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During susceptibility testing of 743 isolates of Mycobacterium tuberculosis to pyrazinamide (PZA) using the
Bactec 960 system, 57 (7.7%) isolates showed PZA resistance. Repeat testing of resistant isolates with the
Bactec 460 reference method confirmed 33 (4.4%) of these isolates as resistant, and 24 (3.2%) were susceptible.
Erroneous results for resistance with the Bactec 960 were confirmed by testing the 24 discordant isolates for
pyrazinamidase and mutations in the pncA gene.

Pyrazinamide (PZA) is an important component of the mul-
tidrug regimen used to treat tuberculosis (TB). With increasing
worldwide prevalence of drug-resistant TB, it is vital for labo-
ratories to accurately detect resistance to first-line antimicro-
bials.

The CLSI-recommended method for PZA testing (4) is the
Bactec 460TB radiometric system (Becton Dickinson, Sparks,
MD). Most laboratories have now replaced the 460TB system
with the nonradiometric Bactec MGIT 960 (BT960) system
(Becton Dickinson, Sparks, MD). Both methods utilize an
acidified Middlebrook broth and a critical concentration of 100
�g/ml.

PZA is a prodrug which in Mycobacterium tuberculosis is
converted to its active form, pyrazinoic acid (POA), by the
enzyme pyrazinamidase (PZase) (5, 7). The absence of a func-
tional PZase enzyme in an M. tuberculosis strain therefore
indicates resistance to PZA. The pncA gene coding for PZase
in M. tuberculosis has been sequenced, and mutations in this
gene have been shown to be responsible for resistance to PZA
(5, 8, 12). Tests both for PZase activity and for the detection of
mutations in pncA may be utilized as alternative methods for
the detection of PZA resistance in M. tuberculosis.

All new M. tuberculosis isolates are tested for susceptibility
to first-line drugs, including PZA, at the Public Health Labo-
ratory, Toronto. During the report period, any isolate demon-
strating PZA resistance by the BT960 was retested using the
460TB. If the 460TB PZA result was discordant, these isolates
were further tested for the presence of PZase activity and
mutations in the pncA gene, and testing in the BT960 was
repeated.

PZA susceptibility testing in the BT960 system was performed
according to the manufacturer’s instructions (2). Briefly, isolates
of M. tuberculosis in Mycobacteria Growth Indicator Tubes

(MGITs) were used as the test inocula. A drug-free control
tube was inoculated with a 1:10 dilution of the inoculum, and
the PZA test tube was inoculated with 0.5 ml of the inoculum
and 0.1 ml of PZA. The tubes were monitored with the BT960
instrument until the growth control tube flagged positive. At
that time, the instrument read the PZA test tube as either
resistant (growth unit [GU] � 100) or susceptible (GU � 100).
A blood agar purity plate from the inoculum was incubated for
3 days.

PZA testing in the BT 460TB system was performed accord-
ing to the manufacturer’s instructions (13). Briefly, a drug-free
control vial and the PZA test vial were each inoculated with 0.1
ml of inoculum from an actively growing culture. The vials
were incubated and were read on the BT460 instrument daily
until the growth index (GI) in the control vial was �200. At
that time, the GI in the test vial was calculated as a percentage
of the GI in the control. A result of �11% indicated resistance,
�9% indicated susceptibility, and from 9 to 11% was border-
line. A blood agar purity plate from the inoculum was incu-
bated for 3 days.

Isolates with results that were discordant between the two
systems were tested for the presence of PZase activity and for
mutations in the pncA gene at the National Reference Centre
for Mycobacteriology, Winnipeg, Manitoba, Canada, by stan-
dard methodologies (12, 14) and with repeat testing in the
BT960.

During the report period, 743 PZA susceptibility tests were
performed using the BT960. Of these, 57 (7.7%) showed PZA
resistance. Thirty-three of these isolates were confirmed to be
PZA resistant using the Bactec 460 system and were elimi-
nated from the discordant-data analysis. The remaining 24
PZA-resistant isolates (3.2% of the total) were susceptible to
PZA with the 460TB and were considered discordant. Follow-up
testing of these isolates showed the presence of PZase in all
isolates, and all were negative for mutations in the pncA gene.
Repeat PZA testing of the discordant isolates with the BT960
gave a second resistant result for 10 isolates and a susceptible
result for 14 isolates, indicating lack of reproducibility. The
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460TB result was considered the gold standard for reporting
results.

