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M(X)DR-TB in South Africa
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AWHO estimated 13 000 MDR-TB cases emerge in South Africa
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ONLY 12.5% of MDR-TB cases are successfully treated

NHLS Report 2010



Drug surveillance data South Africa

Multidrug and extensively
drug-resistant TB (M/XDR-TB)
2010 GLOBAL REPORT ON
SURVHLLANCE AND RESPONSE M D R_TB
in NEW cases
1.8% (Low Risk)
8238 cases (59%)
MDR-TB

in RETREATMENT cases
6.7% (High Risk)

o} World Health 5796 (41%)




MDR-TB Outbreaks in South Africa
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tuberculosis drugesistant strain in the western Cape of South Afr
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Diagnostic Algorithm and Treatment

Primary Health Care Clinic

Low Risk with unknown MDRTB Cases = HREZ

High Risk with unknown MDRTB cases ey HREZS + DST



Amplification of Resistance

Diagnostic Delay & Diagnostic Inaccuracy
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Calver, A. D., A. A. Falmer, M. Murray, O. J.
Strauss, E. M. Streicher, M. Hanekom, T.
Liversage, M. Masibi, P. D. van Helden, R. M.
Warren, and T. C. Victor. 2010. Emergence of
increased resistance and extensively dasistant
tuberculosis despite treatment adherence, South
Africa. Emerg.Infect.Dis16:264-271.



Ethambutol Resistance Rare?

235 drugR isolates

-~ .
Routine EMBR Research EMBR
testing testing

n=4//\ n=231 n=4?//\\n=133

rd A" rd N
EMBR EMBS EMBR EMBS

l n=46
1.7%EMBR
emh8 mutations
20%EMBR

Significant asso ciation between EMBR and MDR-TB

Johnson,R., Jordaan,A.M., Pretorius,L., Engelke,E., van
der,S.G., Kewley,C., Bosman,M., van Helden,P.D.,
Warren,R., and Victor,T.C. 2006. Ethambutol resistance
testing by mutation detection. Int.J.Tuberc.Lung Dis.
10:68-73.

Review of MDR-TB isolates in 2008
showed that approximately 50%
harboured embBgene mutations at
codon 306

Hoek, K. G. P., Schaaf, H. S., Van Pittius, N. C. Gey, Van
Helden, P. D., and Warren, R. M. Resistance to pyrazinamide
and ethambutol compromises MDR/XDR-TB treatment.
South African Medical Journal 99[11], 785-787. 20009.




Pyrazinamide Resistance Rare?

+ 127 drug® isolates  + 47 drug® isolates

n=6/\n=59 n=43 /\n=4
PZAR  PZAS PZAS PZAR
n=63 n=5
oncA mutations no pacA mutations PZA monoh

53.5% of drug® isolates in study = PZAR
association between PZAR and MDR-TB (p<0.001)

Louw,G.E., Warren,R.M., Donald,P.R., Murray,M.B.,
Bosman,M., van Helden,P.D., Young,D.B., and
Victor,T.C. 2006. Frequency and implications of
pyrazinamide resistance in managing previously
treated tuberculosis patients. Int.J. Tuberc.Lung Dis.
10:802-807.
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Mphahlele M, Syre H, Valvatne H, Stavrum R,
Mannsaker T, Muthivhi T, Weyer K, Fourie PB, Grewal
HM. Pyrazinamide resistance among South African
multi-drug resistant Mycobacterium tuberculosis
isolates. J Clin Microbiol. 2008 Aug 27.
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Treatment of MDR-TB 2002 onwards

Standardized 2" Line Treatment

Surveillance suggested that
Ethambutol — | gistance was rare

15t line drugs {
Pyrazinamide — Assumed that resistance was rare

Ofloxacin
Amikacin

Ethionamide

DST only for Isoniazid, Rifampicin and Ethambutol
since 2002



Rifampicin Reduces Susceptibility to Ofloxacin in
Rifampicin-resistant Mycobacterium tuberculosis
through Efflux

Gail E. Louw'!, Robin M. Warren'!, Nicolaas C. Gey van Pittius', Rosalba Leon?, Adelina Jimenez?,
Rogelio H. Pando3, Christopher R. E. McEvoy!, Melanie Grobbelaar!, Megan Murray?,
Paul D. van Helden?, and Thomas C. Victor!

