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Abstract

Background Tuberculosis (TB) is considered one of the most infectious diseases in the world. In this study, we
intended to examine the epidemiology of tuberculosis by MIRU-VNTR to define the changes that occur in the trans-
mission of tuberculosis in the region during the COVID-19 era. A total of 120 Mycobacterium tuberculosis isolates were
collected from sputum samples of patients referred to East Azerbaijan Center TB from December 2020 to August
2021. Demographic information such as age, sex, place of birth, previous TB history, and relevant medical data was
collected. The proportion method was performed for drug susceptibility testing, and the PCR-based MIRU-VNTR
method was applied to identify molecular epidemiology relationships.

Results The isolates were collected from 78 male (65%) and 39 female (32.5%) Iranian patients and 3 (2.5%) Azerbai-
jani patients. Ninety-three distinct patterns were identified including 15 clustered patterns and 36 unique patterns.
The largest cluster was composed of seven isolates. Furthermore, one cluster with 5 members, four clusters with 3
members, and nine clusters with 2 members. In MIRU-VNTR typing, 75 clusters belonged to the Tabriz region and just
3 to the Republic of Azerbaijan. All isolates were sensitive to rifampin, isoniazid, and ethambutol.

Conclusions Results of the current study showed COVID-19 pandemic had a direct effect on the transmission and
diagnosis of tuberculosis. Less diagnosis and less clustering can indicate public controls and hygiene, and the use of
masks had a direct effect on the transmission and diagnosis of tuberculosis. However, misidentification and less focus
on other respiratory infections are expected during the pandemic. Studies on the co-infection of COVID-19 and tuber-
culosis and the role of mask and sanitization against TB are strongly recommended.
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Introduction

Tuberculosis (TB) is considered one of the most infec-
tious diseases worldwide. This disease is commonly
caused by different species of Mycobacterium tubercu-
losis (MTB). Recently, the World Health Organization
(WHO) reported tuberculosis as one of the consistent
infections in 2021 and TB remained the most common
cause of death from a single bacterial infectious pathogen
with 1.6 million patients died from TB [1, 2]. Globally, an
estimated 10 million people have developed TB infection
and there were an estimated 1.2 million deaths every year
[3, 4]. Thirty countries also reported the emergence of
new resistant cases, with India leading the way, followed
by China, Indonesia, the Philippines, Pakistan, Nigeria,
Bangladesh, and South Africa [5]. Despite widespread
Bacillus Calmette—Guerin (BCG) vaccination and anti-
tuberculosis drugs, tuberculosis remained its place as the
leading cause of bacterial infection-based death [6]. The
emergence of the coronavirus disease of 2019 (COVID-
19) during 2019 was a new era for human beings with
about 5 million deaths and more than 100 million
infected people by the end of 2021 [7-9]. It had a direct
effect on different life aspects, even the epidemiology of
other infectious diseases. Besides health problems, more
restrictions and higher sanitary protocols had an impact
on the epidemic of other infectious diseases, especially
respiratory diseases [10, 11]. TB is considered as a risk
factor for COVID-19, and patients with TB should be
prioritized for COVID-19 therapy and prevention strate-
gies [12].

Mycobacterial Interspersed Repetitive Units-Variable
Number of Tandem Repeats (MIRU-VNTR) is a poly-
merase chain reaction (PCR)-based typing method,
which determines the size and repeated number of units
in each locus by amplifying the mycobacterial inter-
spersed repetitive units [13]. Easy operation, economical
cost, reproducible results, and high discriminatory power
make it practical for routine use, and the digital results
from this method can be compared and exchanged eas-
ily between different laboratories [14]. MIRU typing
relies on the variation in copy number of tandem repeat
(VNTR) loci, and it simply needs basic PCR and elec-
trophoresis apparatus. TB isolation wards have been
re-purposed to manage COVID-19 patients, while TB/
infectious disease specialists are being redirected to
COVID-19 care [15]. Molecular typing of the MTB com-
plex is a powerful tool to examine the dispersion of tuber-
cle bacilli in outbreaks and to analyze the transmission
of tuberculosis as well as to distinguish between recent
TB infection and reactivation of latent infection [16, 17].
Tuberculosis can infect all parts of the body, but the most
common form is pulmonary tuberculosis which in adults
is usually accompanied by a positive sputum smear and
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is highly contagious [18]. Tuberculosis is pulmonary in
85% of cases and extrapulmonary in 15% of cases [19]. TB
and COVID-19 affect the same site (organ) and studying
their impact on each other can be interesting. Therefore,
in this study, we evaluated the molecular epidemiology of
tuberculosis during the COVID-19 era. Due to the nature
of tuberculosis infection over the long period, our study
was based on the transmission of tuberculosis in positive
cases despite their infection with COVID-19, and only
the transmission pattern of tuberculosis was studied.

