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  FOREWORD

  

  “Mayor: The matter in question is not a purely scientific one; it is a complex affair; it has both a technical and an economic side. . . . As a subordinate official, you have no right to express any conviction at odds with that of your superiors.

  Dr. Stockman: What I am doing, I am doing in the name of truth and for the sake of my conscience.”1-2

  —Ibsen, An Enemy of the People, 1882

  Scientific progress and the advancement of civilization are inextricably linked. At the threshold of the third millennium the virtuous cycle of public support and investment in science, which has yielded multifold returns via improved quality and quantity of life, has been eroded at a most inopportune moment—sound science is the best hope for saving humankind from itself.3 Yet the public is rightly becoming skeptical of the motives of modern science, which has frequently betrayed the public trust and faces rising external criticism to reform.4-6

  Ibsen’s classic “An Enemy of the People,” illustrates the dangers of consensus science under the influence of institutions. Heroic Dr. Stockman, who sacrifices his career and personal standing to protect the innocent from harm, discovers that the scientific truth offends self-serving bureaucrats and powerful economic interests, and is soon denounced as a lunatic and “An enemy of the people” for defending the truth. Unfortunately, scientists have been very poor students of their own history, and suffer from misplaced moral overconfidence in their enterprise, institutions and judgment, which have always been subject to fraud, misconduct and the delusion of crowds as chronicled brilliantly by Ibsen.7 More recently, the inexorable rise of big and collaborative science, necessary to solving increasingly complex problems, has created a “belongingness” imperative for scientists on a scale and intensity never imagined by Whyte in “The Organization Man.”8 Success in modern science has become too dependent on networking and teamwork, appeasing group pressures in the name of cohesion and expedience—scientific dissent and skepticism that play critical roles in good science are rarely encouraged or even tolerated.

  The experiences and career of Dr. David Lewis, like the fictional Dr. Stockman, exemplify the type of heroic action that will be necessary if modern science is to become “self-correcting.” His work provides important insights to those who care about the scientific enterprise, and is a call to action for brave souls capable of sacrificing to preserve the integrity and promise of science for future generations. David highlights a pernicious threat to science which he first defined and personally named, “institutional scientific misconduct,” in which science has little to do with the seeking of truth and serving the public good, but rather, is conscripted to perpetuate the power/policies of institutions via conjuring of pseudo-scientific illusions. He defines institutional scientific misconduct as follows:9-10

  Institutional Scientific Misconduct or, in the case of research, Institutional Research Misconduct, is the fraudulent manipulation of science by government agencies, corporations and academic institutions to support government policies and industry practices. It often involves the suppression of credible scientific research by using false allegations of scientific or ethical misconduct against honest scientists who document the adverse effects of government policies and industry practices on public health and the environment.

  Institutional scientific misconduct has gone largely unappreciated and unreported because its practitioners are often the very agencies we have empowered to police scientific integrity in one way or another. And, at least superficially, they appear to lack a direct profit motive that would explain or cause scrutiny of their unethical actions. Many still mistakenly believe that such motives are a necessary inducement to incentivize scientific misconduct. In my opinion, the abuses and dangers of institutional scientific misconduct far exceed those arising from misconduct in industrial science, as society has developed certain checks and balances to control industrial science abuses while still preserving its undeniable benefits to society.

  I personally witnessed institutional scientific misconduct during an event known in the press as “The Washington D.C. Lead in Drinking Water Crisis,” during which government agencies first inadvertently triggered release of hazardous levels of lead from plumbing to drinking water in tens of thousands of homes in the nation’s capital, and later criminally hid the health threat from the public for more than three years.11-18 Unaware of the health hazard in their drinking water, parents were unable to protect their unborn fetuses, children or even themselves from the best known neurotoxin (lead). Hired to develop an understanding of the problem by the United States Environmental Protection Agency, and then acting to hold the public’s interest paramount over my own self-interest or that of the agencies, my funding and access to data from experiments I designed were terminated.13

  After the dimensions of the hazard were exposed in an award winning Washington Post investigative report in early 2004, the agencies and their minions published a series of reports relying on false or non-existent data, which created an illusion that the unprecedented exposures and the agencies’ criminal actions had not poisoned a single man, woman or child.19-23 The fact that their results contradicted over two thousand years of human knowledge and experiences regarding health harm from elevated lead in drinking water, was neither deterrent or hurdle, in their exercise of power via abuse of science.23 The agencies then stood by and even encouraged the spread of their pseudo-scientific lies, harming children in other parts of the United States and the world. None of those responsible were held accountable, although a few were later inexplicably given “Gold Medals” and other honors for public service by the agencies.23

  It took more than six years of personal effort and a U.S. Congressional investigation to finally discover that the agencies’ “data,” which they purportedly relied on for their landmark conclusions and publications, had strangely disappeared if it ever existed in the first place.20-23 Other dimensions of their falsification were also exposed.20 Yet, to this day, agency reports and publications for which data cannot be found, and with conclusions proven to be false by numerous investigations and some of the agencies’ more recent research, have still not been retracted.20-23 The Centers for Disease Control even issued a new falsified report, which in an Orwellian fashion, brazenly claimed that their prior work had actually concluded that D.C. citizens had been poisoned by the years of high lead in water, but that the CDC had communicated their results poorly and had been misunderstood by readers!24-26 Demands to retract the falsification of a falsification, which e-mails demonstrate was crafted at the highest levels of the CDC, were completely ignored.27

  I mention my own experiences because they are relatively well-documented, the information has been thoroughly vetted in the press and in Congress, and before living through it myself I would never have believed it possible.26, 28-29 Having grown up worshipping at the altar of science, I never even thought to question the motives of government agencies, the policemen that we pay to protect us, and who would seem to have no financial motive to behave unethically. Indeed, when I first heard of David Lewis and his battles with the EPA in the 1990s, I was too busy establishing my own career to pay any attention, much less delve into the details and sort out the truth. That is the reality of scientific whistleblowing. Whistleblowers and heroic scientists, are always destined for singular journeys, because even our most supportive colleagues have little choice but to be bystanders and there is no higher authority in science that can serve as an impartial judge and jury. As David found, sadly, a courtroom run by non-scientists is often the only recourse. It takes great courage, persistence and a supportive family to see matters through to a conclusion, as David did in his years as a “successful” EPA whistleblower.

