Understanding Biofilms - Dr. Gary Carr

Grossman Study Club Dinner
Philadelphia Pa. 
March 20, 2007

51 stories above Philadelphia street level and offering a marvelous panoramic view of the city, the Pyramid Club hosted the March dinner meeting of the Grossman Study Club. I would like to thank Dr. Fred Barnett and the Grossman Study Club for the kind invitation to attend and Dr. Serena Colletti for her help with the arrangements. 

Dr. Carr’s after dinner speech gave an overview of Biofilms and how they may relate to Endodontics. I came away from the dinner with a much greater appreciation for the likely role of biofilms in endodontic disease. 

Gary started out by saying that Biofilms are in the news. News media report that the world’s strongest glue (far exceeding any man made type) is found on river rocks (biofilm).  British Petroleum’s latest Alaska oil pipeline shutdown was attributed to corrosion caused by microbacteria that became trapped in a sludge layer of the pipe (biofilm). Chronic Otitis media (prevalent in children) has been recently attributed to the presence of biofilms. Cultured ear canals in these patients come back negative. (Which is probably why medical journals have recently published articles that have found that Abs are NOT an effective treatment.) Ed.) 
Dr. Carr says that we need to pay attention to Biofilms because of the two disease models that we have in Endodontics.  Endodontic disease can be categorized into acute and chronic disease. Dr. Carr suggests that once we understand biofilms, we may wish to consider them almost as separate entities. 

Discussion of biofilms means that we must understand the language of biofilms.  Terms like electrobiology, metagenome, upregulation, downregulation, sessile vs. planktonic, quorum sensing, glycocalyx etc. are all terms associated with biofilm science.

We are most familiar with a disease model that derives its origins from the Kochian (Robert Koch) postulates. (i.e. / you locate a single organism in a patient with disease, isolate it by dilution, regrow it and cause the same disease when the organism is introduced to another host.)  This planktonic disease model has its origins in the 1870s and very rapidly expanded our understanding of acute disease caused by organisms associated with typhoid, cholera, tetanus, TB, Meningitis etc.  However, it does NOT consider the fact that most bacteria do NOT occur in planktonic forms. Carr says that the dogma of this model has prevented us from understanding the role of biofilms in chronic disease.

In order to study biofilms and read the literature, you must understand about microscopes and how specimens are prepared for examination. Dr. Carr described the types of microscopes used (Optical, Scanning Electron (SEM) , Transmission Electron microscope (TEM),  Environmental  SEM and Confocal microscopes).  
For example, when you prepare a specimen for an SEM you ready it for examination of the surface of the specimen.  You must dehydrate the specimen, place it in a vacuum and then coat it to allow the electron beam to reflect off the specimen and create an image.  The drying process and vacuum necessary for preparation desiccates it. With an SEM you are therefore examining the surface of a specimen that has been altered. In the case of bacteria, the glycocalyx is removed when the specimen is processed for SEM. So, you never see it in the SEMs. Therefore SEMs do NOT give you an accurate picture of the bacteria or biofilms as they truly exist in nature. One of the problems in examining the literature with SEMs is interpreting what is artifact and what is real.    The only time that we do see the glycocalyx is when we examine pictures taken with an Environmental SEM, where the specimen does not have to be dehydrated.  (Ruthenium Red is biological stain that helps to maintain the structural integrity of the polysaccharide- and glycoprotein-rich bacterial material and is used to visualize polyanionic areas of cell membranes.)

Carr said that study of Biofilms will require the use of all of them (especially the confocal scope) rather than our original planktonic culturing methods.  Confocal microscopy is an imaging technique used to increase micrograph contrast and/or to reconstruct three-dimensional images. You can look at a living section that is NOT dehydrated and examine different levels of the biofilm. Special fluorescent stains (FISH technique- fluorescence in situ hybridization) can be used to identify species of bacteria in both living and dead states because they stain specific parts of DNA and RNA.
Dr. Carr says that Dr. Bill Costerton is the man responsible for turning Koch’s postulates upside down with his revolutionary recognition of the glycocalyx.   (Costerton et al: The Bacterial Glycocalyx in Nature and Disease  Annu Rev Microbiol. 1981;35:299-324.)   Costerton suggested that bacteria have glue; they use the glue to stick to things; they surround themselves with it and use it to attract other organisms; and when they are in the glue they are virtually impenetrable.  Costerton’s main point is that bacteria have been able to survive for millions of years because they from protective colonies and are really only planktonic when you take them out of their natural environment. Once the glycocalyx is formed, communication between bacteria occurs along with upregulation and downregulation.  (Upregulation and downregulation refer to turning on and off of bacterial genomes that can produce various substances depending on the environment the bacteria finds itself. For example, planktonic bacteria genomes express themselves differently than those in a biofilm.)  Therefore the isolated planktonic forms that we are studying in our cultures do not really bear any true resemblance to what is occurring in nature. Bacteria are much more complex than we have ever imagined.

Costerton’s paper shows that the bacteria all connected in this glycocalyx “goo”.   (Carr suggests the article:  The application of Biofilm science to the study and control of chronic bacterial infections - Costerton et al J Clin Invest. 2003 Nov; 112 (10):1466-77.) One of his most important findings is that whenever you have something that goes from the outside of the body to the inside (endotracheal tubes, I.V.s, catheters etc) they are covered with a biofilm. Pneumonia is a biofilm disease. Carr said that approximately 30 % of the people attending the lecture will contract pneumonia in the final stages of death. The bacteria are already present in the lungs in the form of a biofilm but in a weakened state this biofilm can become toxic.
As Endodontists, we must re-evaluate the disease models. We do have an acute model that probably is more related to a planktonic model. However, when we are dealing with more chronic disease, the Kochian postulates will not help us explain or understand that kind of disease. That kind of disease is much more likely to be associated with a biofilm model.

