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GLOBAL CHALLENGES IN DIAGNOSING AND
MANAGING LYME DISEASE—CLOSING
KNOWLEDGE GAPS

TUESDAY, JULY 17, 2012

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON AFRICA, GLOBAL HEALTH,
AND HUMAN RIGHTS,
COMMITTEE ON FOREIGN AFFAIRS,
Washington, DC.

The subcommittee met, pursuant to notice, at 2:07 p.m., in room
2172, Rayburn House Office Building, Hon. Christopher H. Smith
(chairman of the subcommittee) presiding.

Mr. SMITH OF NEW JERSEY. The hearing will come to order. Good
afternoon, and welcome to our witnesses and to everyone who is
joining us for this first ever congressional hearing examining the
global challenges in diagnosing, treating, and managing Lyme dis-
ease.

My personal commitment to combating Lyme disease is long-
standing, going back 20 years, when one of our witnesses, Pat
Smith, attended one of my town hall meetings in Wall Township,
New Jersey, and asked me to get involved. I did. On September 28,
1993, I offered an amendment to establish a Lyme disease program
through the Environmental Hygiene Agency of the U.S. Depart-
ment of the Army. It passed and became law.

On May 5, 1998, I introduced a comprehensive, bipartisan Lyme
disease bill, H.R. 3795, the Lyme Disease Initiative Act of 1998,
which had at its core the establishment of a task force, an advisory
committee to comprehensively investigate Lyme with at least four
major areas in mind: Protection, improved surveillance and report-
ing, accurate diagnosis, and physician knowledge. I reintroduced
the bill again in 1999, 2001, 2004, 2005, 2007, 2009, and have a
pending bill that I introduced in 2011.

I would note parenthetically that in 1998 I also introduced a
comprehensive law to combat autism despite significant opposition
in the Congress and at NIH and CDC that closely paralleled the
Lyme bill’s struggle. That became law in 2000. Last year, I au-
thored the Combating Autism Reauthorization Act of 2011, which
was signed into law in the fall with the support of—not opposition,
but the support of NIH and CDC. If only we had done the same
with Lyme disease legislation in the late 1990s; there has been a
missed decade on Lyme.

As I have met scores of patients suffering the devastating effects
of chronic Lyme who only got well after aggressive treatment by
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Lyme-literate physicians, I have been dismayed and, frankly, an-
gered by the unwillingness of some to take a fresh, comprehensive
look at this insidious disease. My current bill, H.R. 2557, simply es-
tablishes a Tick-Borne Disease Advisory Committee, like we have
been trying to do since 1998, with the requirement of ensuring di-
versity of valid scientific opinion, a “broad spectrum of viewpoints”
to pull language out of the legislation, serving on the committee.

I would note to my colleagues that in Europe, Lyme disease syn-
dromes were described as early as 1883, and by the mid-1930s,
neurologic manifestations and the association with ticks were rec-
ognized. In the United States, Lyme disease was not recognized
until the early 1970s, when a statistically improbable cluster of pe-
diatric arthritis occurred in the region around Lyme, Connecticut.
This outbreak was investigated by Dr. Allen Steere and others
from Yale and stimulated intense clinical and epidemiologic re-
search. In 1981, Dr. Willy Burgdorfer, an NIH researcher at the
Rocky Mountain Laboratories, identified the spiral-shaped bacteria,
or spirochetes, causing Lyme disease and made the connection to
the deer or black-legged tick.

Lyme disease is the most common vector-borne illness in the
United States and is also endemic in parts of Europe and Asia and
recently has been confirmed to be endemic in the Amazon region
of Brazil. In Europe, the highest rates are in Eastern and Central
Europe. Recent surveillance studies have described growing prob-
lems in Australia and Canada.

In the United States, Lyme disease has been reported in 49
States—all except Hawaii—and is most common in the north-
eastern and north-central States and in northern California into
Oregon. Over 30,000 confirmed cases were reported to the CDC in
2010, making it the sixth most common reportable disease in the
U.S. and the second most reportable in the Northeast. CDC has es-
timated that actual new cases may be 10 times more than the re-
ported number, indicating roughly 300,000 cases in 2010 alone.
About 85,000 cases are reported annually in Europe as of 2006, ac-
cording to the WHO, but that was recognized as a gross underesti-
mate.

In North America, the only Borrelia species to cause Lyme dis-
ease is Borrelia burgdorferi. In Europe, Borrelia burgdorferi and at
least four other species cause the disease. Different species are as-
sociated with different manifestations of the disease. There are nu-
merous strains of Borrelia, which may affect the ability to evade
the immune system, the ability to invade certain organs or tissues,
and the response to antibiotics. Clinical manifestations of Lyme are
usually divided into three stages, although the descriptions of the
stages vary.

Few diseases have aroused such a high level of emotion and con-
troversy among the public, physicians, and researchers than Lyme
disease. There are two distinct views of Lyme disease, each citing
specific scientific evidence to support its claims, while outcomes re-
search is limited and conflicting.

One view, promoted by the Infectious Disease Society of America,
is that the disease is “hard to catch and easy to cure” and denies
the existence of chronic Lyme disease or persistent infection with
the Lyme bacteria. Any treatment other than a short course of
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antibiotics is considered too risky. Patients who do not fit the para-
digm may have few options outside of psychiatric evaluation.

The alternative view, promoted by the International Lyme and
Associated Disease Society and also by numerous academic re-
searchers in the U.S. and around the globe, says that the science
is too unsettled to be definitive, and there could be one or more
causes of persistent symptoms after initial treatment in an indi-
vidual who has been inflicted with the agent of Lyme disease.
These causes include the possibility of persistent infection or
postinfectious process or a combination of both.

These are not academic concerns, however, because the patient’s
health is at risk. Unfortunately, some academic researchers believe
that some of their colleagues are more interested in winning argu-
ments than moving the science forward. Three areas central to the
controversy are: The quality of diagnostics, post-treatment, and
available treatment options in light of clinical guidelines.

Current diagnostic tests commonly used to detect the spirochetes
that cause Lyme disease rather than detect whether the patient
has developed antibodies to these pathogen, CDC recommends a
two-tier serological testing but cautions that the two-tier system
could be used only for surveillance purposes and not for diagnosis.
Part of the difficulty in clinically managing suspected Lyme disease
is that the CDC protocol is frequently not only used but required
for diagnosis.

A study in the Netherlands of eight commercially available
ELISAs and five immunoblots found that they had widely diver-
gent sensitivity and specificity and a very poor concordance and
concluded that their “very high variable sensitivity and specificity
further puts the much-advocated two-tier testing strategy into
question.” In addition, two of the authors of the July 3, 2007, arti-
cle on an antibiotic resistance element were Julie Boylan and
Frank Gherardini of NIAID’s Rocky Mountain Laboratories. And
they stated, “It is a multistage disorder that is difficult to diagnose
at any stage of the disease, as well as being difficult to treat during
the later symptoms.”

Dr. Mark Eshoo, the head of new technology at the IBIS Bio-
sciences Division of Abbott Laboratories, will tell us today some ex-
citing information regarding the development of diagnostic tools
that hopefully will move us past a lot of the controversy.

Then there is the issue of persistence. IDSA has repeatedly stat-
ed that there is no convincing evidence that the Lyme Borrelia per-
sists after standard antibiotic treatment. “Convincing” is clearly a
subjective term, however. There is substantial evidence of the per-
sistence of it after treatment with antibiotics. There are numerous
documented case studies of persistence in humans after antibody
treatment, and our witnesses may comment on additional evidence
for post-treatment persistence in humans.

Additionally, one of our speakers today, Dr. Stephen Barthold,
one of the top experts in the country, and I am sure in the world,
on animal models—Dr. Barthold will describe published and yet-to-
be-published experimental studies that provide compelling evidence
for the Borrelia burgdorferi persistence following an antibiotic
treatment in animal model studies and their potential significance
for human medicine.
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Numerous studies have been conducted of the mechanism by
which Borrelia may evade the immune system and antibiotics.
Studies have suggested that resistance to antibiotics might be due
to formation of different morphological forms of it, including cell
wall deficient forms and biofilm-like colonies.

Contrary to the known scientific evidence, in a March 21, 2008,
letter to Members of Congress, the Infectious Disease Society of
America stated, “Not only is this assertion [that the notion that
some spirochetes can persist despite conventional treatment
courses] microbiologically implausible, there are no convincing pub-
lished scientific data supporting the existence of chronic Lyme dis-
ease.” It is problematic that the Infectious Disease Society of Amer-
ica would write to Congress trying to discourage support of legisla-
tion, saying that post-treatment persistence is microbiologically im-
plausible.

Additionally, in an article, “A Chronic Appraisal of ‘Chronic
Lyme Disease’,” published in 2007 in the New England Journal of
Medicine, several IDSA physicians and a CDC colleague made the
statement that “chronic Lyme disease”—and this is a quote—
“which is equated with chronic B. burgdorferi infection is a mis-
nomer.” While this statement has been referred to repeatedly in
other correspondence, calling chronic Lyme a misnomer does not
seem reasonable or supportable since it goes far past expressing
uncertainty. It seems clear that the intent of the statement was to
firmly slam the door on the notion that there possibly could be
chronic Lyme.

The final major area of controversy is the significance of the In-
fectious Disease Society of America’s treatment guidelines, which
directly impact patients and their ability to get treatment. Guide-
lines should be developed based on the best science, and there has
been extreme controversy regarding the restrictive nature of the
IDSA guidelines. The guidelines do not allow for the possibility of
chronic infection and severely limit physician discretion on treating
the disease.