  As is his nature, above and beyond his documented successes in demonstrating shortcomings in CDC infection-control policies and exposing wrong-doing at EPA, David does not shy away from new, challenging and controversial subjects. The book details his personal journey to try and better understand details of the Brian Deer and Wakefield drama, a subject on which, after decades of painful struggle, establishment science has reached a consensus verdict that Wakefield was guilty of scientific misconduct. David’s work and belief suggests that this consensus is an over-reach supported by dubious data and interpretations. As a scientist with a newly discovered appreciation of history, I can only say that there are many prior precedents that should give one pause whenever institutions harshly judge their critics, or those who are reporting results inconsistent with the political winds of the day. Our institutions, which fancy themselves as impartial, beyond reproach and worthy of passing judgment on others, never seem to find that their own egregious actions ever rise to the level of scientific misconduct.

  Consider the Cyril Burt affair. Lauded for his work on genetics and intelligence before dying in 1971, Burt’s work came under intense scrutiny shortly thereafter.7 Unable to defend himself because he was dead, and a key critic had successfully recommended that all of his notes/data be burned, a series of articles concluded that Burt’s career and life’s work had been a complete fraud.7 But later work noted that Burt’s key results had withstood the highest test of science, replication by others with modern methods, while obtaining virtually identical results. The bizarre rush to impeachment included an apparently false claim that Burt had even gone so far as to invent the names of his collaborators and co-authors!7,30-32 It seems safe to say that the Burt affair will never be satisfactorily resolved, even though his key results and conclusions ultimately withstood the test of time.

  Unsatisfactory resolution of scientific controversy in cases of scientific misconduct and whistleblowing, is currently the rule and not the exception. I recently defined whistleblowing, as it is in practiced in government agencies, as “a human perversion of natural selection, whereby weak, deceitful, cowards survive, and strong, honest heroic truth-tellers are destroyed.”33 David Lewis is one of a few whistleblowers who was not destroyed, who continued to practice science productively, and who remains fiercely independent and productive. He willingly shares his vast experiences and wisdom with others, as was the case when he spoke to my graduate engineering ethics classes, and by offering assistance to other whistleblowers so that their journey is not quite as lonely as it might otherwise be.

  Despite experiences that would break a normal human, Lewis remains optimistic about the future of science, and is rightly proud of his career before, during and after his personal ordeals with institutional misconduct within EPA. These characteristics might go far in explaining his personal success as a scientist and citizen. As you read his story which is part self-reflection and part memoir, Lewis feeds and encourages critical debate on many subjects, but first and foremost he embodies Ibsen’s observation that “The strongest man in the world is he who stands most alone.” 33 I cannot help but reflect that if brave whistleblowers such as David Lewis were to ever go extinct, given the magnitude of the science and engineering challenges that confront us; our civilization is not likely to be far behind.34

  Marc Edwards

  Charles Lunsford Professor of Civil Engineering

  Virginia Tech
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  PROLOGUE

  

  This book reveals in graphic detail how government control over the scientific enterprise, which President Dwight D. Eisenhower predicted would eventually pose a grave threat to America’s future, has finally come to pass. It also builds upon the prolific work of authors Daniel Greenberg, Sheldon Krimsky, David Michaels, and others.

  The American silver plug penny minted in the 1790s proclaims liberty as the parent of science and industry. The founding fathers were convinced that freedom from corruption was vital both to a healthy economy and to scientific progress.1 Few people today would disagree, and recent, highly publicized events surrounding the collapse of the housing market, corporate fraud, and the dire need for campaign finance reform have made the public well aware of the alarming influence that corrupt special interests have gained over the political process in the last several decades. While their insidious effects on the economy are well documented, most people have only had a glimpse of their impact on science.

  During my thirty-plus years as a research microbiologist in the Environmental Protection Agency’s Office of Research and Development (ORD) and at the University of Georgia, I experienced the far-reaching influence of corrupt special interests firsthand. As this book will describe, my dealings with civil servants, corporate managers, elected officials, and other scientists expose the ease—and disturbing regularity—with which a small group of individuals, motivated by profit or personal advancement, can completely hijack important areas of research science at even our most trusted institutions. The result is that today, many government-funded scientific endeavors have become little more than an arm of industry marketing efforts and government policymakers.

  Many factors lead to the ease with which the scientific process is corrupted by outside influences. Some are largely unavoidable. The complexity of the science itself often makes it so that only a tiny fraction of outside observers have the background knowledge to notice when the pieces don’t add up to a whole. On top of that, research is expensive, time-consuming, and inherently risky, making it hard for the small number of people who are able to understand any given area of research to unveil the corruption.

  But the culture of our scientific institutions, and the priorities of many of their leaders, shares a lot of the blame. A 2008 survey of ORD’s scientists by the Cambridge-based Union of Concerned Scientists reflects what many of my colleagues have become accustomed to: researchers are systematically subjected to top-down pressure to avoid conducting research or drawing conclusions that undermines government policies.2 In a great many cases, those who do are fired, have their careers dead-ended, and are sometimes even prosecuted and imprisoned. These problems are mirrored in industry, which hires scientists to support its business. And they have spread to universities, which are heavily invested in obtaining grants that ultimately support government policies and industry practices.

  If the trend continues, integrity in science may one day become about as rare as a silver plug penny. Unfortunately, organizations dealing with scientific misconduct are designed only to weed out those who commit fraud behind the backs of the institutions where they work. But the greatest threat of all is the purposeful corruption of the scientific enterprise by leaders within the institutions themselves. The science they create is often only an illusion, designed to deceive, and the scientists they destroy to protect that illusion are often our best.

  Throughout my career as a research scientist, I’ve worked in areas where policymakers and industrial managers have a keen interest in controlling what gets published in the scientific literature. I have watched government officials, university administrators, and corporate executives manipulate science without restraint time after time to advance and protect their own interests, funding scientists to carry out research projects with predetermined outcomes, fudging data, and using false allegations of research misconduct to eliminate scientists who question their “science.”

  Since 1996, I’ve spent much of my time fighting governmental, industrial, and academic entities jointly engaged in efforts to stop my research and discredit my coauthors and me by any means necessary. This book describes the most important issues that my coauthors and I have investigated, along with important research topics that leaders at government agencies and in the corporate world have prevented me from ever undertaking. Along the way, I’ve discovered much about the methods that are sometimes used within government agencies, corporations, and academic institutions to manipulate science.

  My coauthors and I, for example, were the first researchers to document adverse health effects associated with treated sewage sludges (biosolids) applied according to EPA’s current regulation, the 503 sludge rule. This rule allows municipalities to collect industrial pollutants at wastewater treatment plants and spread them on farms, forests, school playgrounds, and other public and private lands without monitoring any pollutants other than nine metals and two nutrients, nitrogen and phosphorus.

