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• PZA has treatment‐shortening effect in 
regimens containing isoniazid (INH) with or 
without rifampin

• PZA is likely to improve drug‐resistant as well 
as susceptible TB

Fox W, Ellard GA, Mitchison DA. Int J Tuberc Lung Dis 1999; 3:S231–79.

PZA improves the outcome of tuberculosis 



Unresonveld problems for use of PZA in drug‐resistant TB

• High incidence of PZA resistance among drug‐
resistant tuberculosis strains

• Challenges in performing drug susceptibility 
testing

• Poor understanding of clinical implications of 
PZA resistance

Mphahlele M, et al.J Clin Microbiol 2008; 46:3459–64



Estimated number of new TB cases, by country

Global Tuberculosis Control 2009, WHO 



56/391                                  6/308                                    2/91

*Fisher exact test

P<0.001*

P<0.001*

P=1.000*

Phenotypic PZA‐resistance among drug resistant TB: 
Western region of China data



Distribution of phenotypic PZA‐resistance in MDR‐TB



Priority Ranking of Drugs for Additional Research on 
Optimization for Drug‐Resistant Tuberculosis Treatment



PZA for drug‐resistant tuberculosis is complicated

• High incidence of PZA resistance among drug‐
resistant tuberculosis strains

• Challenges in performing drug susceptibility 
testing

• Poor understanding of clinical implications of 
PZA resistance

Mphahlele M, et al.J Clin Microbiol 2008; 46:3459–64



pncA sequencing: a practical choice to identify PZA‐susceptibility？

Chiu et al. BMC Infectious Diseases 2011, 11:240



Research Questions to Inform Optimization of Drug‐
Resistant Tuberculosis Treatment Regimens



PZA for drug‐resistant tuberculosis is complicated

• High incidence of PZA resistance among drug‐
resistant tuberculosis strains

• Challenges in performing drug susceptibility 
testing

• Poor understanding of clinical implications of 
PZA resistance

Mphahlele M, et al.J Clin Microbiol 2008; 46:3459–64



Hongkong Study: Pyrazinamide may improve treatment of multidrug‐resistant  
tuberculosis Chang et al., AAC Accepts, published online ahead of print on 6 August 2012



Pyrazinamide users showed increased proportion of early culture conversion

Chang et al. AAC Accepts, published online ahead of print on 6 August 2012



Real‐life Cohort Study: Pyrazinamide improves 
treatment of  previously treated TB cases

Zhang et al. AAC submitted.





Distribution of patients with mutant pncA (N=197)

16Zhang et al. AAC submitted.
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Univariate analysis of factors associated with
Treatment outcomes in initially treated  TB cases

Success
(N=167)

Failure /death 
(N=31)

P  
value

OR
(95% CI)

Age(yrs, mean(SD)) 44(21) 59(18.5) <0.001 1.03(1.01‐1.05)

Male  sex, n(%) 105(62.9) 26(83.9) 0.029 3.07(1.12‐8.40)

Complication, n(%) 14(8.4) 12(67.7) <0.001 6.90(2.79‐17.09)

Adverse reactions, n(%) 10(6.0) 8(25.8) 0.001 5.46(1.95‐15.26)

Cavitary TB, n(%) 78(46.7) 21(67.7) 0.035 2.40(1.06‐5.40)

Baseline TB bacteria load ≥3+, 
n(%)

65(38.9) 14(45.2) 0.515 1.29(0.60‐2.80)

substandard treatment , n(%) 9(5.4) 9(29.0) <0.001 7.18(2.57‐20.04)

Smear‐positive at 2 month, n(%) 32(22.2,N=144) 21(72.4,N=29) <0.001 9.19(2.74‐19.20)

Beijing genotype, n(N,%) 100(82.0, N=122) 19(70.4, N=27) 0.172 0.52(0.20‐1.33)  

Mutant pncA gene, n(N,%) 5(4.2,N=119) 1(3.8,N=26) 0.934 0.91(0.10‐8.15)

Baseline MDR‐TB, n(N,%) 2(1.5, N=131) 2(6.9,N=29) 0.116 5.00(0.67‐37.12)
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Treatment failure rate stratified by pncAmutation 
in initially treated patients(N=145)

Zhang et al. AAC submitted.
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Variate analysis of factors associated with
Treatment outcomes in initially treated  TB cases

19

Unadjusted OR
(95% CI)

Adjusted  OR
(95% CI)

P value

Age 1.03(1.01‐1.05) 1.02(0.99‐1.04) 0.267

Male  sex 3.07(1.12‐8.40) 1.73(0.50‐6.00) 0.385

Complication 6.90(2.79‐17.09) 5.68(1.68‐19.19) 0.005

Adverse reactions 5.46(1.95‐15.26) 3.23(0.77‐13.54) 0.108

Cavitary TB 2.40(1.06‐5.40) 1.93(0.67‐5.55) 0.223

substandard treatment  7.18(2.57‐20.04) 6.24(1.57‐24.79) 0.009

Smear‐positive at 2 month 9.19(2.74‐19.20) 5.81(1.94‐17.44) 0.002



Factors associated with treatment outcomes in
previously treated pulmonary  TB patients

