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increase was obvious — populations with high rates of TB were growing;
HIV/AIDS was becoming epidemic; and most important, funding for TB
control was cut back and research into new treatments and diagnostics was
curtailed, in what is now recognized as an extremely shortsighted move.

As part of the response to the resurgence, national awareness and fund-
ing for TB control activities increased. In January 1993, the National
Tuberculosis Center (NTBC) was established as a joint venture between
UMDNIJ-New Jersey Medical School (NJMS) in Newark and the NJ
Department of Health and Senior Services (NJDHSS).

Both of these agencies had an almost 20-year history of close collabo-
ration in developing innovative approaches to TB control and recognized the
need for a model TB center. The shared vision included state-of-the-art
medical care and social services for TB patients, as well as the development
of an infrastructure to create, study and document new and cost-effective
approaches to prevention, control and treatment.

In 10 years this mission has largely been accomplished. First, a cadre of
clinical and research scientists, with a prime interest in the intersection of
basic science and clinical and epidemiological aspects of TB, was created.
Second, funds were acquired to provide at-risk patients with the latest in TB
care. And, finally, a nationally recognized education and training center was
founded to disseminate the results of the center’s experience.

Since the NTBC'’s establishment, it has earned national Model Center
recognition and recently moved into the only state-of-the-art clinical facility
built from scratch for this purpose in the last 50 years. The Center relies on
a multidisciplinary-team approach for medical and nursing care, research,
social services, and professional education and training.

NTBC staff work primarily in Newark to provide medication and
support to TB patients. The standard of care, known as directly observed
therapy (DOT), has produced an average 98 percent adherence rate for all
patients, most of whom have daunting social problems that ordinarily might
preclude cooperation in their own medical care.

The randomized controlled clinical trial (RCT) — evaluating a new
experimental modality in comparison with an older (control) modality — was
first used in the 1940s to study a new antibiotic, streptomycin, for TB. The
U.S. Public Health Service followed this success over the next 40 years with
21 subsequent RCTs, finally establishing TB treatment as we know it today.
The NTBC has continued this tradition by participating in numerous studies
as a founding member of CDC’s Tuberculosis Trials Consortium and the TB
Epidemiologic Studies Consortium. The Center maintains outstanding
recruitment and retention rates in difficult populations under the leadership
of Clinical Studies Director and Professor of Medicine, Dr. Bonita Mangura,
and a dedicated staff of physicians, nurses and public health representatives.

The Tuberculosis Trials Consortium, established in 1993, is a collabo-
ration of 20 U.S. and three Canadian tuberculosis clinics and investigators
whose mission is to conduct programmatically relevant research concerning
the diagnosis, clinical management and prevention of tuberculosis infection
and disease. The principal investigators, among them Dr. Mangura at the
Newark site, are recognized experts in this field.

The NJMS National Tuberculosis Center site (funded through 2009) has
participated in the revolutionary once weekly Rifapentine Trial, in which it
was shown that a longer acting antibiotic, Rifapentine, in combination with
the antibiotic Isoniazid, taken once weekly after the first two months of a
powerful four drug regimen, will be curative in selected patients. In addition,
it has collaborated on a long list of trials: the Evaluation of Drug
Pharmacokinetics and Risk Factors for Relapse Among HIV Seropositive
and Selected Seronegative Participants on Rifapentine; Treatment of HIV-
Related Tuberculosis Using a Rifabutin-based Regimen; Pharmacokinetics
of Intermittent Isoniazid and Rifabutin; A Prospective Randomized Double

Blinded Study of the Tolerability of Higher Doses of Rifapentine in
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Continuation Phase Therapy in HIV Negative Adults; Intensive
Pharmacokinetics Study of Three Doses of Rifapentine (600 mg, 900 mg and
1200 mg) During the Continuation Phase Therapy of Tuberculosis in HIV-
Negative Adults; A Non-comparative Study of the Efficacy of a
Largely-Intermittent, 6-month TB Treatment Regimen Among Patients Who
Will Not Receive INH due to the Presence of Initial INH Resistance or
Intolerance; A Study of the Effectiveness and Tolerability of Weekly
Rifapentine / Isoniazid for Three Months Versus Daily Isoniazid for Nine
Months for the Treatment of LTBI; and The Impact of Chronic Viral
Hepatitis on Patient Discontinuation of Treatment for LTBI due to
Hepatotoxicity. The studies are executed on an outpatient basis under condi-
tions mirroring an actual public practice setting. Enrollment and
participation of HIV-infected individuals from the community provided early
enlightening experience on the non-utility of intermittent regimens in this
population. The Tuberculosis Epidemiologic Studies Consortium (TBESC)
was established in September 2001 at 22 sites throughout the U.S. and
Canada. The Consortium is charged with designing, conducting, and evalu-
ating programmatically relevant epidemiologic, behavioral, economic,
laboratory, and operational research concerning the identification, diagnosis,
prevention, and control of active TB disease and latent TB infection.
Together these sites encompass approximately 75% of the TB cases in the
U.S. and Canada.

