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Implantable Devices Infections
● 3.5 % of implantable devices can spread infections
● 2 % of the infections can become fatal

○  chronic wounds, pneumonia in cystic fibrosis patients
● Each episode of infection costs hospitals $50,000



Biofilms
● Biofilms exert high resistance to conventional antibiotics.
● Bacteria have an extraordinary ability for adaptation

○ Activating defense systems when put under stress & 
thriving when the conditions improve. 



Formation of Biofilm
1. Attachment

a. Bacteria fasten onto surfaces using tail like structures.
b. Can occur in the intestines and implantable devices.

2. Expansion
a. The cells grow and divide.
b. Bacteria communicates with signals.



Formation of Biofilm (cont.)
1. Maturation

a. When there is enough bacteria, the biofilm secretes  a 
sugary glue (EPS) around the bacteria

2. Resistance
a. The glue protects the bacteria in the biofilm from 

antibiotics, toxins and body’s immune system



Formation of Biofilm (cont.)

Figure 1: Stages of Biofilm Formation Diagram 



Antibiotic Resistance in Biofilms
Biofilms show extreme resistance to antibiotic therapies.
● Extracellular polymeric substances minimize the 

penetration of antibiotics that reach bacteria inside the 
biofilm via neutralization of antimicrobial agents w/ 
extracellular polysaccharides



Nanoparticles
1. Nanoparticles to coat the medical devices would be of 

great benefit due to the size of the nanoparticle due to 
multiple antibiotic-resistant strains
a. Small enough to penetrate the biofilm 
b. Large enough to have a long plasma half-life
c. Ideal surface to volume ratio for mass loading of 

targeting drugs and antibiotics and reactive oxygen 
species (attack a diverse range of targets to exert 
antimicrobial activity)



Superparamagnetism 
Property occurring principally in 
small, single-domain magnetic 
particles without magnetic 
memory

Measured using transmission 
electron microscopy



Nanoparticles (cont.)

Figure 2: Nanoparticles penetrating the surface of the biofilms



Iron Oxide Nanoparticles
● Biosensor
● Antimicrobial activity
● Food preservation 
● Hyperthermic cancer treatments
● Simultaneously acts on multiple sites within bacterial 

cells 



S. Epidermidis Biofilms
● S. Epidermidis biofilms are one 

of the most common biofilms 
found.

● Commonly found on the human 
flora

● Under defined predisposing 
conditions, S. epidermidis can 
switch from a colonizing to an 
invasive lifestyle.



Hypothesis 
Effects of the iron oxide nanoparticles on S. epidermidis will 
include bacterial colony death due to the nanoparticle binding 
to the cell membrane proteins through electrostatic 
interactions, disrupting bacteria function. 

Increase in the concentration of the Iron Oxide Nanoparticles 
per mL of bacteria, will decrease number of bacterial colonies 
found when the bacteria is plated.



Purpose
Infected implants require follow up routine care, increased 
pharmacy cost, and intensive care costs accounted for the 
majority of the incremental cost associated with infection. 

Preventing such infections will allow patients to be healthy 
and save the hospital time and money.



Experimental Variables
Independent Variable:

Concentration of nanoparticles per 1 mL of S. Epidermidis 
bacteria

Dependent Variable:

Number of bacterial colonies found on plates after growth



Methods 
1. Synthesis of SPION 

a. Coprecipitation Method

2. Growth of Bacteria in Microcentrifuge Tubes

3. Plating Bacteria



Synthesis of Nanoparticles
10 mL DI water was added 
into 1 g of FeCl2

100 mL of DI water was 
added into .1 g of NaOH

10 mL of DI water was 
added into 5 g of  FeCl3 



Preparing the S. Epidermidis 
The S. epidermidis was received in a freeze dried form, and 
was rehydrated in 6 mL of lysogeny broth (LB)



Preparing Microcentrifuge Tubes w/ Bacteria and Nanoparticles

30 microcentrifuge tubes were prepared.
3 centrifuge tubes for each concentration
●  0.01 mg/mL
● 0.05 mg/mL
● 0.1 mg/mL
● 0.15 mg/mL
● 0.25 mg/mL.
15 control group tubes



Preparing Falcon Tubes w/ Bacteria and Nanoparticles 
● For 0.01 mg of SPION per 1 mL 

of S. Epidermidis:
 25 μl of the SPION were added. 

● 0.05 mg/mL : 125 μl of the 
SPION

● 0.1 mg/mL : 250 μlof SPION
● 0.15 mg/mL : 375 μl of SPION
● 0.25 mg/mL : 625 μl of SPION



Streaking Plates with S. Epidermidis and SPION 
After 72 hour period, the bacteria 
and nanoparticles from the 
microcentrifuge tubes were 
plated using the streaking 
method. 

Plates were grown for overnight 
at 37 °C.



Results
The predictor was the concentration of nanoparticles, and the 
outcome was the number of bacterial colonies. 
The predictor variable was found to be statistically significant 
[B = -.915, 95% C.I. (-1.518, -.312), p < .05], indicating that 
for every 0.01 mL unit increase in nanoparticle 
concentration, the bacterial colonies decreased by .915 
units. The model explained approximately (36.1%) of the 
variability [R-squared = .361]. 



Results

Table 4: Averages of the bacterial colonies per plates from differing 
concentrations



Results

Figure 5: Linear Regression of Nanoparticles



Results (Control Group)
Figure 6: Control Groups had 
0.5 mL of S. Epidermidis. 
Average of 34 colonies per 
plate



Results (Concentrations .01 mg/mL and .05 mg/mL)

.01 mg/mL plate with 6 colonies .05 mg/mL plate with no growth



Discussion
● Inhibition of S. Epidermidis through Iron Oxide 

Nanoparticles = at concentration 0.15 mg/mL.
○ Nanoparticles are not toxic
○  Linear decrease in bacterial colonies

■ Inhibition of the bacteria occurs gradually. 
● As the nanoparticle concentration in the bacterial culture 

increased, concentration of the bacterial colonies 
decreased. 



Further Work
● Growing the bacteria on a metallic surface that has been 

coated with the nanoparticles. 
● Increasing sample size 
● In vitro, and then in vivo testing 
● Different nanoparticles 

○ silver nanoparticles and gold nanoparticles
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