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Abstract: (1) Background: Hand hygiene with chemical disinfectants is an important measure to
reduce the spread of infections, but frequent use can cause skin irritation. In recent years, it has
become widely accepted that visible light can also have an antimicrobial effect, and visible light
has even been applied to the disinfection of wounds. The present study aims to evaluate whether
hand disinfection with visible light is a realistic alternative to chemical disinfectants. (2) Methods:
Human hands were irradiated with a dose of 10 or 33 J/cm? of visible violet light (405 nm) for 3 or
10 min, respectively. The reducing effect of the visible violet light was determined by comparing the
contact agar plate results of irradiated and non-irradiated hands. Comparative experiments with a
conventional hand disinfecting gel were also performed. Applicable standards were consulted to
evaluate skin exposure to the irradiation. (3) Results: Irradiation of the hands with 10 and 33 J/ cm?
resulted in an average reduction of microorganisms on the skin of 0.43 and 0.76 log-levels, respectively.
These disinfection results with visible violet light are far behind those of the disinfectant gel, which
achieved a reduction of 2.17 log-levels. Additionally, due to legal limits, a 3-min irradiation can
only be performed five times per day and a 10-min procedure only once. (4) Conclusion: Since the
irradiation doses applied up to now have not provided a substantial antimicrobial effect, and since
an increase in the dose in a short time period is not arbitrarily possible without heating the hand
unpleasantly, visible light of 405 nm seems rather unsuitable for repeated hand disinfection.
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1. Introduction

Hand hygiene is one of the most important measures in hospitals taken to prevent
nosocomial infections [1-3]. Doctors and nursing staff have to disinfect their hands up
to 100 times a day for this purpose [4]. This is usually accomplished with alcohol-based
liquid disinfectants, which can, however, lead to unpleasant skin irritations that reduce
user compliance [1-3,5,6].

In a previous study, it was investigated as to whether Far-UVC irradiation (200-230 nm)
could be an alternative to conventional hand disinfection [7], since Far-UVC has a strong
antimicrobial effect and, due to favorable spectral properties, is already absorbed in the
outermost skin layer and does not harm vital human cells. In principle, the approach works,
especially when gloves are worn, but on the one hand, multiple daily application in Europe
is limited by applicable standards, and on the other hand, no studies exist for the effects of
longer-lasting frequent Far-UVC irradiation of the skin.

In contrast to UV radiation, visible light is considered to be much less harmful to
humans. Nevertheless, visible blue and violet light in particular also exhibit antimicrobial
properties and are capable of inactivating bacteria and fungi, among other things [8-13].
This effect is based on the fact that microorganisms contain endogenous photosensitizers
such as flavins and porphyrins, which absorb blue and violet light and subsequently

Biol. Life Sci. Forum 2024, 31, 7. https:/ /doi.org/10.3390/ ECM2023-16455

https:/ /www.mdpi.com/journal /blsf


https://doi.org/10.3390/ECM2023-16455
https://doi.org/10.3390/ECM2023-16455
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/blsf
https://www.mdpi.com
https://orcid.org/0000-0002-4859-2864
https://orcid.org/0000-0002-4614-6043
https://orcid.org/0000-0002-1831-9859
https://orcid.org/0000-0002-0837-4846
https://ecm2023.sciforum.net
https://doi.org/10.3390/ECM2023-16455
https://www.mdpi.com/journal/blsf
https://www.mdpi.com/article/10.3390/ECM2023-16455?type=check_update&version=1

Biol. Life Sci. Forum 2024, 31,7

20of 6

generate so-called reactive oxygen species. These attack membranes, proteins, and DNA
in the cell, and if the resulting damage is great enough, the microorganism dies [14-17].
These properties of visible light have already been investigated for potential therapeutical
applications like wound disinfection [18-20].

In the context of the present study, it should therefore be investigated as to whether
hand disinfection is also possible with visible violet light of 405 nm wavelength. At this
wavelength, strong LEDs exist, and the most important photosensitizers (porphyrins)
feature strong absorptions, so this wavelength seems to be the most suitable for potential
application in hand disinfection.

For the irradiation of skin with visible light with wavelengths above 400 nm, there
are, in principle, no legal irradiation limits for daily use. However, 405 nm LEDs are not
monochromatic and also exhibit weak emissions in the UV range (below 400 nm) for which
irradiation limits exist [21]. The extent to which these limits restrict the application of violet
light for skin disinfection is also to be determined.

2. Materials and Methods
2.1. Hand Disinfection with 405 nm Irradiation

The applied, home-built light source was already described in detail in [22]. An area
of about 9.5 x 9.5 cm? was irradiated from below and above by 128 LEDs (NVSU119CT
type of Nichia, Tokushima, Japan) on printed circuit boards, as illustrated in Figure 1.

-
-
-
-
-
-
-
-

Figure 1. Photograph of the 405 nm illumination device with 64 LEDs at the top and 64 LEDs at
the bottom.

At a total LED current of 2 A, each LED board generated an irradiance of 55 mW/ cm?,
with the spectral distribution given in Figure 2. This was neither the maximum possible
current nor the highest possible irradiance, but one that could be well sustained during the
irradiation tests without the skin becoming too hot. Irradiation durations of 3 and 10 min
were applied, corresponding to irradiation doses of 10 and 33 J/cm?. In laboratory tests on
Staphylococcus aureus and Staphylococcus epidermis, these violet light doses were sufficient
for bacterial reduction in the order of 1-2 log-levels [8].
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Figure 2. Applied spectral irradiance E; (A) on the skin and spectral weighting function S(A) according
to DIN EN 1500 [23] for calculating the effective irradiance Heg.

