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ABSTRACT
T e (ol a Lo RETp e NOJoI[EIGIN/=E] Pyrazinamide is one of the effective drugs for treating tuberculosis.

Inclusion of this drug in the treatment regimen shortens the duration of tuberculosis treatment. The
mutation in pncA gene causes loss of pyrazinamidase activity, the most important resistance
mechanism in Mycobacterium tuberculosis isolates. Therefore, the purpose of this study is to
investigate the phenotypic and genotypic resistance to pyrazinamide antibiotic in multidrug-resistant
(MDR) Mycobacterium tuberculosis isolates in Khuzestan province between 2017 and 2022.

This study was conducted on 40 isolates of Mycobacterium tuberculosis in
Ahvaz TB Regional Laboratory. Drug sensitivity of the isolates was determined by the relative method
in the antibiotic pyrazinamide in the isolates. Then, the frequency of pncA gene mutations related to
pyrazinamide resistance in MDR isolates was determined using sequencing.

According to the results of the drug sensitivity to rifampin and isoniazid antibiotics, there
were 25 isolates, of which 16 strains were resistant to two drugs, namely isoniazid and rifampin
(MDR-TB), and 9 were single-drug resistant isolates (8 isolates resistant to rifampin and 1 isolate
resistant to Isoniazid). Of the 17 samples that had the pncA gene and were resistant to pyrazinamide,
13 had mutations in the pncA gene while 4 did not have any mutations. The most common mutation
was a hon-synonymous mutation in which the amino acid Val had changed to Phe.

According to the results of this study, there is a high frequency of resistance to
pyrazinamide in MDR strains. Also, there is a high percentage of single-resistance mutations in
the pncA gene, while there is lower prevalence of mutations in the panD and rpsA genes, which
provide quick and accurate information about the sensitivity to pyrazinamide for MDR-TB and
mono-resistant isolates. Therefore, the best method for detecting resistance to pyrazinamide is
sequencing and whole pncA DNA sequence to confirm pyrazinamide resistance instead of the
usual methods covering mutated hotspots.
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Extended Abstract

Introduction

uberculosis is still one of the top 10 causes of

death worldwide. According to the report of

the World Health Organization in 2022, ten

million people in the world will be infected
with tuberculosis, and 1.6 million will die as a result of
this disease. Mycobacterium tuberculosis complex causes
the vast majority of human tuberculosis cases worldwide
and infects about one-third of the world's population

Pyrazinamide is a prodrug converted to pyrazinoic
acid (POA) by pyrazinamidase in the cytoplasm.
Pyrazinoic acid, which is the active form of
pyrazinamide, accumulates in the cytoplasm and is
pushed out by an unknown efflux pump. In the acidic
environment outside the bacillus, pyrazinoic acid is
protonated and re-enters the mycobacteria, which will
lead to acidification of the cytoplasm. It has been
confirmed that binding of pyrazinoic acid to RpsA
interferes with the formation of the RpsA-tmRNA
complex. Mechanisms of resistance to this drug may be
due to mutations in M. tuberculosis drug-resistant genes
that encode key enzymes or transcription factors,
overexpression of M. tuberculosis efflux pumps, and high
expression of the two-component system in M.
tuberculosis that regulates the intracellular and
extracellular environment in bacteria. Pyrazinamide has
various functions in the Mycobacterium tuberculosis
complex, including acidification of the cytoplasm,
disruption of membrane energetics and transport
function, inhibition of the protein degradation pathway
through RpsA in translation as well as CIpC proteinase,
and energy production through PanD. However, the
mutation in the pncA gene causes the loss of
pyrazinamidase activity, which is the most important
resistance mechanism in 70-97% of cases in
Mycobacterium tuberculosis complex isolates (8).
According to the prevalence of tuberculosis in Khuzestan
province and based on a survey, there is limited
information about the resistance of MDR strains of
Mycobacterium  tuberculosis to pyrazinamide in
Khuzestan province. Therefore, the purpose of this study
is to investigate the phenotypic and genotypic resistance
to pyrazinamide antibiotic in multi-drug resistant (MDR)
Mycobacterium tuberculosis isolates in Khuzestan
province from 2017 to 2022.

Methods

The resistant strains of Mycobacterium tuberculosis
were examined in terms of mutations in the pncA gene
associated with resistance to pyrazinamide. MDR-TB
strains resistant to pyrazinamide were identified in this
study, and they were multiplied to determine the type and
frequency of mutations. PCR was performed for all
isolates that were phenotypically resistant and for
sensitive isolates that were randomly selected.

Scientific Medical Journal

Results
Drug sensitivity test

In total, 40 samples of Mycobacterium tuberculosis
isolated from leprosy patients were evaluated in this
research, and a drug sensitivity test was performed for
them against rifampin and isoniazid antibiotics. After
performing an antibiogram, samples resistant to these
antibiotics were determined. Of the 25 isolates identified,
16 strains were resistant to two drugs, namely isoniazid
and rifampin (MDR-TB), and 9 were single-drug resistant
isolates (8 isolates resistant to rifampin and 1 isolate
resistant to isoniazid) which were obtained and used for
further work.

At this stage, resistant isolates of Mycobacterium
tuberculosis complex were examined for mutations in the
pncA gene related to pyrazinamide resistance. pncA
gene-specific base pair fragments and specific primers
were evaluated using the temperature program under
amplification and mutations related to drug resistance
after sequencing by Sanger method. After PCR, the
product was electrophoresed, and the desired band was
extracted and sent to Bioneer South Korea for sequencing
to confirm the strains containing the above gene. Then,
the results were analyzed using Chromas and Blast
software in NCBI.

Out of the 17 samples that had the pncA gene and
were resistant to pyrazinamide, 10 isolates were resistant
to isoniazid and rifampin antibiotics (MDR), and 7
isolates were mono-resistant, out of these 7 mono-
resistant isolates, 2 required ISO and 5 were resistant to
rifampin. After PCR and confirmation of the pncA gene,
17 isolates having this gene were determined, and the
sequence and mutation analysis were evaluated. The
results of sequencing using n BLAST software showed
that 13 isolates had mutations in the pncA gene, and 4
isolates did not have any mutations. The most common
mutation was a non-synonymous mutation in which Val
amino acid had been converted to Phe.

Conclusion

The results of this study showed that according to the
frequency of resistance to pyrazinamide in MDR strains,
single resistance and also the high percentage of mutation
in the pncA gene showed that it is worrying.
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