24 hours
7 days
24 hours
7 days

(%)
S
3 &
c ®©
< ©
N M~

2.5

] 0
E” e 2 S o
v 25 0 o X
] £ @® o
5 I ° R

05 AN ™~

0 I~ . - S . !,,,-

F11 EAI F13
05
L ) )
Y Y
rpoB 526 rpoB 531

Louw et al. AJRCCM 2011



Does the treatment regimen contribute
to the emergence of XDRIB?

Treatment Regimen
for MDR -TB (2002 to 2007)

Ofx KIAm E EtZ .

Ethambutol
Pyrazinamide

Resistance to ERZEOfx
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Kanamycin (IM)

(53)

HREZ .

Calver, A. D., A. A. Falmer, M. Murray, O. J. Strauss, E.
M. Streicher, M. Hanekom, T. Liversage, M. Masibi, P. D.
van Helden, R. M. Warren, and T. C. Victor. 2010.
Emergence of increased resistance and extensively drug
resistant tuberculosis despite treatment adherence, South
Africa. Emerg.Infect.Dis16:264-271.
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Evolution of XDR-TB in KwaZuluNatal,

Resistance to

South Africa

Resistance found for the first time in

1994 1995 1996 1587 1998 1999 2000 2001 2002 2003 2004 2005 2008
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Pillay, M. and Sturm, A.W., 2007. Evolution of the
extensively drug-resistant F15/LAM4/KZN strain of
Mycobacterium tuberculosis in KwaZulu-Natal, South
Africa. Clin.Infect.Dis. 45, 1409-1414.



Extensively drug-resistant tuberculosis as a cause of deathin 2 W
patients co-infected with tuberculosis and HIV in a rural area
of South Africa

Neel R Gandhi, Anthony Moll, A Willem Sturm, Robert Pawinski, Thiloshini Govender, Umesh Lalloo, Kimberly Zeller, Jason Andrews,

Gerald Friedland
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Figure: Survival after sputum collection in patients with XDR tuberculosis with confirmed dates of death (n=42)

Numbier (%)
Tuberculosis characteristics (n=53)
Pulmonary tuberculosis alone 40 (75%)
Pulmonary and extrapulmonary tuberculosis 13 (25%)
Sputum-smear positive 42 (79%)
Sputum-smear negative 11 (21%)
Previous tuberculosis treatment (n=47)
Mo previous treatment 26 (55%)
Previous treatment: cure or completed treatment 14 (30%)
Treatment default or failure 7 (15%)
Previous admission in past 2 years (n=42)
Admitted for any cause 28 (67%)
Mo previous admission 14 (33%)
HIV characteristics (n=44)
HIV-infected 44 (100%)
On antiretroviral therapy 15 (34%)

Table 2: Characteristics of patients with XDR tuberculosis

Gandhi et al. Lancet 2006




XDR-TB in the Western Cape

November 2006 to December 2008
First isolate of each case

EASTERN CAPE
WESTERN CAP!
TowrdR [O . @
pe Tow George Port Elizabeth

MDR-TB Pre XDR-TB XDR-TB

799 (69%) 202 (17%) 162 (14%)
Ofx only = 64%

Ami only = 36%
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Victor et al.2007 Johnsoret al.2010 Rieet al. 1999 Strausset al.2008



Drug Resistant TB in the Eastern Cape

November 2008 to May 2009
First isolate of each case
n =284

MDR-TB Pre XDR-TB XDR-TB
125 (44%) 84 (30%) 75 (26%)

Ofx only = 5%
Ami only = 95%
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Strausst al.2008



XDR-TB: transmitted or acquired?