  EPA’s attempts to stop our research and discredit the researchers with false allegations of research misconduct prompted two congressional hearings by the House Science Committee, a review by the National Academy of Sciences, and the passage by Congress of the No Fear Act of 2002. At first, Democrats in the House of Representatives refused to support efforts to clean up the scientific fraud and the silencing of concerned scientists behind EPA’s biosolids program, choosing instead to cast Republicans as anti-environmental for attacking EPA regulations.3 Then, as a Senate Briefing was scheduled, Republicans torpedoed that effort.4

  Similarly, I spent almost two years obtaining and analyzing the U.K. General Medical Council’s (GMC’s) confidential documents behind allegations of research misconduct that Brian Deer and the British Medical Journal (BMJ) published against Dr. Andrew Wakefield. In the process, I discovered a document showing that the analysis of patient records that Deer published in 2010 perfectly matches an analysis requested by the government’s lawyers in the GMC proceedings four years earlier. The analysis, which Deer published in the BMJ, was the result of a deliberate plan by individuals working for the British government to conflate a blinded expert analysis of biopsy slides with routine pathology reports to make it appear that Wakefield had misinterpreted the records to link the MMR vaccine to autism. What the government’s lawyers could probably never get away with in the courtroom—which was to condemn Andrew Wakefield for research fraud—Deer accomplished by publishing the government’s convoluted analysis in the BMJ.

  My hope is that this book will give our judicial system, the news media, and the general public a better idea of what goes on behind the scenes, where enormous resources are being invested to create the illusion of science needed to protect government policies and industry practices. Somehow, we must find a way to prevent this illusion from supplanting the real science that is desperately needed to protect public health and the environment. It is up to us to ensure that future generations do not pay the price for the institutional research misconduct that has become such a large part of science during our generation.


  PRESIDENT DWIGHT D. EISENHOWER’S FAREWELL ADDRESS

  

  President Dwight D. Eisenhower on Scientific Research:1

  A steadily increasing share is conducted for, by, or at the direction of the Federal government. . . . The free university, historically the fountainhead of free ideas and scientific discovery, has experienced a revolution in the conduct of research. Partly because of the huge costs involved, a government contract becomes virtually a substitute for intellectual curiosity. . . . The prospect of domination of the nation’s scholars by Federal employment, project allocations, and the power of money is ever present and is gravely to be regarded. Yet, in holding scientific research and discovery in respect, as we should, we must also be alert to the equal and opposite danger that public policy could itself become the captive of a scientific-technological elite.


  STORY OF THE IRON HORSE
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  David Lewis. Photo courtesy of Walker Montgomery, circa 2010.

  The famous Iron Horse is a symbol of the University of Georgia. It stands exiled to a cornfield visible from Georgia State Highway 15 south of Watkinsville, Georgia, near the author’s home. Forged by artist Abbott Pattison and erected on UGA’s main campus in May 1954, it’s an example of iron sculpture introduced at the end of World War II.

  Modern art was new to the campus, and students at the agricultural university abhorred it. As night fell, firefighters turned their hoses on a large crowd that piled hay and old tires around the Iron Horse and set it on fire. In a PBS documentary aired in 1980, Pattison said that he considered it a lynching. The author was similarly banished from the UGA campus in 2008.
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  ASK YOUR DENTIST

  

  DO YOU HEAT-STERILIZE YOUR HANDPIECES AFTER EVERY PATIENT?

  

  Everyone should have regular dental care. It not only saves your teeth; it may well save your life. As a microbiologist, I know how important it is to get regular dental checkups and maintain good dental hygiene. But, after conducting research on dental handpieces used to drill and polish teeth, I would never let a dentist or hygienist work on my teeth unless their handpieces have been heat-sterilized after every patient. Many don’t, and you should always ask to make sure.

  Key Players

  Research conducted by the author and his coauthors at the University of Georgia, Washington University’s Medical School, and Loma Linda University’s School of Dentistry prompted the CDC, the FDA and other public health organizations worldwide to recommend heat-sterilization for every item that enters the oral cavity before it can be reused on another patient.1 There were many key individuals and organizations in government, industry, and academia that fought on one side or the other. Here are some of the key players.

  David Kessler, FDA Commissioner

  Thomas Arrowsmith-Lowe, who handled dental issues for the FDA, walked into Kessler’s office in 1992 with a copy of our Lancet study and the journal’s editorial in hand. The editors summarized: “On p. 1252, Lewis and colleagues report that HIV-infected material can be sucked back into waterlines and expelled via a dental handpiece.”2 At a meeting at the headquarters of the American Dental Association in Chicago, Tom announced that the FDA was sending a letter to every dentist in the United States, and every possession of the United States, instructing them to heat-sterilize their handpieces after every patient.3

  Harold Jaffee, CDC Director

  In an interview with ABC Primetime Live producer Sylvia Chase in 1992, Jaffee watched a videotape of me operating a dental drill and “prophy angle” used for cleaning teeth after they had been exposed to blood and prepared for the next patient according to CDC guidelines. Traces of red blood could be seen streaming out as the devices were run over a container of clear water. “Is it not the same thing—this kind of blood transfer—as sharing a needle?” Chase asked.

  Dr. Jaffee opened his mouth, but no words came out. After a long pause, he said, “Clearly, we don’t want one patient to be exposed to another’s blood.”

  Diane Sawyer introduced the segment by announcing that the CDC had decided to change its guidelines. Dr. Donald Marianos, the head of the CDC’s dental section, called me the next morning to say what an impact the visual demonstration had on the staff at the CDC. Evelyn Lincoln, President Kennedy’s personal secretary, also called me. She said that he would have personally taken action had this surfaced on his watch.

  Kimberly Bergalis, University of Florida Student

  Despite suffering in the final stages of AIDS, and unable to speak louder than a whisper, Kimberly testified before Congress. She waged a national campaign to force the government to get to the bottom of how she and at least five other patients in a Florida dental practice contracted HIV from their dentist—and stop it from ever happening again. Barbara Webb, a retired schoolteacher who was one of the other five, donated a blood sample for us to use in a study we published in Nature Medicine.
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  Dental handpiece drawing by David Lewis.

