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Table 5~ Evaluation of the reliability of grouping of Cluster A, B and C by
jackknife method though random sampling E. histolytica strains from each cluster.

Score more close to 100% indicates more similar.
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Figure 4. The analysis of AIG1 genes of symptomatic and asymptomatic E.
histolytica strains from both Taiwanese and alien workers.
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Abstract

Pyrazinamide (PZA) is a potent first-line tuberculosis (TB) drug that can shorten
the duration of TB treatment. Drug-resistant mechanism of PZA is still not fully
understood. The purposes of this collaborative study were to investigate prevalence of
PZA resistance and genetic characteristics of the pncA4 gene conferring PZA resistance,
and to explore other drug-resistant mechanism. In this study, we analyzed pncA4 gene
sequencing results of 442 Mycobacterium tuberculosis isolates including 281 (63.6%)
multidrug-resistant (MDR) isolates. Concordance between phenotypic and genotypic
PZA susceptibility results was 98.5%. Of the 422 M. tuberculosis isolates, 30.5%
(135/442) isolates had pncA gene mutations conferring PZA-resistance. Of the 135
PZA-resistant strains, 29.6% were isolated from MDR-TB cases. The hot-spot regions
of mutations were at codon -11 and in codons 200-260. PZA resistance in non-MDR-
TB cases was 0.9% (4/161); while in MDR-TB cases were approximately 30%.
Besides, PZA-resistant isolate without any mutation in the pncA4 gene identified in this
study will be further analyzed focusing on Rv1330. Sequences of other genes of
pyrazinoic acid efflux proteins or undefined pncA regulatory proteins could be further

analyzed.
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Introduction

Pyrazinamide (PZA) is a sterilizing tuberculosis (TB) drug and when added to
regimens containing rifampicin, it can kill persisting Mycobacterium tuberculosis
bacilli during the initial intensive phase of chemotherapy. PZA also helps to shorten
the duration of TB treatment. Pervious studies revealed that PZA is a prodrug and
requires conversion to its active form, pyrazionic acid (POA), by the bacterial enzyme
pyrazimamidase (PZase). Conventional PZA susceptibility testing required to be
performed at low pH conditions which inhibit the in vitro growth of M. tuberculosis.
Therefore, PZA susceptibility testing on solid medium is of limited value, and none of
clinical laboratories provide such service in Taiwan. Since the liquid culture-based
method, such as BACTAC MGIT 960 (Becton Dickinson Biosciences, Sparks, MD)
was considered to be a reference method, the National Reference Laboratory at
Taiwan Centers for Diseases Control adopted the method to facilitate the management
of multidrug-resistant (MDR) TB cases, M. bovis infected cases, and on special

requests.

PZAase is encoded by the 561-bp gene pncA. Mutations in the pncA gene results
in reduce or loss of the PZAase activities, and thus considered to be the primary
drug-resistant mechanism in M. tuberculosis. pncA gene mutations have been
observed in PZA-resistant M. tuberculosis and naturally PZA-resistant M. bovis
isolates. Molecular detection of PZA-resistance related mutations could be used for
the early detection of resistant isolates, and ensures the prescription of appropriate
regimens in the intensive phase of treatment. Nevertheless, PZA-resistant isolates

without pncA gene mutations still exist.

In this study, we analyzed the proportion of PZA-resistant among TB and
MDR-TB cases and evaluated the role of pncA gene mutations as markers for
detection of PZA resistance in M. muberculosis. In addition, we identified
PZA-resistant isolates without pncd gene mutations for further investigation on

other resistant mechanisms.
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Materials and Methods

Study population. We received M. tuberculosis isolates from clinical
mycobacteriology laboratories in Taiwan. One isolates was selected from individual

TB case. In this study, we analyzed 442 M. tuberculosis isolates (Table 1).

Drug susceptibility testing. The agar proportion method on either Middlebrook
7H10 or 7H9 (Creative Microbiologicals or Sancordon, Taiwan), and BACTEC™
MGIT™ 960 SIRE Kits (Becton Dickinson Diagnostic Systems, Sparks, MD) with a
liquid culture system were used. The critical first-line drug concentrations for the agar
proportion method on 7H10 were 0.2 pg/ml and 1.0 pg/ml for INH, 1.0 pg/ml for
RMP, 5.0 pg/ml and 10pg/ml for ethambutol (EMB), 2.0 ug/ml, 10ug/ml for
streptomycin (SM). Growth on the control medium was compared to growth on the
drug-containing medium to determine susceptibility. PZA susceptibility testing was
done using MGIT liquid culture containing 100 pg/ml PZA and Wayne test
(pyrazinamidase test) on 7H9 broth base containing 100 mg/L PZA, 2 ug/ml sodium
pyruvate and 15g/L. of agar. The DST results were categorized as resistant or
susceptible. The tests were validated by comparison to the susceptibility of M.
tuberculosis H37Rv included in the same DST. MDR was defined as M. tuberculosis

isolates resistant to at least INH and RMP.

