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Backgrounds: Ultraviolet light C (UVL-C) irradiation has demonstrated an antimicrobial action against various patho-
gens. This study aimed to evaluate the bactericidal effect of UVL-C irradiation against cariogenic oral bacteria (Strepto-
coccus mutans) in single layers and colonies grown on solid surfaces.

Methods: Two different experiments were performed. In the first experiment, a single layer of Streptococcus mutans
bacteria on agar plates was exposed to UVL-C irradiation at energies from 0 to 21 mWs/cm? The second experiment
was conducted to inhibit viability of bacterial colonies on solid surfaces. The samples were derived from saliva from a
patient where bacteria were grown on plastic strips and then exposed to UVL-C. The highest energy was 1050 mWs/

Results: Exposure to 21 mWs/cm? was bactericidal in single layers of Streptococcus mutans. The result for bacterial
colonies on solid surfaces indicated only a bacteriostatic effect, even at energies of 1050 mWs/cm?.

Conclusions: Ultraviolet light C exhibits bactericidal effects on single layers of Streptococcus mutans but has a limited
effect on bacterial colonies in a biofilm. It is a matter of debate whether these in vitro results would have the same
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Background

Dental caries is the most common non-communicable
oral disease with the highest prevalence globally [1].
(WHO) Global Oral Health revealed that 60-90% of
school children and nearly 100% of the adult population
have tooth cavities [2]. Dental caries is a multifactorial
disease leading to localized destruction of tooth hard
tissues [3]. This localized tooth destruction is caused by
organic acids produced from cariogenic bacteria in the
dental biofilm through metabolizing the fermentable
carbohydrates [4]. When the dental biofilm is changed
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by acidity and nutrients of the oral environment, den-
tal caries is developed [5]. The dental biofilm comprises
complex microbial species embedded as colonies in the
organic matrix [6, 7]. Streptococcus mutans (S. mutans)
exist among the aggregated microbes in the dental bio-
film, and it is considered the main pathogenic bacteria
that cause dental caries [5].

For many decades, researchers have tried to find vari-
ous methods to prevent dental caries. Using antibacterial
agents, such as sodium fluoride, kanamycin, vancomycin,
and chlorhexidine, has been proven to be excellent pre-
ventive methods because of the ability to diminish cari-
ogenic bacteria [8—10]. However, the challenge of using
these agents is the ability to reduce the number of cari-
ogenic bacteria in the dental biofilm without affecting
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the ecological balance of oral flora [11]. Thus, the shift-
ing toward new technologies for preventing dental caries
is very prominent. Previous studies have evaluated the
effectiveness of using ultraviolet light (UVL) irradiation
on reducing the cariogenicity of some bacteria that cause
dental caries [12-14]. This photodynamic technology in
preventing dental caries was used first by Downes and
Blunt in 1877 [15]. In dentistry, UVL irradiation has not
been thoroughly investigated, and only a few experiments
have been conducted. The first investigation of UVL
irradiation effects on the dental plaque was in 1979 by
Orstavik and Ruangsri [12]. In that study, small pieces of
bovine enamel were mounted on the patient’s mandibu-
lar molar by the orthodontic appliance to growth human
oral bacteria. The specimens were taken out and exposed
to UVL irradiation. The result was a reduction in plaque
compared to the control group. In another study, absorp-
tion of UVL irradiation by a bacterial suspension was
shown to prevent the effect on single layers of bacteria on
agar [13, 16]. The UVL irradiation was used to kill vari-
ous oral bacteria such as Fusobacterium nucleatum, Lac-
tobacillus brevis, Porphyromonas gingivalis, Enterococcus
faecalis, and Streptococcus sanguinis [13]. Relatively low
energy levels of UVL irradiation were effectively used on
single layers.

