterial growth. One
hundred percent of the 4 version notes
had bacterial contamination, of which
60% were potentially pathogenic bacte-
ria: Staphylococcus aureus (38%), Klebsiella
spp (21%), Pseudomonas spp (19%) and
Escherichia coli (9%) (Table 1). The bacteria
isolated from the 4™ version notes were:
gram-positive bacilli (79%), coagulase-
negative staphylococci (75%), viridans
group streptococci (VGS) (8%), and non-
hemolytic streptococci (4%) (Table 2).

Seventy-six percent of the 5" version
notes harbored mixed bacteria, of which
25% were potentially pathogenic bacteria
(Fig 1): S. aureus (13%), Klebsiella spp (9%),
Pseudomonas spp (5%) and E. coli (2%)
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(Table 1). The bacteria isolated
were: gram-positive bacilli
(68%), coagulase-negative
staphylococci (64%) and VGS
(2%). The 50 control samples
had no bacterial growth.

DISCUSSION

The bacteria isolated

4th version

Fig 1-Percentage of bills contaminated with potentially
pathogenic bacteria comparing the 4% and 5% versions

of the Saudi one Riyal note.

Table 1
Comparison of potentially pathogenic
bacteria on the 4" and 5" versions of the
Saudi one Riyal note.

5t version

Percentage occurrence

Potential -
pathogens of organisms

4t version 5% version
Staphylococcus aureus  38% 13%
Klebsiella spp 21% 9%
Pseudomonas spp 19% 5%
Escherichia coli 9% 2%

Table 2
Comparison of normal bacterial flora on
the 4 and 5 versions of the Saudi one
Riyal note.

Percentage occurrence

Bacterial flora .
of organisms

4th yversion 5t version

Gram-positive bacilli ~ 79% 68%

Coagulase-negative 75% 64%
staphylococci

Viridans group 8% 2%
streptococci (VGS)

Non-hemolytic 4% -
streptococci
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from Saudi one Riyal notes
are similar to other studies
(Gokta and Oktay, 1992; Pope
et al, 2002; Basavarajappa
et al, 2005; El-Dars and Has-
san, 2005; Rashed et al, 2006;
Oyero and Emikpe, 2007; Umeh et al,
2007; Uneke and Ogbu, 2007), suggesting
contamination is a common phenomenon.

Several mechanisms have been sug-
gested to explain the contamination:
improper hand washing after using the
toilet, counting paper notes using saliva,
coughing and sneezing on hands then
exchanging money, and placement or
storage of paper notes on dirty surfaces.
Microbes are then transferred from one
contaminated note to other notes. Most
people are not used to washing their
hands after handling money. The major-
ity of people are not aware they may be
infected by pathogenic bacteria transmit-
ted to them by handling paper currency.

Eighty-eight percent of the paper
notes tested was contaminated with a
variety of microorganisms, some of which
were potentially pathogenic (Fig 1). These
findings are similar to the results of other
studies. Ninety-four percent of US one
dollar bills had bacterial contamination
(Pope et al, 2002) and 80 + 5% of old two-
Taka notes in Bangladesh had (coliform)
bacteria contamination (Hosen et al, 2006).

Eighty-nine percent of Nigerian Naira
notes studied were contaminated with
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bacteria (Umeh et al, 2007). Other stud-
ies have shown the more paper currency
stays in circulation the higher the risk of
becoming contaminated. Egyptian paper
notes minted in the year 2000 had more
bacterial contamination than those minted
in 2003 (El-Dars and Hassan, 2005). A
significant direct relationship was found
between the physical condition of the pa-
per notes and bacterial contamination: the
dirtier and more mutilated the note was,
the more contaminated it became (Uneke
and Ogbu, 2007). Our study found all
(100%) of the paper notes of the old (4%)
version had bacterial contamination and
76% of the newer (5%) version notes had
bacterial growth.

