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Abstract

Background Mon-tuberculous mycobacteria (MTM) are ubiguitous enwvironmental bacteria that can cause a variety
of infections in humans, particularly those with underlying lung diseases. These infections are increasing worldwide
and their antimicrobial susceptibility has decreased even more than that of tuberculous mycobacteria. Therefore,
determining the local antimicrobial susceptibility of NTM can provide appropriate treatment strategies.

Materlals and methods This study, conducted based on the PRISMA statement, is a systematic review to assess non-
tuberculous mycobacteria (NTM) prevalence and drug susceptibility pattemns in Iran between 2012 and 2023, Data
was extracted from various databases and screened for eligibility using the Rayyan app.

Results Thirteen studies were included with dinical and environmental samples. Most of the studies were tested

for antimicrobial susceptibility based on the CLSI broth dilution method. NTM spedies varied widely in their suscepti-
bility to common antibiotics. They were generally less susceptible to first-line antituberculosis drugs and meropenem,
and predominantly sensitive to amikacin and secondly clarithromycin.

Condusfon Although NTM isolates are widespread in Iran and have increased resistance to commen TE drugs, there
is no evidence of this in the literature yet. Our systematic review suggests that amikacin is the most effective drug
against almost all NTM species common in lran.
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examination of sputum samples from patients with
suspected mycobacterial pulmonary disease as a gold
standard detection method. This diagnostic challenge
is further complicated by the ability of NTM to adapt
to and resist treatment with a variety of antibiotics,
including those typically effective against tuberculo-
sis [3]. Therefore, knowledge of the drug susceptibility
profile of NTM sirains is necessary for the appropriate
management of NTM-infected patients.

Although several studies have investigated the preva-
lence and drug susceptibility patterns of NTM in Iran,
there is no comprehensive synthesis of the available
evidence. A systematic review is needed to obtain an
overview of the prevalence and distribotion of drug-
resistant NTM strains in Iran. Our situdy builds on
previous studies by synthesizing and analyzing all
available data on NTM susceptibility patterns in Iran,
and it also provides a comprehensive and up-to-date
understanding of the current state of drug resistance in
NTM strains in this country. The findings of this stady
will be of interest to clinicians, researchers, and poli-
cymakers involved in the diagnosis and management of
NTM infections, and will also provide a basis for future
research in this field.

Materials and methods

Search strategy

This study was conducted based on the Preferred Report-
ing ltems for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [4].

We conducted a comprehensive literature search using
PubMed, Scopus, Web of Science, Scientific Information
Databasze (51D}, and Magiran to identify relevant stud-
ies on the prevalence and drug susceptibility patterns of
NTM in Iran. The search was conducted in November
2022 and vpdated in july 2023 to include articles pub-
lished between 2012 and 2023,

Ouwr search strategy included both MeSH terms and
free-text keywords related to non-tuberculous mycobac-
teria, prevalence, drug resistance, antimicrobial suscep-
tibility, and atypical mycobacteria. We also searched the
reference lists of included studies and relevant system-
atic reviews for additional studies that might have been
missed. We restricted the search to studies published in
English or Persian.

The search strategy was developed in consultation with
a research librarian, and we used a combination of sub-
ject headings and text words to search for relevant stud-
ies. We used the latest version of the Rayvan app [5] for
screcning the titles and abstracts and for the inclusion
and exclusion process.
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Study selection

We screened the titles and abstracts of all identified arti-
cles to determine their eligibility for inclusion. The full
text of potentially eligible articles was then reviewed to
determine whether they met the following inclusion cri-
teria: being original research {e.g., no case reports, edito-
rials, or reviews), being conducted in Iran and reported
in English or Persian, containing data of the drug sus-
ceptibility patterns + prevalence of WTM species, clearly
identifying of sample isolation, detection and identifi-
cation method, samples being taken from humans or
environment, using a single standard drug susceptibility
testing method and reporting susceptibility rates based
on that method. Otherwise, the studies were excluded.
Any discrepancies regarding the inclusion of a study were
resolved through discussion and consensus among the
review authors.

Data extraction

Two reviewers independently extracted data from the
included studies using a standardized data extraction
form. The following data were extracted: study design,
sample size, patienl comorbidities, drug susceptibility
testing methods, and antimicrobial susceptibility pat-
terns of N'TMs to different drugs.