The UVL irradiation has three prime wavelengths:
UVL-A (315-400 nm), UVL-B (280-315 nm), and
UVL-C (100 to 280 nm). The specific type of UVL that
affects microorganisms is UVL-C. The mechanism of
action of UVL-C is to inactivate DNA replication by
absorption of UVL, causing a photochemical reaction
in the DNA chain that inhibits DNA replication [17].
Humans are not typically exposed to UVL-C because the
ozone layer absorbs all UVL-C rays [18]. The mercury
vapour lamp can generate this type of irradiation. Since
UVL-C irradiation inhibits the growth of microorgan-
isms, it might be interesting to investigate its effect in
a biofilm model of cariogenic bacteria. It is of interest
to evaluate the effect of UVL-C irradiation on both sin-
gle layers of bacteria and bacterial colonies in a biofilm
model. Previous studies have investigated the effect of
UVL on single layers of bacteria and bacteria biofilms,
and the main findings were that UVL has more impact on
single layers of bacteria compared to bacteria in biofilms
[12, 19]. However, no specific experiments have demon-
strated how S. mutans cells resist UVL-C in a single layer
or biofilm contexts. If the method is effective on bacterial
colonies in a biofilm on a solid surface, it might indicate
effectiveness in the oral cavity or even within an incipient
caries lesion.

There is, however, only limited evidence on the effec-
tiveness of UVL-C irradiation on cariogenic bacte-
ria in a biofilm model. It would be useful to develop an
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uncomplicated method to evaluate the antibacterial
effect of UVL-C irradiation on cariogenic bacteria in
both single layers and colonies in a biofilm model. There-
fore, the purpose of this in vitro study was to evaluate
the bactericidal effect of UVL-C irradiation against cari-
ogenic bacteria in single layers and colonies under the
hypothesis that UVL-C irradiation can inhibit the growth
of cariogenic bacteria.

Methods

Experiment 1: Single layer

Streptococcus mutans (NCTC 10,449), originally a clini-
cal isolate, was inoculated into Todd Hewitt broth (TH)
(Difco) and incubated for 24 h in the incubator at 37°.
By serial dilution in TH, the bacteria were diluted to
10-4 and 10-8. 100 ul of bacterial dilutions were evenly
distributed on MS-agar (Difco Mitis Salivarius Agar)
plates using sterile glass beads. For each dilution, a total
of eight agar plates were prepared by punching circles
with a diameter of 1.5 cm in five sites. The total num-
ber of punched circles in each agar plate was five, one of
which was the control and four of which were exposed to
UVL-C (Fig. 1).

The bacteria within the punched circles were exposed
to UVL-C using a UV lamp (Utbyteslysror UVC 24 W
Cyklon, China), placed in a black container with an aper-
ture of 1.3 cm. The restriction of the light beam was
controlled with black paper. The distance from the light
aperture was obtained using black tubes of the same
diameter, but different length thus giving defined effects
on a defined area of bacteria. The tubes also restricted
the light path to prevent radiation of the operator. After
pilot experiments, the following set-up was used. Bacte-
ria were exposed to the following energies: 2.8, 3.5, 6.3,
7,10.5 and 21 mWs/cm?, by changing the exposure time.

The effect was measured at the agar surface by a pho-
tometer (ILT77CE Germicidal UV-C Light Meter Inter-
national Light Technologies, USA), and the energies of
UVL-C were adjusted by the time of exposure.

All agar plates were incubated for 48 h at 37° C in 5%
CO2 in N2, the agar plates were scanned in a (Hewlett
packard scanjet 4¢/T), and the colonies were counted by
a custom-made computer program. A total of 39 exposed
areas (with four replications for each energy) was thus
analyzed.

Experiment 2: Colonies

Four saliva samples were taken from one subject that
was a known carrier of mutans streptococci by the use of
plastic strips (Dentocult® SM Strip Mutans Oral Care,
Japan) incubated for 48 h at 37 °C. This method is based
on using a selective culture broth (containing sucrose and
bacitracin) and the adherence of mutans streptococci.