Finally—and I would ask unanimous consent that my full state-
ment be made a part of the record—I would point out to my col-
leagues that we did invite the Infectious Disease Society of America
to be here, the NIH, as well as the Centers for Disease Control. We
were told that the IDSA person who would have been here had a
“scheduling conflict.” And I would just make very clear at the out-
set of this hearing that I will reissue an invitation to them and
fully expect that they will testify before our subcommittee at a date
that will hopefully be very, very soon.

I would like to now yield to Ms. Bass for any opening comments
she might have.

Ms. Bass. Thank you, Mr. Chair. I want to thank you for holding
this hearing on Lyme disease.

And T also want to thank today’s witnesses in research advocacy
and other efforts to bring greater clarity to the nature of this dis-
ease. Your work has been critical to understanding the disease’s
continued emergence and what measures are needed to prevent
new infections and treat those who are infected.

Mr. Chairman, I also want to commend you for your leadership
on this issue. And, as you have noted, Lyme disease continues to
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infect and affect a great number of North Americans, including our
own citizens. We can and must do more to control its spread and
work on new surveillance, control, and treatment efforts to mitigate
future spread. I understand that you do have legislation that you
mentioned that you have introduced several times, and I am happy
to join as a cosponsor of that legislation.

I know that we have all heard stories of young people and even
adults who suffer from extreme fatigue and joint pain due to Lyme
disease. While Lyme disease is rarely fatal, symptoms can at times
be debilitating. And as I know we will hear from our witnesses
today, I, like others, know people who have suffered from this dis-
ease. And one of the things that has been very troubling to people
I know is that the disease was not diagnosed at first.

And so I know CDC reports that there are a few cases in Cali-
fornia. And I would actually question that and believe that it is
probably underreported, especially in the Central Valley area of
California. CDC just says there were 200 cases in 2010, and I
would venture to say that I wonder if that is actually an
undercount.

In June 2012, there was an article in The New York Times that
says that we are all still trying to understand the transmission of
Lyme disease. I wanted to quote from that article:

“Deer ticks are aptly named, in a sense; a northeastern deer
can carry over 1,000 of these ticks on its body. But as far as
humans are concerned, the ticks might be more relevantly
called mouse ticks. That is because white-footed mice and
other small mammals, not deer, are now known by scientists
to be major carriers of the disease.”

While long thought that deer contribute greatly to Lyme disease
transmission, other animals are now suspected, including birds.

I hope current research and data collection is leading to new pos-
sible solutions for areas in communities hardest hit but also on the
front lines where we are seeing new cases. I would note that some
studies suggest increasing temperatures and changes in precipita-
tion patterns may be partially to blame for increased spread. If
changes in weather patterns are to blame, I think we should take
a look at the surge in cases in the U.S. and understand if there
is a relationship. Surveillance and control is critically important in
today’s expanding field, where more and more States and counties
are seeing new cases. | imagine some of the data that shows an in-
crease in incidence is probably due to improved detection.

I welcome witnesses’ recommendations on what can be done pol-
icy-wise to address Lyme disease and other similar diseases. As we
move to control this disease, CDC and others report that the best
way to prevent infection in the first place is really around aware-
ness. Local health departments and agencies appear to be increas-
ing awareness, raising efforts as the Nation enters the spring and
summer months.

As we look at current and future funding, how can we effectively
distribute limited resources to improve our Nation’s response to
this emerging disease?

And I know your legislation essentially would call for that. The
task force that would be looking at it would look at the resources
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and figure out the best way. I don’t know if that is correct in my
understanding in reading it.

It is my hope that as the U.S. continues to lead on Lyme disease
that we can also work with the World Health Organization to
prioritize the disease’s continued emergence in other regions, in-
cluding in Asia.

I thank you for today’s hearing.

Mr. SMITH OF NEW JERSEY. Thank you, Ms. Bass.

I would like to now recognize, without objection, two Members—
they are not members of the subcommittee, but very, very wel-
comed today, beginning with Mr. Gibson, the gentleman from New
York.

Mr. GiBsON. Well, thank you, Mr. Chairman and to the ranking
member. I want to begin by just thanking you for your leadership
on this critical issue and for the way that you work together, which
I think is so vitally important.

I want to also recognize Mr. Wolf. I know that all these Members
here today have really been working this issue for Lyme aware-
ness, diagnosis, treatment, and coverage from insurance companies
very hard.

And T wanted to be here because, from listening to you, Mr.
Chairman, I think that we have ended up here for the same rea-
son. This has been constituent-driven. This is a major public health
issue in upstate New York. And, you know, shortly after retiring
from the Army and returning home a couple years ago, it was clear
to me that—a couple things. One, there are so many folks in up-
state New York that are suffering from this affliction and are con-
fused—confused because they look to the medical community to get
well, and we find the medical community divided.

We need to bring them together. And I think the task force is
a great way to do it. We also appropriated last year in the Con-
gress moneys for better research, awareness research toward diag-
nosis. But I also think it is vitally important that we follow up to
make sure that those appropriations, those moneys, end up in the
right place. Because I know that we have appropriated money in
the past and ended up with the same results. So we have to make
sure that we get the right folks that are doing the research on this.

But I am optimistic. I am optimistic because, coming out of the
constituent-driven symposium that we held in upstate New York,
we were beginning, I think, to find some common ground. We actu-
ally had participation from some of those on both sides. Insurance
companies were there, as well. And perhaps most encouraging is
research which I think will be published, perhaps in the next year,
about really how co-infections, I think, can go a long way to explain
the chronic illness that the constituents are incurring attendant to
a tick-borne bite.

So, you know, toward that end, I will end where I began by
thanking the chairman and the ranking member for holding this
hearing. I look forward to hearing from the witnesses, and cer-
tainly want to stay engaged in moving us forward in a positive

way.
And I yield back. Thank you.
Mr. SMITH OF NEW JERSEY. Thank you very much, Mr. Gibson.
Thank you for your leadership.
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I would like to yield to Chairman Frank Wolf.

Mr. WoLF. Thank you, Mr. Chairman. I want to thank you and
the ranking member for the hearing.

This is a big issue in my congressional district, out in Loudoun
Valley all the way out to the Shenandoah Valley, and we now see
it spreading throughout the entire State of Virginia. For the long-
est period of time, you have long been a lone voice. And had it not
been for you sort of crying in the wilderness, if you would, to force
the different groups to come together—so I just want to second
what was said and thank you for your leadership here.

I look forward to something very good whereby we can come to
the day that there is a consensus on how we can treat Lyme and
how we can diagnosis it, how we can treat it, but also how we can
prevent it.

And, with that, I yield back.

Mr. SMITH OF NEW JERSEY. Thank you very much, Mr. Wolf.

I would like to now introduce our very distinguished panel, be-
ginning first with Dr. Stephen Barthold, who is a professor of med-
ical pathology at the University of California, Davis and director of
the U.C. Davis Center for Comparative Medicine. He served as a
captain in the U.S. Army Veterinary Corps and at the U.S. Army
Research Institute of Environmental Medicine and was a professor
of comparative medicine at the Yale School of Medicine. Dr.
Barthold was elected to the National Academies’ Institute of Medi-
cine in 2001 and is the recipient of several career awards. His re-
search has been funded continuously by the NIH for 35 years, in-
cluding a focus on Lyme for the past 25 years.

We will then hear from Dr. Raphael Stricker, who received his
medical degree and training in internal medicine at Columbia Uni-
versity in New York and is currently medical director of a multi-
specialty practice in San Francisco. Dr. Stricker is past president
and currently vice president of the International Lyme and Associ-
ated Diseases Society. He is also a member of the Federation of
Clinical Immunology Societies and the American Federation for
Medical Research. He is a recipient of the American Medical Asso-
ciation Award for Physician Excellence and an Outstanding Re-
viewer Award from the Annals of Internal Medicine. Areas of spe-
cial interest include tick-borne diseases.

We will then hear from Dr. Mark Eshoo, who earned his Ph.D.
from the University of California, Davis and performed his
postdoctoral studies at Stanford University. He has over 20 years
of research experience in the field of genomics and genetic analysis.
Dr. Eshoo’s research has resulted in the testing of many thousands
of ticks collected from the U.S. and Europe for a wide range of tick-
borne pathogens. He has led the development of sensitive proce-
dures to detect tick-borne pathogens from a variety of clinical speci-
mens, and is the director of new technology development at IBIS
Biosciences.

We will then hear from Pat Smith, who is in her 15th year as
president of the national nonprofit Lyme Disease Association. She
is a member of Columbia University’s Lyme and Tick-Borne Dis-
eases Research Advisory Committee, the Food and Drug Adminis-
tration’s PESP Partnership to promote avoidance of tick exposure,
and an advisor to the Lyme Research Alliance. She is also former
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chair of the New Jersey Governor’s Lyme Disease Advisory Council
and was the FDA’s 2011 Lyme prevention conference session co-
chair with the CDC. She has spent 27 years advocating for Lyme
disease mitigation and combating this disease, raising money for
both research and a children’s fund.

We will then hear from Evan White, who has utilized his experi-
ence in recovery from chronic Lyme disease to serve as an advocate
for the treatment rights of Lyme disease patients for nearly 20
years. Evan has testified before a U.S. Senate subcommittee on be-
half of himself and Lyme disease patients nationwide and has been
a featured speaker at numerous Lyme disease functions. Evan’s
story as a patient and advocate has been covered by several major
news media. Evan currently lives in New York City with his wife
Michelle, where he is a labor and employment attorney and co-
founder of the firm White Harris.

Then we will hear—and this is by way of hookup with the UK—
Ms. Stella Huyshe-Shires, who started her professional life as a
plant pathologist before undertaking a research fellowship with
IBM into the use of databases in plant research and moving into
computing. She contracted Lyme disease in 1999 while working in
her garden in Devon, United Kingdom, and was diagnosed 3 years
later. She was retired from her IT job in the National Health Serv-
ice on grounds of ill health. She joined Lyme Disease Action in
2007 and became its chairman in 2009. And we thank her for her
willingness to join us at this hearing today from England.

