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ABSTRACT
THE PHYSICAL FORM
OF CURRENCY IS
USUALLY REGARDED
AS A SOURCE
OF INFECTIONS.
HOWEVER, IS PHYSICAL MONEY, AND IN
PARTICULAR METAL COINS, A VECTOR
FOR THE TRANSMISSION OF MICROBES?

In the project CleanCoin, funded by INCM, researchers studied the
bacterial population present at the surface of coins collected at various
locations such as train stations, hospitals, and cafeterias. The studies
also tested how the adhesion of the bacterial cells were influenced by
the metal composition, and topography of the coins. It was observed
that coins were as, or less, contaminated as other objects such as mobile
phones. Significantly, the coins contained mainly bacteria commonly found
on human hands. Nevertheless, the topography of the coins, and the
scratches they acquire during use, favour bacterial adhesion.
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Following the COVID-19 pandemic, most people became
aware that surfaces contain viruses and microorganisms.
Before that, people were oblivious of their presence in
most of their daily routines. The scientific community has
dedicated numerous studies to the adhesion of viruses
and bacteria to surfaces, especially when they may cause
hospital infections, or significant operational costs such as in
ship’s hulls (de Carvalho, 2018).
Nevertheless, the notion that money could spread disease
preceded the understanding that infections were caused
by bacteria, fungi and viruses: during the English “Great
Plague” in 1665, coins used to pay for food in quarantine
zones brought in by people outside the infected zones
were deposited in vinegar for disinfection (Solieri & Giudici,
2009).

€

€
€

€

€

During the last two years, a scientific project supported by
INCM, following the first edition of the “Innovation Prize”,
was dedicated to assess if coins could favour bacterial
colonization and survival in coins, and in particular what was
the effect of topography in cell adhesion.
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CAN COINS
HARBOUR
BACTERIAL
CELLS?

To assess if coins were contaminated with bacteria, ca. 600 coins were
collected in the metropolitan area of Lisbon. The number of colony forming
units/mm2, which measures the number of viable bacterial cells per area
of coin, was largest for 1 and 2 cent coins (Fig. 1). This could result from
the fact that human fingers generally hold the entire 1 and 2 cent coins
whilst they only press certain areas of larger coins.
It was also observed that coins transported in pockets contained a larger
number of viable bacterial cells than those transported in wallets, probably
due to a higher temperature and moisture content inside the pockets. This
had been previously observed in a study comparing bacterial colonization
in Euro and Dirham coins collected in Lisbon and Casablanca (de Carvalho
& Caramujo, 2014).
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NUMBER OF COLONY FORMING UNITS
COUNTED PER AREA OF COIN (CFU/mm2)

Figure 1 – Number of colony forming units counted
per area of coin (CFU/mm2).
The size of the circles is proportional to the number
of CFU/mm2: maximum of 0.013 for 2 cent coins
and minimum of 0.006 CFU/mm2 for 2 EUR coins.
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When compared to other objects, it was found that 5 €
bank notes contain similar number of viable bacteria
per area to those on 2 € coins, but 10 and 20 € notes
are significantly less contaminated (Fig. 2).
This may reflect the higher frequency of exchange of
5 € notes between people, when compared to bank
notes with higher face value. Debit, credit and ID
cards presented ca. 35% of the number of viable cells
observed in coins. However, the glass surface of mobile
phones presented 3.4 times more viable cells per mm2
than the average number observed in coins while the
cover side presented a 11.9-fold increase. This reflects
the numerous times per day a person touches one’s
mobile phone.
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NUMBER OF COLONY FORMING UNITS COUNTED
PER AREA (CFU/mm2)
€
€

Figure 2 – Number of colony
forming units counted per
area (CFU/mm2) of coin,
bank note, card and mobile
phone (glass and protective
cover).
The area of the circles is
proportional to the number of
CFU/mm2.

€

€

COIN:
COPPER

COIN:
NORDIC GOLD

5 CENT

50 CENT

2 CENT

20 CENT

1 CENT

10 CENT

€

€

COIN:
CuNi/BRASS

€

NOTES

CARDS

MOBILE PHONE

20 EURO

OTHERS

2 EURO

10 EURO

ID

PROTECTIVE COVER

1 EURO

5 EURO

ATM

GLASS

9
Bacterial contamination of coins

ARE COINS SOURCE OF INFECTIONS?
Human hands contain numerous
bacterial species including
pathogenic species, especially
in healthcare and food-handling
facilities (Edmonds-Wilson et al.,
2015). All objects analised
during this project contained as
main species those found in the
human hand microbiome such as
Staphylococcus, Micrococcus and
Bacillus (Fig. 3).
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Figure 3 – Comparison between the species found on
coins, bank notes, ATM cards and mobile phones, and
those found on human hands.
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To assess if coins could harbour dangerous
pathogens, the Staphylococcus aureus
isolated from coins were tested for
resistance to vancomycin, one of the most
potent antibiotics used in clinical medicine.
Intermediate-resistant and resistant bacterial
cells were recorded on coins collected in busy
train stations and in the cafeterias of major
hospitals in Lisbon. However,
two-thirds of the strains isolated from ATM
cards and 10 € notes could also be considered
intermediate-resistant strains.
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CAN
BACTERIAL
CELLS
SURVIVE
ON COINS?