There are reports citing technical problems with in vitro
testing of M. tuberculosis with PZA. None of the methods
described give 100% agreement when compared with the
460TB reference method, and most cite problems with false
resistance (1, 10, 11, 15).

The effects of inoculum concentration, volume, and homo-
geneity, as well as the lack of reproducibility in BT960 PZA
tests, have been cited (1, 5, 6, 9). However, we are not aware of
a study where BT960-resistant strains were tested with the
460TB plus PZase and molecular testing.

There are several differences in the inocula used for testing
PZA in the two systems. First, in the 460TB, the ratio of
inoculum to medium is 1:42, whereas in the BT960 system, the
ratio is 1:16.6. The concentration of inoculum in the test me-
dium in the BT960 is thus more than 2.5 times greater than
that used in the 460TB. The volume of inoculum used in the
BT960 is 0.5 ml, versus 0.1 ml of inoculum used in the 460TB.
The higher concentration and volume of inoculum used in the
BT960 has a higher likelihood of containing organisms resis-
tant to PZA, as it is estimated that in M. tuberculosis, between
1 in 107 and 1 in 1010 cells are resistant to any drug (9).

Second, there is variability in the concentration of the inoc-
ulum used in the BT960 test according to the day of test setup.
For days one and two after the culture flags positive, there is no
dilution of the MGIT seed vial, but for days 3 to 5, the inoc-
ulum is diluted 1:5. This may lead to considerable variation in
the amount of the organism in the inoculum and could cause
the lack of reproducibility found during repeat testing.

Third, the inoculation method differs between the two sys-
tems. For the 460TB, a fine-needle tuberculin syringe is used,
and for the BT960, the inoculum is dispensed with a disposable
pipette tip, which may result in uneven distribution of bacilli
due to “clumping.”

The sensitivity of the PZase assay is reported to vary be-
tween 79 and 96% (1, 5, 7). All of the discordant isolates that
were tested showed the presence of PZase. Sequencing of the
pncA gene that encodes PZase has shown that 74% to 97% of
all PZA-resistant strains of M. tuberculosis carry a mutation in
several different regions of the gene (7, 8, 12). None of the
discordant strains were found to have pncA gene mutations.

These results corroborate the 460TB results as PZA suscep-
tible and the BT960 results as falsely resistant. For laboratories
which perform a large number of susceptibility tests with the
BT960 system, this discordance could lead to a significant
number of false resistant and major error (3) results for PZA,
as well as therapeutic issues in patient management.

Due to the potential for false resistant results during PZA
testing with the BT960, laboratories should consider retesting
all PZA-resistant isolates with the 460TB reference method
before reporting results. Since PZA is considered an essential
component of first-line TB therapy, it is important that labo-
ratories find a successful algorithm to provide rapid and accu-
rate susceptibility results for PZA.
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bility of Mycobacterium tuberculosis to pyrazinamide with the nonradiometric
BACTEC MGIT 960 System. J. Clin. Microbiol. 40:1670–1674.

11. Scarparo, C., P. Ricordi, G. Ruggiero, and P. Piccoli. 2004. Evaluation of the
fully automated BACTEC MGIT 960 system for testing susceptibility of
Mycobacterium tuberculosis to pyrazinamide, streptomycin, isoniazid,
rifampin, and ethambutol and comparison with the radiometric BACTEC
460TB method. J. Clin. Microbiol. 42:1109–1114.

12. Scorpio, A., and Y. Zhang. 1996. Mutations in pncA, a gene encoding pyrazin-
amidase/nicotinamidase, cause resistance to the antituberculous drug pyrazin-
amide in tubercle bacillus. Nat. Med. 2:662–667.

13. Siddiqi, S. H. 1989. BACTEC TB system, product and procedure manual.
Becton Dickinson Diagnostic Instruments Systems, Towson, MD.

14. Wayne, L. G. 1974. Simple pyrazinamidase and urease tests for routine
identification of mycobacteria. Am. Rev. Respir. Dis. 109:147–151.

15. Zhang, Y., S. Permar, and Z. Sun. 2002. Conditions that may affect the
results of susceptibility testing of Mycobacterium tuberculosis to pyrazin-
amide. J. Med. Microbiol. 51:42–49.

VOL. 48, 2010 NOTES 301


