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Introduction
o Carbapenemase-producing Enterobacteriaceae (CPEs) are becoming increasingly
prevalent worldwide. These bacteria produce novel β-lactamases (such as NDM-1, Oxa48 and KPC) which directly hydrolyse carbapenem antibiotics [1], resulting in severely
reduced treatment options. Consequently, there is an urgent need to effectively treat, and
prevent onward transmission of CPEs.

Aim
To assess the
antibacterial effect
of 400nm blue light
against mature
biofilms of a variety
of CPEs.

o Blue light (BL) (~400-405nm) is known to exert antimicrobial effects through the
photoexcitation of intracellular porphyrins in bacterial cells, which leads to energy transfer
and the production of cytotoxic reactive oxygen species [2,3] (Figure 1).
o Previous work has shown that 400nm BL has a significant antimicrobial effect on biofilms
of a panel of 34 bacterial isolates, including 2 CPEs [4].

Figure 1: The proposed mechanism of action of blue light
on porphyrins (Thwaite JE, 2016).

Methods
Figure 3: Biofilm Eradication

o In vitro experiments were conducted to determine the antibacterial activity of BL against
mature biofilms of 12 CPEs (Figure 2). These comprised Klebsiella spp and E.coli with a
variety of resistance mechanisms (Table 1).
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o All isolates were subjected to testing using a modified version of the minimum biofilm
eradication concentration (MBEC) assay (Figure 3). In brief, biofilms were grown on peg
plates, and then exposed to 400nm BL (irradiance: 60 mW/cm2) using the Loctite LED Flood
array for:
• 15 minutes at a distance of 15.5 cm (dose: 54 J/cm2)
• 30 minutes at a distance of 15.5 cm (dose: 108 J/cm2)
• 5 minutes at a distance of 5.2 cm (dose: 162 J/cm2)
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Figure 2: A & B: Biofilms forming on
transferable pegs (MBEC), C: the
Loctite LED flood system, D: Biofilm
pegs being exposed

o Biofilm viability post-BL treatment was measured by assessing the seeding of the treated
biofilms into a sterile reporter broth, and comparing this to values obtained from the positive
and negative controls.

Results
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o At 30 minutes (dose of 108
reductions in biofilm seeding of ≥80% were observed
for 11 of the 12 isolates, compared to just 5 of 12 after 15 minutes (dose of 54 J/cm2). All
reductions in seeding were statistically significant when compared to the dark-incubated
positive control (Student’s t-test, p<0.05).
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o All 12 CPE isolates were susceptible to 400nm BL treatment, with a dose-dependent
effect (greater reductions in seeding with increasing durations of exposure).
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o Following 5 minutes of BL exposure (dose of 162 J/cm2), 10/12 of the isolates showed a
significant reduction in biofilm seeding, however the reductions in biofilm seeding of
CPE_6949 and CPE_1798 were not significant at this time point. Furthermore, at this
distance and duration, only 2/12 isolates showed a reduction in seeding of >80%.
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Figure 4: The effect of 15, 30, and 5 minutes of BL exposure on the seeding
of mature biofilms of a range of CPEs.

o Interestingly, one CPE isolate (CPE_8180) was less susceptible than the rest, with a
maximum reduction in seeding of 66% at 30 minutes. This blaNDM producing K.
pneumoniae isolate will be investigated further to ascertain why it is less susceptible.

Conclusions
BL (400nm) is effective at reducing the seeding of a panel of CPEs growing as mature biofilms in vitro.
Although the experiments were conducted on plastic surfaces, it is clear that BL offers great promise
as a topical decontamination agent for both clinical and environmental applications.
Further research is warranted to fully explore this novel alternative to traditional antimicrobial and
decontamination agents.

Table 1: Showing the species, source, resistance mechanism and percentage
(%) reductions in seeding for all time points for the 12 CPE isolates tested
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