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BRITISH MEDICAL JOURNAL

LONDON SATURDAY OCTOBER 30 1948

STREPTOMYCIN TREATMENT OF PULMONARY TUBERCULOSIS
A MEDICAL RESEARCH COUNCIL INVESTIGATION

TabLE I1.—Assessment of Radiological Appearance at Six Months as

Compared with Appearance on Admission

‘Radiological Assessment

Streptomycin Group

Control Group

Considzrable improvement .
Moderate or slight improvemen
No material change .. ..
Moderate or slight deteri i
Considerable deterioration
Deaths . ..

28 61%
10 18%
47

9%

1%

7%

8%
25%
6%
23%,
11%
27y

Total

1007,

100%,

BRITISH MEDICAL JOURNAL
LONDON
SATURDAY DECEMBER 11 1948

STREPTOMYCIN RESISTANCE IN
TUBERCULOSIS
The Achilles heel of streptomycin is acquired bacterial
resistance.  All species are liable to develop this to a
degree which renders further treatment quite fruitless, and
the rapidity with which it occurs varies with their rate of

The Advent of Combination Chemotherapy

THE PREVENTION OF STREPTOMYCIN

RESISTANCE BY COMBINED
CHEMOTHERAPY

A MEDICAL RESEARCH COUNCIL INVESTIGATION

THE AMERICAN REVIEW

TUBERCULOSIS

VOLUME 67

My, 1953 NUMBER §

\

“.-
THE EFFECT OF STREPTOMYCIN ON THE EMERGENCE OF
BACTERIAL RESISTANCE TO ISONIAZID

A United States Public Health Service Cooperative Iavestigation
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Drug-resistant Bacilli are Less Fit

v THE ALTERED GROWTH CHARACTERISTICS OF ISONIAZID-RESISTANT
TUBERCLE BACILLI

TUBERCLE BACILLI RESISTANT
TO ISONIAZID
VIRULENCE AND RESPONSE TO TREATMENT
WITH ISONIAZID IN GUINEA-PIGS
BY
D. A. MITCHISON, M.B.*

Lecturer in Medical School of

ol Py '
London

The Conclusions..
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Does Drug Resistance Even Matter?

But on the other hand...
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Not to say we weren’t warned

Editorial

Tailoring a Time-Bomb

Inadvertent Genetic Engineering’

The Rifampicin Era

Table 1. Increasing frequency of isolation of rifam-
pin-resistant strains of Mycob 7 b losi
in Massachusetts, 1971-1974.

No. of strains resistant/
Year no. of strains tested (%)

1971 0/328 (0)

1972 2/435 (0.46)
1973 9/657 (1.37)
1974 16/814 (1.96)

Note, Strains were resistant to | ug of rifampin/ml.

March 19, 2025
6



Highlights from NAR | The Riddle of TB Drug Resistance
C. Robert Horsburgh, Jr

RE-TREATMENT OF PATIENTS WITH ISONIAZID-RESISTANT
TUBERCULOSIS" * *

Analysis and Follow-Up of 146 Cases

1 967 D. A. FISCHER, WILLIAM LESTER, WILLIAM E. DYE, anxp
= THOMAS 5. MOULDING

(Received for publication June 19, 1967)

InTRODUCTION patients with _isoiazid-resis i re-
L . vealed an initial rate of 835 ersal

Longeterm, longitudinal ~studies involving % 0 el

careful follow-up of all patients are essential e :
+From the National Jewish Hospital, Denver,

Colorado.

> Supported in part by Grant AT-06578 from

cational Tostitute of Allergy and Infectious

ok National Institutes of Health,

THE NEW ENGLAND JOURNAL OF MEDICI

RIFAMPIN IN THE TREATMENT OF DRUG-RESISTANT MYCOBACTERIUM
TUBERCULOSIS INFECTIONS*

1 A. VaLL-SPiNosa, M.D., WiLLiam Lester, M.D., Tnomas MovLoive, M.D.,
970 PauL T. Davipsox, M.D., axp J. K. McCratcuy, Pu.D.

Abstract Thiny_palhmn with far advanced, of rifampin therapy producing culture conversion
multiple-drug y tuberculosis were  was 10 days, and the longest 90 days, with a mean
treated with rifampin for four to 12 months. The of 40. In seven of the nine failures rifampin re-
regimens included rifampin in a daily dosage of 600  sistance developed, and all but one of these

Vol. 328 No.8 TUBERCULOSIS RESISTANT TO ISONIAZID AND RIFAMPIN — GOBLE ET AL.
TREATMENT OF 171 PATIENTS WITH PULMONARY TUBERCULOSIS RESISTANT TO
ISONIAZID AND RIFAMPIN

1993 Mariax GosLe, M.D., MichagL D. Iseman, M.D., Lorie A. Mapsex, RN.-C., BS.N,,
Dexvis Warre, M.D., Lyny Ackerson, Pu.D., axp C. Rosert HorssurcH, Jr., M.D.

