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Susceptibility of Mycobacterium tuberculosis to Pyrazinamide
and Its Relationship to Pyrazinamidase Activity
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Pyrazinamidase activity has been associated with pyrazinamide-susceptible
Mycobacterium tuberculosis strains. The detection of pyrazinamidase activity by
the Wayne method was found to be of limited value when compared with the
results of standard pyrazinamide susceptibility tests, especially when a high level
of pyrazinamide resistance was found. When resistance to pyrazinamide reached
a level of 150 to 200 Fg/ml, there was too much variability in Wayne test results to
accurately define pyrazinamide susceptibility.

The difficulty in performing pyrazinamide
(PZA) susceptibility tests derives from the fact
that an acid pH of the medium is required to
demonstrate activity of the drug (5), and Myco-
bacterium tuberculosis strains do not grow well
at pH 5.5 (6). Growth can be improved by
pretesting the albumin enrichments before they
are incorporated into 7H10 medium (2); howev-
er, some M. tuberculosis strains still do not grow
in acidified medium (2, 4, 6).

It has been reported that PZA-susceptible M.
tuberculosis strains have a pyrazinamidase
(PZase) that hydrolyzes PZA to pyrazinoic acid
and that PZA-resistant strains lack this enzyme
(1, 3, 4, 7). PZase activity is easily detected by
the Wayne method by using freshly prepared
ferrous ammonium sulfate solution (9). To over-
come the problem of an acid medium, detection
of PZase activity has been recommended as a
useful indicator for screening M. tuberculosis
for PZA susceptibility (4). The difficulty in ob-
taining PZA susceptibilities for some M. tuber-
culosis strains makes the detection of PZase
activity an interesting alternative to the present
procedure.
We examined the PZase activity of PZA-

resistant mutants of M. tuberculosis strain
H37Rv (TMC 102, lot 771; Trudeau Mycobacte-
rial Culture Collection) as well as fresh clinical
isolates of M. tuberculosis submitted from state
health laboratories to the Centers for Disease
Control, Atlanta, Ga., for standard mycobacte-
rial drug susceptibility testing (8). PZA suscepti-
bility tests were performed in Middlebrook 7H10
agar (low pH) (GIBCO Diagnostics, Madison,
Wis.) with a final pH of 5.5 (2). Cultures that
appeared to be resistant to 25 ,ug of PZA per ml

were selected for additional testing. H37Rv
PZA-resistant mutants were picked from colo-
nies appearing on 7H10 agar containing 50 ILg of
PZA per ml. The level of resistance to PZA was
further defined for all isolates by testing for
growth at PZA concentrations ranging from 25
to 300 ,ug/ml.
The standard Wayne test (9) was performed

with a heavy inoculum of actively growing cells.
After adding the developing reagent, we record-
ed any color reaction (pink to red) as positive.
Both PZase-positive and -negative strains were
included as controls in all tests.
The PZase test results from 24 H37Rv mutants

were compared with the levels of PZA resist-
ance for each isolate (Table 1). Of the mutants,
14 gave a PZase-positive reaction; the remaining
10 isolates were negative. Of the 14 isolates that
were PZase positive, 11 were resistant to 40 to
100 t.g of PZA per ml. The other three PZase-
positive isolates were resistant to 150 ,ug ofPZA
per ml, and one of these was resistant to 250 ,ug
ofPZA per ml. In addition, 36 clinical isolates of

TABLE 1. PZase activity and PZA resistance of M.
tuberculosis H37Rv mutants

No. of mutants Level of PZA PZase test
tested resistance (pg/ml) +

8 40 8 0
2 60 2 0
1 100 1 0
3 150 2 1
2 200 0 2
6 250 1 5
2 300 0 2

600



VOL. 24, 1983

TABLE 2. PZase activity and PZA resistance of
clinical isolates of M. tuberculosis

No. of strains Level of PZA PZase test
tested resistance (p.g/ml) +

3 25 3 0
12 50 12 0
8 100 8 0
3 150 3 0
2 200 1 1
1 250 0 1
7 300 2 5

M. tuberculosis that were resistant to PZA were
tested for PZase activity. Of these clinical iso-
lates, 29 were PZase positive. Of these 29, 26
were resistant to <150 jig of PZA per ml.
Further, three strains which were resistant to
200 to 300 ptg of PZA per ml still retained PZase
activity (Table 2).
These data indicate that, when the level of

PZA resistance is <100 to 150 ,ug/ml, the orga-
nisms retained PZase activity, whereas at a
resistance level of .150 pLg/ml, the majority of
the mutants lost enzyme activity. There was,
however,. no direct correlation between loss of
PZase activity and the level of PZA resistance.

Since highly PZA-resistant strains are not al-
ways pyrazinamidase negative, care should be
taken in defining susceptibility solely on the
basis of the Wayne test.

LITERATURE CITED

1. Bander, E. 1972. A simple way of detecting pyrazinamide
resistance. Tubercle 53:128-131.

2. Butler, W. R., and J. 0. Kilburn. 1982. Improved method
for testing susceptibility of Mycobacterium tuberculosis to
pyrazinamide. J. Clin. Microbiol. 16:1106-1109.

3. Konno, K., F. M. Feldman, and W. McDermott. 1967.
Pyrazinamide susceptibility and amidase activity of tuber-
cle bacilli. Am. Rev. Respir. Dis. 95:461-469.

4. McClatchy, J. K., A. Y. Tsang, and M. S. Cernich. 1981.
Use of pyrazinamidase activity in Mycobacterium tubercu-
losis as a rapid method for determination of pyrazinamide
susceptibility. Antimicrob. Agents Chemother. 20:556-557.

5. McDermott, W., and R. Tompsett. 1954. Activation of
pyrazinamide and nicotinamide in acid environments in
vitro. Am. Rev. Tuberc. 70:748-754.

6. Stottmeier, K. D., R. E. Beam, and G. P. Kubica. 1967.
Determination of drug susceptibility of mycobacteria to
pyrazinamide in 7H10 agar. Am. Rev. Respir. Dis.
95:1072-1075.

7. Tatar, J. 1974. Sensitivity of tuberculosis bacilli to pyrazin-
amide determined on the basis of their sensitivity to
nicotinamide and their pyrazinamidase and nicotinamidase
activities. Gnrzlica 42:773-777.

8. Vestal, A. L. 1975. Procedures for the isolation and identifi-
cation of mycobacteria. Centers for Disease Control, At-
lanta, Ga.

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

NOTES 601