Alharbi et al. BMC Oral Health (2021) 21:406

Page 3 of 8

One control

8 agar plates

1

Each agar plate punched for 5 circles

Four exposed to UVL-C

Energies used: 2.8, 3.5, 6.3, 7, 10.5 and 21 mWs/cm2

Fig. 1 A model on agar plate demonstrates the exposed and unexposed area on single layer bacteria

The plastic strips were removed from the broth, and
the excess broth was removed by touching a clean paper
tissue. The strips were placed in a holder with the col-
ony-covered side upwards. The holder’s specifications
were such that it allowed irradiation of half of the strip.
Hence, half of the strip was exposed to UVL-C. The other
half was covered with a UV-protective glass (O. Kindler
GmbH, Germany) (Fig. 2). The distance from the light
source was 2 c¢cm, which was 3.5 mW/cm?. The bacteria
were exposed to the following energies: 210, 420, 630,
1050 mWs/cm?.

Bacterial colonies from the exposed part were removed
by a sharp, sterilized spatula with a safe margin not to
include unexposed colonies. It was then transferred to a
test tube containing fluid media and sterile glass beads.
The colonies were dispersed using a Vortex mixer for
2 min, then serially diluted in TH to 10-3 and 10—4.
100 pl of bacterial dilutions were evenly distributed on
MS-agar plates using sterile glass beads incubated for
48 h at 37° Cin 5% CO, in N,. The colonies were counted
under a microscope at 2.5 magnification. A total of 5
plates was thus analyzed, examining all the energy levels.

Fig. 2 The colonies grew up onto the plastic strip. Half of the
colonies were exposed to UVL-C and the other half were unexposed
(covered with UV light protection)
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The output from the UV lamp was measured using the
photometer. Measurements were performed at distances
of 5.5 and 11.0 cm from the aperture.

Results

Inhibition of single layer bacterial growth on agar plates
Bacterial growth in single layers on agar plates was
related to exposure to UVL-C (Fig. 3). Direct exposure
of the S. mutans to UVL-C eliminated all the bacteria,
even some bacteria outside the border determined in the
experiment. The energy needed to kill all the bacteria was
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21 mWs/cm? more than 95% of the bacteria were killed at
11 mWs/cm? (Fig. 4). Besides, the survival rate of the bac-
teria increased gradually as the energy decreased, from 7
mWs/cm? until it became 100% survival at 0 mWs/cm?.

Inhibition of bacterial colony growth on solid surfaces
Direct exposure of the S. mutans colonies to UVL-C
eliminated most of the viability of the bacteria compared
to a control. The energy of 1050 mWs/cm? was bacterio-
static (Figs. 5 and 6).

Fig. 3 Control (a) and exposed (b) samples on single layer bacteria

Single layer bacterial inhibition on agar plates
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Fig. 4 Survival rate of S. mutans strain 10,449 exposed to different energies of UVL-C. The blue dots demonstrate the percentage survival of bacteria
on the exposed site relative to control. At 21 mWs/cm?, the bacterial survival was completely eliminated
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Fig. 5 Growth after exposure of colonies. The effect of UVL-C on exposed colonies compared to unexposed colonies. The exposed colonies were
significantly affected by UVL-C
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Fig. 6 The relationship between surviving bacteria and energy levels. Between 300 and 1000 mWs/cm?, the survival rate was between 10 and 30%.
There was bacteriostasis at the highest energy (1050 mWs/cm?), and the survival was around 6%

Inhibition of bacterial colonies on solid surfaces
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Discussion
In this laboratory study, the aim was to evaluate the anti-
bacterial effect of UVL-C on one group of cariogenic
bacteria, mutans streptococci, using two different in vitro
experiments to find a new method to control the viability
of these organisms in the oral cavity.