I would like to now ask Dr. Barthold if you could proceed with
your testimony.

STATEMENT OF STEPHEN W. BARTHOLD, PH.D., DISTIN-
GUISHED PROFESSOR, DEPARTMENT OF PATHOLOGY,
MICROBIOLOGY AND IMMUNOLOGY, CENTER OF COMPARA-
TIVE MEDICINE, SCHOOL OF VETERINARY MEDICINE, UNI-
VERSITY OF CALIFORNIA, DAVIS

Dr. BARTHOLD. Well, thank you for the opportunity to speak to
this subcommittee. I appreciate the recognition of what we have
been doing.

As you pointed out, I have been working on Lyme disease for 25
years in animal model systems. And one of the things that has in-
trigued me the most is the fact that Borrelia persists in its
immunologically competent hosts as the rule, not the norm, and so
persistence is part of its biological behavior. And this has been
shown in 100 percent of mice, rats, hamsters, guinea pigs, gerbils,
dogs, and nonhuman primates—two different species of nonhuman
primates.

And so, when you have an organism that is a professional at per-
sisting and evading host immune clearance, you have a problem
when you approach it with antibiotics. The antibiotics are likely to
fail under some circumstances, if not many circumstances.

And so, this has been challenged. I find myself in a rather con-
tentious field, at this point, coming out of the mainstream of Lyme
disease research into one in which I am somewhat of a pariah, in
terms of the established medical opinion.

In animal models, we know that early treatment during the pre-
immune phase of the infection, we can cure the animals. But dur-
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ing persistent infection, 100 percent of the animals remain persist-
ently infected after antibiotic treatment. And we are not alone.
This has been described in a number of different laboratories: One
in Finland, one in New York, one in Louisiana, one in Connecticut,
and then in our own lab in California. It has been described in
mice, in dogs, in nonhuman primates. It has been described with
a number of different antibiotics, including ceftriaxone, doxycycline,
tigecycline, amoxicillin, azithromycin.

And all of these studies have pointed to some commonality, some
rather convincing evidence of spirochetes which are unusual in that
they can no longer be cultured. We put clonal populations into a
mouse, but we get these nonculturable forms out. And our
naysayers have said this is residual DNA debris. But that “DNA
debris” is transcribing RNA, which means it is a metabolically via-
ble organism. We can acquire the infection feeding ticks upon the
treated the animals, so-called xenodiagnosis. And we can look in
the ticks and we see morphologically intact spirochetes that are
viable. We can also look in the tissues of the animals that have
been treated with antibiotics and we see morphologically intact spi-
rochetal forms.

Ticks can acquire the infection. They can transmit the infection
back into naive hosts. We can transplant the infectious material
with tissues containing organisms from the treated mice to naive
animals.

And in my written testimony, I have included some unpublished
data, which we hopefully will get published in the next year or so,
that shows after 12 months after treatment of mice we see resur-
gence of spirochetes in very large numbers, equivalent to numbers
of wild-type infection in which the animals have not been treated
with antibiotics.

So the significance of this remains to be determined. Are these
pathogenic organisms? Everyone in this room is infected subclini-
cally with a virus, bacteria, fungus, or all of the above, and under
some circumstances those organisms can cause disease. And it var-
ies from individual to individual.

So it remains to be determined, the significance of these per-
sisting organisms, and they by no means indicate chronic Lyme dis-
ease or an example of post-Lyme disease syndrome. But, certainly,
something unique is going on with Borrelia burgdorferi, and it
needs further study.

And that is pretty much my testimony.

Mr. SMITH OF NEW JERSEY. Thank you very much, Doctor.

[The prepared statement of Dr. Barthold follows:]
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Persistence of Non-Cultivable Borrelia burgdorferi
Following Antibiotic Treatment:

Critical Need for Further Research

Stephen W. Barthold, DVM, PhD
Distinguished Professor and Director
Center for Comparative Medicine
Schools of Medicine and Veterinary Medicine
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Lyme disease, caused by a number of closely related members of the Borrelfia burgdorferi
sensu lato family (B. burgdorferi sensu stricto in the United States) that are transmitted by
closely related members of the /xodes persulcatus family (/. scapularis and I. pacificus in the
United States) is endemic in many parts of the world, with particularly high prevalence in the
United States and Europe. Prevalence of human disease continues to rise, as does the
geographic distribution of endemic areas. These events are enhanced by perturbation of the
environment by humans, as well as global climate change, which favor habitation of the
environment by /xodes spp. vector ticks and suitable reservoir hosts. Interest in Lyme disease is
rising globally, as Lyme disease is increasing in southern Canada, where infected ticks and
reservoir hosts are extending their range from the United States, as well as an increase in
prevalence throughout Europe and Asia.

| have been engaged in Lyme disease research since its initial discovery in coastal Connecticut
in the late 1970’s/early 1980’s. At that time, | was on the faculty of the Yale School of Medicine,
and collaborated with Dr. Steere and others to develop an animal model for studying
mechanisms of disease and vaccine development. | have continued Lyme disease research
upon joining the faculty at the University of California at Davis in 1997. | have been actively
funded by NIH in Lyme disease research for over 25 years.

During the course of my Lyme disease research career, | have become saddened by the
negative discourse and division that exists among various factions of the Lyme disease
community, including the lay community, the medical community, and the scientific community
(the so-called “Lyme Wars”). In particular, debate has intensified regarding efficacy and
appropriate regimens for antibiotic treatment. Central to this debate is the Infectious Disease
Society of America (IDSA) position that this is a simple bacterial infection that is amenable to
simple antibiotic treatment, while also recognizing that something is happening in patients after
treatment, known as Post Lyme Disease Syndrome (PLDS).

Lyme disease is exceedingly complex in humans, and this poses major challenges to accurate
diagnosis and measuring outcome of treatment. It has been known for years that the acute
signs of Lyme disease (erythema migrans, cardiac conduction abnormalities, arthritis, etc.)
spontaneously regress without benefit of antibiotics, but their resolution is accelerated by
treatment. There is overwhelming evidence in a variety of animal species as well as humans
that B. burgdorferi persists without treatment, but the crucial question is does it survive following
treatment, and if so, do surviving spirochetes cause “chronic” Lyme Disease or PLDS? These
questions cannot be answered by speculative and expensive human clinical trials motivated by
firmly held dogmatism.

Something strange is happening with Lyme disease. Borrefia burgdorferi persistently infects a
myriad of fully immunocompetent hosts as the rule, not the norm of its basic biology. When
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such a situation occurs, antibiotics may fail, since it is generally accepted that antibiotics
eliminate the majority of bacteria, and rely upon the host to “mop up” the rest. If the bacteria are
able to evade host “mopping”, then the logic of the scenario falters. It is not surprising,
therefore, that experimental studies, using a broad spectrum of animal species (mice, dogs,
monkeys) and a variety of antibiotics (doxycycline, amoxicillin, ceftriaxone, tigecycline) have all
shown a failure to completely cure the animals of B. burgdorferi infection. What is surprising is
that the surviving spirochetes can no longer be cultivated from tissues (culture is considered by
some to be the gold standard for detecting viable B. burgdorfer), but their presence can be
readily detected with a number of methods, including B. burgdorferi-specific DNA amplification
(PCR), xenodiagnosis (feeding ticks upon the host and testing the ticks by PCR), detection of 8.
burgdorferi-specific RNA (indicating live spirochetes), and demonstration of intact spirochetes in
tissues and xenodiagnostic ticks by labeling them with antibody against B. burgdoreri-specific
targets. These surviving spirochetes are not simply “DNA debris” as some contend, but are
rather persisting, but non-cultivable spirochetes. It remains to be determined if their persistence
following treatment is medically significant. For example, humans are known to be persistently
infected with a number of opportunistic pathogens, including viruses, bacteria, and fungi, which
are held in abeyance by the immune response, without clinical symptoms. Their significance
varies with individual human patients and their ability to keep them in check. Lyme disease is
likely to be similar.

The following report is a bit technical, but provides a summary of documented evidence of
published and yet to be published experimental studies that provide compelling evidence for B.
burgdorferi persistence following antibiotic treatment in animal model systems. It remains to be
determined if humans are different, but the wide range of animal species studied (including non-
human primates) predicts commonality from which extrapolation to humans is logical. Because
of firmly entrenched opinion within the medical scientific community, evidence of persisting
viable but non-cultivable spirochetes is slow to be accepted, and research proposals submitted
to NIH that feature persistence following treatment are likely to receive prejudicial peer review in
the contentious environment of Lyme disease*. Negative comments by peer reviewers of grant
applications in the current financially austere NIH climate result in unfundable scores, if they are
scored at all (triaged). | have no personal stake in this issue any more, as | am retiring within a
year.

In my opinion, for such important and controversial studies to go forward, NIH will need to
publish a specific call for applications, known as a “Request for Applications” (RFA), that
requests research on the biological significance of persisting spirochetes following antibiotic
treatment.

* a major weakness cited by a peer reviewer in a recent unfunded RO1 application:

“The lay public that has so far denied the validity of scientific data will misunderstand the
significance of...[persisting non-cultivable Borrelia burgdorferi]...and use it as additional
evidence to support the idea of treatment-resistant Lyme disease.”
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Persistence of Non-Cultivable Borrelia burgdorferi
Following Antibiotic Treatment:

Critical Need for Further Research

Background:

There is widespread consensus among the mainstream medical community that relatively short-
term courses of antibiotics can eliminate objective signs of Lyme borreliosis in patients, with the
assumption that patients have been cured of infection. This has been articulated in the /DSA
Guidelines in 2006 [3] and reaffirmed by an expert Lyme disease review panel in 2010 [4]. The
IDSA Guidelines are in agreement with position statements of other medical and scientific
organizations, including the European Federation of Neurological Societies, The European
Union of Concerted Action on Lyme Borreliosis, the American Academy of Neurology, the
Canadian Public Health Network, the German Society for Hygiene and Microbiology, several
expert panels in various different countries, the American Lyme Disease Foundation, the CDC
and NIH. An Ad Hoc International Lyme Disease Group has also affirmed this position [5,6].