Abstract Background and Methods. The frequency of  more than seven months. In a multivariate analysis, an
infection with multidrug-resistant Mycobacterium fubercu-  unfavorable response was significantly associated with a

The Global impact of Rifampicin
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The Wake-up Call

1514 THE NEW ENGLAND JOURNAL OF MEDICINE June 4, 1992

AN OUTBREAK OF MULTIDRUG-RESISTANT TUBERCULOSIS AMONG HOSPITALIZED
PATIENTS WITH THE ACQUIRED IMMUNODEFICIENCY SYNDROME

Brian R. Epuiy, M.D., JeromE I. Tokars, M.D., M.P.H., MicuaeL H. Grieco, M.D., J.D.,
Jack T. Crawrorp, Pu.D., JuLie WiLniams, R.N., M.S.N., EMeLia M. SorpiLro, M.D., Pu.D.,
Kexnern R. Oxg, M.D., James O. Kisury, Pu.D., Samuer W. Doorey, M.D.,
Kennern G. Castro, M.D., WirLiam R. Jarvis, M.D.,
anp Scort D. Houmeerg, M.D., M.P.H.

Next Steps

'WHO Calls Tuberculosis a Global Emergency

April 24, 1993 | Reuters.
[N+ EXE A ¥ ot |

LONDON — The World Health Organizati ibercul lobal
the disease will claim more than 30 million lives in the next decade unless action is taken now.
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The bugs are staying ahead of us...

Extensively drug-resistant tuberculosis as a cause of death in
patients co-infected with tuberculosis and HIV in a rural area
of South Africa

Robert Powinikl, hLotloo, Kimbery Zelle,

Gerald Friedand

MDR-TB Treatment
Recommendations - 1993

THE NEW ENGLAND JOURNAL OF MEDICINE Sepr. 9. 1993
agents.” These
DRUG THERAPY unlinked; hence, resistance 10 a drug is generally
d il tance to an unrelated drug.
Avastam J.J. Woon, M.D., Editer The resistance the sui

~
nge
u-

OF MUL

Micnast D. Isesan, M.D.

"THE e of medern, profictably effctive subercu-  the
losis chemotherapy began in 1952. Since then,  with tul
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Results with Early MDR-TB Regimens

INT ) TUBERC LUNG IS 22(61667-678
2018 The Union
arg10.55AMI[1A.17.0800

Increased risk of aminogl ide-induced hearing loss in MDR-

TB patients with HIV coinfection

H. Hong,* C. Budhathoki,® J. E. Farley**

Dapartmants of sCommunity.public Haskh, Acuts and Cheonic Care, and 'REACH Inftiative, Johns Hopking

University School of Nursing, Baltimore, nd,

THE LANCET

Respiratory Medicine

Volurme 6, Fssue 9, September 2018, Pages 642-664

Time to act on injectable-free regimens for
children with multidrug-resistant tuberculosis

James & Seddon 1 8, H Simon Schaaf, Ben | Maras  Lindsay McKenna , Antheny | Garcia-Prats *, Anneke €

Reducing harm in the

tuberculosis

When descibing the profound hearing loss she suffeed.
25 3 resull of hee teatment for multidrugrresistant
tuberculosis, the noted advocate Nandita Venkatesan
said: "My world ell ilent around. me. | am in front of

National Tuberculosis. Programme, she seems to be
fight: 8 years after she was clinicaly diagnosed, First

a
3
g
=1
g2
2 e
g E
2
6w
52
2

o

<imonth  1to<2 2t0<3
months months

that when it came 1 the use of the injectable drugs,
although amikacin resulied in a modest improvement
in weatment success (adjusted risk diffrence 008,
95% €10.04 to 0.08), kanamycin was associated with
worse teatment outcomes (007, 008 to -005),
and apreomysin was associated with worse treatment
outcomes {-0.03, -0.06 to 0:00) and an increased rik

by

3104 41045 510<6
months months months.

Months of treatment

Odds of RR-TB upon recurrence

1to<2months 210 <3Imonths 3to<d months 410 <5 months 5 1o <6 months

Months of treatment
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Why Isn’t Adherence Better?

Are DR Strains Really Less Fit?

o
SSIIL  HS26Y HS26D SSIIW HS26R S22 Os1aL  HS2eP  Rs2sQ
1poB mutation

Fig. | Relitie competene fitnem of laboratory-derved rfampen resatant mutants of Mycoboderium wberasbss. The reitve faness of the ri-
ampicin-suncapeible ancesor is defined a3 | (bck Ine). Al rifampion-resistant mutnt had a statisically sgbart fiess cost 1 compared t
the rifampicin-susceptibie ancestor strain (error bars indicate 95% Chi). This cos was less in o8 SS3IL mutanes than in other o8 mutanes,
rrespective of the strain background. Light grey bars, CDCIS5| musanes; dark grey bars, TBS musancs.

