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Remaking BCG from Virulent Mycobacterium tuberculosis

William R. Jacobs, Jr., Ph.D.
(Howard Hughes Medical Institute, Albert Einstein College of Medicine, Bronx, NY 10461)

BCG, bacille Calmette and Guerin, is an attenuated mutant of M. bovis, which has been used as a human vaccine
since 1921. Despite this long use, its mechanism of attenuation has never been fully understood. To address
this question, we have deleted the RD1 region from both M. tuberculosis and M.bovis. These resulting mutants
are highly attenuated. We have deleted every transcriptional unit in this region and found three that are required
for virulence Rv3871, Rv3874-Rv3875, and Rv3876-Rv3877. All three of these deletions cause attenuation and
the inability to secrete Esat6, an immundominant antigen which we demonstrate is involved in mediating necrosis
of cells that is required for escape from lung epithelial cells and macrophages. The vaccine efficacy of the new
RD1 mutants is examined.
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The Challenges of Drug-Resistant Tuberculosis

Charles L. Daley, MD

(University of California San Francisco)

Drug resistant tuberculosis, including multidrug-resistant tuberculosis (MDR-TB), has been found in all areas of the world with
some areas having an alarming number of cases. Even under the best circumstances MDR-TB treatment is associated with
significant overall morbidity and mortality and substantial increase in cost.

Development of Drug-Resistance

Resistance can occur as a result of mutations that occur in nature leading to primary resistance or it can result from the
emergence of resistance during the course of therapy or after therapy; this is referred to as acquired or secondary resistance.
Acquisition of drug resistance has traditionally been associated with nonadherence to therapy. Recent studies have
demonstrated, however, that underlying HIV infection is a strong risk factor for acquired drug resistance, most notably mono-
rifampin resistance. At least two clinical trials have documented high rates of acquired mono-rifampin resistant tuberculosis in
HIV infected patients treated with intermittent regimens. In the United States, HIV infected patients with tuberculosis are no
longer treated with highly intermittent therapy, particularly if the patient has advanced HIV disease.

Transmission and Pathogenesis of Drug Resistant Tuberculosis

Serious concern has been expressed that dissemination of strains of Mycobacterium tuberculosis tesistant to
antituberculosis drugs could potentially undermine global tuberculosis control efforts. Experimental data and mathematical
models suggest that the reduction in bacterial fitness imposed by antimicrobial resistance could potentially influence the
frequency of drug-resistant tuberculosis in a population. A recent 9-year study in San Francisco demonstrated that isoniazid-
resistant strains of M. tuberculosis were less likely than drug susceptible strains to result in a secondary case of tuberculosis.
The overall secondary case rate ratio (SR) of isoniazid resistant tuberculosis to drug-susceptible tuberculosis was 0.29 (95%
CI0.15 - 0.57). There were no secondary cases resulting from MDR-TB cases. Although these data, as well as laboratory
data, suggest that isoniazid resistant strains may be less pathogenic than drug susceptible strains it possible that in certain
circumstances environmental or host factors may overcome any decrease in virulence and result in significant spread of drug
resistant strains.

Management of MDR-TB

Most studies involving MDR-TB have employed an inpatient approach to treatment with prolonged hospital ~ stays.
However, prolonged hospitalization can result in nosocomial spread and greatly increases the overall cost of treating MDR-
TB. Several reports of outpatient-based treatment of patients with MDR-TB cases have demonstrated  encouraging results. In
a cohort of patients with MDR-TB treated on an outpatient basis in Lima Peru, the probable cure rate was 83 percent whereas
treatment responses from 50 percent to 80 percent have been described in other reports with a mainly in-patient approach.

In San Francisco, we have used a primarily outpatient-based approach to treat cases of MDR-TB. Using this approach,
only 44% of 48 MDR-TB patients required any hospitalization and for a median of only 2 weeks. Ninety-seven percent
(32/33) of HIV-seronegative patients were cured with one relapse occurring 5 years later. ~ All 11 HIV-seropositive patients
died during observation; 6 remained MDR-TB culture positive at the time of ~death and 5 converted their cultures to negative
but died of other HIV associated conditions. The estimated inpatient and outpatient median cost of therapy for MDR-TB
patients in San Francisco was $27,752 per patient compared to $7,193 and $3,557 for treating drug susceptible disease with
and without directly observed therapy, respectively. Thus, within the context of an effective tuberculosis control program, it
is feasible to treat MDR  TB in HIV-seronegative patients with the use of appropriate intensive treatment regimens, largely
using an  outpatient approach, and achieve high cure rates comparable to those obtained for drug-susceptible cases.
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MEHBRS ] N2001FEICLERAELRBLTS
D, TOEREHNT 5, 200 KRDLELEAET S
20515582 (AFE -« IFIRBH) w7 v r— bHEA
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SO “Farwn k., EARLLK S, KiE
N BREHEBETEHIWABN A LI L

avium complex

abscessus .

—75 —

HEEXOKREAPLEBH L EZX SN BN
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X v 90 A EH 1800 M BRSAMOBRNS &Nz, &
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WRBRR 7.6% &, BEE CIXAFEDHEEN
B, DOBRBKRA, BUHEE. PRMAERA
THEETH- T,

3) PZA 2 ELIAK

64 UL T OFIEAH A TIX, 144 B 132 4
(91.7%) #% INH - RFP - EB {Z PZA 2N X 724075 T
BEAEB ST WA, 65 UL ETIX 98 Bl
40 ] (40.8%) DHThH-ol, 65 HE~T4HRET
ORI EEE TO 44 Flf 28 F (63.6%). 75 %
PLE D% B I 54 BT 12 B1(22.2%) &\
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