UV light, in general, is harmful to human cells. The
effects of UVL-A and UVL-B irradiations are well known,

and many studies show their side effects on humans [20].
The biological effect is apparent, especially on the eyes
and skin [20, 21]. The effect of UVL irradiation depends
on the duration of exposure, and it can be classified into
acute and chronic effects [22—24]. Some in vitro studies
showed that exposure to UVL-B irradiation can cause
damage to human corneal epithelial cells [25]. Further-
more, exposure to UVL-A and UVL-B were claimed
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to be responsible for the development of skin cancers
in animals and in immunosuppression in humans [20].
Basal cell carcinoma and malignant melanoma are com-
mon forms of these cancers [26]. Meanwhile, UVL-C is
believed to have a negligible adverse effects human health
[20].

The main findings of this in vitro study were that sin-
gle layers of mutans streptococci were easily killed at low
energies of UVL-C irradiation, but in colonies, mutans
streptococci were less susceptible to UVL-C. However, a
bacteriostatic effect could be seen for bacterial colonies.
The results were in line with other published results for
other bacteria using other models comparing biofilm and
single layer bacteria [13, 19, 27, 28]. However, this is the
first demonstration of the effect on mutans streptococci
using an uncomplicated model for biofilm effects using
the plastic strip (Dentocult® SM Strip Mutans Oral Care,
Japan), a method designed initially for chair-side meas-
urement of mutans streptococci.

Inhibition of single layer bacteria on agar plates

The UVL-C was able to kill the bacteria on the agar
plates. A total bactericidal effect against this laboratory
strain of S. mutans was achieved in the single layer bac-
teria assay. The effect of radiation was noticeable even
using a small amount of energy. The highest energy used
was 21 mWs/cm? at this point, no bacteria tolerated
the radiation. The energies between 3 and 11 mWSs/cm?
showed a survival rate of less than 30% at 3 mWs/cm?
This implies that UVL-C can kill single layer bacteria and
that the energy required for bactericide is low. In a single
layer of bacteria, there is no energy absorption before the
UVL-C reaches the bacteria; however, in a biofilm with
multi-layers of bacteria and bacterial products such as
polysaccharides energy absorption occurs. The variation
in survival rates at low energies in the current study may
be due to small variations in exposure time and that the
bacterial cells were in various stages of growth. Future
studies are needed to replicate this study’s findings.

The results from the present study on single layers
of mutans streptococci were comparable to the find-
ings reported in other studies where the antibacterial
effect and varying intensities of UVL-C on non-mutans
streptococci species have been proven [13]. Moreover,
the findings of this study were similar to those found by
previous study on exposure to UVL-C of single layers of
Fusobacterium nucleatum, Lactobacillus brevis, Porphy-
romonas gingivalis, Enterococcus faecalis and S. sanguinis
[13]. In that study, UVL-C eliminated 99.9% of the bac-
teria at energies of 6-7 mWs/cm? 20 [13]. Interestingly,
the energy needed to kill the bacteria differed between
species [29]. For example, S. sanguinis was eliminated
at 2 mWs/cm? while 7 mWs/cm? was needed to kill
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Lactobacillus brevis. Notably, the energies required to kill
the bacteria in that study are in the same range of ener-
gies as those required for killing S. mutans in the present
study. Furthermore, the present study was carried out on
vegetative cells, which could be expected to be more sen-
sitive than spores due to the interferences of UVL-C on
DNA replication [17]. A further contribution to the lit-
erature is that the current study’s method was uncompli-
cated, with the main components being a UVL-C lamp,
S. mutans, agar, TH, and black tubes of varying lengths.
The results indicate that the method is useful and easy to
use for measuring effects of UVL-C on mutans strepto-
cocci and that UVL-C is useful as a bactericide of mutans
streptococci at specific intensities.

