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Drug Resistance -biology

Mutation rates

Drug

Rifamjpiciin 3.1x10®
Isoniazid 3.5 x 10°

Ethambuitol 5x 10
Streptomycin 3.8 x 10°

NB cavities contaiin 107 to 102 bacilli



Some Definitions



Antituberculosis drug resistance

* Mono-resistance. resistance in vitro to
one first-lineantituberculosis drug.

* Poly-resistance. resistance in vitro to
more than one first-line antituberculosis
drug,

« other than both isoniazid and rifampicin.

e MDR-TB. Resistance In vitro to at least
Isoniazid and rifampicin.

e Dhiic



Antituberculosis drug resistance

Definition -agreed October 2006

« XDR-TB = MDR-TB plus resistance to:

— a fluoroquinolone and

— >1 of 3 Injectable second-line drugs
capreomycin, kanamycin, amikacin



Epidemiology



Global TB Estimates (2006)

Estimated Cases Estimated Deaths

All Forms TB 8.8 million 1.6 Million
MDRTB 424,000 116,000

XDR-TB 27,000 16,000



Challenges for TB control in the WHO/Europe
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TB in the European Union (EU)
50/100 000 - overall TB incidence in WHO/Europe

13/100 000:

first fiteen members of the EU

27/100 000:

ten new members of the EU (enlargement in 2004)
53/100 000:

four countries accessing the EU

98/100 000:

countries bordering EU



Prevalence of MDR-TB In
previously-treated TB patients (%)




Challenges for TB control

= |[nsufficient political and financial commitment
(lack of human and financial resources)

* TB in prisons (incidence 50 times and mortality
28 times higher than in civil sector)

* Immigration from high burden countries



Factors in spread of MDR TB



Causes of iInadequate

antituberculosis treatment

HEALTH-CARE PROVIDERS: DRUGS: PATIENTS:
INADEQUATE REGIMENS INADEQUATE SUPPLY/QUALITY INADEQUATE DRUG INTAKE
Inappropriate guidelines Poor quality Poor adherence (or poor

Noncompliance with
guidelines

Absence of guidelines

Poor training

Mo monitoring of
treatment

Poorly organized or funded
TE control programmes

Linavailability of certain
drugs (stock-outs or
delivery disruptions)

Poor storage conditions

Wrong dose or
combination

DOT)
Lack of information
Lack of money (no treatment
available free of charge)
Lack of transportation
Adverse effects
social barriers
Malabsorption
Substance dependency
disorders




Risk Factors for MDR-TB

Any past history of tuberculosis, particularly if there
has been erratic or incomplete treatment

Contact with a person with know drug-resistance

Birth, travel or residence in an a high prevalence area
of resistance

Persistently positive sputum smears after two months’
anti-tuberculosis treatment or

Positive sputum culture after three months’ treatment



“Amplifier effect”

e Short-course chemotherapy for patients
Infected with drug-resistant strains may
create even more resistance to the drugs
In use.



Drug resistance

Couinitry off @iigjin

Population Primany Resistance Rate
» New arfivals firom Haiti 32%

« Haitians living in USA 12%

* NOoN- Haitians 4.5%



Does Initial H resistance lead to
MDR-TB?

Treatment with short course TB RX

N (%)
e Resistantto H 320
e Treatment failure 60 (19)

.+ MDR 32 (10)

IUTLD 2001



Close contacts of MDR-TB

Index N contacttime PPD+ve Active TB
months

« MDR 133 43 44% 4%

e D-S 231 3-4 37% 4%



Is HIV an independent risk factor for
MDR-TB ?

e Qutbreaks associated with HIV

e Outside of outbreaks are HIV patients more
likely to have MDR-TB?

e Poor drug absorption?



MDR-TB SA

HIV+ =\VA
N(%) 42 253
MDR 1(2) 29(12)

R>1only 14(33) 93(37)

Anastasis IUTLD 1997



MDR-TB

Outbreaks
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MDR - TB outbreaks

* Factors responsible
—Inadequate control progiammes
- Inadequate compliance
= Iinfection contriol procedure breakdowin
= Iimmunosuppriessed convergence
= Index of suspicion low
—Inadequate lab. comimunication
- Infectiousness prolonged



MDR - TB outbreaks

?where

* hospitals

» clinics HIV / substance abuse
* Prisons

* shelters



HIV associated multi- diug-resistant

tuberculosis outhbreaks January 1990 to August

Facility

Hosp A
Hosp B
Hosp C
Hosp D
Hosp E
Hosp F
Hosp G

Total cases

65
35
70
AS
.