This consensus is based upon clinically objective criteria, in keeping with sound medical
practice. However, it is well established that patients with objective criteria of Lyme borreliosis
may also have widely varied and subjective manifestations that do not necessarily fit objective
clinical criteria [7,8,9]. There is agreement that when objective clinical signs are persistent, a
rare patient may have chronic Lyme disease, and when objective clinical signs return in a
treated patient, a rare patient may have recurrent Lyme disease. Under both circumstances,
repeated antibiotic treatment is advised. A principal area of continuing but unresolved debate
involves patients who experience disabling subjective symptoms following completion of
appropriate antibiotic therapy. This has been recognized by the term “post-Lyme disease
syndrome” (PLDS). IDSA Guidelines state that there is “no well-accepted definition of the
PLDS”, and that “there is no convincing biclogic evidence for the existence of systemic chronic
B. burgdorferi infection among patients after receipt of recommended treatment regimens for
Lyme disease.” [3] In the absence of objective clinical and diagnostic criteria, PLDS can never
be proven to be, or not to be, associated with persistent infection with B. burgdorferi.
Nevertheless, the vagaries of PLDS have promulgated a culture of “Lyme-literate physicians”
(some literate, others not), emotionally charged lay support groups (well-intentioned, but often
ill-informed), and speculative treatments, including scientifically unfounded and medically ill-
advised long-term antibiotic regimens with outcomes that cannot be objectively proven. Therein
lies the basis of what has been euphemistically termed the “Lyme Wars” [10]: a contentious
debate that can never be won simply on strongly held conviction. What is needed is research on
the basic biology of B. burgdorferi, including outcome after antibiotic treatment under controlled
conditions in animal models. Animals are indeed different from humans, but knowledge gained
with animal models lends credence to valid hypotheses that can then be rationally approached
in human trials.

A basic feature of Lyme borreliosis (without antibiotics) is that persistent infection is the
rule, not the norm. This occurs in B. burgdorferi’'s many reservoir hosts, and has been proven
experimentally in Peromyscus mice [11], laboratory mice [12], rats [13], hamsters [14], gerbils
[15], guinea pigs [16], dogs [17], and non-human primates [18]. Humans appear to be no
different, as there are a number of documented case reports of persistent infection based on
culture [19,20,21,22,23 24, 25| and PCR |26,27,28,29 30]|. Borrelia burgdorferi has evolved to
persist in immunologically competent hosts as a survival strategy for maintaining its natural
host-vector life cycle. Natural reservoir hosts and small laboratory animals are generally
rodents. In such hosts, infection is generalized and persistent, including in the skin, wherein
spirochetes can most efficiently interface with the vector tick. Both jn vivo animal model studies
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and in vitro studies have shown that B. burgdorfen spirochetes utilize an array of adhesins that
engage virtually every component of the extracellular matrix to facilitate their dissemination [31],
and sequestration within collagen as their preferred site of persistence [2,32,33]. Dissemination
is also facilitated by bacteremia during early infection, which is generally cleared during the
immune persistent phase of infection, and intermittent thereafter. Because humans are much
larger, they experience localized infections, as evidenced by erythema migrans (EM), and
sometimes disseminated, but randomly multifocal infection through bacteremia, which may
result in pauciarticular arthritis, secondary EM, carditis, peripheral neuropathy, meningitis, and
other objective clinical signs. It should be emphasized that Lyme disease in untreated humans
(and experimental animals) is ephemeral, with “spontaneous” resolution (without antibiotic
treatment) of EM, carditis, arthritis, and other signs [9,34]. Studies in animal models have
shown that resolution of arthritis and carditis is mediated by the acquired humoral immune
response of the host. Under these conditions, anatomically defined inflammation resolves, but
infection persists [32,35,36]. Indeed, even during the pre-immune phase of infection,
spirochetes populate many tissues with no evidence of inflammation (thus inflammation or
“disease” does not necessarily correlate with spirochete presence). The random, multifocal
nature of human infection, the ephemeral clinical signs, the myriad subjective symptoms, the
clinical impracticality of culture or PCR, the insensitivity of culture, and the retrospective nature
of serology all make objective diagnostic criteria for testing outcome of treatment in humans
simply impossible. That is not the case with animal models.

In a recent critical review of studies involving antibiotic treatment of B. burgdorferi-infected
animal models, it was stated that “in the treatment of other infections it is probably unrealistic to
expect that antimicrobial therapy per se will eliminate every single microorganism from an
infected host, and moreover, such an action would rarely if ever be required for a successful
outcome...the role of antimicrobial therapy in vivo can be thought of in terms of “tipping the
balance” in favor of the host's own defenses against a particular pathogen”[37].This may be
true for “other infections” but when treating for B. burgdorfen, which persists in fully
immunocompetent hosts as the rule of its natural behavior, “tipping the balance” in favor of the
host poses a challenge.

In that regard, different laboratories, using various classes of antimicrobial drugs in different
animal models, including mice | 1,2,38,39.40], dogs |17,41,42], and non-human primates |43],
have all demonstrated survival of B. burgdorferi following antibiotic treatment. What is unique
about all of these studies is that spirochetes can be detected by PCR for B. burgdorfen-specific
DNA (BbDNA), but not by culture. In mouse studies performed in this laboratory (see below),
mice were treated with ceftriaxone, doxycycline, or tigecycline at various intervals of infection,
and tissues were tested at intervals after treatment. Tissues remained BbDNA PCR-positive up
to 12 months, but were consistently culture-negative. Morphologically-intact spirochetes could
be visualized by immunohistochemistry in tissues from treated mice; ticks could acquire
morphologically-intact B. burgdorferi and BbDNA from treated mice; ticks remained BbDNA-
positive through molting into nymphs and adults; nymphs transmitted BbDNA to recipient
immunodeficient (SCID) mice; allografts from treated mice transplanted into recipient SCID mice
transferred BbDNA to recipient mice; and both tick- and transplant-inoculated mice had
disseminated BbDNA. BbDNA-positive tissues were also positive for B. burgdorferi-specific
RNA transcription. Furthermore, quantitative PCR indicated low-levels of replication during
these various stages. The /DSA Guidelines have stated “the significance of continued PCR
positivity needs to be better understood, but this phenomenon should not necessarily be
construed to indicate persistence of viable B. burgdorferi’ |3]. The above summarized behavior
of PCR-positivity, RNA transcription, BbDNA transmission, BoDNA amplification, BoDNA
dissemination, and morphologically intact spirochetes in both tissues and ticks strongly indicate
the presence of persistent, viable, but uncultivable spirochetes.
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IDSA Guidelines also state that “unless proven otherwise, culture should be regarded as the
gold-standard to address viability of B. burgdorfer”’ [3]. Culture may indeed be a gold standard
when it is positive, but it is often not. Having worked with B. burgdorferi for over 25 years, it is
apparent that not all isolates or strains can be easily cultured, and this is especially apparent
during long-term infection. Thus, culture cannot be relied upon as a gold standard of viability.
As noted above, our studies and those of others in mice, dogs and non-human primates have all
reached similar conclusions: spirochetes are persisting, but are paradoxically non-cultivable. In
ongoeing studies (see below), we have found resurgence of non-cultivable spirochetes in tissues
of mice (and by xenodiagnosis) at 12 months after antibiotic treatment.

Because persistence of non-cultivable spirochetes has been shown to occur following treatment
with several different classes of antibiotics, the phenomenon is likely explained by antimicrobial
tolerance (in contrast to antibiotic resistance or inadequate antibiotic treatment), in which all
classes of antibiotics fail to completely eliminate non-dividing or slowly-dividing subpopulations
of a broad array of bacteria and fungi [44,45]. A possible explanation for these attenuated
antibiotic-tolerant spirochetes may be because of plasmid loss, in which spirochetes have lost
critical genetic material that favors robust growth. It has been known for decades that during in
vitro passage, B. burgdorferiis highly prone to plasmid loss [46,47.48], and therefore plasmid
loss is likely to also occur during the course of infection and increase over time. This may
explain why treatment success in humans [3.8] and laboratory mice [2,38] appears to be most
effective during early infection. Treatment success is inversely correlated with spirochete
populations, since spirochete burdens in mouse (and human) tissues are highest during early
infection [49], when antibiotics work best. The biological (in contrast to medical) significance of
attenuated spirochetes is probably insignificant, in that robustly dividing-, genetically-intact
spirochetes would be selectively favored upon tick acquisition, transmission, and survival in
reservoir hosts. The medical significance of attenuated persisting spirochetes is another matter,
and compels further investigation.

Animal Studies. Various studies have shown efficacy of antibiotics in curing laboratory rodents
of B. burgdorferi infection, based upon culture as the read out [50,51,52,53] [54,55] [56,57].
With the advent of increasingly sensitive PCR analyses, we and others have repeatedly
demonstrated in dogs [17,41,42], mice [1,2,38,39,40)| and rhesus macaques [43] that non-
cultivable spirochetes persist following antibiotic treatment. Straubinger, et al. |17,41,42| found
that despite treatment of infected dogs for 1 month with ceftriaxone, doxycycline, or
azithromycin, BbDNA continued to be detected as late as 12 months after therapy, but tissues
were consistently culture-negative. This seminal observation prompted Bockenstedt's group in
collaboration with our group to study mice infected with B. burgdorferi N40 and treated with
ceftriaxone or doxycycline [1]. In that study, spirochetes could not be cultured from tissues of
treated mice, but were detected by PCR in tissues for up to 9 months after treatment, and in
ticks that fed upon treated mice at 3 months after treatment. Efforts to transmit spirochetes to
naive mice from infected ticks that fed upon treated mice were unsuccessful. However,
spirochetes could be visualized in midguts of ticks that fed upon treated mice (Fig. 1). PCR
analysis of spirochetes within the ticks suggested that they had lost one or more plasmids,
based upon limited survey of gene targets on B31 Ip25 and 1p28-1, which are associated with
potentially important virulence factors. It was concluded_that spirochetes in antibiotic-treated
mice were viable, but non-infectious and genetically attenuated.