Dr. Amy Davidow, assistant professor of preventive medicine and
community health, is the PI for our site and has CDC funding through 2011.
Research projects funded by the TBESC include: Prospective Evaluation of
Immunogenetic and Immunologic Markers for Susceptibility to Tuberculosis
Infection and Progression from M. Tuberculosis Infection to Active TB, and
Enhanced Surveillance to Identify Missed Opportunities for TB Prevention
in Foreign Born Populations in the United States and Canada. (In both the
U.S. and Canada, about 50% of incident TB cases occur among the foreign-
born, many of whom come from high-burden TB countries.)

Identifying persons with latent tuberculosis infection (LTBI) who may
be at high risk of progression to active transmissible TB is crucial to the goal
of eliminating this disease. The estimated number of persons with LTBI in
the U.S. approaches 15 million. Tuberculin skin testing has been the only
practical way of detecting LTBI, but is subject to variations and limitations.

Discovery of the role of T lymphocytes and interferon gamma in the
immune process has led to the development of an in vitro assay for cell-
mediated immune reactivity to M. tuberculosis. The Quanti-FERON® TB
test for detection of LTBI is an assay based on the quantification of interfer-
on gamma released from sensitized lymphocytes after incubation with PPD
and control antigens.

In the initial multi-center study (ours is one of five sites nationally),
Dr. Alfred Lardizabal, assistant professor of medicine at NJMS and our PI,
compared the IFN-gamma assay with TST results from persons with varying
degrees of risk for LTBI and in persons suspected or documented to have
active TB. Nationally, 1,226 adults were enrolled: 83% had concordant
results; and 17% had discordant results found to be mainly due to prior BCG
vaccination, evidence of immunity to NTM, and digit-preference in reading
the TST. Enrollment is to begin soon on a new protocol to evaluate the QFT
test using newer and more specific recombinant antigens.

The NJMS National Tuberculosis Center has fostered a familial
relationship with its community that includes their enthusiastic and informed
participation in investigations which will likely further improve care for

themselves and their families.

Lee B. Reichman, MD, MPH, is the Founding Executive Director of the New Jersey
Medical School National Tuberculosis Center, a founding component of the

International Center for Public Health, and professor of medicine, preventive
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Epidemiology and Population Genetics. Our laboratory was one of
the first to combine a new DNA fingerprinting method, called IS6110 - based
restriction fragment length polymorphism (RFLP) analysis, with conventional
epidemiology to study tuberculosis transmission dynamics in large populations.
This study resulted in a landmark article published in the New England Journal
of Medicine that demonstrated high transmission rates of tuberculosis and MDR
tuberculosis among residents of New York City. We are continuing population-
based research of tuberculosis at UMDNIJ, with an emphasis on the evolution of
drug resistance in clinical M. tuberculosis strains. Our current work is focusing
on the drug isoniazid (INH), which is one of the first-line drugs against tuber-
culosis. We hypothesized that the acquisition of INH-resistance is a multi-step
process that occurs through the accumulation of mutations in several gene tar-
gets. Since some of these resistance-associated mutations may also adversely
affect the virulence or “fitness” of the resistant strains, we also believe that com-
pensatory mutations are likely to occur. M. tuberculosis strains that are
encouraged to become INH-resistant in vitro acquire different mutations than

those that become resistant to INH in humans. Therefore, we have chosen to

(Sunnyvale, CA) on sputum processing, and SynectiQ Inc. (Denville, NJ) to
develop low cost and portable instruments for real-time PCR. Larger trials of
both the tuberculosis diagnostic assays and the sputum processing
techniques are in the planning stages with other investigators at UMDNIJ and
the Tuberculosis Treatment Center of the Uganda National TB and Leprosy
Control Programme, located at Old Mulago Hospital in Uganda.

