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Aim: To determine pyrazinamide (PZA) monoresistance in clinical isolates of Mycobacterium tuberculosis complex (MTBC) isolated in
hospitals in and around izmir.

Materials and methods: The study was performed between 2004 and 2009 with 150 streptomycin, isoniazid, rifampicin, and ethambutol
susceptible MTBC clinical strains isolated in the university hospitals of izmir and Manisa. The PZA susceptibility of the isolates was
determined by the BACTEC 460 TB test.

Results: The results indicated that resistance to PZA was present in 5 (3.3%) of the 150 MTBC isolates susceptible to all primary drugs
except PZA.

Conclusion: It is not essential to perform PZA susceptibility tests routinely along with other primary drugs due to the low PZA
monoresistance level in our region.
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1. Introduction

In spite of the advances in methods for the diagnosis and
treatment of tuberculosis (TB), the disease remains a
public health problem (1).

Susceptibility testing of first-line (primary) anti-TB
drugs on Mycobacterium tuberculosis is essential for rapid
detection of strains resistant to the drugs, providing the
patient with effective treatment, and preventing the spread
of drug-resistant TB strains by taking urgent and adequate
public health precautions. Taking the therapy regimes and
resistance rates in the USA into consideration, the Clinical
and Laboratory Standards Institute (CLSI) recommended
the use of isoniazid (INH), rifampicin (RIF), ethambutol
(EMB), and pyrazinamide (PZA) as primary drugs and
included streptomycin (SM) in the category of secondary
drugs. Centers for Disease Control and Prevention (CDC)
recommend that susceptibility tests of M. tuberculosis
strains isolated from each patient be carried out for the
primary anti-TB drugs and the results of the tests be
reported within 30 days of the arrival of the sample at
the laboratory. Different populations should determine
primary drug panels to be used according to their
respective conditions (2,3).
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PZA is a synthetic pyrazine analogue of nicotinamide
and exhibits bactericidal activity only at a slightly acidic
pH (pH 5.5). When added to anti-TB drug combinations,
it shortens the length of treatment from 9 months to
6 months. This, in turn, facilitates patient compliance
and reduces the risk of MDR-TB development (4).
Unlike conventional antibiotics that are effective against
commonly encountered bacilli, PZA demonstrates
sterilizing activity by killing 95% of the semidormant
tuberculosis bacteria in the acidic pH environment inside
macrophages (5).

Since PZA is active at low pH and the growth of
mycobacteria is difficult in low pH environments, using
the agar proportion method, which is the reference
method for susceptibility testing of other primary drugs, is
not adequate for determining PZA susceptibility (6). Thus,
the CLSI recommends the use of the BACTEC 460 TB
(Becton Dickinson, Sparks, MD, USA) susceptibility test,
a liquid-based commercial test system, as the reference
test for determining the susceptibility of M. tuberculosis
complex (MTBC) isolates to PZA. The pH of the broth is
adjusted to 6 in the BACTEC 460 TB system, which is a fast
and reliable method that has been used for many years to
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evaluate PZA susceptibility. However, since PZA is costly
and, unlike the other drugs, requires different equipment
and working methods, its clinical use is limited (2).
Consequently, the PZA susceptibility test is not performed
in most of the TB laboratories in this country.

When the data of our mycobacteriology laboratory
were retrospectively analyzed for the period between 2004
and 2008, it was found that nearly 2300 clinical samples
were received annually. The growth rate of MTBC in the
culture of these samples was determined as 4%. For 85%
of isolates, susceptibility testing was performed against
4 antituberculous drugs. Eighty-six percent of isolates
tested were found to be totally susceptible to all 4 drugs.
The susceptibility patterns of these isolates for PZA, which
were susceptible to each of the 4 drugs, could not been
determined, since susceptibility testing for PZA was not
being used during this period on a routine basis.

The present study aimed to determine PZA
monoresistance in MTBC clinical isolates and to find
out whether it is essential to include PZA in the primary
susceptibility test panel.

2. Materials and methods

Onehundred MTBC strainsisolated from different patients
and sent to Dokuz Eyliil University Mycobacteriology
Laboratory between 2004 and 2008 and 50 MTBC strains
isolated in hospitals in and around Manisa (all of which
were found to be susceptible to INH, RIE, EMB, and SM)
were included in the study. All isolates had previously
been isolated by BACTEC 460 TB and conventional
methods and were stock strains characterized as MTBC
by the BACTEC 460 TB NAP test. The susceptibility of
MTBC isolates to the other primary antituberculosis
drugs had also been determined by the BACTEC 460 TB
susceptibility test.