Fig. 1. Relative competitve fitress of chrically derived riampCi-ressant mucants of Mymbocterum Bberadas Four of the five mutnes with
the rpob $531L mutation (hatched bars) had no fisess cast 45 compared with ther rifampicin-suscepebie ancestors. Al mutants with other rped
mutations (black bars) had sigicant fisess defects (error bars indicate 95% Ch).

March 19, 2025
11



Highlights from NAR | The Riddle of TB Drug Resistance
C. Robert Horsburgh, Jr

Why Doesn’t Combination Therapy
Prevent Emergence of DR?

A Closer Look at Acquisition of DR

March 19, 2025
12



Highlights from NAR | The Riddle of TB Drug Resistance
C. Robert Horsburgh, Jr

Other Reasons for PK Mismatch

Why is MDR continuing to spead?

The Problem of the Chronic Excretor of
Tubercle Bacilli |

K. StYBLO, A. KUBIK, M. LANGEROVA, E. MATUSKOVA
& K. MorAvEovA

Scand. J. resp. Dis. (1968) 49, 236-248
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Coming to your clinic soon:
Bedaquiline Resistance

What Can be Done to Prevent DR?
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Don’t Fly Blind!

BFluoroquinolones @ Second-line injectables  OLinezolid
BClofazimine BBedaquiline O Delamanid/pretomanid

mNone of these
1.00

0.90
0.80
; 070
0.60
0.50
0.40
0.30
0.20
0.10
0,00

Q‘gf 'gf"e,é"
s’” f;f

s“
% WHO Region 1JTLD2022;26:524-8

But TB is not like HIV...

2
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What Can be Done to Prevent DR?

Three new Drugs?

- . 1
2024 Global New TB Drug Pipeline
Discovery Preclinical Development Clinical Development
r - ¢ . \ ' | Regulatory
. Market
o::::min" S D::}’ei‘;‘-::t ™ GMP /GLP Tox. » Phasel Phase 2 m Approvals
Indasole FIM-253 GSK-839* TBDO9 (MK-7762) Telacebec* (Q203 Sudapyridine
m TBD10(MK-3854) rp 658 GSK-286* Alpibectir (BVL-GSK098)* (WX-081
DprEL Inhibitors CLB-073* i
Direct InhA Inhibitors s TBAJ-587 ikla ] Bedaquiline*
Mith energy BT s
metabolism MPL-447* TBI-223 Sanfetrinem Delamanid*
Gyrase Inhibitors ; i * Delpazolid, Sutezolid,
15F-3285* Macozinone £ d"J i Pretomanid*
Inhibitors of MmpL3, CPZEN-45* (PBTZ-169) i
Translocase-1, Cl
clpP1P2, mu,.::l"! NTB-3119* BTZ-043*
synthase, RNAP
Oxazolidinones ;::]’:)‘fm TBA-7371*
DnaE1 / Nargenicin . Underline = updates
analogs FNDR-20364* Quabodepistat (OPC- since November 2022
1 classes for any color coded: rifamycin, oxazolidinone, 167832%) .
*New Molecular Entities not yet approved, being developed for T8 or only conditionally approved for T8. Ganfeborole (GSK-656*/070) ? !‘:‘055 \!,N-P 8 E%EEI:
Showing most advanced stage reported for each. Details for projects listed can be found at
s Pyrifazimine (TBI-166) www.newtbdrugs.org
©Ongoing projects without a lead compound identified: http://www.newtbdrugs.org/pipeline/discovery 5Q-100* Updated: March 2024
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TB Drugs in Phase 1 & 2 Trials

Target

Class Mode of Action Candidates

ATP synthase Diarylquinolone Inhibits electron chain Sudapyrine

transport TBAJ-876
TBAJ-587
Telacebac

Oxazolidinone Inhibits protein Delpazolid
synthesis Sutezolid
TBI-223
TBA-7371

Leucyl-tRNA Oxaborole Inhibits protein Ganfeborole
synthetase (LeuRS) synthesis

Decaprenylphosphoryl Benzathiazinone Inhibits cell wall BTZ-043
-B-D-ribose oxidase formation Quabodepostat
(Dprg1) Macozinone

Transpeptidase Beta-Lactam Inhibits cell wall Sanfetrinum

formation

EthA monooxygenase = Mycolic Acid Inhibits cell wall Alpibectir/ETA

Synthesis inhibitor formation

DNA Gyrase B Aminobenzimidazole Inhibits DNA Fobrepodacin

cAMP

?

replication
Cholesterol Inhibits cholesterol GSK 286
synthesis inhibitor synthesis
Rimophenazine ? Pyrifazimine

Half-life

3-12 hrs

2-26 hrs

40 hrs

3-30 hrs

>24 hrs

45 hrs

Penetrates
Caseum?
+

Optimizing Adherence to Reduce
Generation of DR
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Reducing Transmission of MDR

Conclusions
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“...The art of epidemiologic reasoning is
to draw sensible conclusions from
imperfect data...”

Comstock GW. Am J Epidemiol 1990;131:206
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