  The Story

  My older brother Mike joined the Navy in 1962, and was trained as a dental technician. After serving his four years, he worked for a dental supply company in Atlanta, Georgia. While visiting dental practices throughout the Southeast, he noticed traces of blood in the crevices of high-speed dental handpieces prepared for the next patient. Dental handpieces are divided into two categories: high-speed, for drilling, and low-speed, for polishing.

  Dental drills run on air pressure controlled with foot-pedals. When the pressure is cut off, suck-back causes blood, saliva, and other patient materials to be drawn back into the handpiece. Although dental handpieces are re-lubricated between patients, they are not cleaned internally.

  Slow-speed handpieces used to clean and polish teeth have the same problem. As hygienists scrape plaque from tooth surfaces along the gum line, bleeding occurs. Then, when low-speed handpieces equipped with prophy angles—rotating rubber cups—are run along the gum line, they suck back abrasive pastes contaminated with blood and saliva as the air-flow is disrupted. When reused, they expel the traces of blood and other patient materials directly into areas where tissues are bleeding in subsequent patients.4 Our studies published in Lancet and Nature Medicine demonstrated that, even when the devices are disinfected, they can still expel infectious levels of bacteria and viruses, including HIV.5 Only heat-sterilization can penetrate water-insoluble lubricants containing traces of patient materials trapped inside.

  I mentioned to Mike that I often developed throat infections after routine dental procedures, and tested positive for strep throat. When I asked my dentist whether he autoclaved his dental tools, he replied, “Everything but handpieces.” I told Mike that I wanted to take a closer look at what’s inside handpieces, and he gave me an old one to play with. My dentist had assured me that nothing from patients gets inside handpieces because air blows through them during the procedures. So, the first thing I did was to get the contact information for a dental equipment repair company from my brother and give the owner a call. That was in the late 1980s, before the Bergalis case surfaced. I doubt that the owner would have been inclined to talk about the problem after the HIV outbreak caused widespread panic.

  When I called the repair shop, I told them I was Mike’s brother and wanted to do a little research on handpiece contamination. I asked, “What do you see inside them when they’re repaired?”

  He replied, “Tooth material, amalgam, bits of tissue, blood.”

  “Well, if it’s going in,” I said, “then it must be coming back out when the handpiece is reused, right?”

  “That’s right,” he replied. To check it out myself, I scooped some of the debris from inside the old handpiece my brother gave me, and took a look at it using an electron microscope with X-ray diffraction to detect heavy metals. Lots of red blood cells, tissue, and mercury-silver amalgam particles were clearly visible.

  It was unsettling to me, as a microbiologist, to realize what had been injected into my bloodstream with dental drills over the years. All I could think about was the countless strains of antibiotic-resistant staphylococci and streptococci from thousands upon thousands of patients lodging on my heart valves, and remaining there—a few cells here, a few cells there. Little ticking time bombs buried in some microscopic scar tissue or cholesterol deposit, waiting for my immune system to go downhill from diabetes or some other chronic disease, just sticking it out until I grow old. There’s nothing in the world that can be done about it now.

  I asked Mike if he knew any dentists who heat-sterilized their handpieces after every patient. He recommended Robert Boe, a dentist in the Atlanta area who was known for welcoming AIDS patients. Soon, I was taking my wife and two children to Dr. Boe to get our dental work done, and driving to his office after getting off work at EPA to experiment with dental handpieces. Dr. Boe was one of only 1 percent of dentists in the United States who was heat-sterilizing handpieces after each patient at the time.

  HIV Outbreak in Florida

  In July 1990, the Centers for Disease Control and Prevention (CDC) in Atlanta reported a possible case of HIV transmission in a Florida dental practice.6 It would eventually trace the source of the infection in a University of Florida student, Kimberly Bergalis, and five other patients with no identified risk factors to their dentist, Dr. David Acer.7 In 1991, Dr. Acer’s hometown newspaper published a front-page story about our research, which ran in more than seven hundred papers nationwide.8 One of our studies included a blood sample from one of Acer’s patients.9

  The CDC considered the possibility of Dr. Acer directly transmitting his HIV infection to six or more patients through needlestick injuries to be highly improbable. It also considered transmission by dental devices to be highly improbable, but wouldn’t rule it out. The reasoning of CDC scientists was that HIV is highly sensitive to the 2 percent glutaraldehyde solution, which Acer’s staff used to disinfect his handpieces and reusable prophy angles.10 Moreover, a number of patients who contracted the dentist’s HIV only had cleanings done; the CDC considered these procedures to be noninvasive and, therefore, unlikely to transmit HIV.

  By exposing reusable prophy angles to blood from HIV-infected patients, we demonstrated that prophy angles used to clean and polish teeth can transmit HIV to cultures of human white blood cells, even after submerging the devices in 2 percent glutaraldehyde for two hours.11 With prophy treatments, or cleanings, the boundaries between doctor and patient dissolve, as dentists have their own teeth cleaned by their hygienists. That’s when visible amounts of the dentist’s blood mix with the clear grease that’s squeezed from a tube into prophy angles between patients.

  The reason prophy grease has to be replenished is because it leaks out during use. But it’s not a constant flow. Usually, it builds up until a dark glob of lubricant pops out as the hygienist is polishing a tooth, and then it gets scrubbed down into bleeding tissue with abrasive paste. The reason it’s dark is because it’s laden with blood. In the Florida dental practice where the HIV outbreak occurred, every patient that walked through the door was playing Russian roulette with Dr. Acer, but didn’t know it. That is, not until Kimberly Bergalis would not rest until the state public health department, the CDC, or Congress became involved in finding out how and why she contracted HIV.

  By experimenting with dental drills and prophy angles, I noticed visible amounts of blood occasionally coming out of the devices when I ran them in contact with a small amount of water in a porcelain container after they had been used in a bloody dental procedure. And that was after they had been cleaned and disinfected for use on the next patient. When I demonstrated this to my own dentist using prophy angles he had prepared for reuse, he looked down at the floor and said, “My God, I hope I haven’t given my patients hepatitis.” The next day, he instructed his staff to heat-sterilize his handpieces after every patient.

  Research Published

  Dr. Boe and I published our first paper in the Journal of Clinical Microbiology in 1991, demonstrating that dental handpieces could potentially retract and later eject an amount of blood from previous patients equivalent to a needlestick injury, which carries a risk of infecting one in three hundred patients with HIV.12 We also showed that bacteria in blood could survive the superficial wiping with disinfectants, which is all that most dentists were doing with handpieces between patients. The following year, we submitted a second paper to the same journal, demonstrating that viruses also survived the high-level disinfection procedures recommended by the CDC and FDA. In that study, microbiologists at Loma Linda’s School of Dentistry and the Retrovirus Clinic at Washington University’s School of Medicine participated in the research. All three reviewers recommended that it be published, but the editor-in-chief rejected it.