DNA sequencing of the pncA gene. The primer set was used to analyze the variation
at the pncA gene. A 651-bp fragment targeting the pncA mutation was amplified and
sequenced with the oligonucleotide primers pncAd -F (5'-GCT GGT CAT GTT CGC
GAT CG-3") and pncA4 -R (5'-CAG GAG CTG CAA ACC AAC TCG-3") . The PCR
reactions were performed as follows: 35 cycles at 94°C for 1 min; annealing at 60°C
for 30 sec; and elongation at 72°C for 1 min.. Thereafter, the PCR products were

analyzed with an ABI Veriti automated sequencer (Applied Biosystems, USA), and
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the sequence data were assembled and edited using the Sequencher 4.7 Demo

software.
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Results

PZA susceptibility testing.

In this study, we analyzed PZA susceptibility and pncA4 gene sequencing results
of 442 M. tuberculosis isolates including 63.6% (281/442) MDR-TB and 36.4%
(161/442) non- MDR-TB cases (Table 1). To verify the use of sequencing as an assay
for rapid detection of PZA resistance, we performed 3 methods, MGIT, Wayne and
gene sequencing, in parallel using a panel of 96 MDR M. tuberculosis isolates.
Concordance between phenotypic and genotypic PZA susceptibility testing results

was 98.5%.

pncA gene sequencing.
Of the 422 M. tuberculosis isolates, 30.5% (135/442) isolates had pncA gene
mutations conferring PZA-resistance. Of the 135 PZA-resistant strains, 29.6% were

isolated from MDR-TB cases and 0.9% (4/161) from non-MDR-TB cases (P <0.01).

Mutation patterns among PZA-resistant isolates were highly diversified. Of the
135 PZA-resistant isolates, we identified 83 patterns with various frequencies (Figure
1). The Predominant mutations were 7.8% (12/153) at codon 226 (A to C), 6.7%

(9/153) at codon 214 (T to C) and 4.6% (7/153) at codon -11 (A to G). Overall,

hot-spot regions of mutations were at codon -11 and in codons 200-260 (Figure 1).

Besides, PZA-resistant isolates without any mutation in the pncA gene identified
in this study will be sent to the Department of bacteriology laboratory II at the NIID,

Japan for further genetic analysis focused on Rv1330.
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Discussion

In the first year of this collaborative project, we used pncd gene sequencing to
evaluate the feasibility of mutations as markers for detecting PZA resistance, and

identify PZA-resistant isolates without pned mutations for further studies at NIID.

We found high concordance of 98.5% between conventional drug susceptibility
testing and genotypic method compared to that of other studies (72-97%). We
confirmed that sequencing of the pncAd gene can provide consistent results as

compared to other conventional PZA susceptibility tests.

In this study, PZA resistance in new TB cases was 0.9%; while in MDR-TB
cases was approximately 30%. MDR~TB cases had acquired resistant resulting from
either pervious treatment or direct infection of PZA-resistant isolates. For better
management and treatment of MDR-TB cases, the TB program needs to have more
subtle control strategies to prevent acquired PZA-resistance. Nevertheless, efflux
pump mechanism might also contribute to high proportion of PZA resistance among

MDR-TB cases. Further studies are suggested.

In this study, highly diversified mutation patterns were observed in the pncA
gene conferring PZA resistance. We could take advantage of this characteristic as a
measure for preliminary screening of a probable TB cluster. Since no significant or
high-frequency hot-spot regions of the pncd mutations was identified, whole pncA
gene analysis was recommended for designing a rapid molecular PZA susceptibility
testing. In addition, based on this finding, a diagnostic such as microarray assay could

be developed for rapid detection of PZA resistance.
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Even through PZA-resistant isolates without any mutation in the pncAd gene
identified in this study were sent to NIID for further genetic analysis focused on
Rv1330, no mutation was found. Sequences of other genes of POA efflux proteins or

undefined pncA regulatory proteins could be further analyzed.
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Tables and Figures

Figure 1 Major mutations in the pnc4 gene and their frequencies
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Table 1 Distribution of PZA resistance in 442 tuberculosis cases

pncA
Number of cases
Mutation Wild-type
MDR TB 131 (29.6%) 150 (33.9%) 281
Non-MDR TB 4 (0.90%) 158 (35.7%) 161
Total 135 (30.5%) 308 (69.5%) 442
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