One of the advantages of research at UMDNIJ has been the ease and
frequency with which scientists initiate collaborative projects and share
ideas. During discussions with Dr. Nancy Connell, we realized that our
tuberculosis assays could be easily adapted to detect select agents of bioter-
rorism. We are now conducting a diagnostic program in collaboration with
the Connell, Kramer and Perlin laboratories to develop highly multiplexed
assays that will be able to detect hundreds of different pathogens in a single
assay well. Our ultimate goal is to create a “molecular blood culture” that can
rapidly screen ill patients for all infectious pathogens, including select
agents. This work has required us to develop novel methods for detecting

multiple sequences during real-time PCR. Initial experiments have verified

ONE OF THE ADVANTAGES OF RESEARCH AT UMDNJ HAS BEEN THE EASE AND FREQUENCY WITH WHICH
SCIENTISTS INITIATE COLLABORATIVE PROJECTS AND SHARE IDEAS.

study resistance evolution in human populations. We have established an
extensive network of collaborations with international tuberculosis investigators
who supply us with well-characterized samples. In order to search for the pres-
ence of many mutations in very large numbers of M. tuberculosis strains, we
developed a new semi-automated method to detect mutations in bacteria. Our
mutation detection approach is more straightforward and less expensive than
any commercially available system, and will be useful in many areas of genetic
investigations. It has enabled us to easily perform several thousand genetic
assays each day at a cost of less than 14 cents per test. We have also worked to
develop sophisticated approaches to analyze data generated by population-
based molecular epidemiological studies. This places us in a good position to

analyze the massive data sets that we are now generating.

Diagnostics. Our laboratory has also benefitted from a 12-year collabo-
ration with Fred Kramer and Sanjay Tyagi (from the Public Health Research
Institute) who invented a new method to monitor polymerase chain reactions
(PCR) using fluorescent reporter probes called molecular beacons.
Molecular beacons make it possible to differentiate among closely related
DNA sequences, and to monitor PCR in “real-time.” In real-time PCR,
amplicon asynthesis is measured at the annealing or extension segment of
each PCR cycle. A specialized thermal cycler stimulates the fluorophores and
measures the resulting fluorescence. When the fluorescence intensity is plot-
ted at each PCR cycle, successful real-time PCR reactions generate a
characteristic rising curve. Reactions are performed in sealed tubes or wells,
and there is no post-PCR sample processing. Real-time PCR represents a
major advance over other PCR techniques, because it retains the sensitivity
of conventional PCR but is more specific and is much easier to use. Our lab-
oratories were the first group to apply real-time PCR methods to tuberculosis
detection. In a series of investigations, we developed rapid real-time PCR
assays to detect mutations in M. tuberculosis that are associated with resist-
ance to the antibiotics rifampin and isoniazid. We then progressively
improved the sensitivity and specificity of the assay, culminating with a study
using clinical sputum samples from patients infected with MDR tuberculo-
sis. My laboratory is now developing novel methods to concentrate and
process sputum samples for PCR assays that will be applicable for use in
developing countries. As part of these studies, we have initiated collabora-

tions with several biotechnology companies, including Cepheid Inc.
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the practicality of these methods, providing us with “proof of principle.” We

expect to be able to make rapid progress in the coming year.

Synergistic Drug Targets. As part of our interest in antibiotic resist-
ance, our laboratory has been investigating mechanisms of innate antibiotic
resistance in M. tuberculosis. We used differential RNA expression tech-
niques to identify a group of M. tuberculosis genes (the iniB, iniA and iniC
genes) that are induced by a broad class of cell wall active antibiotics, but not
by other toxic or stressful stimuli. Our hypothesis is that the induction of
these genes helps growing cells survive the stress of cell wall biosynthesis
inhibition and that over-expression of these genes may be an early step in the
evolution of some MDR strains. We are now investigating the behavior of
M. tuberculosis when these genes are deleted from the chromosome. We have
also partially solved the crystal structure of the protein encoded by iniA in
collaboration with the Sacchattini laboratory at Texas A&M University. We
believe that this work will enable us to design a new class of inhibitory agents
that will act synergistically with other cell wall active antibiotics, including
almost all of the first line anti-tuberculosis agents.

Our laboratory has been fortunate to have attracted a group of highly
intelligent and motivated investigators. These skilled researchers work hard,
support and encourage each other, and still manage to have some fun. We
wish them continued success. The personnel in the laboratory who have
contributed to this work include Amy Piatek, Hiyam El-Hajj, Roberto

Colangeli, Manzour Hazbon, Mandira Varma-Basal, and Danica Helb.

David Alland received his MD in 1984 from the Columbia College of Physicians and
Surgeons. He subsequently trained in internal medicine at Columbia Presbyterian
Hospital. He obtained an MSc in clinical tropical medicine and a diploma in hygiene and
tropical medicine at the London School of Hygiene and Tropical Medicine in 1988. He
then completed a fellowship in infectious diseases at Montefiore Medical Center and the
Albert Einstein College of Medicine in 1992, which included a three-year research fel-
lowship in the laboratory of Barry R. Bloom. In 1992, he was appointed to the faculty of
Montefiore Medical Center in the Division of Infectious Disease. He was recruited to the
Saculty at NJMS in 2002, where he is currently an associate professor in the Department
of Medicine and the Division of Infectious Disease. His research is funded by grants from
the NIH, from private industry, and from the proceeds of several patents that are held

jointly with other investigators. €&




