Methods

Sample collection and processing

A total of 120 M. tuberculosis isolates were collected
from sputum samples of patients referred to East Azer-
baijan Center TB from December 2020 to August 2021.
Demographic information such as age, sex, place of birth,
previous TB history, and relevant medical data was col-
lected by the statistics of the tuberculosis center, and
then recorded in corresponding forms. This study was
approved by the local ethical committee (IR TBZMED.
REC.1399.146). Primary isolation and culture from spu-
tum samples were performed in accordance with stand-
ard protocols.

Drug susceptibility testing

The drug susceptibility testing was performed by the
proportion method as described before [13]. A bacterial
suspension was prepared according to the 0.5 McFarland
turbidity standards and was diluted 1:10. 0.2 ml of the
suspension was added to Lowenstein—Jensen medium
(Thermo Fisher Scientific Inc., USA) without antibiotics
and Lowenstein—Jensen medium containing individual
antibiotics including 40 pg/ml rifampin, 0.2 pg/ml isonia-
zid, and 2 pg/ml ethambutol (Sigma-Aldrich, Missouri,
USA). The mediums were incubated at 37 °C for up to
6 weeks, and antibiotic resistance was considered as if the
number of mycobacterial colonies at a concentration of
each antibiotic was more than 1% compared to medium
without antibiotics [20].

Genomic DNA extraction

Genomic DNA was extracted from inactivated cultured
bacteria, by a simple boiling method. We conducted
DNA extraction by the phenol-chloroform method
as previously described [21]. All extracted DNAs were
stored at — 70 °C for further analysis. DNA of the isolates
was extracted using the cetyltrimethylammonium bro-
mide (CTAB, Sigma-Aldrich, USA) phenol-chloroform
method [22]. In this regard, 15 selected loci were ampli-
fied by the primer-specific PCR method. All reactions
were done in 20 puL volumes using the Takara master mix.
The thermal protocol included 94 °C for 7 min, followed
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by 35 cycles of 94 °C for 45 s, and different temperatures
for annealing at 72 °C for 55 s. In this study, we used the
multiplex PCR method. The annealing temperatures were
as follows: MIRU 2 (65 °C), MIRU 4 and MIRU 31 (63 °C),
MIRU 10 and MIRU 24 (60 °C), MIRU 16 and MIRU 26
(65 °C), MIRU 20 (59 °C), MIRU 23 and MIRU 39 (67 °C),
MIRU 27 and MIRU 40 (64 °C), ETR-A (66 °C), ETR-B
(68 °C) and ETR-C (69 °C). Electrophoresis of PCR prod-
ucts was also performed on 1.5% agarose gel and stained
with ethidium bromide [23]. All sizes of fragments were
determined by a 50 bp DNA ladder size marker.

MIRU-VNTR typing

MIRU-VNTR typing was performed by PCR analysis
with specific primers based on standard 15 loci defined
in Supply et al. [24]. Patients with similar numeric MIRU-
VNTR results were considered as the same cluster of
transmission. Patterns of MIRU-VNTR refer to numeric
results of MIRU-VNTR typing based on 15 loci of
VNTR. PCR products were analyzed by electrophoresis
on 1.5% agarose gels using a 100 bp DNA ladder as size
markers. The obtained size was compared by applying
online apparatus at (http://www.MIRU-VNTRplus.org).
The dendrogram was obtained using the unweighted pair
group method with arithmetic mean (UPGMA) algo-
rithm analysis. Other statistical comparisons were made
by chi-square test, and a P value below 0.05 was consid-
ered significant.

Results

Study population

The study involved 120 M. tuberculosis-positive cultures,
obtained from new cases of pulmonary TB in northwest-
ern provinces of Iran for 9 months from December 2020
to August 2021. Of these, 78 males (65%) and 39 females
(32.5%) were Iranians, and 3 (2.5%) Azerbaijani patients.
The age mean of patients was 62 years with a range from
2 to 90 years. The Republic of Azerbaijani patients consti-
tute 2 males and 1 female; the age range was 35—62 years.
All isolates were susceptible to rifampin, isoniazid, and
ethambutol.

MIRU-VNTR typing

Using MIRU-VNTR, 120 distinct patterns were identified
including 15 clustered patterns and 36 unique patterns.
The largest cluster was composed of seven isolates. Fur-
thermore, one cluster with 5 members, 4 clusters with
3 members, and 9 clusters with 2 members. In MIRU-
VNTR typing, 75 clusters belonged to the Tabriz region
and just 3 to the Republic of Azerbaijan (Fig. 1).
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Molecular epidemiology analysis

Genetic relationships between isolates using both
weighted and non-weighted group methods by algo-
rithm (NJ) method of MIRU and ETR data were inferred.
MIRU-VNTRplus software for statistical and genetic
analysis containing UPGMA and NJ trees, which pro-
vides the calculation of allelic diversity and relationships
with other reference species, was used, and the distances
between the strains were calculated according to the
number of VNTR copies, and the UPGMA phylogenetic
tree was drawn by the mentioned software (Figs. 1 and 2).