  He explained that our first paper was one of the most controversial the journal had ever published, and that this one would be even more controversial. I reformatted the paper and submitted it to The Lancet in London, while avoiding their editors in Washington, DC. I didn’t want to take a chance on any connections other editors in the US may have had with editors at the Journal of Clinical Microbiology. Lancet quickly accepted the paper with only a few minor grammatical changes.13

  More HIV Cases

  Compared with the HIV outbreak in Florida, potential problems with reusing unsterilized dental devices on HIV-infected patients were more clearly evident in the dental practice in Springfield, Massachusetts. In June 1989, James Sharpe, who was forty-three years old, made an appointment with Dr. Anthony Breglio. In contrast to Dr. Acer, Breglio was HIV-negative. Jim and his second wife, Jeanne, had recently moved back to Springfield from Miami, Florida. They worked together at the local Easy Quick Country Deli.

  Jim hadn’t seen a dentist for years, and was surprised to see how parts of the community where his dentist worked had deteriorated in recent years. He told me that the neighborhood around Breglio’s office was riddled with crack houses, and a large house next to the dental practice had become a house of prostitution. Breglio, he said, even joked about working on the prostitutes. Jim had three teeth extracted, had several cavities filled, and was fitted with a partial denture. According to Jim, Dr. Breglio used a high-speed handpiece to section one of his molars.

  Many dentists at the time would extend the burr—which is like a drill bit—then use it to section molars and extract them one piece at a time. This required burying the head of the handpiece in a profusely bleeding wound. This practice, which is not recommended, may be less common today, but it is still being done. About three weeks after having his teeth extracted, Jim developed night sweats and severe fatigue. He tested HIV-positive five months later, then developed AIDS in 1994.

  Jim’s physician concluded that his HIV infection was dental-related after an investigation by the state health department failed to discover any other probable cause. A second HIV-infected patient in Breglio’s practice with no identified risk factors later surfaced after giving birth to an HIV-infected baby. Dental records showed that this patient had received dental treatments several weeks prior to Jim. Jim and his wife sued the dental practice.14

  In the lawsuits filed by Kimberly Bergalis and others in Florida, and the Sharpes in Massachusetts, I was contacted to serve as an expert witness for defendants in the first case, and plaintiffs in the second. EPA approved of my testifying in my private capacity, provided that I donate my income from any expert witness fees to governmental or nonprofit organizations. Serving as an expert witness permitted me to have access to all of the patient records and other evidence in the cases, which were essential to my research.

  The CDC never investigated Breglio’s dental practice case as it did Acer’s. Dr. Donald Marianos, head of the CDC’s dental group, told me that investigating the Acer cases cost over $1 million. They simply didn’t have the resources to take on another recall of thousands of patients. But the two practices were very similar insofar as the condition of their dental equipment. Dr. Breglio kept only a few old, high-speed handpieces, which he wrapped with gauze soaked in a dilute hypochlorite solution (Clorox) between patients, then later switched to another disinfectant. Dr. Breglio’s handpieces, in fact, were so corroded that the metal was pitted with holes. To compensate for air escaping through the holes while he was drilling teeth, he increased the air pressure delivered by his compressors above normal.

  BREGLIO ANSWERS SHARPE’S ATTORNEY (1994) 15

  In 1989, I used sodium hypochlorite to disinfect my handpieces. I noticed that excessive soaking of handpieces in sodium hypochlorite caused the handpiece motors (turbines) to rust and/or seize up. . . . I then substituted a different chemical, a phenol, to disinfect the handpieces.

  Breglio’s attorney was a heavyset, elderly gentleman with a very cantankerous courtroom demeanor. During the trial, I couldn’t help but notice that he asked each of the plaintiffs’ experts the same question to begin cross-examination: “Doctor, do you consider yourself to be a man of science?” The answer, of course, was always “Yes.” And the attorney would continue to address the expert as a “man of science” throughout his cross-examination. His objective was to box the expert into a corner over some point of science, and then compel the witness to agree with the scientific literature on dental infection control published by professional and industry trade associations, such as the Journal of the American Dental Association. Then he always ended with the same question: “Doctor, do you have any proof that the AIDS virus was in the actual handpiece used on Mr. Sharpe?” The answer, of course, was always “No.” Fortunately, I was the last expert to testify, which gave me plenty of time to think about my answers.

  Before taking the stand, I noticed that the jury was mostly women. Then I looked at the back of the courtroom where all of the local and national reporters had lined up against the wall. All but one were women. Breglio’s attorney began his cross-examination as expected: “Dr. Lewis, do you consider yourself to be a man of science?” I only got three words out—“Sir, your question . . .”—before the attorney hollered at the top of his voice: “Just answer the question!”

  To which I replied with a Southern drawl, “Sir, your question is highly offensive to women in science. It doesn’t matter whether I am a man or a woman. I would appreciate it if you would just call me a microbiologist.”

  The resulting effect exceeded my expectations. The attorney kept forgetting what I asked to be called, and he wasn’t about to take any chance on calling me something different, which might offend some other group of jurors. When he came to the point in his cross-examination where he had addressed all the other experts as men of science, he had to stop and ask me to remind him of what I preferred to be called. Then, every time he paused to remember it, he would lose his train of thought.

  He soon decided to wrap up his questions, and shoot off the one big question he always saved for last. He stood in front of me just barely long enough to ask, “Dr. Lewis, do you have any proof that the AIDS virus was in the actual handpiece used on Mr. Sharpe?” before turning his back to me and walking away.

  “Yes,” I said. He took several steps, then stopped and stood completely silent, still facing away from me. When he turned around, he spoke to me in a very non-lawyerly tone of voice. It was like we were two acquaintances having a conversation by the water cooler.

  “What did you say?” he asked quietly.

  “I said, ‘Yes,’ ” I replied.

  “You have proof that the AIDS virus was in the actual handpiece that was used on Mr. Sharpe?”

  “Yes,” I replied again.

  “Is that proof in this courtroom?” he asked.

  “Yes,” I replied.