Stocked MTBC isolates were revived and their
susceptibility to PZA was studied using the BACTEC
460 TB indirect proportion susceptibility test. A critical
concentration of 100 ug of PZA/mL was used in the
susceptibility test. M. tuberculosis H37Rv (ATCC 27294)
was used as the control strain.

For the differentiation of M. bovis and M. tuberculosis,
a commercial test based on opposite hybridization
(Genotype MTBC, Hain Lifescience, Germany) was
applied.

3. Results

In our study, resistance to PZA was determined in 5 of
the 150 M. tuberculosis complex isolates, which were
susceptible to all primary anti-TB drugs (INH, RIF, EMB,
and SM) except PZA. The PZA monoresistance rate of
MTBC strains isolated in the 2 neighboring cities Izmir
and Manisa was determined as 3.3%.
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It was determined that PZA susceptibility test results
were obtained in an average duration of 6 days (min: 4
days, max: 14 days) using the BACTEC 460 TB system.

The investigation of the 5 isolates demonstrating PZA
monoresistance with the Genotype MTBC test (Hain
Lifescience, Germany) showed that 3 of them were M.
bovis and the remaining 2 were M. tuberculosis.

4. Discussion

M. tuberculosis is one of the leading causes of deaths due
to a single infectious agent. In recent years, the increase
in multidrug resistant strains in the general population
has reached a striking level (7,8). Global research shows
that drug-resistant TB has become widespread around
the world and a threat to TB control programs in many
countries. Drug resistance complicates the treatment
and frequently causes unsuccessful treatment results (9).
As the patients with drug resistance receive unsuitable
drugs, they keep on spreading bacilli and act as sources of
infection. Additionally, the use of drugs that are not useful
to the patients and the prolongation of hospital stay result
in substantial socioeconomic losses. By determining anti-
TB drug resistance as soon as possible and starting the
appropriate treatment, the treatment cost is reduced and
the contamination chain is broken.

In anti-TB susceptibility tests, tests using agar media
last about 3 weeks while primary isolation doubles this
duration. However, the CDC mentions that test results
should be obtained within 30 days of the arrival of the
sample at the laboratory. In order to achieve this, the
agency recommends the use of commercial systems
(BACTEC 460 TB, MGIT 960, VersaTrek) approved by
the Food and Drug Administration (FDA), which yield
fast results, as the reference methods in the susceptibility
test (2). In our study, anti-TB testing was carried out using
the BACTEC 460 TB system, which is recommended as a
reference.

PZA, RIF, and INH are the most important primary
anti-TB drugs, which, when used in combination, shorten
the duration of the treatment up to 6 months. They
facilitate patient compliance, reduce the risk of MDR-TB
development, and help to a great extent in preventing
relapses. PZA is included in both primary and secondary
treatment schemes. Thus, resistance to PZA constitutes an
important public health problem (10).

An important restriction in the anti-TB susceptibility
testing of PZA is that the drug is active at low pH (pH 5.5),
whereas it is difficult to grow mycobacteria under such pH
conditions. Before the BACTEC 460 TB PZA susceptibility
testing method was developed, the proportion method
on Lowenstein-Jensen (L]) medium or the enzymatic
pyrazinamidase assay had been used as susceptibility
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tests. The test results were obtained with 4 to 5 weeks
of delay using the proportion method on L] medium
and with 7 days of delay with the pyrazinamidase assay
(10). Moreover, due to the acidic medium used in the LJ
method, M. tuberculosis growth may be limited, which, in
turn, results in unreliable test results. In a study conducted
by Stottmeier et al., it was shown that 20% of the M.
tuberculosis clinical isolates could not grow in acidic 7H10
agar (pH 5.5) (11). BACTEC 460 TB is considered the
reference method for PZA susceptibility testing (2,12). On
the other hand, most laboratories have now replaced the
460TB system with the nonradiometric BACTEC MGIT
960 (Becton Dickinson, Sparks, MD, USA) system. Due to
the potential for false resistant results during PZA testing
with the BACTEC 960, laboratories should consider
retesting all PZA-resistant isolates with the BACTEC 460
TB reference method before reporting results (13). In one
study, the new PCR-based in vitro synthesized PZase assay
was recommended as a safer alternative to BACTEC 460
TB for PZA testing. This method showed some significant
advantages, such as its fast speed, simplicity, and potential
of being a direct test and giving results easy to read by the
naked eye. However, more clinical testing is needed to
further evaluate the method and more studies are needed
to confirm its potential (14).