Limitations

It should be noted that this review is subject to several
limitations. Firstly, we only included studies published
in English and Persian, which could lead to linguistic
biases. Secondly, research is limited to articles published
between 2012 and 2023 and we cannot rule out the possi-
bility of relevant studies outside that time frame. Finally,
the tool used for quality assessment of included studies
{ROBINS-E} is not completely fitting into characteristics
of studies included and it is just the mostL appropriate one
{e.g. questions for quality assessment asked in domains
5 and 7 of this tool are not applicable for these studies).
Despite these limitations, this review provides valuable
information on the prevalence and sensitivity of NTM
drugs in Iran, which can inform the development of more
effective strategies for preventing and treating NTM
infections in this population.

Results

Thirteen articles (11 with only clinical samples, 1 with
only environmental samples, and 1 with a mixiure of
clinical and environmental samples) were included in
the systematic review, with sample sizes ranging from
8 to 198 (Fig. 1). Table | summarizes the characteristics
of the items included in this report. The methoeds for
measuring antimicrobial susceptibility in the 10 studies
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Fig. 1 PRISMA 2020 Now dizgram for new systematic reviews which included searches of databases and registers only [4]

were based on Clinical and Laboratory Standards Insti-
tute (CLS1) guidelines based on the broth microdilu-
tion method which is the recommended method for
drug susceptibility testing of Mycobacterium tubercu-
losis and non-Tuberculous mycobacteria. The REMA
{REsazurin Microtiter Assay) plate and E-test methods
were each used in one study. The use of antimicrobial
susceplibility testing methods other than CLS1 in two
of the thirteen studies does not impact our reported
drug susceplibility results, as each standard institution
establishes its own cutoff values for resistance, which
were consistently applied in those articles to report
resistance rates. Quality assessment done by ROBINS-
E tool which was the most appropriate one. Resulls are
produced by ROBVIS tool and depicted in Fig. 2 [6].

Table 2 summarizes an extensive report on the rate of
antimicrobial susceptibility of NTM species to different
drugs. Sample sources were mainly regional reference
laboratories for tuberculosis, patients from major tuber-
culosis centers, and water sources. M. avium showed
the lowest susceptibility to first-line anti-TB drugs, and
the highest susceptibility to amikacin, ciprofloxacin, and
cefoxitin. M. abcessus showed the lowest susceptibil-
ity to meropenem and trimethoprim-sulfamethoxazole
and the highest susceptibility to amikacin. M. forfuitum
showed the lowest susceptibility to clarithromycin, mero-
penem, and ciprofloxacin, and the highest susceptibility
to trimethoprim-sulfamethoxazole. M. chelonae showed
the lowest susceptibility to ciprofloxacin, doxycycline,
and trimethoprim-sulfamethoxazole, and the highest
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Table 1 Tharacteristics of studies induded in the systematic review
tnde First author Publication Study period Samplesize Setting Province Sample Crigin DST method
MOt [7]  MoghaddzmS 2022 2072 198 Ermy Tehran Teaching hospital L5k 2011
walers
Moz [8] Daneshfars 202 2019 - 20 50 Cin Khurestan, Korman Pubmonary solates 1512011
shizh, Tehran, Fars suspocted of NIM
from RTB-Ris
Mo Akrarmad S 202 017 -20 77 Cin - sputurm samples of sus-  CLSE 2011
pecied TR
patierits from ATE-RL
MNoa[10] Destikhi 5 2027 2019 - 20 92 Cin Tehran Pationits with TR lke PCH
symptoms refered
to Hospital
Mos[11] Hopatpanah N 2019 10 Cin Mashhad Patients from ATE-AL BEMA plage
No&6[13] FewslaS G 2020 g Cin - HIV seroposilive LSl
patients diagrosed
with mycobacterial
diseases
MOF[13] Karami-Zarandi 2019 07 - 19 A Cin Tehiran Spectmen from RTB-REL (L5201
MOE [14]  MNasi M) 2019 2014 - 18 25 Cin Tehiran Patlents with N1 CLSE2011
pulmonary diseases
redemed to RTB-RL
N [15] Khosavi ALD 2018 016~ 18 95 Cin Khugestan, Kerman- pulmonary isolates (LSt 2011
shah, Hormozgan af WITM from major TR
centers
N10[16] Esfaham BN 016 4 Cina-bny  Isfahan Medical unhversity 15
milcroblal colledilon
and Water samphes
N11[17] Heldarieh P 2015 25 Cin Golestan, sfahan, Ker Patients with (15 2003
manshah, Khurestan, suspected TB or NTM
Tehran related disease
M1z (18] Saifi M A3 2010 - 11 Iz Cin Tehiran Patlents with
suspected TB
M13 19 Hashemvadeh M 073 2019 -2 50 Cin Khaprestan, Specimen from RTB-RL  CLS1 2011
Tehran,
Eerman,
lsfahan, Fars

DST Denug Susceptibility Testing, Cln Clinical, Env Enviromnmental, TSI Chinical Laboratory Standands Institute, RTB-RL regional TB reference laboratory

susceptibility to amikacin. M. simiae showed the lowest
susceptibility to first-line anti-TB drugs and the highest
susceptibility to amikacin. M. kansasii showed the lowest
susceptibility to isoniazid and the highest susceptibility
to amikacin.

