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ÅWHO estimated 13 000 MDR-TB cases emerge in South Africa  
Åфлтл a5wπ¢. όŀƴŘ рфп ·5wπ¢. ǿŜǊŜ ŘƛŀƎƴƻǎŜŘ 
Åпмпо a5wπ¢. ŀƴŘ пом ·5wπ¢. ǎǘŀǊǘŜŘ ƻƴ ǘǊŜŀǘƳŜƴǘ
Å¢ƘŜ ǎǳŎŎŜǎǎ ǊŀǘŜ ƻŦ a5wπ¢. ƛǎ ǇƻƻǊ όғ пл ҈ύ

ONLY 12.5% of MDR-TB cases are successfully treated

NHLS Report 2010



Drug surveillance data South Africa 

MDR-TB 
in NEW cases 

1.8% (Low Risk)

MDR-TB 
in RETREATMENT cases 

6.7% (High Risk)

8238 cases (59%) 

5796 (41%) 



MDR-TB Outbreaks in South Africa
Beijing 220 Clone

Johnson,R., et al. 2006. An outbreak of drug-resistant tuberculosis 

caused by a Beijing strain in the western Cape, South Africa. 

Int.J.Tuberc.Lung Dis.10:1412-1414.
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Victor,T.C., et al 2007. Spread of an emerging Mycobacterium 

tuberculosis drug-resistant strain in the western Cape of South Africa. 

Int.J.Tuberc.Lung Dis.11:195-201.

van Rie, et al. (1999). Transmission of a 

multidrug-resistant Mycobacterium tuberculosis 

strain resembling "strain W" among 

noninstitutionalized, human immunodeficiency 

virus-seronegative patients. J.Infect.Dis. 180:1608-

1615.
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Strauss, O. J., et al2008. Spread of a low-fitness drug-resistant 

Mycobacterium tuberculosis strain in a setting of high HIV prevalence. 

J.Clin.Microbiol.

Atypical Beijing Clone

F15/LAM4/KZN strain

DRF150

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.Dis. 16:264-271.

Pillay, M. and A. W. Sturm. 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.



Doubling times
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High Risk with unknown MDR-TB cases

Low Risk with unknown MDR-TB cases

Primary Health Care Clinic

HREZS + DST

HREZ

Diagnostic Algorithm and Treatment 
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Amplification of Resistance

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.Dis. 16:264-271.



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.

Ethambutol Resistance Rare?

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. 2009.



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.

Pyrazinamide Resistance Rare?

Mphahlele M, Syre H, Valvatne H, Stavrum R, 
Mannsåker 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.

άрн҈ ƻŦ a5w-TB isolates showed 
ǊŜǎƛǎǘŀƴŎŜ ǘƻ t½!έ



Standardized 2nd Line Treatment

Ethambutol 

Pyrazinamide

Ofloxacin

Amikacin

Ethionamide

DST only for Isoniazid, Rifampicin and Ethambutol 
since 2002

Treatment of MDR-TB 2002 onwards

Assumed that resistance was rare

Surveillance suggested that
resistance was rare

1st line drugs
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Louw et al. AJRCCM 2011



Treatment Regimen 

for MDR -TB (2002 to 2007) 

Ethambutol

Pyrazinamide 

Ofloxacin

Ethionamide

Kanamycin (IM)

Does the  treatment regimen contribute 

to the emergence of XDR-TB?
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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 drug-

resistant tuberculosis despite treatment adherence, South 

Africa. Emerg.Infect.Dis. 16:264-271.



Evolution of  XDR-TB in KwaZulu-Natal, 
South Africa

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.



Gandhi et al. Lancet 2006



XDR-TB in the Western Cape
FREE STATE

Bloemfontein

MPUMALANGA
NelspruitNORTH

WEST
Klerksdorp

LIMPOPO

Polokwane

NORTHERN CAPE

Upington
KWAZULU
NATAL

Durban
LESOTHO

WESTERN CAPE

Cape Town

EASTERN CAPE

Port Elizabeth

ZIMBABWE

BOTSWANA

Johannesburg
GAUTENG

SWAZI
LANDNAMIBIA

George

November 2006 to December 2008

First isolate of each case

MDR-TB

799 (69%)

Pre XDR-TB

202 (17%)

XDR-TB

162 (14%)

DRF150 

Victor et al.2007

R220 

Johnsonet al.2010

Strain ñUò

Rie et al. 1999

Atypical Beijing

Strauss et al. 2008

Ofx only = 64%

Ami only = 36%



Drug Resistant TB in the Eastern Cape

FREE STATE

Bloemfontein

MPUMALANGA
NelspruitNORTH

WEST
Klerksdorp

LIMPOPO

Polokwane

NORTHERN CAPE

Upington
KWAZULU
NATAL

Durban
LESOTHO

WESTERN CAPE

Cape Town

EASTERN CAPE

Port Elizabeth

ZIMBABWE

BOTSWANA

Johannesburg
GAUTENG

SWAZI
LANDNAMIBIA

George

November 2008 to May 2009

First isolate of each case

n = 284

MDR-TB

125 (44%)

Pre XDR-TB

84 (30%)

XDR-TB

75 (26%)

