
© 2016 Collegium Basilea & AMSI
doi:  10.4024/16RA16A.jbpc.16.03

Journal of Biological Physics and Chemistry 16 (2016) 131–136
Received 25 September 2016; accepted 30 September 2016 131

16RA16A________________________________________________________________________________________________________

* E-mail: jeremy.ramsden@buckingham.ac.uk

1.  INTRODUCTION

There is considerable interest in the potential of
antimicrobial surfaces in hospitals to reduce hospital-
acquired infections (HAI). Two principal questions need
to be answered: (1) are inanimate surfaces important
reservoirs for microbes? and (2) can antimicrobial
surfaces reduce the environmental microbial burden?
The answer to (1) is far from clear, with both “yes” [1]
and “no” [2] being promulgated. Nevertheless, it has at
least been conceded that microbial contamination on
surfaces can be, and probably is, transferred to patients
via human hands [3] (while noting that well-designed
studies demonstrating that point, or its converse, are so
far lacking). If so, proper hand hygiene might be the
answer, although Dancer has pointed out that it is,
practically, easier to improve cleaning than hand hygiene
[4], since the latter, more profoundly than the former,
involves behavioural change rather than merely setting
up a “standard operating procedure” (SOP) or similar.
The answer to (2) is more straightforward: the burden
can be reduced and quite a few technologies are now
available for doing so [5], which might help to overcome
some of the difficulties associated with conventional
disinfection [6].

Recently, considerable interest has been shown in
copper as an antimicrobial material. Appreciation of its

efficacy probably goes back for several millennia, and
quite a few studies have succeeded in demonstrating it
more or less quantitatively [7–10]. In a frequently-cited
paper, Salgado et al. went as far as asserting that copper
surfaces reduce the rate of HAI [11]; the critique of this
study [12], which effectively negates its conclusions, is
unfortunately much less cited.

Even if the link between antimicrobial activity at a
surface and reduction of HAI remains to be convincingly
demonstrated (cf. [13]), it is certainly plausible enough to
warrant further investigation of the antimicrobial effect
of different surfaces. Making hospital artefacts from
copper may be expensive, aesthetically questionable and
impracticable to retrofit. In order to counter those
difficulties, there has been some interest in depositing thin
films of copper on surfaces made from other materials
(e.g. [14]), but this is obviously only possible for objects
small enough to fit inside a vacuum chamber. A more
useful approach may be to nanify the copper and
incorporate it into a paint or varnish that can be readily
applied to existing services. The bactericidal activity of
copper nanoparticles has been demonstrated [15] (as
well as that of copper oxide [16]). Cometa et al. have
shown that this activity is retained upon entrapment of the
particles in a hydrogel [17], and similarly with conventional
polymers [18]. The effective encapsulation of the copper
may, furthermore, diminish possible dermatological
problems arising through copper hypersensitivity [19, 20].
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In recent years considerable progress has been
made towards elucidating the bactericidal mechanism of
copper [21–27]. There is no need to discuss it here,1 other
than to remark that the release of copper ions from the
surface is required, hence the encapsulation matrix
should be chosen so as to allow their (slow) release.

In this work, copper nanoparticles were incorporated
into a polyacrylic varnish, which was then sprayed onto
“high-touch” surfaces in a hospital ward with the ultimate
aim of evaluating its suitability as an antimicrobial coating.

2.  EXPERIMENTAL

2.1 Materials

The antimicrobial paint was NanoCote HD-WR from
Global NanoSciences LLC (Sheridan, Wyoming). It is a
water-based polyacrylic emulsion (cf. [29]), containing a
small amount of polyurethane. The base material is Aqua
D from Aqua Based Technologies (Northvale, New
Jersey), to which 0.025% w/w 5 nm-diameter copper
particles is added.2

The manufacturers of the paint provided a result of
antimicrobial efficacy against methicillin-resistant
Staphylococcus aureus (MRSA) obtained from a test
carried out according to JI S Z 2801 (equivalent to ISO
22196), except that the coating was allowed to act for
only 2 hours before determining the remaining number of
viable colonies. The resulting R-value was 2.89 (i.e.,
99.87% kill). Our own attempts to replicate this result,
with a light initial loading of c. 10 CFU/cm2 (S. aureus),
yielded R = 0.83 (85% kill) after 2 h and R = 0.98 (90%
kill) after 4 h. In a test conducted for the manufacturers
according to the AATCC 147 method, no growth was
observed upon contact between the treated (textile)
sample and the test organism; no zones of inhibition were
present. The samples did not show antibacterial activity
against Klebsiella pneumoniae.

Four standard hospital beds in one four-bedded bay
on a general medical ward were chosen for the study.
The target surfaces were the side rails, the footboard and
the control panel for each bed, along with four overbed
tables and four bedside lockers. For laboratory testing,
new white vitreous ceramic tiles from Vitra Karo San
(Istanbul, Turkey) were also used as substrates.