Discussion

This systematic review shows low susceptibility rates to
first-line antituberculosis drugs and meropenem. Dif-
ferent susceptibility rates to ciprofloxacin and trimeth-
oprim-sulfamethoxazole. High susceptibility rate to
amikacin. Therefore, amikacin is the most effective drug
in this review.

Mycobacterium Avium Complex (MAC)

Studies included in our systematic review showed a
low incidence of MAC in Iran. However, this number
of MAC species were susceptible to clarithromycin,

amikacin, and moxifloxacin, and resistant to linezolid,
rifampin, and isoniazid. This finding is consistent with
the study in Hainan, China [20]. A study from eight Jap-
anese hospitals of 154 isolates collected from patients
with MAC-induced pulmonary disease from 2013 to
2014 found a low moxifloxacin susceptibility rate, which
is also in agreement with our review [21]. All isolates
from the largest MAC study included in our systematic
review appeared to be resistant to isoniazid, rifampin,
and linezolid making them MDR species [9]. A number
of 43 MAC specimens in a study in Wenzhou, China
showed high susceptibility to clarithromycin and ami-
kacin, whereas low susceptibility to moxifloxacin -and
linezolid [22]. Similar results were obtained in a study of
98 MAC strains isolated from 2006 to 2016 at a tertary
center in central Germany [23]. Another study of 108
MTM specimens isolated from respiratory sources dur-
ing two periods (2003-2007 and 2013-2017) in a major
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Lertiary care center in Lebanon showed high susceptibil-
ity to clarithromycin and low susceptibility Lo moxifloxa-
cin [24]. The resulis of these studies are consistent with
our systemalic review, except for the high sensitivity to
moxifloxacin in our review. As mentioned above, the low
frequency of MAC in Iran leads Lo the difference between
our studies and others.

The two main genetic mutalions that make MAC dlini-
cally drug-resistant are the 235 fRNA gene for macrolides
and the 16s rRMNA gene for amikacin [25]. However, this
resistance was notl related to mutations in gyrA, gyrB,
or VNTR genotypes [21]. Additionally, another stody
also confirmed that these mutations were nol atiributed
Lo moxifloxacin resistance after assessing 105 MAC or
MABC isolates, including 72 moxifloxacin-resistant
strains [26].

Non-MAC mycobacteria

RGM

Mpycobacterium abscessus complex (MABC) Similar to
our study, a study on 373 MNon-Tuberculous Mycobacte-
ria in Patients with Suspected Pulmonary Tuberculosis in
Hainan Island, China between 2014 and 2021 represented

low levels of susceptibility {about 10%) of MABC to cip-
rofloxacin, imipenem, moxifloxacin, doxycyclin, trimeth-
oprim-sulfamethoxazole, and tobramycin [20]. In ouwr
study, MABC showed 70-100% resistance Lo clarithro-
mycin As shown in a study conducted in Korea, in which
83% of MABC subspecies were resistant to this drug [27].
Another study of 67 MABC strains isolated from patients
with skin and soft lissue infections al a tertiary teach-
ing hospital in Taiwan from 2012 to 2016 showed high
susceptibility to cefoxitin, amikacin, and clarithromy-
cin {5-30%). Studies included in our systematic review
showed high susceptibility to cefoxitin and amikacin (93—
97%), bul low susceptibility to clarithromycin (0-30%)
[28]. A study conducted on 43 MABC isolates from res-
piratory samples in Shanghai, China from 2014 1o 2018
showed high susceptibility to amikacin and cefoxitin and
low susceptibility to clarithromycin and doxycycline. This
is completely consistent with the results of our review
except imipenem which had a high susceptibility rate in
the Shanghai study contrary to its low susceptibility rate
in our review [29]. Our major included study on MABC
shows similar periods and isolated sources Lo other stud-
ies around the world. Therefore, the differences should be
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Table 2 Antimicrobial susceptibility pattern of different NTM spedies to various antibiotics (resistance rates in percent)