Discussion

All isolates of M. tuberculosis were identified by conven-
tional methods, and their molecular relationships were
investigated by MIRU-VNTR typing. According to the
results, we had reduced clonal transmission of M. tuber-
culosis during this pandemic. In our study, the system
based on 15 loci was used, which is the most widely used
among the different sets of MIRU-VNTR loci [24]. This
study was the first to study during the COVID-19 pan-
demic. We aimed to determine the dynamics of tuber-
culosis transmission in the region. Our samples were
collected from the Central TB laboratory in Tabriz, and
DNA was extracted after the inactivation of the patho-
gens. In the past few years, due to the influx of migrants
to the East Azerbaijan region, the incidence of tuber-
culosis has increased, but in the last 2 years, due to the
widespread outbreak of COVID-19 and quarantine in dif-
ferent countries, migration to this region and transmis-
sion of tuberculosis have decreased sharply. Our study
shows that the rate of person-to-person transmission has
decreased in comparison with previous studies in this
region. Most of the isolates that were previously isolated
have been placed in fewer clusters in similar studies in
the past in the northwestern region of Iran. In this study,
we had 15 clusters with 32.5% of the patients included
in the clusters and the biggest cluster was composed of
7 isolates and only two clusters had more than 3 mem-
bers. During 2005-2007, a study by a similar method in
the region showed 38% of isolates included in the clusters
and 21 clusters of transmission revealed by the MIRU-
VNTR method [13]. In a similar study exactly before the
current study, 194 isolates from the same regions were
examined by the MIRU-VNTR method, 25 clusters were
identified with an 84% clustering rate and the biggest
cluster included 33 members [25]. Statistical comparison
on clustering shows no significant difference between
our study and Asgharzadeh (2011) (P=0.36), but signifi-
cantly different with clustering observed by Mahdavipoor
(2018) (P<0.001) [13, 25]. These data show an increas-
ing rate of clustering and transmission of tuberculosis
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Fig. 1 Dendrogram of MIRU-VNTR pattern of 120 M. tuberculosis isolates obtained from new TB cases in Tabriz. This dendrogram shows clusters and
samples with similar cluster based on MIRU-VNTR typing in 15 loci. The biggest cluster consists of 7 patients from Tabriz. Patients from Tabriz were
identified by name started with thz and patients from Azerbaijan were identified by names started with Azr. Number indicates random numbers
assigned to each patient
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Fig. 2 Relationship of the MIRU-VNTR pattern of non-cluster isolates with other categories. The blue circle indicates the MIRU-VNTR pattern isolates
and the dark circles indicate the number of isolates in a cluster. This figure shows how diverse are clusters from each other and they not too close to
each other to consider as the same cluster by reducing loci numbers

right before the current study. In the current study, we
had fewer patients from the Republic of Azerbaijan with
only 6 patients from this country. However, all of these
patients were included in the clusters, which shows how
important is the role of these patients in the transmission
of tuberculosis. This increase was due to the COVID-19
pandemic and restrictions on people crossing borders
and therefore Azerbaijani patients had fewer roles in TB
transmission in the region. By comparing results from
the current study, despite increasing TB diagnosis and
transmission before COVID-19, several factors caused
less transmission and diagnosis of TB infection in this
region. These factors can be due to fewer people trips,
increased use of sanitizers and hygiene, quarantine in

the regions and border restrictions, fewer uses of pub-
lic transport systems, fewer handshakes, use of masks,
less gathering, parties, and maybe less diagnosis because
of more focus on COVID-19 diagnosis and treatment.
Limitations of this study were less participation of hos-
pitals to send their tuberculosis samples to the TB center,
due to high waves of COVID-19 and problems due to
COVID-19 pandemics such as restrictions, laboratories
concentration on COVID-19 detection, and less material
availability.

In conclusion, the results of the current study showed
that, during the COVID-19 pandemic, less transmission
of tuberculosis occurred from the Republic of Azerbaijan
patients and fewer clusters were defined among patients.
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The COVID-19 pandemic may affect the transmission
and diagnosis of tuberculosis. Less diagnosis and less
clustering may indicate public controls and hygiene,
and the use of masks can be one of the direct effects on
the transmission and diagnosis of tuberculosis. How-
ever, misidentification and less focus on other respira-
tory infections are expected during pandemics. Studies
on co-infection of COVID-19 and tuberculosis and the
role of mask and sanitization against TB are strongly
recommended.
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