  “Where?” he asked. I pointed to the stack of plaintiffs’ exhibits resting on the table in front of him. He picked them up, brought them over to me, and said, “Show me.” I sorted through them and picked out a random 8 x 10 color photo of a magnified view of one of Dr. Breglio’s handpieces showing the head of the handpiece where the drill sticks out. Like all of the patient-ready handpieces he was using, the crevices around the O rings holding the drill were filled with blood and covered with transparent oil, which allowed the vivid bright red color to show through.

  That blood, I explained, has collected from hundreds of patients or more. It’s bright red because the lubricant keeps it from contacting the disinfectant, which would normally make it turn brown. In microbiology, I further explained, we apply universal precautions regarding the presence of HIV in blood samples. Absent any proof to the contrary, we must assume that it is present. This is particularly applicable when dealing with blood collected from hundreds of patients. So, I said, because I am a microbiologist, I must assume that this blood on the handpieces used on Mr. Sharpe did, in fact, contain HIV. The judge denied plaintiffs’ requests to introduce evidence showing that Breglio’s dental practice was located in a depressed area populated by drug addicts and prostitutes. Otherwise, I could have also pointed that out. According to the plaintiffs’ evidence, Dr. Breglio had once boasted that a number of his patients were prostitutes. Breglio’s attorney had no more questions. As I left the courtroom, a reporter from the Boston Globe came over and said she appreciated what I had to say about women in science.

  In the end, the jury ruled that Breglio was negligent in failing to heat-sterilize his handpieces, even though the American Dental Association recommended soaking them in hypochlorite solution and other disinfectants. In my testimony, I provided documents from Midwest Dental Company, which manufactured the handpieces used by Dr. Breglio, and a copy of the ADA recommendations. Midwest recommended only heat-sterilization, and the ADA’s recommendations stated that dentists should follow the manufacturers’ recommendations.

  Unfortunately, the jury sided with the defense’s expert, John Molinari, on the question of causation. Molinari chaired the University of Detroit’s Mercy School of Dentistry. He argued that flu-like symptoms Mr. Sharpe experienced several years prior to Mr. Sharpe’s dental work may have been associated with HIV infection. These symptoms, however, were diagnosed and successfully treated as prostatitis.

  Upon exposure to HIV, the virus proliferates in white blood cells throughout the body. Symptoms usually develop within two to four weeks, and include high fever (including night sweats), fatigue, headaches, and swollen lymph nodes. They typically last for only a couple of weeks. Full-blown AIDS usually develops around five years later, and may take up to ten years or more.

  From the beginning, I had urged Mr. Sharpe’s attorney to let me and Mr. Sharpe’s physicians explain the significance of Mr. Sharpe’s severe night sweats and other symptoms consistent with initial HIV infection, called HIV viremia, which occurred three weeks after his extractions. Research has established that these symptoms help pinpoint the time of exposure to the AIDS virus.16 Six months prior to Sharpe’s trial, I wrote to his attorneys:17

  LEWIS TO SHARPE’S ATTORNEYS (1995)

  We need the medical records from Drs. Forgast and Villanueva giving any information they have documenting Mr. Sharpe’s apparent HIV viremia (night sweats, fatigue) during July-December, 1989. (This is crucial to the case, in my opinion.) Also, we need their T-cell count documentation, showing the progression of Mr. Sharpe’s HIV infection. If you have any of this information, please send a copy to me to cite in my affidavit.

  Mr. Sharpe’s attorneys, however, ignored my requests for this information. They wanted me to focus on what they believed to be the biggest challenge, which was proving that Dr. Breglio was negligent even though the CDC and ADA had recommended disinfection with hypochlorite and other germicides at the time Mr. Sharpe had his teeth extracted. I was far more worried about the defense lawyer confusing the whole issue of the incubation period for AIDS. Even at trial, I pleaded with Sharpe’s lead attorney to let me rebut Molinari’s testimony. He just told me not to worry.

  Jurors were interviewed after they rendered the verdict:

  BOSTON GLOBE QUESTIONS JURORS (1996)18

  But, though the jury found Breglio’s methods of sterilization inadequate, they were not convinced that the high-speed dental handpiece used in the procedure had transmitted the AIDS virus. “We all thought it was possible,” said juror Gladys Sperry, 68, a retired musician from Belchertown. “But we had to decide whether it was probable.” “We all felt there were too many other factors,” Sperry said, “including the places he had lived, the length of time on the infection. You really didn’t feel that it was more probable than not.”

  The verdict came after seven days of testimony, mostly from expert witnesses, about the probability of Sharpe’s contracting the AIDS virus through the handpieces. . . . But the defense witness John Molinari . . . testified that it was “remotely possible” that the dental equipment was the cause of Sharpe’s illness. He said low T-cell count suggested he had contracted the virus three or four years earlier.”

  I can’t help but think about all of the resources it took to bring this case to trial, and how much it would have benefited public health to establish the first patient-to-patient transmission of HIV in dentistry. Instead, we ended up where we started, with many if not most dentists still wiping off dental handpieces and reusing them, while giving patients the “no-documented-cases” argument. In other words, so long as infections from dental drills aren’t documented in the scientific literature, it’s not a problem.

  It reminds me of a conversation I had with a section chief at the FBI headquarters in Washington, DC, who called me a number of years ago to discuss some forensic evidence. When we started talking about jury trials, I commented on how I would hate for my life to rest on the ability of taxi cab drivers and plumbers to judge the reliability of the prosecution’s arguments over DNA evidence. If the intent of the law is truly to arrive at the truth and achieve justice, why have a system where justice turns upon the ability of a retired musician from Belchertown to differentiate prostatitis from HIV viremia?

  At least the sight of blood coming out of dental drills and prophy angles on Primetime Live, and in my photos that JAMA and others published, moved manufacturers to make handpieces heat-sterilizable, and back away from reusable prophy angles. Now, single-use prophy angles are much more common. That alone has made dentistry much safer. So, in the end, at least the manufacturers did their part—and without the government passing a single regulation!

  In addition to the HIV cases in Florida and Massachusetts, I was also contacted by Bruce Williams, the father of Whitney Williams, an eleven-year-old girl living in Cook County, Illinois. Whitney, was one of ninety children in America with no known risk factors who were infected with HIV. Whitney’s case related to my area of research because, at age two, she had four teeth extracted. Neither parent nor any of her four siblings were HIV positive.

