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ARTICLE INFO Abstract

Background. Global stop TB is a critical strategy which aims at reducing the incidence
Article History: of tuberculosis to less than one case per one million people by 2050. To achieve this
Received: 3 Sep 2023 goal, it is necessary to establish a timely diagnosis of the disease, provide an effective
Accepted: 7 Dec 2023 treatment, and identify the drug-resistant strains. Therefore, this study aimed to identify
ePublished: 9 Oct 2024 the resistance to ethambutol in patients referred to Ardabil Health Center.

Methods. In this descriptive cross-sectional study, 71 clinical samples were collected
Keywords: from the patients referred to Ardabil Health Center between 2017-2020. The samples
e Mycobacterium were first examined adopting microscopic method, and then DNA was extracted using

tuberculosis the boiling method. Specific primers and MAS-PCR technique were employed for

e DNA identification of ethambutol resistance strains.
e Ethambutol Results. Out of 71 collected specimens, six samples were NTM (8.45%). Out of all the
e MAS-PCR examined samples, 36 samples (50.7%) had embB306 gene mutation, of which three

samples were NTM (total NTM resistance was 50%). Out of the samples identified as
resistant to ethambutol, six samples had a low bacterial load as +1 (16.67%), eight
samples had a moderate bacterial load as +2 (22.22%), and the rest had a high bacterial
load as +3 (61.11%).

Conclusion. In sum, the frequency of resistance to ethambutol was 50.7%, which was
higher than that reported by previous similar studies. Furthermore, it was determined
that the MAS-PCR method was a fast, cheap, and reliable method for identifying
resistance to the first-line tuberculosis drugs such as ethambutol. Therefore, this method
may have facilitated evaluating the resistance to other first-line drugs at the same time
and preventing the spread of resistant strains in the community through early detection
of the antibiotic resistance.

Practical Implications. Our study results may have been useful in increasing the
awareness among the physician and health care workers of the ethambutol resistance
level in indigenous strains in Ardabil province.
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Extended Abstract

Background inhaling infected droplets and can affect every part of
M. tuberculosis as a causative agent of  the body through blood and lymph streams. Despite
tuberculosis can enter the human body through many attempts over the past decades to treat
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tuberculosis, it has remained an unresolved health
issue. According to the current estimates, a quarter of
the world's population is infected with a latent form
of tuberculosis. HIV-TB coinfection along with the
emergence and spread of multiple drug-resistance
strains has created a critical situation for the future of
human health worldwide. To address this situation,
the stop TB project was developed by WHO to
decrease the incidence rate of the disease to less than
one case per one million people by 2050.
Considering the importance of the issue, the present
study aimed to investigate the resistance level of
ethambutol as one of the first-line drugs against
tuberculosis among indigenous strains in Ardabil
province.

Methods

In this descriptive cross-sectional study conducted
between 2017-2020, a total of 71 clinical specimens
were taken from the patients admitted to the Health
Center in Ardabil province. Inclusion criteria were
any changes in chest radiography and the presence of
acid — fast bacilli in sputum, Bronchoalveolar lavage
(BAL) or any other specimens. Genus, underlying
disorders, length of medication, and disease outcome
were recorded as demographic data. Bacterial
isolation and phenotypic susceptibility tests were not
performed due to several limitations. According to
the standard protocols, specimens were treated with
NaOH 2% and N-Acetyl-L-cysteine 1% for
decontamination and digestion of the specimens,
respectively. After centrifuge, the obtained pellets
were subject to smear preparation and Ziehl-Neelsen
staining. The bacterial load was scored
microscopically according to standard guidelines.
The pellets underwent DNA extraction adopting the
boiling method. The MAS-PCR method was
employed for identifying a mutation in the embB306
gene.

Results

IS6110 gene, a molecular marker for
identification of tuberculosis complex, was not
detected in six specimens (8.45%) and, therefore,
these specimens were considered as NTM strains.
EmbB306 gene mutation, responsible for ethambutol

resistance, was verified with MAS-PCR. Out of 71
specimens, embB306 gene mutation was detected in
36 cases (50.7%) of which three cases belonged to
the NTM group. Bacterial load of the specimens was
in range of +1(16.67%), +2(22.22%), and
+3(61.11%). Furthermore, 65.96% of the patients
were male, most of who received medication for 4-6
months (52.63%). Diabetes was the most prevalent
underlying disease, and also, recurrence and death
rates among the cases were 2.63% and 5.26% of,
respectively.

Conclusion

An effective treatment of tuberculosis infection
has remained a thorny problem due to the complex
nature and waxy structure of the mycobacterial cell
wall which act as a barrier to the entry of drugs. Drug
resistant is a serious issue since it creates public
health and economic burdens. Several mechanisms
have been identified that trigger resistance to anti-
mycobacterial agents including the drug modifying
and inactivating enzymes, an efflux pump which
actively transport the drugs outside the cell, and
Spontaneous mutations in the TB genome which
decrease the drug-target affinity. Resistance can be
grouped as primary or secondary resistance. Primary
resistance is related to infection with a resistant strain
of TB, but secondary resistance is associated with
initial infection with a susceptible strain of TB which
during treatment susceptible strain becomes resistant.
MDR and XDR terms are related to the strains that
have become resistant to the main first and second
anti-mycobacterial agents. Ethambutol is one of the
first-line drugs against tuberculosis, which can be
replace by streptomycin in the anti-TB medication
regime. The antimicrobial activity of ethambutol is
limited to mycobacteria. This antibiotic was initially
designed against isoniazid-resistant strains, and has
an effect synergistic with other antimycobacterial
drugs such as isoniazid, rifampin, and
fluoroquinolones. In patients who are infected with a
strain sensitive to rifampin but resistant to isoniazid,
according to WHO guidelines, a treatment with
rifampin, ethambutol, pyrazinamide, and
levofloxacin is recommended for six months.
EmbCAB operon is involved in the production of
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arabinosyl transferase enzymes which are involved in
the production of arabinogalactan as a part of the
waxy structure of the mycobacterium cell wall.
According to the results of the previous studies, 50 to
70% of the ethambutol resistance is associated with
mutations in a small genetic region between codons
306-497 related to embB genes. These mutations
mostly occur in codons embB306, embB406, and
embB497. However, other mutations in any part of
the embCAB operon can be involved in ethambutol
resistance. Previous studies have shown that, in
general, the antibiotic resistance level differs
according to the geographical region and diagnosis

method. Unlike previous studies in different regions
of Iran, the present study showed that the level of
resistance to ethambutol was high, but the level of
resistance to the strain NTMs (about 50%) was
consistent with that reported by other similar studies
in Iran. However, it was recommended that other
antimicrobial susceptibility testing methods should
be adopted to confirm the results of this study. In the
present study, high resistance to ethambutol was
observed, which should be verified precisely using
phenotypic and molecular methods with more
samples in future studies.
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