A key point in the question of coins
actually transmitting viable bacteria
between persons is the bacterial
ability to survive on the metal
surface.
In this project it was observed that
bacterial survival was dependent
on the presence of moisture on the
surface of the coins. Nevertheless,
no viable cell was observed, in
general, after being deposited on
the surface of a coin for 3 days.
Furthermore, the ability of the cells
to multiply was stopped after only
80-120 min of exposure to the
metal surface.
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CAN THE ADHESION
OF BACTERIAL CELLS
TO COINS BE
PREVENTED?

During this project, relations between the number of cells deposited on
the surface of a coin and topographical parameters were found. The latter
included steps, slopes, size and depth of grooves, and the presence of
ledges, which are formed when a coin is minted (Fig. 4). Other parameters
such as surface rugosity, gloss, hydrophobicity and age of the coin were
also found to significantly influence bacterial adhesion. Discriminant
and multiple regression analysis allowed the determination of the most
influential parameters favouring a larger percentage of coin area covered
by bacteria. This resulted in several suggestions that should be taken
into account by the artist making the drawing to be minted. In general,
the effective contour of a coin, calculated by the ratio of the length of a
line drawn on the surface of a coin and the corresponding chord (Fig. 5),
should be minimized. However, large areas without any topographical
design do not, by itself, present an advantage to prevent bacterial
adhesion because during coin use, scratches and deformations occur on
these areas.
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Figure 4 - Steps, slopes, size and depth of grooves,
and the presence of ledges, which are formed when
a coin is minted, favour bacterial cells adhesion and
maintenance on its surface. Bacterial cells are stained
green.

Figure 5 - Examples of coins with large (Portuguese; left)
and small (Spanish; right) effective contour values.
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CONCLUSION
The topography of coins favours the accumulation of bacteria on their
surface, but cells may loose the ability to multiply after 80-120 min
of adhesion, and may die after ca. 3 days. However, if the coins are
transported in pockets, the bacterial cells may remain viable for longer
periods of time.
In places were pathogens may be present, such as hospitals’ cafeterias
and central train stations, they may be spread through coins. Nevertheless,
the bacteria recorded on coins are there because of the action of human
hands, which also have the ability to deposit bacteria on other objects such
as bank notes, plastic cards, and mobile phones.
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ABOUT
INCM
BY INCORPORATING
NEW TECHNOLOGIES
INTO ITS WIDE RANGE
OF ACTIVITIES, INCM
IS A COMPANY
FOCUSED ON
THE FUTURE AND
COMMITTED TO
OVERCOME THE
CHALLENGES SET UP
BY ITS MISSION IN
AN INCREASINGLY
DIGITAL AND
FASTCHANGING
WORLD.

The Portuguese Mint and Official Printing Office (INCM)
is a Government owned public company resulting from
the merger of the National Printing Office (Imprensa
Nacional) with the Portuguese Mint (Casa da Moeda) in
1972. The long history
of the companies that gave rise to INCM makes it the heir
of the oldest industrial establishments in the country.

and digital supports, responding to the needs of a vast
range of governments, its citizens, other companies and
organizations.

The company is responsible, on one hand, for the
production of goods and services that are essential to the
functioning of the Portuguese Government, such as high
security identity and travel documents, coins and official
publications, and, on the other
hand, a relevant set of products and services within the
same lines of business, to provide other Governments or
companies with essential solutions to securely identify and
authenticate persons or products providing the necessary
trust in society
critical activities.

Publishing essential literary works of the Portuguese
language and culture is another INCM’s mission
carried out by its National Printing Office, assuring
the preservation of Portuguese language through
bibliographic heritage for future generations and at the
same time publish new titles that continuously enrich it.

The evolution of new technologies make security printing
and digital security activities strategic areas for the
company’s development, enabling it to provide the most
modern and secure identification solutions, in physical

The authentication of precious metal objects is also a task
in which INCM has a long tradition, now being carried
out in modern and accredited laboratories.

VISIT US AT: WWW.INCM.PT
FOR MORE INFORMATION
SÍLVIA GARCIA
HEAD OF INNOVATION LAB
SILVIA.GARCIA@INCM.PT
INCMLAB GERAL
LAB@INCM.PT
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INCMLab is a department from INCM focused
on accelerating businesses, developing new
security solutions and new technologies to
emerge products with high added value
throughout a RDI process, which is achieved
by collaborating closely with its external
innovation network, composed by the main
Portuguese universities, research centers and
startups.
Innovation is part of INCM’s DNA and is the
basis of a collaborative strategy, responsible for
the integration of research in the development of
innovative R&D projects. The INCM motto “The
Tradition to Innovate”, is perfectly materialized

in the INCMLab goals. INCMLab strategic lines
are focused on the introduction of new products
in INCM’s fields of activity namely, Identification
Documents, Digital Identification, Authentication,
Traceability and Brand Protection, eGovernment
Services, sustainable Innovation regarding new
materials and internal efficiency.
The INCMLab projects with the highest investment
and impact are related to product authenticity,
traceability and brand protection solutions with
application in different economic sectors as well
as high security features applied to digital and
physical security and identification documents.

THE CONSTANT COMMITMENT
OF INCMLAB ON THE EFFECTIVE
ACCOMPLISHMENT OF R&D
PROJECTS AND ITS TECHNOLOGICAL
DEVELOPMENT ALLOWS THE INCM
TO BE RECOGNIZED FOR THEIR
EXCELLENCE AT THE NATIONAL
AND INTERNATIONAL LEVELS,
ANTICIPATING MARKET NEEDS AND
ENDORSING INCM´S PERPETUITY
THROUGHOUT THE COMING YEARS.
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