Fig. 1. Direct fluorescence antibody
labeling of B. burgdorferi within midguts
of xenodiagnosis ticks that fed upon mice
treated with saline (A), ceftriaxone (B) or
doxycycline (C) [1].
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These studies prompted further investigation of B. burgdorferi persistence following antibiotic
therapy by examining mice treated with ceftriaxone during the early (3 weeks) or late stage (4
months) of B. burgdorferi N40 infection [2], since we had found that there are significant shifts
into, or preferential survival of spirochetes in collagen during chronic infection [32].
Commencing at 3 weeks or 4 months of infection, mice were treated with ceftriaxone or saline
for 1 month (16 mg/kg b.i.d. for 5 days, s.i.d. for 25 days), and then necropsied at 1 or 3 months
after treatment. Tissues of mice were tested by culture, PCR, and allograft (ear skin)
transplantation into naive mice, and mice were tested by xenodiagnosis, using larval ticks. As
before, spirochetes could not be cultured, but low copy numbers of BbDNA were detected by
real-time quantitative PCR (QPCR) in tissues of treated mice. Treatment commencing at 3
weeks of infection was more effective at curing mice of infection (including BbDNA) than
commencing treatment at 4 months. Allograft (ear tissue) transmission could not be
demonstrated, but a low percentage of xenodiagnosis ticks were BbDNA-positive, and nymphal
ticks from those tick cohorts transmitted BbDNA to naive SCID mice, in which multiple tissues
became BbDNA PCR-positive, but were culture-negative. Thus, in contrast to the previous study
[11, our study found that ticks could both acquire and transmit infectious, non-cultivable
spirochetes. This study also detected Ip25 and Ip28-1 gene targets in BbDNA-positive ticks,
thereby challenging the hypothesis that spirochetes were genetically attenuated. Furthermore,
morphologically-intact B. burgdorferi were found by immunohistochemistry in collagenous
tissues of antibiotic-treated, culture-negative mice (Fig. 2):

Fig. 2. Immunohistochemical labeling of antigen-
positive, morphologically-intact B. burgdorferi in a
ligament of @ mouse infected for 4 months,
treated with ceftriaxone for 1 month, and then
necropsied 1 month after completion

of antibjotic treatment |2

Studies with tigecycline. A valid criticism of mouse studies utilizing ceftriaxone is that the serum
half-life of ceftriaxone is extremely short in the mouse, compared to humans. This is not the
case with tigecycline. Tigecycline is a new first-in-class antibiotic that is highly active and
bactericidal in vitro against multiple strains of B. burgdorferi compared to ceftriaxone, reaches
serum concentrations well above (70 times) therapeutic levels with a half life of 12 hours [58].
We evaluated high and low doses of tigecycline, ceftriaxone (comparison group), and saline
(control group) treatment in mice, commencing at 1 week, 3 weeks, or 4 months of infection
|38]. Infection status was evaluated at 3 months after completion of treatment by culture, gPCR
of multiple tissues, xenodiagnosis, tick-borne transmission, and allograft transplantation of joint
and heart tissue into SCID mice. Previous studies revealed no allograft transmission using ear
punch tissue (which has been found to be usually BbDNA-negative following treatment), so this
experiment utilized tissues that were the most consistently BbDNA-positive (joint and heart) for
persisting spirochetes. Results found no difference in effectiveness between ceftriaxone and
tigecycline. Results also confirmed previous studies, demonstrating persistence of non-
cultivable spirochetes, based upon qPCR, particularly in the heart base and joint tissues. As
previously found, antibiotic treatment during the early stage of infection was more effective than
treatment during the later stages of infection. The viability of non-cultivable spirochetes in
antibiotic-treated mice was confirmed by transmission to SCID mice by allograft transplantation,
with dissemination to multiple tissues in the recipient mice, and by xenodiagnosis, including
acquisition of BbDNA by ticks, transmission by ticks to SCID mice, and survival through molting
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of larval ticks to nymphs, and then to adults. As before, gene target copy numbers were
consistently low, but increased slightly, rather than being diluted, during each transmission
stage, indicating low levels of replication. In addition, BbDNA-positive heart base tissue from
antibiotic-treated mice revealed RNA transcription of several B. burgdorferi genes. Results
extended previous ceftriaxone and doxycycline studies, indicating that antibiotic treatment is
unable to clear persisting spirochetes, which remain viable and infectious, but are slowly
dividing.

Persistence of multiple B. burgdorferi isolates following antibiotic treatment. We tested efficacy
of ceftriaxone (vs. saline) in mice infected with B. burgdorferi N40, B31, 72a, 118a, or Bo126. In
saline-treated mice, we were unable to culture 72a, and rarely 118a, yet tissues contained
BbDNA at infection-level copy numbers and distribution, and mice seroconverted at a titer
indicating active infection. There was no difference in sensitivity of any isolate to antibiotic, with
all treated mice being positive for BbDNA. Results support the generality of spirochete
persistence.

Resurgence of spirochetes at 12 months after treatment. It has been speculated that non-
cultivable spirochetes would eventually die out following treatment [1,37]. We obtained
supplemental funds from the National Research Foundation for Tick-Borne Diseases and from
NIH/NIAID to support a long-term study, in which mice were followed for up to one year after
completion of treatment. Mice were infected with B. burgdorferi cN40 for 30 days, treated with
ceftriaxone for 30 days, and then necropsied at 2, 4, 8 and 12 months after treatment.
Spirochetes could be cultured from inoculation site and urinary bladder of saline-treated mice,
but could not be cultured from any of the antibiotic-treated mice at any interval. qPCR results
(flaB) for saline-treated mice indicated widespread persistent infection in multiple tissues for up
to 1 year after treatment:
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In contrast to saline-treated mice, remarkably different results were found in mice treated with
antibiotic:

flah real-time Q-PCR and Xenodiegnosis Resulls in Antiblotic-Treated Mice
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Saline control tissues were tested as single samples, whereas antibiotic-treated mouse tissues
were tested in triplicate, and expressed as such in the above table. Results revealed resurgence
of spirochete distribution in tissues at 12 months. There was also an increase in flaB copy
numbers in many samples from antibiotic-treated mice, with nearly 20% of the 12 month
antibiotic samples containing 100 or more (up to 339) spirochetes/mg tissue (within range of
saline-treated samples). Notably, although tissue samples were rarely positive at 8 months,
xenodiagnosis at 8 months presaged resurgent activity prior to the 12 month interval.

Low Density Array (LDA) studies. LDA is a medium-throughput method based on a qPCR or a
reverse transcription gPCR (RT-qPCR) platform. Forty three B. burgdorferi N40 genes were
tested simultaneously, including genes associated with attachment, bacterial membrane,
motility, metabolism, cellular processes, cell division, complement regulation, and metabolism
(General Methods). Among 12 month samples, all gene targets were detected in 5 tissue
samples from 4 saline-treated mice, whereas 8. burgdorferi genomes in 16 tissue samples with
high Bb DNA copy numbers from 6 antibiotic-treated mice were uniformly missing BBK32 (Ip36),
and variably missing ospE, various erps (cp32s), vIsE (located on N40 Ip36), arp (located on
N40 |p28-5), bptA (Ip25), and eppA (cp9). Although preliminary, data suggest loss of small linear
and circular plasmids in persisting spirochetes. Most notable was the uniform absence of Ip36,
loss of which significantly attenuates infectivity in mice, with markedly reduced, but detectable
levels of infection [59]. Results also demonstrated amplification of multiple gene targets,
thereby verifying the specificity of residual Bb DNA results. LDA was also utilized to detect RNA
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transcription of various genes from cDNA-processed samples. Because of low copy numbers in
samples, most gene transcripts were below detection levels in antibiotic-treated mice, but dbpA
transcription was consistently found in most samples, and bmpD, CRASPT, erp23 and p23-72
transcription were variably detected in samples at 12 months. Although preliminary, LDA
analysis confirmed our previous findings [38| of RNA transcription by persisting spirochetes,
indicating metabolic viability of non-cultivable spirochetes (in contrast to residual DNA debris).

This mouse study was repeated to confirm the findings of persistence and resurgence of non-
cultivable spirochetes, with similar results of detection of non-cultivable spirochetes by PCR in
tissues at 12 months following completion of ceftriaxone treatment. In addition, ticks were fed
upon antibiotic-treated mice at 12 months after completion of antibiotic treatment, and found
once again to be PCR-positive, as before. In addition, small numbers of spirochetes were
visible by immunofluorescence within tick midgut preparations:

Fig. 4. Immunoflourescence staining of B. burgdorferi spirochetes in the midgut
of ticks that fed upon an saline-treated infected conirol mouse at 12+ months of
infection (left image) and on a mouse infected with non-cultivable spirochetes at
12 months following completion of antibiotic treatment (right image).