Strauss et al.2008

Ofx only = 5%

Ami only = 95%



Cluster

n=49

rpoB
516
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rpoB 531 
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pncA 14 
embB 
306 

n=32
gyrA
94

n=1
7

gyrA90 n=2

gyrA91 n=2

gyrA94 n=3

gyrA wt n=3

Unique mutations 
in gyrA n=6

Unique mutations in 
gyrA n=6

pncAY

gyrA94 n=2

gyrA94 n=5

embB 306 n=1

MDR-TB

XDR-TB

XDR-TB: transmitted or acquired?
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23/07/2007
Ofloxacin sensitive

QRDR sequence 
WT

13/02/2008
Ofloxacin resistant

QRDR sequence 
D94G/D94A

07/05/2008
Ofloxacin resistant

QRDR sequence 
D94G

06/06/2008
Ofloxacin resistant

QRDR sequence 
D94G

13/08/2009
Ofloxacin resistant

QRDR sequence 
D94G

09/11/2010
Ofloxacin resistant

QRDR sequecne 
D94G
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31/10/2007
Ofloxacin sensitive

QRDR sequence
WT

08/04/2008
Ofloxacin resistant

QRDR sequence 
WT/D94G/D94S/D94N

19/05/2008
Ofloxacin resistant

QRDR sequence 
WT/D94G

12/08/2008
Ofloxacin resistant

QRDR sequence 
D94N

31/07/2008
Ofloxacin resistant

QRDR sequence 
WT/D94G/D94S/D94N

16/09/2008
Ofloxacin resistant

QRDR sequence 
D94N

O
fl

o
xa

ci
n

  t
re

at
m

en
t 

st
ar

te
d

 

O
fl

o
xa

ci
n

 t
re

at
m

en
t 

en
d

 

Patient 1

Patient 2

Evolution of Fluoroquinolone Resistance

Streicher et al. Unpublished data



MDR-TB XDR-TB

Undiagnosed resistance leads 
to the evolution of XDR-TB

Treatment
E
Z

OFX
AM
ETH

inhApromoter 
mutations

Chihota et al. Submitted



Eth sensitive Eth Resistant
inhA WT 22 6
inhA Mutant 0 21

Eth sensitive Eth Resistant
inhA WT 17 13
inhA Mutant 3 76

INH mono-resistant strains

MDR strains

Association between inhA 
promoter mutations and 
ethionamide resistance 

Sirgel et al. unpublished data





MDR TB XDR TB

Kanamycin (IM) Capreomycin (IM)

Ethionamide Ethionamide

Pyrazinamide

PAS

Ofloxacin Moxifloxacin

Terizidone or 
Cycloserine

Terizidone or 
Cycloserine

Revised M(X)DR-TB treatment regimen
2010



QDST 5ug/ml in 

MGIT media

rrs

Wild type

rrs 1401 

mutation

Cap S 15 0

Cap R 0 35

Quantitative DST for capreomycin 

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

MICs of 10-15 µg/ml

Sirgel et al. 2011



Can Moxifloxacin Replace Ofloxacin for 
treatment of XDR-TB?

2.0

ug/ml

GyrA

WT

GyrA

MUT

0.5 

ug/ml

GyrA

WT

GyrA

MUT

OfxR 1 49 MoxiR 1 46

OfxS 124 3 MoxiS 124 4

WHO recommended critical concentration for moxifloxacin = 0.25ug/ml

aL/ǎ ƻŦ Җ нΦл ҡƎκƳƭΣ 
ǿƘƛƭŜ рл҈  ƘŀŘ aL/ǎ Җ мΦл ҡƎκƳƭ

Sirgel et al. unpublished data



MDR TB XDR TB

Intensive

Phase

Continuation

Phase

Intensive

Phase

Continuation

Phase

Kanamycin (IM) Capreomycin (IM)

Ethionamide

WC = 48%

EC = 25%

Ethionamide Ethionamide

WC = 85%

EC = 92%

Ethionamide

Pyrazinamide Pyrazinamide

PAS PAS

Ofloxacin Ofloxacin Moxifloxacin Moxifloxacin 

Terizidone or 

Cycloserine

Terizidone or 

Cycloserine

Terizidone or 

Cycloserine

Terizidone or 

Cycloserine

Revised M(X)DR-TB treatment regimen



Emergence of TDR-TB?

Mutation/resistan

ce

R220 (Typical 

Beijing)

C86 (Atypical 

Beijing)

inhA isoniazidand 

ethionamide

yes yes

rpoB rifampicin yes yes

embB ethambutol yes yes

pncA pyrazinamide yes yes

rrs streptomycin yes yes

rrs amikacin/

kanamycin/

capreomycin

yes yes

gyrA ofloxacin yes yes

PAS unknown unknown

cycloserine/

terizidone

unknown unknown



Sixteen patients (8.4%) converted to 

negative sputum culture in a median of 

143 days (IQR 90-207.5days)

Thirty -three (19%) of 174 patients 

showed culture conversion.





Louw G. et al. 2011

Improve the efficiency of  current regimens

Give new hope to MDR-TB and XDR-TB cases

Control

RIF

Inhibitor 1

Inhibitor 2

RIF + Inhibitor 2

RIF + Inhibitor 1

Restoring drug-susceptibility



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.