When grown in conventional labs, environmental organisms appear to be sensitive to antibiotics but these same antibiotics fail to resolve bacterial infections although they did give some relief from acute symptoms. Even more puzzling was the observation that in many cases, it was not possible at all to recover any bacteria by traditional culture mechanisms. 

Does this passage sound familiar to us? We are constantly told in the Endo literature that there are many organisms present that we cannot culture with current methods. 

When organisms are present in a biofilm it takes a minimum of 1000 x the concentration of antibiotic to get through the biofilm!
The mechanism of biofilm formation:

1. Bacteria fall on a surface and secrete a “glue”

2. They attract other organisms and place them in specific locations in the film according to their characteristics. Research is focusing on the interaction of the bacteria at this stage. How are the bacteria talking to each other? How are they turning certain genes on and off? This is a very complicated and intricate relationship, which we still don’t entirely understand. Fluids can flow through channels be controlled by biofilm. “Towers” are created that allow for creation of specific structures. The bacteria talk to each other and differentiate. The bacteria have the ability to create different microenvironments inside the glycocalyx which is what makes it very sophisticated. Anaerobes and Aerobes can exist in the same colonies.

3.  In the final stage, the biofilm can detach portions of itself or release organisms out of the biofilm.

Biofilms in Dental Waterlines

Dr. Carr has studied samples of water tubing sent to him by TDO members. Many different commercial products were used on these products in an attempt to render them biofilm free. None appear to work very well.  SEM analysis of the tubing showed that the biofilms were many layers thick. TEM (Transmission Electron Microscopy) allowed him to view the biofilms in cross section and the individual bacteria were clearly visible.

Carr showed a Sterilox treated bit of tubing that had been sent to him. A lot of these lines were fairly clean but others look different from other samples. Much of the bacteria was more planktonic and had a higher prevalence of spirochetes on top of the glycocalyx. Carr is doing further research on this.
Another area Gary studied was an analysis of the surfaces of posts in teeth that had been extracted. He showed an old SEM sample of a flexipost that he had imaged 15 years ago; Carr was interested to see how posts leaked. Although he did not recognize it at that time, a biofilm is clearly visible on the post surface. So clearly, this discovery has implications in coronal leakage. With the advent of the Confocal scope (Confocal microscopy is an imaging technique used to increase micrograph contrast and/or to reconstruct three-dimensional images) it is now possible to identify the species.
Examination of fractures showed what appeared to be a “glue like” structure that spanned the crack – the glycocalyx. 

Carr says that in SEM pictures have one problem in that it is difficult to tell what the layer is – biofilm? Smear layer, debris? You need to look at and section the layer to determine what it is. Tangential cuts are required. Even still, without the glycocalyx intact the images are still not truly representative.

Gary finds biofilms interesting because he says that the communities are almost intelligent. They have a structure and division of labor far above what we thought possible.
Tronstad:  Oral biofilms are complex and may comprise 30 or more bacterial species. From this we can see that our planktonic models simply do not apply in the case of biofilms.

What does a biofilm look like in the canal?  Carr showed a prepared canal with a small area of white debris attached to the wall. (We have all seen this under the scope after drying the canal with alcohol!) SEM analysis clearly showed RBCs, WBCs and biofilm.
Newer Discoveries

Quorum sensing - Therapeutic treatments are examining the quorum sensing mechanism.  (“Quorum sensing” is a coordinated behavior or action between bacteria of the same kind, depending on their number.) 
Nanowires – Bacteria produce tiny filaments that extend from one cell to another.  At a certain stage in biofilm development genes are expressed that allow for the creation of Nanowires. Examination of these nanowires has shown that electrical impulses and being transmitted from cell to cell. It is possible that other genes are being turned on and off according to the needs of the colony and the ability of the bacteria to sense its environment. The bacteria are “talking to each other!” Carr speculates that this could be a primitive type of neural network!
Living Batteries – Some researchers have suggested that the presence of this electrical flow could allow for the creation of a “biologic” living bacteria based battery.

Our understanding of biofilms means that we must re-evaluate our thinking of the solitary or floating planktonic model as a source of chronic periapical disease.  This also means that more traditional models of conventional endodontic treatment will probably not be sufficient to deal with these complex structures. In the next 10 years, Carr predicts that endodontics will be heavily involved in biofilm research as it applies to chronic periradicular disease.
Questions: 
Dr. Trope asked whether we know for sure whether this bacterial ecosystem was merely a system of self preservation and that perhaps planktonic versions of this were more responsible for disease. 
Carr responded that in chronic medical conditions such as infected catheters, endotracheal tubes, and cystic fibrosis – we can’t usually culture planktonic versions. So we must conclude that it is the biofilm itself that is responsible for the chronic disease. The acute symptoms may be caused by planktonic organisms released by the biofilm but the chronic source is the biofilm. 

Trope responded that one strategy for dealing with this may be to try to prevent the spewing out of planktonic forms of the biofilm.  Carr replied that research is focusing on how genes in the bacteria may trigger this release. Perhaps there is a way to “turn off” the release switch and just have it as an in effective biofilm.  Biofilms, per se, are not necessarily a bad thing. They are often protective. 99% are probably harmless.  But, if we expect to make any advances in treatment and management of chronic periapical disease, Dr. Carr believes the presence of biofilms on the outer root surface, inner canal surfaces and in the periapex may explain why we have cases that are not amenable even though treatment appears to have been well done. Gary concluded that there is a lot that we still don’t know but that biofilms are not a “fad” and we need to incorporate them into our understanding of endodontic pathology and treatment.
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