Tissues of mice infected with non-cultivable B. burgdorferi at 12 months following completion of
antibiotic treatment were examined by immunohistochemistry for the presence of spirochetes.
Rare, morphologically-intact spirochetes expressing immune-reactive antigen were found in
heart tissue:

Fig. 5. Immunohistochemical staining of B. burgdorferi spirochete entering
a lymphatic vessel in the heart base of a mouse infected with non-culitivable
spirochetes at 12 months folfowing completion of antibiotic treatment.

Persistence of non-cultivable spirochetes in antibiotic-treated rhesus macaques. In
collaboration with Mario Philipp and Monica Embers at Tulane National Primate Research
Center, we blindly analyzed tissues by qPCR from rhesus macaques treated with ceftriaxone
and doxycycline [72]. Several tissues were confirmed to be BbDNA-positive. As in dog and
mouse studies, animals were culture-negative and xenodiagnosis-positive. Morphologically-
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intact spirochetes were observed by immunofluorescence in the ticks that fed upon treated
animals:

Fig 5. Spirochetes recovered by xenodiagnosis from macaques treated with
antibiotic. Images represent immunoflourescent staining of B. burgdorferi in
xenodiagnostic tick midgut culture (A) or tick midgut preparation (B) from treated
animals [72].

Summary of Key Findings in Published and Preliminary (unpublished) Animal Studies

« Studies in mice, dogs and non-human primates have demonstrated persistence of non-
cultivable spirochetes following treatment with several different bacteriostatic and
bactericidal antibiotics.

« Non-cultivable spirochetes can be visualized as morphologically intact, antigen-positive
spirochetes in ticks feeding upon antibiotic-treated mice and macaques, and in tissues of
antibiotic-treated mice for 12 or more months after completion of antibiotic treatment.

* Non-cultivable spirochetes in antibiotic-treated mice can be acquired by ticks,
transmitted by ticks, and survive molting of ticks from larvae to nymphs and to adults,
confirming their viability.

« Non-cultivable spirochetes can be transmitted from antibiotic-treated mice to recipient
SCID mice through tick-borne infection or transplantation of tissue allografts, and
disseminate in recipient mice.

+ Persisting non-cultivable spirochetes transcribe RNA, confirming their metabolic viability.

+ Low copy numbers of target DNA of non-cultivable spirochetes are present in tissues of
mice following antibiotic treatment, with evidence of very low but increasing levels of
replication when acquired by ticks, transmitted by ticks, in different stages of ticks, and
following transmission to recipient hosts.

« Non-cultivable spirochetes resurge at 12 months after antibiotic treatment, with
increased BbDNA copy numbers and widespread dissemination in host tissues.

+ Preliminary results suggest that resurgent non-cultivable spirochetes have lost small
linear and circular plasmids, which may explain their attenuated, low-replicative behavior.
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Conclusion:

“...the significance of continued PCR positivity needs to be better understood, but this
phenomenon should not necessarily be construed to indicate persistence of viable 8.
burgdorferi” IDSA Guidelines

Persisting viable but non-cultivable B. burgdorferi is now a convincing phenomenon based upon
a number of animal-based (mouse, dog and primate) studies using a number of different
antibiotics, and the significance of continued infection indeed needs to be better understood. It
is time to recognize that Lyme disease is not a simple bacterial infection.
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Mr. SMITH OF NEW JERSEY. Without objection, all of your full and

very extensive testimonies will be made a part of the record.
Dr. Stricker?

STATEMENT OF RAPHAEL STRICKER, M.D., VICE PRESIDENT,
INTERNATIONAL LYME AND ASSOCIATED DISEASES SOCIETY

Dr. STRICKER. Thank you, Mr. Chairman, members of the com-
mittee, honored guests.

First, let me take this opportunity to thank the committee for in-
viting me to speak about the growing international health threat
of Lyme disease.

I am a practicing physician in San Francisco with a specialty in
internal medicine. I am also vice president of the International
Lyme and Associated Diseases Society, or ILADS, an international
organization of medical providers with expertise in treating pa-
tients with Lyme disease and associated tick-borne illnesses. I cur-
rently have over 2,000 Lyme disease patients in my practice, and
I have watched the number of patients with this disease grow expo-
nentially over the past 15 years.

Patients come to me from all over the United States and around
the world: From Connecticut to California, from Canada to Costa
Rica, from Great Britain to Brunei, and from Germany to Japan,
and, yes, even from New Jersey. Many of these patients have been
ill for years, and, sadly, they have been unable to find a medical
provider who can diagnose and treat them for Lyme disease.

My practice reflects the increasing rate of Lyme disease in the
United States and around the world. This increase should not be
a surprise to anyone; after all, Lyme disease is the most common
tick-borne disease in the world today. It is caused by a spiral-
shaped bacteria that is transmitted by the bite of a tick, as you
have heard. Patients with Lyme disease develop a combination of
muscle and joint symptoms, neurologic problems, and heart abnor-
malities that may be severe and debilitating.

Yet, in spite of the fact that the disease is so common, medical
providers are often ignorant about how to diagnose and treat Lyme
disease. There are a number of reasons for this ignorance. First,
the telltale bullseye rash that is a classic sign of Lyme disease may
be absent in more than half of Lyme disease patients. Absence of
the classic Lyme rash makes the diagnosis of the disease much
more difficult. Second, patients are often unaware of a tick bite. In
many parts of the world, the black-legged tick that transmits Lyme
disease may be no larger than a poppy seed and easily missed.

Third, Lyme disease may have a wide range of symptoms, and
physicians are often unaware of the highly variable manifestations
of the disease. Fourth, testing for Lyme disease remains problem-
atic. For historical reasons, most laboratories around the world use
tests that are unstandardized and insensitive, and these tests give
negative results in about half the cases of Lyme disease. Fifth,
treatment of Lyme disease has evolved in a haphazard fashion. The
“standard of care” for treating Lyme disease put forth by specialty
medical organizations, such as the Infectious Diseases Society of
America, or IDSA, only addresses acute infection immediately fol-
lowing a tick bite. The IDSA standard ignores the more common
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and severe chronic form of Lyme disease that many of my patients
suffer from.

For all of these reasons, Lyme disease has become an inter-
national medical disaster. We have seen thousands of patients
around the world who have suffered the dire consequences of
undiagnosed and untreated Lyme disease. Their stories fill up
pages and pixels in medical journals, newspaper articles, documen-
tary films, YouTube videos, and online magazines. Yet our spe-
cialty medical organizations, such as IDSA, sit by and do nothing.

In California, we are grateful to the State legislature and the De-
partment of Health Services for establishing the Lyme Disease Ad-
visory Committee with the goal of educating medical providers and
the public about Lyme disease. We have established mandatory
laboratory reporting of positive Lyme disease tests directly to the
Department of Health Services, just like the system for reporting
syphilis, tuberculosis, HIV disease, and other public health threats.
We also have a physician protection law that allows healthcare pro-
viders to care for Lyme disease patients in the most medically ap-
propriate manner.

These essential steps should serve as a model for a national tick-
borne disease program with a national Lyme disease advisory com-
mittee representing all stakeholders, a national and even inter-
national reporting system for positive tick-borne disease testing,
and national legislation to protect healthcare providers who treat
patients with the chronic form of Lyme disease.

Beyond these short-term goals, we need the Centers for Disease
Control and Prevention, the CDC, and the National Institutes of
Health, the NIH, to abandon their failed Lyme disease programs.
We need the CDC and the NIH to promote targeted research to de-
velop better diagnostic tests for tick-borne diseases, just as they did
for AIDS. We need the CDC and the NIH to develop more effective
Elreatments for patients who suffer from the chronic form of Lyme

isease.

We cannot do this if specialty medical societies continue to turn
their backs on these patients because those societies ignore the evi-
dence that chronic Lyme disease exists. We need to get these orga-
nizations to look at the evidence, to discard dogmatic opinions that
are out of date, and to start helping sick patients instead of con-
tributing to the pain and suffering of those patients.

Above all, we need to listen to the voices of patients with Lyme
disease. You will hear some of those voices today. The voices come
from people in every walk of life, in every corner of our society, and
in every corner of the world. Those voices need to be heard.

Almost 2 decades ago, a courageous physician named Joseph
Burrascano testified at a Health Committee hearing of the United
States Senate. The committee had just been reassured by promi-
nent members of the medical establishment that Lyme disease was
a trivial illness that was “hard to catch and easy to cure.” Dr.
Burrascano spoke these words:

“The very existence of hundreds of Lyme support groups in the
country and the tens of thousands of dissatisfied, mistreated,
and ill patients whom these groups represent underscores the
many problems that exist in the real world of Lyme disease.”
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Almost 2 decades later, those problems still exist in the real world
of Lyme disease. We can and we must address those problems for
the benefit of everyone in our international community.

Thank you very much for your attention.

Mr. SmMiTH OF NEW JERSEY. Thank you so very much, Dr.
Stricker.

[The prepared statement of Dr. Stricker follows:]

Lyme Disease: The Hidden Epidemic
Raphael B. Stricker, M.D.
Vice President, International Lyme & Associated Diseases Society (ILADS)

House Committee on Foreign Affairs, Subcommittee on Africa, Global Health, and Human Rights
July 17, 2012

Summary

Lyme disease has reached epidemic proportions around the world. Recent animal and human
studies have confirmed the potential for persistent infection with the corkscrew-shaped Lyme
spirochete, Borrelia burgdorferi, as well as the complicating role of tick-borne coinfections
associated with failure of short-course antibiotic therapy. Furthermore, renewed interest in the role
of cell wall deficient (CWD) forms in chronic bacterial infection and progress in understanding the
molecular mechanisms of biofilms has focused attention on these processes in chronic Lyme
disease. Recognition of the importance of CWD forms and biofilms in tick-borne illness should
stimulate pharmaceutical research into new antimicrobial agents that target these mechanisms of
chronic infection with the Lyme spirochete. Concurrent clinical implementation of novel culture
techniques and proteomic screening offers a chance to correct significant worldwide deficiencies
in Lyme testing. Advances in these areas have the potential to revolutionize the diagnosis and
treatment of Lyme disease in the future.