16
13

Prison System 42

1992 iin USA

Resistance HIV
pattern Infection %

H, R, (E,Eth) 93
H,S,(R,E) 100
H,R,S (E,Eth,Ka,B) 94
H,R (E,Eth) 91
H,R,S(E Eth KaRB) 20
H,R,S (Eth Ka RB) 82
HR (E) 100
HR (S,E, Eth,Ka,RB) 91

Mortality

72
89
82
83
10
82
85
74

Median
Interval TB
diagnosis

to death

-

16
4

b BB D



Common RFLP Types New York 1991 - 4

Type No of patient No of hospitals

W 199 30 MDR

P 30 15 MDR
N2 30 16 MDR
Wi 24 16 MDR
AB 20 10 MDR

Moss IUTLD 1999



Reports on the control of outbreaks of
noscomial tuberculosis at acute health are
facilities
Control measure (s) used

Location, hospital Admin  Engineering PPE masks
Mmeasures Mmeasures

Miami, Hospital A Extensive  Extensive  Submicron
Miami, Jackson Mem. Extensive Extensive  Submicron
New York, Hospital D  Extensive EXxtensive  Submicron
New York, Cabrini Extensive Exhaust fans Extensive
New York, Roosevelt  Extensive Later Not stated
Atlanta, Grady Mem. Extensive Exhaust fans Submicron



MDR — TB outbreak

e Argentina 162

LT
02 L

Resistant to 6 drugs Resistant to 10 drugs




MDR -TB

e Mortality

— 87 died prior to Rx starting
— 49 died on standard Rx

— 10 died on tailored Rx

— 16 alive on tailored Rx

e Epidemiology
— 77/92 indistinguishable RFLP TYPE
—all 77 contact with index case

e Control
— cohort nursing

— contact tracing
cost of 1case =£60000 in UK



Outbreak 1-UK

e Index + 7 other all HIV+ 2 alive now
e 187 HIV+ contacts

» 60 staff
e 57 community contacts



Outbreak 2-UK

Index HIV- + 6 other HIV+

1298 general medical patients exposed

169 recalled

898 staff

64 HIV patients

476 HIV outpatients

R H,R, ANS, Clo, Cyclo+/- Z, Cla, Cip

S Eth, Cap, Strep, Ethio, Amik

Prophylaxis PAS + ETH offered to 400

12 on prophylaxis 10 stopped most by 2 wks



XDR 1B



Emergence of XDR-TB
March 2000

i{}p}*& XDR = Multidrug-resistant TB (MDR-TB)

iz, i plus resistance to (i) any fluoroquinolone,
| l'i | 1'1 ['1'] !’]

and (i) at least 1 of 3 injectable second-line
Morbidity and Mortality Weekly Report drugs CHP!'E'D”?_VEI” ka”amycjrn* am;kac;n
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(new definition agreed October 2006)

MDR-TB = resistance to at least
isoniazid and rifampicin, the two most
powerful first-line anti-TB drugs

Of 17,690 isolates from 49 countries
during 2000-2004, 20% were MDR-TB
and 2% were XDR-TB

XDR-TB found in:

USA: 4% of MDR-TB
Latvia: 19% of MDR-TB
S Korea: 15% of MDR-TB




Extensive drug resistance TB / XDR-TB

- XDR-TB documented in all regions of the world surveyed

* National representative data showed that in USA 4% of
MDR-TB were XDR-TB, while the figure in Latvia was 19%.

CDC's Morbidity and Mortality Weekly Report, March
2006

 Joint WHO/CDC survey of 14 supranational TB reference
laboratories using samples from 48 countries



Countries with confirmed XDR-TB

Argentina

Countries with XDR-TB
Confirmed cases to date

Based on information provided to WHO Stop TB Department




MDR-TB (and likely XDR-TB)
Where the problem lies

50. 000
a
Tala =hina + Indla i g Russlan

+ Russls =deratio
Souros: WHCOIETEITHD LESIZn Federaflon
Federation

The bulk of the problem of XDR-TB resides in those
countries with high numbers of MDR-TB and two thirds of

MDR is in just 3 countries - China, India and the Russian
Federation.



XDR-TB in Southern Africa
August 2006

Church of Scotland Hospital, Tugela Ferry,
KwaZulu-Natal Province, South Africa

« 53 of 544 patients defined as XDR-TB cases

« 52 of the 53 patients died on average within 25
days, including those on anfiretroviral therapy

* Further investigations being carried out
« XDR-TB likely in bordering African counfries

Given the underlying HIV epidemic in Africa,

drug-resistant TB could have a major impact on mortality
and requires urgent action on care and prevention




MDRTB more common than sensitive TB

In rural Kwa-Zulu

« Background:
— TB leading cause of death in S. Africa
— 83% TB cases HIV +ve
— Case fatality 40% despite DOT

— Typing identified 6-drug MDRTB strain
in Kwa-Zulu

 Design:
— Retrospective X-sectional analysis
rural hospital

— All suspected / confirmed TB cases
Feb — Dec 05

— Sample spoligotyped

197 culture +ve

38% fully
susceptible

2% not MDRTB

60% MDRTB

25% HDRTB

82% died

INH, RIF

INH, RIF, SM,
EMB, CIP, KAN

Conclusion: highly resistant MDRTB common in rural Kwa-Zulu




Treatment



MDR DOTS strategy

Sustained political commitment

A rational case-finding strategy including
accurate, timely diagnosis through quality-
assured culture and DST

Appropriate treatment strategies that use
second-line drugs under proper case
management conditions