Success
(N=17)

Failure /death 
(N=18)

P*  
value

OR(95%CI)

Age(yrs, mean(SD)) 62(14) 57(16) 0.987 ‐‐‐

Male  sex, n(%) 14(82.4) 15(83.3) 1.000 1.07(0.19‐6.22)

Complication, n(%) 2(11.8) 10(55.6) 0.012 9.38(1.64‐53.62)

Adverse reactions, n(%) 0(0) 2(11.1) 0.486 3.18(0.30‐33.58)

Cavitary TB, n(%) 5(29.4) 14(77.8) 0.007 8.40(1.83‐38.57)

Baseline TB bacteria load ≥3+, 
n(%)

1(5.9) 10(55.6) 0.003 20.00(2.16‐
184.87)

substandard treatment , n(%) 0(0) 3(16.7) 0.229 4.50(0.46‐44.55)

Smear‐positive at 2 month, n(%) 1(22.2,N=11) 10(76.9,N=13) 0.001 33.33(2.94‐
377.49)

Beijing genotype, n(N,%) 9(82.0, N=10) 12(75.0, N=16) 0.617 0.33(0.03‐3.52)

Mutant pncA gene, n(N,%) 0(0.0,N=8) 9(56.3,N=16) 0.009 11.25(1.17‐
108.41)

Baseline MDR‐TB n(N,%) 1(25.0, N=8) 8(47.1,N=17) 0.182 6.22(0.62‐62.16)
20

* Fisher exact test



Distribution of pncA gene mutations in 
previously treated pulmonary  TB patients

Wild pncA 
(N=18)

Mutant pncA 
(N=9)

P  
value

OR
(95% CI)

Age> 60yrs(n, %) 5(27.8) 7(77.8) 0.037 9.10(1.39‐
59.62)

Male  sex, n(%) 4(22.2) 1(11.1) 0.636 0.44(0.04‐4.62)

Cavitary TB, n(%) 11(61.1) 8(88.9) 0.201 5.09(0.52‐
50.00)

Baseline TB bacteria load 
≥3+, n(%)

9(50.0) 4(44.4) 1.000 0.80(0.16‐3.99)

Beijing genotype, n(N,%) 15(83.3) 5(55.6) 0.175 0.25(0.04‐1.52)

Baseline resistance to any  
kind of antitubercular 
agent (HREZSKm), n(N,%)

10(55.6) 8(88.9) 0.193 6.40(0.66‐
62.40)

MDR‐TB 5(27.8) 6(66.7) 0.097 5.20(0.92‐
29.26)

21



Treatment failure rate stratified by pncAmutation in 
previously treated patients(N=169)

1/6    25/139                       9/9      7/15

P=0.009

22Zhang et al. AAC submitted.



Factors associated with treatment outcomes in 
previously treated patients with wild pncA gene(N=15)

Success
(N=8)

Failure /death 
(N=7)

P  
*value

OR
(95% CI)

Age(yrs, mean(SD)) 67(22) 69(7) 0.824 ‐‐‐‐‐‐

Male  sex, n(%) 6(75.0) 5(71.4) 1.000 0.83(0.08‐8.24)

Complication, n(%) 1(12.5) 2(28.6) 0.569 2.80(0.20‐40.06)

Cavitary TB, n(%) 3(37.5) 6(85.7) 0.119 10.0(0.77‐128.78)

Baseline TB bacteria load ≥3+, n(%) 1(12.5) 5(71.4) 0.041 17.5(1.22‐250.36)

substandard treatment , n(%) 0(0) 2(28.6) 0.200 4.50(0.37‐54.16)

Smear‐positive at 2 month, n(N,%) 1(16.7.,N=6) 3(60.0,N=5) 0.242 7.50(0.46‐122.70)

Beijing genotype, n(%) 7(87.5) 7(100) 1.000 2.00(0.15‐26.73)

Baseline MDR‐TB n(%) 1(12.5) 1(14.3) 1.000 1.17(0.06‐22.94)

Baseline resistance to any  kind of 
antitubercular agent (HREZSKm), n(N,%)

4(50.0) 4(57.1) 1.000 1.33(0.17‐10.25)

23
*Fisher exact test



Conclusions

• PZA resistance is low in newly treated patients, but 
elevated in previously treated patients, esp. in MDR‐
TB patients’

• Cure rate is high in newly treated patients with 
minimal PZA resistance, suggesting no PZA 
susceptibility test is needed in these patients;

• Cure rate is low in previously treated patients with 
PZA resistance and pncA mutations highly correlated 
with treatment failure, suggesting PZA susceptibility 
test is highly recommended and further personalized 
chemotherapy should be taken in these difficult‐to‐
treat patients
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