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Abstract

Results

Plain Language Synopsis:

One-day Old M. chimaera Biofilm

Nontuberculous mycobacteria are ubiquitous in the environment and a
public health concern due to their ability to form biofilms with greater
antimicrobial resistance. This study explores the ability of electrical
stimulation to eliminate early-stage NTM biofilms from stainless steel
medical device materials.
Background: Bacterial biofilm formation on medical device surfaces is
a public health concern causing persistent infections leading to high
morbidity and mortality worldwide. Effective decontamination of
biofilm-soiled surfaces is a challenge because biofilm-associated
bacteria demonstrate greater resistance to antimicrobials than their
planktonic counterparts. Nontuberculous mycobacterium (NTM) are
notorious biofilm producers with resistance to conventional cleaning
and disinfection strategies. These organisms have recently been
identified as the causative agent of infections associated with reusable medical devices. This study has evaluated the efficacy of
potential-controlled and current-controlled electrical stimulation to
eradicate early-stage NTM biofilms on stainless steel medical device
material.

Voltage stimulation for 1h for -1.8V (vs. Ag/AgCl)
*

Current stimulation at -1Amp/cm2

DSM 44623

NTM Form Robust Biofilms on
Medical Device Material

Materials and Methods: M. chimaera strain DSM 44623, a slow-growing
NTM species, was standardized to OD595= 0.05 grown on stainless
steel (SS) coupons aerobically at 30°C for a day. To eradicate M.
chimaera biofilms by controlled electrical stimulation, either -1.8V of
cathodic voltage (vs. Ag/AgCl) or -1Amp/cm2 cathodic current was
applied to SS coupons covered in 1-day old biofilm for durations of 5,
10, 30, and 40 min. A potentiostat/galvanostat was used to control
either voltage or current. Biofilm viability was determined before and
after electrical exposure using bacterial enumeration assay and
live/dead staining.
Results: The dose-dependent log reduction was observed in biofilm
viability in all treatment groups from 5 min to 40 min with current
exposure at -1Amp/cm2. as compared to untreated growth controls.
The application of -1Amp/cm2 of cathodic current for 40 min alone can
eliminate the early-stage M. chimaera biofilm burden on SS coupons
but not late-stage biofilm. In contrast, planktonic M. chimaera cells
were reduced significantly with -1Amp/cm2 cathodic current
application for 40 min in both 1-day and 1-week cultures.
Conclusion: Future studies will characterize the potential of electrical
stimulation in completely eradicating mature M. chimaera biofilms on
stainless steel and titanium materials. It is anticipated that findings
from this study will potentially aid in controlling biofilm formation on
reusable medical device surfaces.

Fig 2: M. chimaera biofilm reduction using cathodic controlled Voltage
stimulation. Application of cathodic Voltage of -1.8V (vs Ag/AgCl) for an hour resulted in
only 1.5 log reduction of M. chimaera 1-day old biofilm bioburden on stainless steel
coupons compared to the untreated growth control. Student T-test was performed to find
the evidence of significant difference between the growth controls and the ES exposed
biofilm (P< 0.03)

Fig 1: Cryo-Scanning Electron
Microscopy NTM Biofilm on
Stainless Steel Surface (a). Oneday old M. chimaera DSM 44623
biofilm (b). A week-old M. fortuitum
ATCC 6841 biofilm. Ultrastructure
components NTM biofilm included
appearance of nanowire-like
structural projections (red arrow).
Mesh-like ultrastructural
components were cryopreserved in
their 3D-morphology (yellow arrow)
and hide NTM cells inside the
biofilm.

Objective of the Study
Eradicate NTM biofilms from stainlesssteel medical device materials using
electrical stimulation

Electrical Stimulation to Eradicate
NTM Biofilms on Medical Devices

Fig 3: Elimination of one-day old M. chimaera bioburden using cathodic current stimulation. -1Amp/cm2 cathodic current was
applied to 1-day old (A). planktonic (free floating) or (B). Stainless steel coupon-associated M. chimaera DSM 44623 biofilm coupons for
durations of 5-, 30-, and 40-min. Bacterial viability was determined before and after electrical exposure using bacterial enumeration assay.
Planktonic M. chimaera bioburden was eliminated by electrical stimulation (-1Amp/cm2) for 30 min while coupon associated M. chimaera
elimination was achieved by 40min treatment at -1Amp/cm2 current density (C). Total charge generated over time with -1 Amp/ cm2 current
stimulation.

One-week Old M. chimaera Biofilm
Current stimulation at -1Amp/cm2
Fig 4: Cathodic current stimulation can significantly reduce
planktonically grown M. chimaera as compared to couponassociated M. chimaera biofilm grown for a week. -1Amp/cm2
cathodic current was applied to 1-week-old (A). planktonic (free
floating) or (B). Stainless steel coupon-associated M. chimaera
DSM 44623 biofilm coupons for durations 40-min. Bacterial
viability was determined before and after electrical exposure
using bacterial enumeration assay. Planktonic M. chimaera
bioburden was significantly reduced by application of cathodic
current of -1Amp/ /cm2) for 40 min. ~Two-log reduction in coupon
associated M. chimaera biofilm was observed in samples
exposed to 40min treatment of cathodic current at -1Amp/cm2.

Conclusions

Medical Device Associated Biofilm
Infections
Ehrensberger, et al, 2015

Future Directions

• NTM form robust biofilms on stainless steel surfaces

•

Promoting late-stage biofilm elimination using electrical stimulation
in combination with antimicrobials

• Exposure of NTM biofilms to electrical stimulation led to cell death at
varying levels depending on the type of electrical stimulation used,
intensity and duration of the exposure and age of the biofilm.

•

Corrosion studies

• Planktonically grown M. chimaera cells can be significantly reduced
using cathodic current stimulation of -1Amp/cm2 for 40 min in both 1-day
and 1-week-old M. chimaera culture.
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Cathodic Voltage Stimulation (Potentiostatic): -1.8V of cathodic
voltage (vs. Ag/AgCl) for 1 hour: 1-day old or 1-week old M. chimaera
biofilm
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Fig 5: Live/Dead Biofilm Viability Staining of one-day old biofilm (Top) and one week old
biofilm (bottom) after exposing to -1Amp/cm2 current density for 40 minutes. The electrical
stimulation (ES) has induced bacterial biofilm killing at both one-day and one week old M.
chimaera DSM 44623 biofilms compared to the untreated growth control. 70% Ethanol (EtOH)
treated M. chimaera biofilm coupons for 40 min was also included in both one-day old and 1-week
old biofilm treatment studies for killing comparison to ES. When SYTO™ 9 and propidium iodide
(PI) stains were used 1:1 ratio. Bacteria with intact cell membranes stain fluorescent green,
whereas bacteria with damaged membranes stain fluorescent red.

Cathodic Current Stimulation (Galvanostatic): -1Amp/cm2 cathodic
current was applied to SS coupons covered in 1-day old or 1-week
old biofilm for durations of 5, 30, and 40 min.

• Coupon-associated M. chimaera biofilm cells can be successfully
eliminated by application of -1Amp/cm2 for 40 min only at early
colonization stage (1day) but not at 1-week post inoculation.

• It is anticipated that findings from this study will potentially aid in
controlling biofilm formation on reusable medical device surfaces.
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