Inhibition of bacterial colonies on solid surfaces

The second experiment aimed to investigate UVL-C
exposure on mutans streptococci growth in colonies that
mimic oral plaque. Colonies were expected to require
higher energy to reduce bacterial viability compared to a
single layer of bacteria. As expected, at energies of 200,
400, and 500 mWSs/cm?, the survival of exposed bacteria
was only partially reduced. Between 300 and 1000 mW's/
cm?, the survival rate decreased from 30 to 10%. Besides,
at 1050 mWs/cm?, which was the highest energy, survival
was around 6%.

The results of this study should be considered in light
of its limitations. It is possible that the surviving bacte-
ria can be explained by the fact that the UVL-C could
not penetrate all the layers of mutans streptococci due to
the colony thickness. Future studies should examine this
variable more closely. It is also known that the bacteria in
biofilms are more resistant to antimicrobials [30]. This is
likely due to the complex community of the biofilm and
the production of an exopolysaccharide matrix [31]. The
antimicrobial agents have limited effects due to a barrier
they develop that limits their diffusion into a biofilm. This
barrier prevents antimicrobials from penetrating one
cell after another [30]. Biofilms are useful in this area of
study because they mimic the complex environment of
the oral cavity [32]. To be applied to the dentistry, stud-
ies that show bactericidal effects on single layer bacte-
ria should be replicated using biofilm. The implications
of which were demonstrated by the current study and a
previous study of the antibacterial effects of chlorhex-
idine on biofilm, which was resistant, while single-layer
bacteria was easy to kill [33]. The results of this study
are similar to those found in previous studies [12, 13].
Metzger et al. showed that a bacterial suspension could
prevent the effect of UVL-C on single layers of bacteria
on agar [13]. Meanwhile, Orstavik and Ruangsri showed
that although UVL-C significantly reduced the number
of bacteria not all bacteria in the biofilm could be killed,
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and UVL-C could not penetrate the last layer of plaque
[12]. The collective results suggest limitations of using
UVL-C for a bactericide on multiple and complex lay-
ers of bacteria that mimic those in the oral cavity. In this
experiment, it was important to control the size of the
colonies, removal of equal amounts of bacteria from the
plastic strips, and contamination of samples. The results
indicate that those factors were under control, due to
the relatively low variation of survival at each energy,
except the very low energies. The main limitation of this
study was that the UVL-C lamp produced energy lim-
ited to 24 W. Future studies should examine the effects of
higher intensities on bacteria in the biofilm. In terms of
generalizing the results, it should consider that this is an
in vitro study, and results might not represent the clini-
cal situation, where the oral biofilm is far more complex
and influenced by various factors. Also, considering side
effects, further investigation is essential for determining
its use in humans.

The idea behind investigating UVL-C on a single
layer of S. mutans was primarily to establish whether
the microorganism was sensitive to UVL-C and at what
energy levels. This study also provides data for com-
parison to other types of oral bacteria used in previous
studies. The results from the present study indicate that
UVL-C has an antibacterial effect on a single layer of S.
mutans and a bacteriostatic effect on plaque.

Dental caries is a bacterial disease that theoretically
can be eliminated by an antibacterial agent. According to
the results of this study, the clinical indication of using
UVL-C irradiation on caries lesion might be a promis-
ing method. For example, UVL-C acting on a superfi-
cial layer of soft caries in buccal and labial surfaces may
reduce their bacterial load. However, this method cannot
be applied alone and must be used as complementary
to other treatments that help prevent the disease’s pro-
gression. The dental application of UVL-C is a promising
way that could help to reduce the number of bacteria in
plaque on the teeth or during orthodontic treatment.

Conclusion

Ultraviolet light-C can exhibit a bactericidal effect to sin-
gle layer Streptococcus mutans but has a limited effect
on bacterial colonies in a biofilm model. It is a matter
of debate whether these in vitro results would have the
same effect in the clinical setting. Thus, further studies
in vitro and in vivo are needed to evaluate the effect of
Ultraviolet light-C in reducing the number of bacteria on
teeth surface.

Abbreviations
UVL: Ultraviolet light; S. mutans: Streptococcus mutans.
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