2.2 Methods

The selected bay had been deep-cleaned according to the
local NHS hospital trust’s established protocol, namely
general cleaning with Hospec “general surface cleaner”
(based on alcohol ethoxylate) followed by steam cleaning
and exposure to hydrogen peroxide vapour (HPV).
Immediately prior to spraying, all surfaces to be sprayed
were wiped with a naphtha-based panel wipe (UN
1268). The temperature in the room was 26 ± 1 °C and
the relative humidity 50 ± 5%. The room was ventilated
by an open window.

The paint was well mixed and passed through a 250 µm
paper filter before introducing it into the spray equipment.
Two spraying methods were used, giving similar results:
high-volume, low pressure (HV-LP) and an ordinary 60 psi
compressor, both with a high-definition (HD) spray head.

Spraying was carried out by an experienced sprayer.
Four thin coats were applied, with about 15 minutes
between each one (after which the sprayer judged the
coating to be sufficiently dry), aiming for a final thickness
of 30 µm.

3.  RESULTS

3.1 Appearance shortly after spraying

The paint did not spread to form a uniform surface (Fig. 1).
In some cases one had the impression that it was simply
not wetting the substrate well (Fig. 2). The paint was
prone to run on the bedside rails (Fig. 3). This could
probably have been avoided by trial and error to slightly
reduce the loading on the curved surfaces. The coating
on the ceramic tiles was also quite rough (Fig. 4), which
is disadvantageous for hospital use—the declivities will
likely provide an easier environment for biofilm to build up
[34], and it is difficult to reliably assess bacterial
colonization since only the uppermost surfaces will tend
to be sampled (e.g., if dipslides are used).

3.2 Appearance and feel after curing

The appearance did not change upon curing (Fig. 5).
Patches could, however, be found that were relatively
uniform and smooth (Fig. 6). According to the manufacturer,
the coating requires a curing time of at least 12 hours. 24 h

1 See the excellent paper by Hans et al. [28]. The bactericidal mechanism of nanocopper seems to be somewhat different from that
of massive copper.

2 Note that at this level of addition, the nanocopper is below regulatory thresholds. Eukaryotic genotoxicity has been
demonstrated with copper oxide and copper nanoparticles [30–32], and Fu et al. suggest that the generation of reactive oxygen
species by many different kinds of nanoparticles constitutes a general mechanism of nanotoxicity (including bacterial
genotoxicity) [33]. However, all these works are concerned with the consequences of the nanoparticles themselves penetrating
into the cells. In the present case, the nanoparticles are encapsulated within the acrylic polymer and the antimicrobial action is
presumed to result from the release of copper ions; genotoxicity and mutagenicity have not been found to be the primary
antimicrobial mechanism of copper ions [9, 26].
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Figure 2. A laminated wood bedside table coated with
NanoCote HD-WR (before curing). Close-up view showing a
particularly poorly wetted area.

Figure 4. Vitreous ceramic tiles coated with NanoCote HD-WR
(before curing).

Figure 3. A bedside rail coated with NanoCote HD-WR (before
curing).

after coating it had a distinctly tacky feel, which was
undiminished even 3 weeks after coating. Blowing hot
(> 200 °C) air over the coating removed the tacky
feeling, but a few minutes after the hot air current
ceased the tackiness returned.

Figure 5. A laminated wood bedside table coated with
NanoCote HD-WR (after curing).

Figure 6. Laminated wood bedside tables coated with
NanoCote HD-WR (after curing), showing a somewhat
smoother final finish, but cratering is still obviously present.

Figure 1. A laminated wood bedside table coated with
NanoCote HD-WR (before curing).

3.3 Blanching upon wetting

Spilling water on the coated and cured surface, or briefly
touching it with a moist cloth, resulted in immediate
blanching (Fig. 7). As the water slowly evaporated, the
original appearance was restored.

3.4 Coefficients of friction in the wet and dry states

Three weeks after coating, coefficients of static friction
were measured by placing a 20 g cylindrical brass weight
(diameter 14 mm) on the coated tiles and measuring the
angle at which the weight started to slip. During the
measurements the room temperature was 19.4 ± 0.5 °C
and the relative humidity 57 ± 2%. The results are given in
Table 1. The same tiles were then moistened by gently
wiping three times with the pressure of 200 ± 30 g with a
wet cotton rag and the measurements were repeated.
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significant increase in the coefficient of static friction for
brass upon wetting.

We cannot exclude the possibility that very careful
optimization of coating conditions might result in a better
finish of the coating. For example, roughening a laminated
wood surface (e.g., by sanding) typically improves
wetting and, hence, adhesion of a water-based coating.
Preapplication of a customized primer might also help.
Nevertheless, given the extremely limited access to ward
bays for such interventions, every additional procedure
makes the whole less attractive, and any set of
procedures taking longer than 24 hours from start to
finish is impracticable. Similarly, great sensitivity to the
coating conditions increases the risk of failure; there is
little doubt that a sprayer could become highly expert in
applying this particular coating, but if he or she were
unavailable for a particular job, the end result might be
substandard. In any case, it is by no means clear that the
poor quality of the coating was due to a faulty application
technique. The manufacturers initially suggested
electrostatic spraying, but presumably they were thinking
of uncoated metal substrates. Some attempts were made
to apply the coating electrostatically in the laboratory but
the coating quality tended to be even worse.