Code Spp N AMK OP (R LfD INH RIF EMB IMI CFN MXF DXC 5XT MER S5MN TMN EMN
NOG[17] MAL 1 oo 1000 1000 1000

Mo [13] MALC 1 00 a0 oo 10040 1000 00

Mo [9]  MALC 10. 00 100 1004 1000 1000 300 100

MNoF[13]  Maboessus 3 66 1000 1000 667 1000 1000

Mg is]  Maboessus 7 10040

M1a]16] M abcessus 2 52

NIV[17] ML aboossus 30 67 B33 0D 400 833 33 BaT B&S 967 9GS Fo.0

WOV [7]  Mforiuftum 12 B3 50 333 B4 500 5B4 417 HIB OO 133 a3

Mo 17 Mforiuftum 3 0o 330 1000 1000 10000

MO [13] M foriumum 13 7 154 %23 616 1000 1000

N9 [15] ML Tortultum a6 565

NiO[16] M. fortultum P 040

NIT1[17] MLfortultum BS 12 471 141 71 74 T4 294 423 00 494 1.2
N13[19] M forbultum 50 640 180

MNO&[12] Mo chelonao 1 04 oa 1000 00 1000 1004

MNO7 [13] Mochelonao 1 04 oo 1000 1000 0o 1000

N1 [17] M chelonao g JBZ 100D 333 436 538 308 590 1000 1000 BAS InE
MNiz[18] M chelonao E 1000 1000 00 867 333
MNO1[7] B simiac 18 55 110 1000 1000 1000 o0 1000

MNoz[e]  Moskimiae 53 00 151 735 1000 1000 S43 340

Moz [a]  Moskimiae P B e a8 10040 1000 1000 524 475

Mod {10] M. stmiae 92 65 BE 1000 1000 1000 65
MO [17] M. stmiae 10 0o 1000 GO0 0o

NDE[17] M. simiae 1 1000 1000 1000

MoF[13] M. simiae 17 471 471 588 9471 1000 941 1000 1000 1000

MOoE[14] Mostmiae 251000 1000 1000 1000 1000 1000 1000 1000
M1 [17] M simiag 48 146 B13 1000 E9E& 1000 B3i3 1000 1000 213

M1Z{18] M simiae 1 1000 00 oo 0o oo 0
NOT[/] M. kansash 18 667 0O Q0 on oo 1)

MO39 M karsasi 46 00 174 B2 978 435 304 130

Moa[12] M karsasy 2 00 500 10000 500 1000

MO7[13] ML karsast 428 143 143 429 1000 T4 85 1000

ML 17 ML kansast 40 50 500 00 o0 ife] oo 0o ono 15 £t

Miz[1g] ML kansasy 9 1000 839 889 1000 29
MO1[/] Moaurom M A2 426 3T 36 426 51 39 357 1 8A oo
Mio|16] Mooonceplionense 1 0.0

Mio[1E] M gordonae 1 (il

MiZ[18] M gordonae 9 B39 444 66T Bao 778
Mia[ia] M. smegmatis T - 00

Mot [#]  Momucogenicwm: 16 00 125 &2 62 &2 62 oo ¥FS4a 00 ] a2

Mot [#] M. pho@loum 20 50 BOO 120 100 0 250 50 300 50 200 500

Spp. Species, AMK Amikacin, O Ciproflkecin, CLA Clarithromycin, L2 Linezold, INH Isoniazid, RIF Rifamypin, EME Ethambutod, M1 mipenem, CFN Cefoxitin, MKF
Moxifioeacin, DT Doxycyclinm, SXT Trimethoprim-Sulfamethoxazobe, MAC Mycobacterium Avium Compleax

due to differences in antibiotic consumption patterns in

each societly.

Maycobacierium  fortuiton . In southern and sastern
China, a study of 51 M. fortuitum samples isolated from
major TB-specialized hospitals from 2012 to 2014 showed

high susceptibility to moxifloxacin and amikacin; Inter-
mediate susceptibility to meropenem, cefoxitin, and imi-
penem; And low susceptibility to linezolid, clarithromy-

cin, and tobramycin. Based on our study, the resulis are
broadly consistent with our systematic review, except for
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moderate susceptibility to clarithromycin and linezxolid
and high susceptibility to tobramycin [30]. Isolates of
our included studies had been mostly obtained from TB
patients which is similar to the study of China. However, a
number of studies on M. forfuifim included in our review
had been isolated from water sources. The implementation
period of major studies was 2010-2014 and 20192032
This may be the reason for the difference in resistivity.