Introduction

Lyme disease is one of the most controversial illnesses in the history of medicine.? Over the past
decade, two opposing camps have emerged in the controversy over this tick-borne illness. One
camp is represented by the Infectious Diseases Society of America (IDSA), which maintains that
Lyme disease is a rare illness localized to well-defined areas of the world.** According to TDSA,
the disease is ‘hard to catch and easy to cure’ because the infection is rarely encountered, easily
diagnosed in its early stage by means of accurate commercial laboratory tests and effectively
treated with a short course of antibiotics over 2-4 weeks. Chronic infection with the corkscrew-
shaped Lyme spirochete, Borrelia burgdorferi, is rare or non-existent. ™ The TDSA view is based
on the work of a small group of researchers who have little or no contact with Lyme disease
patients and use their limited research results to restrict clinical care for sick patients with
persistent Lyme disease symptoms.

The opposing camp is represented by the International Lyme and Associated Diseases Society
(ILADS), which argues that Lyme disease is not rare and, because its spread is facilitated by
rodents, deer and birds, can be found in an unpredictable distribution around the world
accompanied by other tick-borne coinfections that may complicate the clinical picture. According
to ILADS, tickbites often go unnoticed and commercial laboratory testing for Lyme disease is
inaccurate.">* Consequently the disease is often not recognized and may persist in a large number
of patients who are untreated or undertreated, requiring prolonged antibiotic therapy to eradicate
persistent infection with the evasive Lyme spirochete."”* The ILADS view is supported by
independent clinicians and researchers around the globe who view the science of Lyme disease as
unsettled and feel that decisions about the most appropriate treatment for patients with Lyme
disease should be left in the hands of clinicians.
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The controversy over Lyme disease came to a head in November 2006 when IDSA released new
guidelines severely limiting treatment options for patients with persistent Lyme symptoms.” The
guidelines were so restrictive that the Attorney General of Connecticut initiated an unprecedented
investigation into potential anti-trust violations by IDSA, the dominant infectious disease society
in the United States, in its formulation of the guidelines.*® The investigation found signiticant
conflicts of interest and suppression of data in the guidelines development process.*” As a result,
IDSA created a new scientific panel to review its Lyme guidelines under the guidance of a
specialist in medical ethics. The review panel held a hearing in July 2009 that was broadcast live
over the internet and featured more than 300 peer-reviewed articles and 1,600 pages of analysis
supporting the concept of persistent infection despite short-course antibiotic therapy of 2-4 weeks
in patients with persistent Lyme disease symptoms.®’ Despite this extensive evidence, the IDSA
review panel voted unanimously to uphold the flawed Lyme guidelines ®’

Advances and Contradictions

The unprecedented legal action against the IDSA Lyme guidelines reflected frustration over the
widening gap between groundbreaking experimental evidence and entrenched clinical practices in
Lyme disease.®’ The past decade witnessed significant advances in understanding the
pathogenesis of B. burgdorferi infection. "¢ The genome of B. burgdorferi was sequenced in its
entirety, and the biologic and immunologic contribution of various genes was elucidated.'*" 1n
particular, the mechanisms of “stealth pathology” utilized by the Lyme spirochete in evading the
host immune response and establishing infection in diverse tissues was illuminated. "¢ Animal
models of Lyme disease in gerbils, hamsters, rats, mice, dogs, monkeys and horses provided
evidence for Eersistent infection in various tissues following experimental transmission of B.
burgdorferi ™ In many of these models, infection persisted despite the equivalent of short-
course antibiotic therapy.'** (Table 1)

While progress was being made in research models of tick-borne disease, controversy raged over
the clinical features of Lyme disease,**! A growing number of studies highlighted persistent
symptoms in patients following clinical infection with B. burgdorferi, but the pathologic
mechanism of those symptoms remained murky. > The concepts of *post-Lyme syndrome’,
‘post-treatment Lyme disease’ and ‘chronic Lyme disease’ were hotly debated, and the issues of
post-infectious autoimmunity versus persistent spirochetal infection remained unsettled despite
numerous studies from Europe and the United States that documented failure of short-course
antibiotic therapy and persistent 5. burgdorferi infection in various tissues (Table 2),33'36 The role
of prolonged antibiotic therapy in patients with persistent Lyme symptoms was also debated based
on conflicting study results involving a limited number of patients who had been symptomatic for
long periods and had already failed similar treatment.**” The statistical validity of these studies
and generalizability to the majority of patients with persistent Lyme symptoms was also
questioned.***

Evidence for Chronic Infection

The comprehensive review of the IDSA Lyme guidelines provided strong evidence for chronic
spirochetal infection in animal models of Lyme disease®™** and patients with persistent Lyme
symptoms (Tables 1 and 2).*® This evidence underscores the importance of chronic infection in
Lyme disease and further discredits the restrictive IDSA view of the disease that continues to harm
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patients by denying appropriate treatment. Tt also raises many questions about the mechanism(s)
and optimum therapy for persistent spirochetal illness.

Complementing the evidence in favor of chronic B. burgdorferi infection, clinical and
experimental studies have shown that tick-borne coinfections may also have chronic phases.
the past, reports of pathology due to Babesia, Anaplasma, Lihrlichia , Bartonella and Rickettsia
species have focused on the fulminant acute forms of infection that are relatively easy to diagnose
and often fatal in immunocompromised patients.****? More recently, these organisms have been
associated with chronic persistent infection in animal models and humans.”” The presence of
coinfecting organisms has been shown to enhance the symptoms and exacerbate the severity of
Lyme disease.”®™ Thus recognition of chronic coinfections supports the concept of unresolved
illness due to persistent infection with the Lyme spirochete.

59-67 In

Renewed Interest in Cell Wall Deficient Bacterial Forms

Cell wall deficient (CWD) bacterial forms were first described in 1935 by Klieneberger, who
named them L-forms after the Lister Institute where she worked.™ Subsequent research by Dienes
showed that various bacteria could form C WD colonies and then revert back to bacillary
morphology under appropriate conditions.” An extensive review by Domingue and Woody
highlighted the extent of CWD morphology in many bacterial strains and the potential role of
these mutant bacteria to produce persistent infection and chronic diseases.” The confusing
terminology used to describe CWD bacteria has hindered work in this field. While the term ‘L-
form’ or “spheroplast’ describes CWD morphology in coccobacillary organisms, the term ‘cyst’ or
‘round body’ has been used to describe similar morphology in spirochetes.™

Margulis et al. described CWD spirochetal forms in 1993.” Subsequently Preac-Mursic and
colleagues demonstrated the formation and cultivation of B. burgdorferi ‘spheroplast-L-form
variants’,”® and Brorson et al. showed that these forms, which he termed cysts or round bodies,
could revert to viable spiral forms of the bacteria.”"*" This observation has been confirmed by
other investigators.*** Although the pathogenicity of CWD borrelial forms has been questioned,’
recent studies have suggested a link between CWD borrelia and neurodegenerative diseases
including Alzheimer’s disease,*® and resistance of cystic forms to antibiotic therapy has been
documented.** Recent advances in understanding molecular mechanisms of CWD bacterial
formation has offered a glimpse at new treatment approaches to chronic Lyme disease.”® Currently
the only antibiotic that reliably targets the cyst form of B. burgdorferi is metronidazole or its
derivatives,** while other agents have yielded negative or conflicting results with regard to
cysts. ¥ Given the potential importance of CWD forms in persistent B. burgdorferi infection,
newer antibiotics aimed at thls evasive mutant are desperately needed to eradicate chronic
infection in Lyme disease.”

Biofilms

Another mechanism of chronic infection involves the formation of biofilms.***® These adherent
polysaccharide-based matrices protect bacteria from the hostile host environment and facilitate
persistent infection. Biofilms are responsible for a number of chronic infections, including gum
disease, ear infections, heart valve disease, gastrointestinal infection and chronic lung disease.”>*®
Sapi and MacDonald raised the possibility of biofilm formation by B. burgdorferi, and subsequent
work has demonstrated these spirochetal formations in culture and in the tick gut.”'™
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Combinations of borrelial cysts and putative biofilms have also been noted in patient skin biopsies
using focus floating microscopy.'”' Biofilm formation is dependent on cyclic di-GMP
expression,'">'™ and recent studies have shown that 8. burgdorferi expresses this regulatory
molecule.'™!" Coordinated steps in the elaboration of biofilms have been demonstrated in other
bacteria, and it remains to be seen whether similar molecular processes occur in borrelial strains
and whether these processes play a role in persistent infection. %"

To date no antibiotic treatment exists that targets biofilm formation. However elucidation of the
regulatory steps in the biofilm process should allow development of “designer” antibiotics that
interfere with this process.'” It has recently been shown that mutations in genes that regulate
biofilm development can interfere with the elaboration of new biofilms and also cause collapse of
established biofilm colonies."”” These findings indicate the potential effectiveness of newer
antibiotics that target the biofilm regulatory process, suggesting a novel approach to treatment of
Lyme disease and other chronic infections, "%

Testing for Lyme Disease

Clinical testing for Lyme disease remains abysmal *"'*'"* The two-tier algorithm recommended
by the Centers for Disease Control and Prevention (CDC) utilizes a screening enzyme-linked
immunosorbent assay (ELISA) or immunoflucrescence assay (IFA) followed by a confirmatory
Western blot. Although this approach has a high test specificity of 99% (ie, only 1% of tests yield
false-positive results and a wrong diagnosis), the sensitivity of the two-tier approach in Lyme
disease patients tested at least 4-6 weeks after infection is only 46% (ie, more than half the tests
vield false-negative results and miss the diagnosis) (Table 3). This level of sensitivity is
inadequate for a clinical diagnostic test and, by comparison, far below the 99.68% sensitivity of
diagnostic HIV testing."*'™*!!* Furthermore, the misconception that two-tier testing is highly
sensitive for Lyme disease patients with persistent arthritic or neurologic symptoms derives from a
study that selected patients based on positive Lyme testing and then showed high levels of two-tier
test positivity.!"® This circular reasoning is a systematic problem with the evaluation of Lyme
testing.