  Unfortunately, the Williams family began working with the Medical Legal Foundation in San Francisco to pursue a possible link between their daughter’s HIV infection and oral polio vaccine, which was suspected of being contaminated with HIV-infected monkey cells. I say it was unfortunate because this action caused public health organizations to shift all of their attention toward protecting the polio vaccine and discrediting the parents. The US Department of Health and Human Services denounced any possible connection with the polio vaccine, and the Cook County Department of Public Health called upon the state attorney’s office to review the case and determine whether Mr. Williams “had any contact with the gay community.”19 Any possibility of investigating the dental practice vaporized. Mr. Williams commented to the Chicago Tribune, “Why is this happening to us? We may not win the Good Housekeeping seal, but we are a good family.”20

  Sporadic Undocumented Cases

  Re-lubricating dental handpieces and their attachments between patients, and soaking them with germicides, appears to have prevented widespread outbreaks such as the one that occurred in Florida. Sporadic infections involving only a few patients at a dental practice over the course of several years or more, however, are unlikely to ever be detected. Public health organizations lack the resources it takes to investigate such cases.

  The total number of sporadic, undocumented cases could be large. According to the US Department of Labor, in 2010, there were approximately 84,000 general practice dentists and 182,000 hygienists actively working in the United States.21 If each of them infected one patient with hepatitis every couple of years, that would be approximately one million sporadic cases falling through the cracks every 7.5 years. Sporadic dental infections, therefore, may play an important role in epidemics of bloodborne infections.

  In response to the AIDS epidemic, the CDC advised dentists in 1986 to employ universal precautions and heat-sterilize handpieces and other reused devices whenever possible.22 Because most handpieces could not withstand high temperatures, heat-sterilization of handpieces continued to remain low.23 Dental infection control in other areas, however, did improve. An American Dental Association (ADA) survey in 1988 found that, over the previous two years, the use of gloves rose from 23 to 53 percent, needlestick injuries decreased from 1.5 to 0.53 per 100 injections, and the number of dentists owning autoclaves increased from 67 to 80 percent.24 Based on personal communications I had with manufacturers, the popularity of single-use prophy angles also began to rise at this time, and accounted for approximately 20 percent of the market by 1992. The ADA attributed much of the improvement to growing concerns that dentists were at elevated risk of HIV infection. Further improvements came in 1992 when our research prompted the FDA, CDC, and ADA to begin recommending only heat-sterilization for dental handpieces and their attachments.

  National trends in acute cases of hepatitis B (HBV) and C (HCV) reported from 1986 to 1994 appear to reflect improvements in dental infection control, which began in 1988 (see Fig. 1 A, B). A national survey using blood samples collected from 1988 through 1994, however, failed to demonstrate any association between frequency of dental visits and the prevalence of infection.25 Instead, decreases in reported cases of HBV, which is spread by sexual intercourse, dirty needles, and other routes involving direct blood-to-blood contact, have been primarily attributed to vaccination programs initiated in 1982.26 But there’s a problem with this explanation. In 1998 through 1999, a dramatic decline in HCV began at the same time HBV cases started to rapidly decline. HCV is primarily spread by blood-to-blood contact, not sexual intercourse; therefore, the vast majority of cases occur among injection-drug users sharing dirty needles. And, because HCV wasn’t eliminated from the nation’s blood donor supply until 1991 through 1994, and no vaccine is available, the reason acute cases began to steeply decline in 1988 through 1989 is not readily apparent.27

  The current position taken by the CDC, the pharmaceutical industry, and most medical professionals concerning the hepatitis B and C epidemics in the United States leads to the following conclusions, which I consider to be questionable, at best:
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  Figure 1A. Decrease in acute cases of hepatitis B (HBV) in the United States. Source: CDC.
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  Figure 1B. Decrease in acute cases of hepatitis B (HBV) and C (HCV) in the United States. Source: David Lewis.

  •   Acute hepatitis B cases began to rapidly decline between 1988 and 1990 primarily because of vaccines that were first introduced in 1982.

  •   Because the abrupt decline in HBV cases was primarily caused by vaccines, and no vaccine is available for HCV, the causes behind the simultaneous abrupt declines in HBV and HCV cases are different and unrelated. In other words, it was purely coincidental that HBV and HCV cases both began to rapidly decline between 1988 and 1990.

  •   Because frequency of dental visits and prevalence of infection are unrelated, disrupting the exchange of visible amounts of blood via unsanitary dental devices had negligible impact on the spread of hepatitis C.

  To illustrate what I think is missing in this picture, I give the following analogy:

  Over a period of months, small groups of arsonists board commercial flights at random and toss flares out the window as they travel from one city to another. Eight board the first month, then twenty the second, twelve the next, seventeen the month after that, and one on the last the month.

  To determine whether arsonists may be starting fires by tossing flares out the window on commercial airlines, investigators compare the number of wildfires that occurred each month with the frequency that the general population traveled by air. They found that the two were unrelated, and ruled out arsonists traveling on commercial flights as having caused the wildfires.

  I think we are looking at an analogous situation with numbers of acute cases of hepatitis C versus what’s happening in dental practice. In our research, we found that the amount of blood passed patient to patient by dental handpieces, in a worst-case scenario, is equivalent to a needlestick injury involving a 10-gauge needle. That means that about one in fifty patients could possibly become infected with HCV when non-heat-sterilized high-speed handpieces are used in procedures that draw visible amounts of blood in each case, shortly after the handpieces were used on HCV-infectious patients during procedures that also drew visible amounts of blood in each case.

  Because most procedures involving high-speed handpieces don’t involve visible amounts of blood, chances are small that any patient would be cross-infected with HCV. Again, we are talking about sporadic cases that go undetected because the mechanism is inefficient. High-speed handpieces wouldn’t be expected to generate enough infections in a single dental practice to draw the attention of local public health officials.

  That doesn’t mean, however, that small numbers of low-risk patients in dental practices can’t have a significant impact on the epidemic. Consider the impact that an HIV-infected airline steward could have had on the AIDS epidemic in its early stages. In every city where he had a layover, he could introduce the virus to the gay community, like tossing a flare into a field of dry grass. With HCV, I think it may be possible to sustain that kind of impact well beyond the genesis of the epidemic. It may happen whenever the high-risk population is relatively immobile compared with the low-risk population; the inefficient mechanism is widespread, and it occurs at a high frequency. Dental handpieces, for example, are used on thousands of patients day after day at every dental practice in every town and city across America. It doesn’t take much imagination to envision an epidemic of bloodborne pathogens rapidly spreading coast to coast among isolated groups of inner-city injection-drug users if you have highly mobile dental patients sporadically acquiring the virus and spreading it to geographically isolated high-risk individuals.