The pH of BACTEC 460 TB PZA test medium is set at
6. This medium is able to identify the differences between
PZA-susceptible and PZA-resistant strains and the test
results can be obtained in about 5 days (15). In our study,
PZA susceptibility test results were obtained in an average
of 6 days (min: 4 days, max: 14 days). This duration is
reasonable enough for an anti-TB susceptibility test.

The CLSI recommends that, together with INH, RIF,
and EMB, PZA be included in the primary drug panel
and the drug’s susceptibility test be carried out. However,
the agency also recommends that populations should
determine their respective primary drug panels according
to their respective conditions (2,12). Although BACTEC
460 TB is a rapid method, it brings additional costs. Thus,
the CLSI mentions that PZA can be excluded from the
primary test panel in populations where resistance to the
drug is rarely seen (2,3).

PZA monoresistance has been reported by many
studies conducted in different countries: Furtado and
Brum (16) reported a PZA monoresistance rate of 1.7% in
Portugal, Alrajhi et al. (17) reported a PZA monoresistance
rate of 3.6% in Saudi Arabia, Javaid et al. (18) reported a
monoresistance rate of 4.6% in Pakistan, Louw et al. (19)
reported a monoresistance rate of 2.1% in South Africa,
and Cheng et al. (20) reported a monoresistance rate of
2.8% in Canada. On the other hand, the study by Ruddy
et al. (21) conducted in Russia reported a considerably

high PZA resistance compared to other countries. The
authors investigated strains isolated from civilians and
prison inmates and determined that, among the civilian
patients, PZA resistance was present in 6.1% of new cases
and 14.6% of previously treated cases. As for the inmates,
PZA resistance was determined in 13% of the new and
5.3% of the previously treated cases. In that study, it was
emphasized that PZA resistance may be present even in
new cases in populations where primary drug resistance
is high. Additionally, the study reported that the crowded
prison setting and the impossibility of isolating inmates
with resistance caused an increase in the contamination
of resistant strains. However, the PZA monoresistance rate
was not reported in that study.

Although PZA is used as a first-choice drug in this
country, it is not tested on a routine basis. Thus, the data
related to PZA monoresistance are not sufficient. In a meta-
analysis by Yolsal et al. (22), it was reported that the PZA
resistance rate was 1.6% between 1984 and 1989 and 6.5%
between 1990 and 1995. However, the gradually increasing
resistance rates do not represent PZA monoresistance but
the PZA resistance rates in all isolates. In the study by
Karadag et al. (23) conducted on 50 MTBC strains isolated
from hospitals in and around the city of Samsun, the authors
detected PZA resistance in 1 (2%) isolate and reported that
this particular isolate was also resistant to INH. The data
introduced in these studies are the general resistance rates
in all isolates. As for the studies on PZA monoresistance
conducted in Turkey, PZA monoresistance was detected in
2 (1.8%) of 109 MTBC isolates in the study by Ozkiitiik et
al. (24) conducted between 2004 and 2007 in and around
the city of Manisa, and in 2 (3.1%) of 65 MTBC isolates
in the study by Senol et al. (25) conducted between 2005
and 2007 in Izmir. In our study, PZA monoresistance was
detected in 5 (3.3%) of the 150 MTBC isolates. This rate is
close to others reported in this country as well as in many
other countries. It is gratifying that PZA monoresistance is
low in our region.

Strains of M. bovis, a member of MTBC, display
an intrinsic resistance to pyrazinamide. Although M.
bovis rarely causes TB among humans, preventing its
contamination to humans and the use of unnecessary
treatment by differentiating M. bovis from M. tuberculosis
are crucial for public health (26). Although some PZA-
susceptible M. bovis species are defined, they are very rare.
Thus, it has been hypothesized that M. bovis can be used
in identifying PZA monoresistance (27). In a study by
Hannan et al. (28), which was based on molecular methods,
of the 5 clinical isolates, 2 were identified as M. bovis and
the remaining 3 were identified as M. tuberculosis. As for
the study by Ozkiitiik et al. (24), of the 2 clinical isolates
with PZA monoresistance, 1 was identified as M. bovis and
the other as M. tuberculosis, using molecular methods. In
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our study, the investigation of the 5 clinical isolates based
on molecular methods revealed that 3 isolates were M.
bovis and the remaining 2 were M. tuberculosis. Our data
and those acquired by other authors show that, although
detection of PZA monoresistance can provide aid in
identifying M. bovis species, it is not convenient for use
alone as an indicator.
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