Uninterrupted supply of quality-assured
antituberculosis drugs

Standardized recording and reporting

P



First-Line Drugs

Antituberculosis Drugs

Isoniazid
Rifampin
Pyrazinamide
Ethambutol
Rifabutin*
Rifapentine

Second-Line Drugs

Streptomycin
Cycloserine
p-Aminosalicylic acid
Ethionamide

Amikacin or kanamycin*
Capreomycin
Levofloxacin*
Moxifloxacin*
Gatifloxacin*

* Not approved by the U.S. Food and Drug Administration for use in the
treatment of TB



clofazimine
clarithromycin
azithromycin
sparfloxacin
thiacetazone

amoxicillin - clavulanate
rifabutin



Worldwide use of second-line TB
drugs by October 2204

O No information : 69&

@ Second-line drugs NOT available

@ Second-line drugs widely available
Source: WHO/STB/THD




Treatment Principles

e Single new drug should never be added to a
failing regimen; it may lead to acquired
resistance to the added drug

 Add at least three new drugs (e.g.,
fluorogquinolone, ethionamide, and an
Injectable drug: SM, amikacin, kanamycin, or
capreomycin) to the existing regimen being
cognizant of the possibility of drug resistance



Potential Regimes for Patients with
Tuberculosis with Various Patterns
off Drug Resistance:

. Suggested Duration of
Resistance S Therapy

HS Z RZE 6-9m

HE +/-S R Z OFL or CIPAMK 6-12m

HR+/-S Z E OFL or CIP AMK 18 -24 m

HRE+/-S E OFL or CIP AMK 24m after con
plus 2

HRZ+/-S E OFL or CIP AMK 24m after con
plus 2

HR ZE +/-S OFL or CIP AMK 24m after con

plus 3



New TB drug pipeline : GOOD NEWS? AIDSMAP.COM  (NEWS) DEC 05

DRUG DISCOVERY PRE- CLINICAL TRIALS

CLINICAL
Carboxylates Nitrofuranylamides Diamine SQ-109* | Moxifloxacin
GATB, Wellesley NIAID, University of Sequella Inc Bayer Pharmaceuticals, CDC TBTC, Johns
College Tennessee Hopkins University, NIAID TBRU, GATB
Cell Wall Nitroimidazole Analogs Dipiperidines Gatifloxacin
Inhibitors NIAID, Novartis Institute for | (SQ-609) OFLOTUB Consortium, Lupin, NIAID TBRU,
Colorado State Tropical Diseases, GATB Sequella Inc. Tuberculosis Research Centre, WHO TDR

University, NIAID

Dihydrolipoamide | Novel Antibiotic Class Non-Fluorinated TMC207 Diarylquinoline
Acyltransferase GlaxoSmithKline, GATB Quinolone

Inhibitors TaiGen Johnson & Johnson
Cornell

University, NIAID

InhA Inhibitors Picolinamide Imidazoles Synthase Nitroimidazole PA-824
GlaxoSmithKline, NIAID, TAACF Inhibitor Chiron Corporation, GATB
GATB FAS20013*

FASgen Inc.




New TB drug pipeline AIDSMAP.COM  (NEWS) DEC 05

DRUG DISCOVERY PRECLINICAL CLINICAL TRIALS
Isocitrate Lyase Inhibitors (|CL) Pleuromutilins Translocase | | Nitroimidazo-
- - GlaxoSmithKline, GATB Inhibitors* oxazole, OPC-
GlaxoSmithKline, GATB Sequella Inc., | 67683
Sankyo Otsuka
Pharmaceuticals
Macrolides Quinolones Sudoterb, Pyrrole
GATB, University of lllinois at Chicago KRICT/ Yonsei University, LL-3858
NIAID, TAACF, GATB Lupin Limited
Methyltransferase Inhibitors Screening and Target
Anacor Pharmaceuticals Identification
AstraZeneca
Natural Products Exploration Thiolactomycin Analogs
BIOTEC, California State University, ITR, NIAID, NIH

NIAID, TAACF, University of Auckland




| ast chance saloon

 Pulmonary resection - Local disease
- Good C-P reserve
- Mycobacterial burden low

 Immune stimulants - M.vaccae
Interferon alpha Aerosol



Prevention of MDR TB in contacts

» If infection and disease progression

likely then:

= ethamiutol and pyrazinamide
— offoxacin / ciprofloxacin & pyrazinamide
=7BCG



Outcomes
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MDR - TB

HIV negative

.« 7-8 months in hospital

« 30%  adverse drug reaction
« 35% treatment failure

» 14%  relapse

» 46%  death



Predictors of Survival

e Starting two drugs to which the
organism is susceptible within
two weeks of diagnosis



The March of Resistance

Drug
susceptible MDR-TB XDR-TB
TB*§ 1990§ 2006§

“or limited Resistance Resistance Resistance to
resistance to H&R — to 2 line all available
manageable drugs — drugs — no
with 4 drug Tr.eatangle treatment treatment
regimen - v_wth 2 options options
DOTS line drugs seriously

restricted

§ Worse outcomes in people with HIV infection
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