  Consider Jim Sharpe, for example. He was born in Enid, Oklahoma, moved to Guam, then to Honolulu, Hawaii, then Savannah, Georgia, then Plattsburgh, New York, then Springfield, Massachusetts, then Northampton, Massachusetts, then Miami, Florida, then Kansas City, Missouri, and on and on until he contracted HIV in a neighborhood populated with prostitutes and injection-drug users. If, instead, he had become chronically infected with HCV in Oklahoma, he could have passed it on to the injection-drug users in Massachusetts, and in other places along the way. Although he was not an injection-drug user himself, he often lived in neighborhoods with a prevalence of high-risk individuals, and potentially shared traces of blood with them whenever he had his teeth cleaned, filled, or extracted.

  My point is that widespread inefficient mechanisms of transmitting infectious diseases may play a much larger role in epidemiology than is currently recognized. That’s important to know. It means, for example, that the simultaneous abatement of the hepatitis B and C epidemics in the United States may not be coincidental, and may have had more to do with reducing sporadic bloodborne infections in dentistry than administering HBV vaccines, which certainly did nothing to prevent HCV infections.

  To avoid scaring patients, the medical community tends to downplay the importance of inefficient modes of disease transmission that operate largely under the radar of our public health system. This reinforces widespread apathy within the profession. As memories of the Acer cases have faded, so has compliance with the CDC’s guidelines recommending heat-sterilization of dental handpieces and other reusable dental devices. According to my contacts inside the industry, fewer than half of dentists operating in the Southern United States currently heat-sterilize their handpieces after every patient. Some estimate that less than 25 percent do this.

  Muzzling the Messenger

  Whenever government and industry fund universities to support government policies and industry practices, their first objective is to create a large body of supportive research in the peer-reviewed scientific literature. There appears to be no shortage of researchers at leading universities who are happy to take their money and publish whatever government agencies and corporations want. But what they publish isn’t real science, and, therefore, they’re not real scientists. It’s all about marketing, and marketing, as a rule, involves deception. The “science” they create, whether intentionally or not, is just an illusion. Oftentimes the illusion is created simply by funding researchers who, as the old saying goes, are not the sharpest tools in the shed.

  The second objective of government and industry is to protect that illusion, which often requires silencing scientists who disagree, especially whenever their research causes widespread public concerns over government policies and industry practices. Employers of scientists who step on the toes of government and industry are likely to be pressured by government agencies and industry trade groups to silence their employees.28 As a result, employees may have their careers dead-ended, get fired, have their funding ended, be targeted with false allegations of research misconduct, or have any of a number of adverse actions taken against them. The severity of measures taken to silence scientists, at least in my experience, depends on the size of the toes being stepped upon. For example, I experienced little pushback from government programs and corporate interests involved in dental infection control. Government agencies and the wastewater treatment industry, by contrast, are pulling out all the stops to prevent me from talking about problems with treated sewage sludges, called biosolids. Every industrial and municipal polluter in the country has a huge stake in protecting lax EPA regulations, which allow pollutants concentrated at wastewater treatment plants to be applied to every available parcel of land, from farms and forests to school playgrounds.

  In fact, during the entire time that I published research raising safety concerns over dental devices, no manufacturer in the United States or Europe ever once tried to interfere with my work. I came to know a number of the top executives of the leading manufacturers of dental handpieces at national trade shows, and toured their manufacturing operations. They never offered to fund my research, that is, “buy me out,” and never hinted that I should do anything differently. All of our research was done on a shoestring, and I was able to pay for supplies and other expenses out of my own pocket.

  FDA and CDC officials met and communicated with me from beginning to end. Both agencies were extremely supportive, even though I was highly critical of their policies. They never said or did anything to suppress our research or try to discredit me or any of my coauthors personally or professionally.

  Toward the end of President Clinton’s second term, he invited former FDA commissioner David Kessler to a Rose Garden ceremony when Congress voted to give the FDA new powers to regulate the tobacco industry. Dr. Kessler, at the time, was dean of the School of Medicine at Yale University. I happened to be catching a plane out of Reagan National later that afternoon. As I stood in line to have some changes made in my ticket, I looked back and noticed Dr. Kessler standing at a distance, staring at me.

  When I was finished, he was still standing there watching me. Assuming that he was trying to place where he had seen me before, I walked over, stuck out my hand, and said, “Hi, I’m David Lewis.”

  He shook my hand, and said, “I know who you are. What are you working on now?”

  We talked about flexible endoscopes for a few minutes, then I spent probably ten minutes or so talking with him about the tobacco industry. As we parted, he scribbled his address on a piece of paper so that I could drop him a line in the future.

  The only flack I ever got from anyone over our research or criticisms of infection-control policies was from the ADA, and one of its member organizations, the California Dental Association (CDA). The president of the CDA wrote a letter to my EPA laboratory director complaining about my research. My director responded that EPA had no problem with my outside activities, and EPA headquarters later approved my dental infection control research as part of my official EPA duties. The ADA published an editorial claiming that I was a dentist who stood to profit from a patent on a disinfection procedure if heat-sterilization became the new standard of practice. I’ve never been a dentist, owned a patent on a dental product, or made any money from selling dental products of any kind.

  The ADA’s president became a vocal critic of me, personally. One of my coauthors was a faculty member at a dental school where the ADA president gave the commencement address. My coauthor said that a number of faculty members boycotted the event because of the ADA president’s personal attacks. In the end, however, the ADA invited me to meet with CDC, FDA, and ADA officials at their headquarters to discuss the wording of the ADA’s new guidelines recommending heat-sterilization of dental handpieces.


  2

  ASK YOUR ENDOSCOPY CLINIC

  

  DO YOU STERILIZE WITH PERACTETIC ACID?

  

  By age fifty, everyone should be routinely screened for colorectal cancer. I am, and fortunately have been cancer free so far. Colon cancer is one of the easiest cancers to cure when it’s caught in time. Flexible fiber optic endoscopes, which are long flexible tubes with a camera lens at the end, are technological marvels. It’s pretty amazing how doctors today can routinely inspect internal areas of the body such as the colon and lungs, collect biopsies, and perform corrective surgery. The only problem is that flexible endoscopes cannot withstand heat-sterilization, and most models aren’t infection-control friendly. For example, internal air and water channels in most flexible endoscopes are too small to insert brushes all the way through them to clean out blood, feces, and tissue that collect inside.

  [image: image]

  Pentax flexible endoscope with all channels fully accessible to brushing. Photo courtesy of Walker Montgomery.
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