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Nontuberculous mycobacteria (NTM) are opportunistic pathogens that are widely distributed in the environment. There is a lack
of data on species distribution of these organisms from Iran. This study consists of a review of NTM articles published in Iran
between the years 1992 and 2014. In this review, 20 articles and 14 case reports were identified. Among the 20 articles, 13 (65%)
studies focused on NTM isolates from clinical specimens, 6 (30%) studies examined NTM isolates from environmental samples,
and one (5%) article included both clinical and environmental isolates. M. fortuitum (229/997; 23%) was recorded as the most
prevalent and rapid growing mycobacteria (RGM) species in both clinical (28%) and environmental (19%) isolated samples (P <
0.05). Among slow growing mycobacteria (SGM), M. simiae (103/494; 21%) demonstrated a higher frequency in clinical samples
whereas in environmental samples it was M. flavescens (44/503; 9%). These data represent information from 14 provinces out of
31 provinces of Iran. No information is available in current published data on clinical or environmental NTM from the remaining
17 provinces in Iran. These results emphasize the potential importance of NTM as well as the underestimation of NTM frequency
in Tran. NTM is an important clinical problem associated with significant morbidity and mortality in Iran. Continued research
is needed from both clinical and environmental sources to help clinicians and researchers better understand and address NTM

treatment and prevention.

1. Introduction

In 1996, the Working Group of the Bacteriology and Immu-
nology Section of the International Union against Tubercu-
losis and Lung Disease contacted 50 laboratories in several
countries, including Iran, in order to collect and analyze epi-
demiological data for nontuberculous mycobacteria (NTM)
or mycobacteria other than tuberculosis (MOTT). At this
time, the Iranian reference laboratory provided data from 98
patients (1980-1983), of which M. fortuitum and M. kansasii
were identified as the most dominant NTM in clinical sam-
ples [1]. In the following years, many researchers attempted
to determine the prevalence of NTM and its importance in
Iran [2-4]. Unfortunately, these studies failed to capture a
comprehensive measure of NTM in Iran. The majority of

NTM in Iran consist of small samples or data confined to
small geographical areas that cannot be generalized. As a
result, no clear data on the epidemiology of NTM is available
on the national scale.

Iran is an intermediate tuberculosis- (TB-) burden coun-
try where TB remains a major public health problem. The
incidence of TB in Iran is 21 per 100,000 people.

The significant number of multi-drug resistant (MDR),
extensive drug resistant (XDR), and totally drug resistant
(TDR) tuberculosis underline the possibility of NTM infec-
tion among tuberculosis suspected cases [5, 6]. In most
cases, patients with positive sputum smear microscopy are
treated with first line pulmonary tuberculosis therapy. Clin-
ical failures prompt the transfer of TB samples to central
laboratories for further identification of isolates and in case
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of NTM infection. Therefore, the diagnosis and treatment
of resistant TB begin with considerable delay [7]. So far,
limited investigation on NTM infections is reported from
TB endemic countries with limited laboratory resources.
Instead, NTM infection is more documented in devel-
oped countries including geographical variability [8-10]. For
example, Mycobacterium avium complex (MAC) followed
by M. gordonae and M. xenopi is considered the most
predominant NTM in the United States and Europe [11, 12].
Given the complex treatment challenges particularly in low
resource countries, understanding geographical diversity of
NTM within the country is particularly important. With this
background, we aim to retrospectively analyze and compare
the NTM data published in the last 20 years. In addition,
we evaluated the long-term trends of NTM isolation from
clinical and environmental specimens.

2. Methods

A literature search was performed in PubMed, Scopus, SID
and Google Scholar, Embase, and the Cochrane Library on
nontuberculous mycobacteria in Iran. The search keywords
were “atypical Mycobacteria,” “nontuberculous mycobacte-
ria,” and “Tran,” Original articles, case reports, and reviews
published on nontuberculous mycobacteria in Iran in peer-
reviewed journals including Persian and English journals
were considered [2-4, 13-40]. Congress abstracts were
excluded. The following data were abstracted for the purpose
of review: the name of the city, research methods, and indi-
vidual NTM species as well as sample source. The statistical
significance of observed trends of NTM in the last 20 years
was tested using Poisson log-linear regression. All analyses
were performed using the statistical software packages SPSS
version 21 (IBM SPSS, Inc., Chicago, IL).