Quantitative analysis of the micro-
bial content on the Saudi one Riyal note
revealed similar patterns of microbial
contamination to those obtained during
previous studies (Gokta and Oktay, 1992;
Pope et al, 2002; Basavarajappa et al, 2005;
El-Dars and Hassan, 2005; Oyero and
Emikpe, 2007; Umeh et al, 2007; Uneke
and Ogbu, 2007). The money collected
was commonly contaminated with nor-
mal skin flora and potentially pathogenic
bacteria; such as S. aureus, Klebsiella spp,
Pseudomonas spp and E. coli (Tables 1, 2).
Sixty percent of older 4% version notes had
potentially pathogenic bacteria compared
to 25% of newer 5™ version notes (Fig 1).
Normal skin flora isolated included gram-
positive bacteria, coagulase-negative
staphylococci, VGS and gram-positive
bacilli (Table 2).

The presence of pathogenic staphylo-
cocci on money was expected because S.
aureus carriers and diseased persons are
common in the population (Chambers,
2001). Simple nose rubbing, coughing or
sneezing could cause contamination of the
notes (Oyero and Emikpe, 2007). Infec-
tion with S. aureus is a major problem in
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hospitals, but over the past few decades
the incidence of community acquired S.
aureus infection has also increased (Cham-
bers, 2001). Paper currency has recently
been identified as a mode of transmis-
sion of community-acquired S. aureus in
(Bhalakia, 2005). Since staphylococci have
developed resistance to many antibiotics,
spread of antibiotic resistant strains by
paper currency is inevitable. However, in
the present study no methicillin resistant
S. aureus (MRSA) strains were detected
among the isolates (results not shown).

Enteric bacteria, Klebsiella spp, E. coli
and Pseudomonas spp, have been com-
mon isolates on paper currency in several
studies (Gokta and Oktay, 1992; Pope et al,
2002; Basavarajappa et al, 2005; El-Dars
and Hassan, 2005; Oyero and Emikpe,
2007; Umeh et al, 2007; Uneke and Ogbu,
2007). Klebsiella spp and E. coli are coliform
bacteria, indicating fecal contamination.
This reflects poor personal (Oyero and
Emikpe, 2007). However, Klebsiella spp
also causes respiratory infections that
contribute to its presence through droplet
infection. Other species isolated from the
one Riyal notes included: gram-positive
bacilli, coagulase-negative staphylococci,
non-hemolytic streptococci and VGS.
These isolates do not typically cause in-
fections in healthy people, but have been
known to cause significant infections in
those with suppressed/compromised im-
mune systems, including those infected
with HIV, undergoing cancer chemo-
therapy or those taking other medications
that suppress the immune system (Uneke
and Ogbu, 2007).

The notes were collected randomly
(supermarkets, minimarkets, gas stations,
cafeterias and schools). The pervasive
presence of these bacterial isolates reveals
the majority of people are exposed to
contaminated money. No samples were
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collected from hospital staff (physicians,
nurses) who are in contact with patients.
Had such samples been collected, we
speculate they would have demonstrated
even more pathogenic or antibiotic resis-
tant bacteria.

The city of Jeddah is cosmopolitan
with people from various socioeconomic
backgrounds interacting, and various
hygienic habits being followed, which
explains the level of contamination of
the paper currency. There is an increas-
ing tendency towards using credit cards
which could reduce the transmission of
microbes. However, the use of low de-
nomination Riyals will continue in day
to day purchasing, hence the problem
will continue.

This study clearly shows the Saudi
“one” Riyal note, and possibly other
denominations, are contaminated with
bacteria and it highlights the potential for
paper money to spread pathogenic bac-
teria in the Saudi community. The study
confirms how important it is for food
handlers to refrain from handling money;,
since the oral cavity is a major portal for
entry of pathogens. It is of paramount
importance the general population, and
especially food handlers, wash their
hands thoroughly after handling currency
and before handling food. This study
also addresses the threat contaminated
money poses to immune compromised
individuals in hospitals and in the com-
munity. Improvement of personal hygiene
standards is strongly recommended to
reduce the risk of infection. The authors
recommend similar studies of microbial
contamination of currency be undertaken
on a periodic basis, and include other
pathogens, such as fungi and parasites.
These studies should include investiga-
tion of the presence of antibiotic resistant
bacteria and should cover professional

Vol 42 No.3 May 2011

sectors of the community.
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