Since the 405 nm device and the 55 mm agar plates employed are not large enough to
irradiate and sample the whole hand, only the microbial contamination of the 3 middle
fingers was examined. For this purpose, three fingers—each of a non-disinfected and a dis-
infected hand—were pressed onto a Caso contact agar plate of VWR/Avantor (Darmstadt,
Germany) and rolled slightly forward. Afterwards, both plates were incubated for about
24 h at 37 °C, and the number of visible colonies were counted and compared to each other.
Both samples were always from the same person, and prior to the disinfection procedure
and sampling, both hands were rubbed against each other to reach more or less the same
contamination on both hands.

As mentioned above, there are limits for the daily skin exposure by UV radiation [21].
The effective irradiance H¢ defined as

t 400 nm p
Hyp= [ [ " SQ)Ey(A 1) dAdt
S = | figomm S E2(A1)
with the spectral irradiance Ej (A,t) and the spectral weighting function S(A) [21], both
illustrated in Figure 2, is limited to 30 J/m? per day. This allowed us to calculate the
possible number of disinfection procedures per day. A 1 min exposure, based on the data
in Figure 2, leads to an effective irradiance of 1.74 J/ m?2.

2.2. Hand Disinfection with Commercial Disinfection Gel

For comparison, conventional hand disinfection with a commercial disinfection gel
was also investigated. Both hands were rubbed against each other to even the microbial
concentrations on both hands. Then, the three middle fingers of one hand were pressed
onto the Caso contact agar plates. Afterwards, 3 mL of the disinfection gel OSA VITA
HANDHYGIENE GEL of OSA Brands (Schorndorf, Germany), approved according to the
standard DIN EN 1500, was applied as described in DIN EN 1500 [23]. Subsequently, the
three middle fingers of the other hand were pressed on an agar plate, and after 24 h at
37 °C, the colony number were evaluated.
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3. Results

For each disinfection approach (10]/ cm? @405 nm; 33 J/cm? @405 nm disinfection gel),
at least eight runs were performed and analyzed. Figure 3 gives an example of the contact
agar plates for a hand that was irradiated for 10 min with 405 nm and an unirradiated hand.

Figure 3. Photograph of contact agar plates for a hand that was irradiated for 10 min with 405 nm (left)
and an unirradiated hand (right).

However, the 405 nm irradiation results were not always this obvious but exhibited
large variations. The mean log-reduction after 3 min of 405 nm irradiation was 0.429, which
is a reduction of about 63%. A 10-min irradiation led to an average log-reduction of 0.757
or a drop of 82.5% in the detected number of microorganisms. In comparison, the hand
disinfection gel inactivated 99.3% of the microorganisms, which corresponds to a reduction
of 2.168 log-steps. The results of the different approaches, with their average and median
reductions and the scattering of the results, are illustrated in the box plot in Figure 4.
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Figure 4. Box plots with average and median log-reduction and scattering of the single results for all
three disinfection approaches.

Concerning the daily irradiation limit according to the directive 2006/25/EC [21], this
irradiation intensity may be applied for 1033 s or 17.2 min. Accordingly, only five 3-min
procedures or one 10-min disinfection procedure would be allowed per day.
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4. Discussion

Hand disinfection with the commercial gel provides good reduction results with more
than 2 log-levels. In contrast, the antimicrobial effect of the visible violet light is rather
sobering. The reduction effect is clearly visible, but at least with the two 405 nm irradiation
doses applied, the effect of the commercial gel cannot be achieved.

Also, this dose cannot realistically be increased arbitrarily. On the one hand, the
duration of the application speaks against it; already, the shorter of the two irradiation times
was 3 min. On the other hand, if, for example, the irradiance is doubled to 110 mW/ cm?,
in order to halve the application time, a significant warming of the skin is to be expected,
since 110 mW /cm? corresponds to the maximum irradiation at midday in summer. There
is also a legal limit to skin irradiation intensity to prevent skin burns by infrared and visible
light. Slightly simplified, this limit is not exceeded as long as the irradiation intensity stays
below 355 mW /cm?2, which is about 6.5 times the current intensity.

Also, the dose cannot be increased arbitrarily via elongation of the irradiation, as this
is also limited by the European directive due to the UV components of the LED emission;
a maximum daily irradiation of 57 J/cm? would be possible for these LEDs. It has not been
experimentally verified here, but it can be assumed that even this dose would not have
achieved the reduction effect of the disinfection gel since it does not even correspond to a
doubling of the examined maximum dose of 33 J/cm?.

It would still be conceivable to apply 450 nm LEDs which do not exhibit UV emissions.
Based on the known log-reduction doses for 405 and 450 nm [8,9] it is to be expected
that even higher 450 nm irradiation doses, and thus longer irradiation durations, would
be necessary. However, the application of very high doses of 450 nm or an even higher
wavelength may be complicated by another effect. Human cells also contain endogenous
photosensitizers; it is therefore not surprising that high irradiation doses of visible light
can also have a skin-damaging effect [24,25].
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