IGM

M. simige  In our review, M. simiae demonsirated high
susceptibility to amikacin, intermediate susceptibility to
clarithromycin and moxifloxacin, and low susceptibility to
linexolid, imipenem, first-line ant-TB drugs, streptomycin,
kanamycin, trimethoprim-sulfamethoxazole, and doxycy-
cline. In a study of 108 N'TM specimens isolated from res-
piratory sources during two periods (2003—2007 and 2013-
2017} in a major tertiary care center in Lebanon, M. simiae
showed low susceptibility to rifampin, ethambutol, dpro-
floxacin, rifabutin, linezolid, moxifloxacin, and cotrimoxa-
zole, and high susceptibility to amikacin and clarithromycin
[24]. Another study on 103 M. simige isolates from respira-
tory sources at a lertary care center in Lebanon between
2004 and 2016 showed high susceptibility to clarithromycin
and amikacin and low susceptibility to trimethoprim-sul-
famethoxazole and moxifloxacin [31]. The results are similar
to those of our review, except for the median susceptibility
rate for clarithromycin in our systematic review. Differences
in treatment regimens may explain the moderate suscept-
bility to clarithromycin in our review, in contrast to the low
susceptibility in Lebanon, as the differences between isolates
were negligible. Furthermore, these different susceptibility
rates may be due to water contamination by this microor-
ganism [15, 32, 33]. The main mutated genes thal strongly
influence the reduction of antimicrobial susceptibility in M.
simige are the rrf gene (clarithromyein resistance) and gyrA
and gyrB (moxifloxacin resistance]) [8, 9].

SGM

Mpycobacteriumn kansasii - Multidrug therapy for M. kansasii
consists of rifampin, isoniazid, and ethambutol. Although
the susceptibility of M. kansasii Lo these drugs was expected
to be higher, studies induded in our systematic review
reported low 1o moderate susceplibility rates to these
drugs; with the highest rate for isoniazid. Thus, second-line
drugs such as amikacin, dprofloxacin, linezolid, moxifloxa-
cin, doxycyline, and trimethoprim-sulfamethoxazole can
be tested [34]. We noted some contradictory resulis. For
instance, the resistance rate of M. kansesii to isoniazid was
highest in studies N03, NOG, and NO7, whereas studies NOI
and N1l showed no resistance o this drug. A study of 85
samples of M. kansasii isolated in Poland between 2000 and
2015 showed high susceptibility rates Lo amikacin, rifampin,
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trimethoprim-sulfamethoxarole, and moxifloxacin; This is
similar to the resulis of our systematic review. In this study,
susceplibility to ethambutol, ciprofloxacin, and clarithromy-
cin was low. However, our study showed that the sensitivity
to these drugs was moderate to high. [35]. Another study of
69 M. kansasii isolates in Brazil showed high susceptibility
to clarithromycin, moxifloxacin, and amikacin, and low sus-
ceptibility to ciprofloxacin and ethambutol. This is consistent
with the results of our review. The only difference was a high
sensitivity rate for trimethoprim-sulfamethoxazole in the
systematic review, which was low in the Brazilian study [36].
In China, a study of 60 M. kansasii isolates showed low sus-
ceptibility to cprofloxacin and ethambutol, which is incon-
sistent with our study. However, the high susceptibility rates
to amikacin, rifampin, and moxifloxacin are similar to the
results of our systematic review [37]. The difference may be
due to the fact that a significant number of isolates from our
included studies belong to study MO, which had been per-
formed on water isolates. Another reason could be various
frequency and treatment regimens in different geographical
arcas. The main mutated genes that strongly influence the
reduction of antimicrobial susceptibility in M. simiae are the
rrl gene (clarithromycin resistance), rpeB (rifampin resist-
ance), gyrd, and gyrB (moxifloxacin resistance) [9].

Conclusion

Our systematic review suggests that amikacin is the most
effective drug against almost all N'TM species common
in Iran. Despite being a major concern, the reduced sus-
ceptibility rate to first-line anti-TB drugs in NTM spe-
cies may be a clue in the clinical field to suspect NTM in
patients with the diagnosis of TB when the palients are
unresponsive to anti-TB treatment. The low susceptibility
rates to carbapenems are a concern since they are used
in cases of multi-drug resistant {MDR) and extensively
drug-resistant (XDR) TB. The emergence of resistance
to trimethoprim-sulfamethoxazole is a warning that we
should reduce the frequency of using broad-spectrum
antibiolics to treat NTM. The results of our systematic
review were negatively affected by limited access to anti-
biotic susceptibility data {especially for M AC), particu-
larly on the low susceptibility drugs’ side. Therefore, it
may be more refined in the future as more data on sensi-
tivity becomes available,
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