Cluster _ _
Unique mutations

! n=49 in gyrAn=6
i gyrA90 n=2
E © gyrA91 n=2

gyrA94 n=2

rpoB 531
n=33



Evolution of Fluoroquinolone Resistance
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Streicher et al. Unpublished data



Undiagnosed resistance leads
to the evolution of XDR-TB

MDR-TB XDR-TB

inhApromoter
mutations

Chihota et al. Submitted



Association between inhA
promoter mutations and
ethionamide resistance

INH moneresistant strains

Eth sensitive Eth Resistant
iInhA WT 22 6
iInhA Mutant 0 21
MDR strains

Eth sensitive Eth Resistant
INhA WT 17 13
InhA Mutant 3 76

Sirgel et al. unpublished data




CURRENT STANDARD DRUG REGIMENS FACILITATE THE
EVOLUTION OF EXTENSIVELY DRUG-RESISTANT TUBERCULOSIS:
Recommendations for improvements

Borna Miiller!, Simon Schaaf?, Nicolaas C. Gey van Pittius’, Peter R. Donald?, Thomas C. Victor', Paul D. van Helden’, Robin M. Warren!
IDST/NRF Centre of Excellence for Biomedical Tuberculosis Research / MRC Centre for Molecular and Cellular Biology, Division of Molecular Biology and Human Genetics, Faculty of
Health Sciences, Stellenbosch University, Cape Town, South Africa
Department of Pediatrics and Child Health, Faculty of Health Sciences, Stellenbosch University, Cape Town, South Africa

Standard first-line regimen.
2-H-R-Z-E/4H-R

Do notconsider standard-dose H and Eto as effective drugs for
treatment.
Retreatmentregimen using high-dose H, requestDST forE and S:
2H"-R-Z-E-S/1H"-R-Z-E/5H"-R-E

Do notconsider (high-dose) H as an effective drug for treatment.
Retreatmentregimen replacing H by Eto, requestDST forE and S:
2Eto-R-Z-E-S/1Eto-R-Z-E/SEto-R-E

Do notconsider (high-dose) H and Eto as effective drugs for treatment.
Retreatmentregimen replacing H by Lfx/Ofx, requestDST forE and S:
2L fx(Ofx)-R-Z-E-S/1Lfx(Ofx)-R-Z-E/6Lfx(Ofx)-R-E*

Do notconsiderR as an effective drug for treatment.
Second-line regimen including H, request DST for Lfx/Ofx, Km/Am, E, S:
6H-Z-E-Km(Am)-Lfx(Ofx)-Eto-Trd(Cs)/12H-Z-E-Lfx(Ofx)-Eto-Trd(Cs)"!

Genetic region exhibiting a drug resistance mutation
Drug
resistance
poB katG inhA promoter class
RMP !ﬂgh level INH h_igh level INH low level
negative negative negative non-MDR
2 A . non-MDR INH
negative negative positive rhalEtant
2 . non-MDR INH
negative positive negative resistant
5 non-MDR INH
negative positive positive Teelstant
non-MDR RIF
positive negative negative resistant
positive negative positive MDR
positive positive negative MDR
positive positive positive MDR

Do notconsider standard-dose H, R, E, Z and Eto as effective drugs for
treatment.
Second-line regimen replacing Eto by high-dose H, requestDST for
Lfx/Ofx, Km/Am, E, S:
6H"-Z-E-Km(Am)-Lfx(Ofx)-Trd(Cs)/12H"-Z-E-Lfx(Ofx)-Trd(Cs)".<)

Do notconsider (high-dose)H, R, E and Z as effective drugs for
treatment.
S d-line ,requestDST for Lfx/Ofx, Km/Am, E, S:
GZ-E-Km(Am)-fo(Ofx)-Eto-Trd(Cs)sz-EJ.fx(Ofx)-Eto-Trd(Cs)"'°'

Do notconsider (high-dose)H, R, E, Z and Eto as effective drugs for
treatment.
Second-line regimen replacing Eto by PAS requestDST for Lfx/Ofx,
Km/Am,E, S
6Z-E-Km(Am)-Lfx(Ofx)-Trd(Cs)-PAS/1 ZZ-E-fo(Ofx)-Trd(Cs)-PAS"“W




Revised M(X)DR-TB treatment regimen

2010
MDRTB XDRTB
Kanamycin (IM) Capreomycin (IM)
Ethionamide Ethionamide
Pyrazinamide
PAS

Ofloxacin Moxifloxacin
Terizidone or Terizidone or
Cycloserine Cycloserine




Quantitative DST for capreomycin

QDST 5ug/ml in
MGIT media

Cap S

Cap R

MICs of 10-15 pg/ml

WHO recommended critical concentration
= 2.5 ug/ml in MGIT media

Sirgel et al. 2011



Can Moxifloxacin Replace Ofloxacin for
treatment of XDR-TB?