There are a number of reasons for the inaccuracy of Lyme testing, including use of less antigenic
laboratory spirochetal strains in the commercial test kits, elimination of important spirochetal
target proteins from those kits and lack of standardization of the commercial Lyme assays.'"
Gender bias may also be a factor: while chronic Lyme disease is reponedl;/ more common in
women, the two-tier test system yields positive results more often in men."¢ Although a newer
ELISA targeting the conserved VISE or C6 peptide of B. burgdorferi has been developed, this test
system does not appear to be more sensitive than the two-tier approach.”'™"® While molecular
testing has been useful for diagnostic confirmation and treatment monitoring in other illnesses,
molecular testing for B. hurgdorferi has been unreliable, and newer molecular techniques targeting
tickborne agents remain unproven and expensive.''>** Assays for more accessible surrogate
markers of Lyme disease have yet to be accepted by the general medical community."*""* Thus
testing for Lyme disease remains problematic.

A newer approach to Lyme testing involves the use of proteomics.**"” Based on the known
genetic makeup of the spirochete, numerous proteins can be generated in vitro and tested for
antigenicity using Lyme patient sera. In this manner, novel target proteins can be identified, and
conceivably new test systems based on these proteins can be developed without even knowing the
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function or location of the antigens within the spirochete.'® Work on these proteomic-based test

systems is already in progress, but extensive clinical validation will be required to bring those tests
to market. Nevertheless the proteomic approach to Lyme testing holds great promise for more
accurate serological diagnosis, and development of proteomic testing for tick-borne diseases
provides a useful diagnostic model for other chronic and elusive infections. Beyond proteomics,
novel test systems that exploit electromagnetic signals generated by bacterial DNA sequences may
also prove to be effective in the diagnosis of chronic Lyme disease.'”'” Novel culture techniques
for B. burgdorferi are also being evaluated "™

Big Pharma is Watching

Until now, the pharmaceutical industry has steered clear of Lyme disease. There are a number of
reasons for this avoidance, including the fear of entry into a controversial field and the perception
that Lyme disease is easy to treat with short-course generic antibiotics. In simple terms,
uncertainty about the disease and lack of profitable treatment options has limited pharmaceutical
involvement in Lyme disease. This scenario is in stark contrast to the AIDS epidemic, where the
prospect of billion-dollar antiviral drug sales propelled the pharmaceutical industry into a leading
role in combatting the pandemic. " In a more recent example, the development of effective (and
lucrative) drug therapy for fibromyalgia has boosted the status of that previously maligned
diagnostic entity and fostered unprecedented awareness of the condition in the medical community
and among the lay public.” The lack of a similar dynamic in Lyme disease has been a significant
roadblock to progress in treating the tick-borne illness.

Progress in understanding the various aspects of Lyme disease outlined above should encourage
the pharmaceutical industry to assume a more active role in the Lyme arena. The evidence for
chronic infection with the Lyme spirochete and coinfecting organisms supports a greater need for
antibiotic theraP_y in this disease beyond the 2-4 weeks specified in the discredited IDSA
guidelines.”*¥'** The need for more effective treatment of this chronic infection in turn supports
the use of more complex (and lucrative) antibiotic regimens in Lyme disease. In a similar vein,
targeting CWD forms of B. burgdorferi and biofilm formation offers the prospect of new
antibiotic approaches to the disease, with an exciting opportunity for innovative therapeutics and
increased profits. Development of antibiotic agents that target spirochetal CWD forms and
biofilms may also provide valuable insight into the treatment of other chronic infections. The
development of more reliable testing for Lyme disease based on proteomics and culture techniques
will help to define the population in need of these innovative therapies. More reliable standardized
testing will also assure reimbursement for newer Lyme therapies from third party payors.

Conclusions

In conclusion, extensive evidence now shows that persistent symptoms of Lyme disease are due to
chronic infection with the Lyme spirochete in conjunction with other tick-borne coinfections. The
mechanisms of chronic infection appear to involve CWD forms of the spirochete and biofilm
formation, and these infectious processes are attractive targets for future drug development.
Institution of more reliable Lyme testing based on culture techniques and proteomics should dispel
uncertainty over the presence of the disease and facilitate identification of patients who require
treatment. The opportunity for the pharmaceutical industry to develop new drugs targeting novel
infectious processes in a well-defined patient population will lead to broader recognition and more
effective treatment of Lyme disease in the future.
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Table 1: Evidence for Persistent Infection in Animal Models of Lyme Disease*

Study/Year/ Animal Persistenee of B. burgdorferi Sample
Relerence Origin B. burgdorferi Detection** Source
Shown by
1. Rodents
Preac-Mursic ct al, 1990’ Gerbils Culture 6 months Joints, Skin,
Histology Spleen
Duray & Johnson, 19867 Hamsters Culture 9 months Spleen, Kidney,
Histology Eye
Schmitz et al, 1991° Hamsters Culture 16 months Synovium,
Histology
Moody ct al, 1990" Rats Culture 12 months Splcen, Kidney,
. Histology Joints
Malawista el al, 1994° Mice Culture, PCR 60 days T Ear, Bladder
Moody el al, 1994° Mice Histology 90 days?t Joints, Heart
Bockenstedt et al, 20027 Mice PCR 12 weeks* Joints, Bladder
Xenodiagnosis
Hodzic et al, 2008° Mice PCR, Histology 12 weeks* Joints, Heart
Xcnodiagnosis
Ytjandinen ct al, 2010° Mice PCR 30 weeks*® Joints
Barthold ct al, 2010™ Mice PCR, Histology 12 weeks*® Joints, Heart,
Xenodiagnosis Muscle
Bockenstedt et al, 2012"" Mice PCR, Histology 12 weekst Joints
Xenodiagnosis
2. Dogs
Straubinger et al, 19972 Dogs PCR 3-6 monthst  Skin, LN
Histology Joints
Straubinger, 2000 Dogs PCR 500 days* Skin, Muscle
Joints
3. Monkeys
Roberts ct al, 1995™ Monkeys Culture, PCR 6 months Joints, Nerve
Histology
Roberts et al, 1998"* Monkeys Culture, PCR 46 months Nerve
Histology
Pachner et al, 2001'° Monkeys Culture, Histology 3 months Brain, Nerve,
PCR Heart
Cadavid ct al, 2004'7 Monkeys Culture, Histology 32 months Heart
PCR
Miller ct al, 2005"™ Monkeys PCR 3 months Brain, Nerve
Heart, Muscle
Skin, Bladder
Embers et al, 2012% Monkeys Culture, Histology 6-12 monthst  Skin, Heart
PCR, Xenodiagnosis Bladder, Jomts,
Tendon, Spleen
4. Horses
Chang ct al, 2005 Ponics Culture 5 months+ LN, Joints,
Muscle
Tmai ct al, 20117 Horses Histology, PCR 1-4 ycarst Brain, Nerve

* PCR, polymerase chain reaction; LN, lymph node.
*%Time from initial infection to final positive testing point.
fDetectable B. burgdorferi following antibiotic treatment.
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Table 2: Evidence for Persistent Human Infection Following Treatment of Lyme Disease*

Study/Year/ Study Persistence of Sample
Relerence Origin B. burgdorferi Source

Shown by
Weber ct al, 1988' Europe Histology Brain, liver (Autopsy)**
Schmidli et al, 1988° Europe Culture Synovial Fluid
Cimmino ct al, 1989° Europe Histology Spleen
Preac-Mursic el al, 1989* Europe Culture Skin Bx, CSF
Pfister cL al, 1991° Europe Culture CSF
Strle el al, 1993¢ Europe Culture Skin Bx
Preac-Mursic et al, 19937 Europe Culture Inis Bx
Haupl et al, 1993° Europe Culture Ligament Bx
Strle ct al. 1996° Europe Culture Skin Bx
Preac-Mursic ct al, 1996 Europe Culture Skin Bx, CSF
Oksi et al, 1996 Europe Culture CSF

PCR Brain Bx

PCR Brain (Autopsy)
Priem et al, 1998' Europe PCR Synovial Bx/Fluid
Oksi et al, 1999 Europe Culture, PCR Blood
Brcier ct al, 2001" Europe Culture Skin Bx
Hunfeld et al, 2005" Europe Culturc Skin Bx
Hudson et al, 1998'" Australia Culture, PCR Skin Bx
Steere et al, 19887 USA Histology Synovial Bx
Kirsch et al, 1988'¢ USA Histology LN (Autopsy)
Liegner et al, 1993' USA Histology Skin Bx

PCR Blood
Battalarano et al, 1993 USA Histology, PCR Svnovial Bx/Fluid
Chancellor et al, 1993 USA Histology Bladder Bx
Nocton ct al, 1994 USA PCR Svnovial Fluid
Shadick ct al, 19947 USA Histology Brain (Autopsy)
Masters ct al, 1994 USA Culture Blood
Lawrence el al, 1995% USA PCR CSF
Bayer et al, 1996 USA PCR Urine
Noclon et al, 1996”7 USA PCR CSF

tAdapted from Reference 1.

*All patients had received a minimum of 2-4 weeks of antibiotic therapy. PCR, polymerase chain
reaction; Bx, biopsy; CSF, eerebrospinal fluid; LN, lymph node.

**Mother treated with antibiolics during pregnancy; newborn died.
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