It is an interesting question whether the poor
performance of the coating is due to the presence of the
copper nanoparticles. Their mass fraction is indeed very
low, but they are also very small and, on average, the
distance between them is ~2 µm. The manufacturers are
better placed to answer this question empirically by
carrying out equivalent procedures on material lacking
the nanocopper loading.

It is still a moot point whether nanoparticles
embedded in an organic polymer film is an effective
way of delivering microbicidal copper. The limited data
so far available suggest only modest antimicrobial
action. Mathews et al. emphasized the need of the
bacteria to be in contact with the copper if killing is to
occur [27]. Nevertheless, the polyacrylic material
used in NanoCote HD-WR may be sufficiently
permeable to allow copper to be present at the surface
on which the bacteria will arrive.

5.  CONCLUSIONS

Clearly this particular paint formulation had problems.
Such unexpected behaviour had not been predicted by
the manufacturers. Nevertheless, the failure provided
some very useful lessons applicable to other coatings of
the same generic type, suggesting that any proposed use
of antimicrobial films in the form of paint or varnish
should be approached cautiously. The following points
seem to be particularly pertinent:

3.5 Durability of the coating

After curing, the coating seemed to be reasonably
adherent, but was nevertheless soft enough to be
removed by a fingernail. After wetting it could be
scratched off very easily (i.e., loss of adhesion). Indeed,
during the threefold wiping (§3.4) some of the coating
flaked off onto the rag (i.e., loss of cohesion). This
behaviour did not noticeably change during three weeks
after coating. Furthermore, the tackiness of the coating
makes it prone to take up dirt from the environment (e.g.,
if lightly rubbed with a slightly dirty cloth).

4.  DISCUSSION

The main problems with the coating are the uneven
surface, its persistently tacky feel, and the rapid softening
upon wetting. As a result, the coating is completely
unsuitable for use in the hospital environment, at least for
any surface that is touched and, hence, regularly cleaned.
It could be used for ceilings but there is little evidence that
ceilings are reservoirs for hospital pathogens.

When wetted, the coating immediately feels very
slippery (e.g., when a finger lightly touches and is slid
horizontally over it). This behaviour is belied by the

Figure 7. A laminated wood bedside table coated with
NanoCote HD-WR after curing, on which some water had made
contact with the surface.

Table 1. Coefficients of static friction of a cured NanoCote
HD-WR coating on ceramic tiles.

  Dry Wet
Coefficient of  
static friction 

0.012 ± 0.001  0.025 ± 0.004 
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1. Retrofitting demands that the appearance of
coated artefacts remains unchanged. It is difficult to
make a polymer film thinner than 20–30 µm, hence even
if its optical attributes are “perfect” (i.e., colourless,
transparent and smooth) it is likely to be visible, especially
on windows, mirrors and display screens.

2. The way a coating feels to the touch is as
important an attribute as any other. It seems that tactile
properties were not considered by the manufacturers.
Hospital patients may be particularly sensitive to the way
their bed rails feel when they grab them (since they are
the primary interface with the outer world).

3. The cratered appearance is visually unattractive
and makes it difficult to clean the surfaces, let alone
sample them for microbial contamination.

4. Most varnishes will blanch reversibly when water
is placed on them. This particular coating blanched
particularly rapidly and underwent a dramatic change in
the way it felt to the touch. Again, hospital patients (and
their visitors) notice the appearance of their immediate
environment; they may critically judge anything that
seems to be dirty or defective. There is always a slight
risk that a glass of drinking water is upset on a bedside
table, and all high-touch surfaces are typically wiped daily
with a moist, detergent-loaded cloth. Any coating that
changes its attributes when moistened, even if only
transiently, is not acceptable in busy clinical settings.

5. Almost inevitably when applying a coating by
spraying, droplets diffuse around and land on places
other than the primary target. This may cause unexpected
malfunctions. For example, some varnish was inadvert-
ently deposited on the piston of the hydraulic bed-raising
mechanism, causing it to stick. All non-target surfaces
could be meticulously masked, but this would make the
whole application operation very cumbersome.

In conclusion, if any film-forming material is being
contemplated as an antimicrobial coating, its generic
properties (i.e., everything apart from its antimicrobial
action, which presumably will have already been
thoroughly established in the laboratory) should be
carefully tested beforehand on every kind of surface onto
which its application is envisaged. Given the typically
brief time (one day) available for retrofitting, coatings
requiring lengthy curing (longer than overnight) are
unsuitable. Our experience suggests that polymer-based
film-forming coatings are generally unsuitable for use in
the hospital environment. Photocatalytic antimicrobial
coatings [5, 35] might be more practically useful, because
they do not require organic polymers and are much
thinner (about 1 µm).

Products are sometimes placed on the market
following successful laboratory trials of the main attribute

(e.g., antimicrobial efficacy), the manufacturers being
reluctant to undertake further trials in a real-world
environment because “we know it works”. In the study
reported here, numerous pitfalls revealed themselves that
would not normally emerge in a laboratory study.
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