2.0 GyrA | GyrA 0.5 GyrA | GyrA
ug/ml WT MUT | ug/ml WT MUT
OfxR 1 49 | MoxiR 1
Ofx>s 124 3 MoxiS 4

l

al/la 2F X
g KAt S pE: K

WHO recommended critical concentration for moxifloxacin = 0.25ug/ml

Sirgel et al. unpublished data



Revised M(X)DR-TB treatment regimen

MDR TB XDR TB
Intensive Continuation | Intensive Continuation
Phase Phase Phase Phase

Kanamycin (IM)

Capreomycin (IM)

Ethionamide Ethionamide Ethionamide Ethionamide
WC = 48% WC = 85%
EC = 25% EC =92%
Pyrazinamide Pyrazinamide

PAS PAS
Ofloxacin Ofloxacin Moxifloxacin Moxifloxacin

Terizidone or
Cycloserine

Terizidone or
Cycloserine

Terizidone or
Cycloserine

Terizidone or
Cycloserine




Emergence of TDRTB?

Mutatlon/re5|stan R220 (Typical C86 (Atypical
Beulng) Beljlng)

iINnhA iIsoniazidand
ethionamide
rpoB rifampicin yes yes
embB ethambutol yes yes
pNcA pyrazinamide yes yes
rrs streptomycin yes yes
rrs amikacird yes yes
kanamycin
capreomycin
gyrA ofloxacin yes yes
PAS unknown unknown
cycloseriné unknown unknown

terizidone



@W Early treatment outcomes and HIV status of patients with
extensively drug-resistant tuberculosis in South Africa:

a retrospective cohort study

Keertan Dheda”, Karen Shean®, Alimuddin Zumla®, Motasim Badri*, Elizabeth M Streicher, LiesI Page-Shipp, Paul Willcox, Melanie-Anne John,
Gary Reubenson, Darshini Govindasamy, MichelleWong, Xavier Padanilam, Alicia Dziwiecki, Paul D van Helden, Sweetness Siwendu, Julie Jarand,
Colin N Menezes, Avril Burns, ThomasVictor, Robin Warren, Martin P Grobusch, Martie van der Walt®, Charlotte Kvasnovsky®

Lancet 2010; 375: 1798-807

Thirty -three (19%) of 174 patients Publshed Online
showed culture conversion. T

6736(10)60492-8

JAcauir immune Defic Syndr. 2011 Feb 4. [Epub ahead of print]
Extensively drug-resistant TB in Eastern Cape, South Africa: High Mortality in HIV negative and HIV positive patients.

Kvasnovsky CL, Cegielski JP. Erasmus R, Siwisa NO, Thomas K, Van Der Walt ML

Sixteen patients (8.4%) converted to
negative sputum culture in a median of
143 days (IQR 96207.5days)






Restoring drugusceptibility
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Improve the efficiency of current regimens

Give new hope to MDRB and XDRTB cases

Louw G.et al2011
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Figure 3: Pulmonary bacillary loads (CFUs) in mice infected with MDR-TB strain.
Mice infected with the MDR-TB strain were treated with verapamil alone (bars 3 and
4), first-line anti-TB drugs alone (bars 5 and 6), a combination of verapamil and first-
line anti-TB drugs (bars 1 and 2), or a saline solution (bars 7 and 8). Verapamil in
combination with first-line anti-TB drugs (isoniazid, rifampicin, pyrazinamide and
verapamil) significantly reduced the CFUs, at 30 (white bars) and 60 (black bars) days
after initiation of treatment.