3. Results

Twenty original articles about NTM isolates were identified.
The selected articles were published from 1992 to 2014. The
majority of these articles (13/20; 65%) included data from
clinical samples, six studies outlined the frequency of NTM
in the environment, and a single (5%) article studied both
clinical and environmental NTM (Figure 1). The geographical
setting of these studies was Tehran in 6 articles (30%), Isfahan
in 6 (30%), Khuzestan in 2 (10%), and Golestan in 2 (10%).
The remaining articles included provinces such as Sistan and
Baluchestan (1/20; 5%), Kerman (1/20; 5%), West Azerbaijan
(1/205 5%), and Gilan (1/20; 5%) (Table 1).

Among 14 case report articles from different cities of Iran,
4 were reported from Tehran (28.5%), 3 from Isfahan (21.4%),
2 from Sari (14.2%), and one from other cities including
Shiraz (7.1%), Khomein (71%), Babol (71%), Ilam (71%), and
Karaj (71%) (Table 2).

The majority of NTM species with known sources
were isolated from respiratory specimens including sputum
(134/494; 27.1%), bronchoalveolar lavage (51/494; 10.3%),
bronchial washing (7/494; 1.4%), pleural samples (6/494;
1.2%), and lung tissue biopsy (5/494; 1%). Extrapulmonary
samples were collected from urine (9/494; 1.8%), abscess
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(6/494; 1.2%), lymph node biopsy (4/494; 0.8%), gastric
lavage (2/494; 0.4%), vaginal discharge (2/494; 0.4%), CSF
(1/494; 0.2%), dermal lesion (3/494; 0.6%), subcutaneous
nodule in hand or finger (4/494; 0.8%), and corneal biopsy
(1/494; 0.2%). In a considerable number of reports (259/494;
52.4%), the sources of isolation were not documented.

As shown in Table 1, the primary method of NTM detec-
tion was based on culture using Lowenstein-Jensen media.
Identification was performed by conventional methods in
38% (8/20) and molecular methods in 15% (3/20) of articles.
In 9 (45%) studies, both molecular and conventional methods
were applied.

3.1. NTM in Clinical Samples. The geographic locations
of samples were mainly Tehran (261/480; 54.3%), Isfahan
(153/480; 31.8%), Khuzestan (34/480; 7.1%), Golestan (19/480;
3.9%), Kermanshah (7/480; 1.4%), Kerman (3/480; 0.6%),
and Sistan-Baluchestan (3/480; 0.6%). From 13 studies using
clinical samples, 480 NTM species were isolated. Of these
isolates, 269 (56%) were grouped as SGM and 211 (43.9%) as
RGM. The most prevalent RGM in clinical samples was M.
fortuitum (136/480; 28.3%) in all locations (Isfahan 105/153,
68.6%, Khuzestan 9/34, 26.4%, and Golestan 4/19, 21%)
except for Tehran. The prevalence of RGM was M. chelonae
(29/261; 11.1%) in Tehran. Among SGM species, M. simiae
(103/480; 21.4%) showed the highest rate. Geographical dis-
tribution of SGM in clinical samples was M. simiae in Tehran
(88/261; 33.7%) and Golestan (6/19; 31.5%), M. gordonae
(16/153; 10.4%) in Isfahan, and M. intracellulare (6/34; 17.6%)
in Khuzestan (Table 3).

In the case report articles, M. marinum (4/14; 28.5%) had
higher detection rate, most frequently isolated from nodules
or lesions of the hand (Table 2).

3.2. NTM in Environmental Samples. Data regarding envi-
ronmental distribution of NTM were primarily from Tehran
(193/503; 38.3%), Isfahan (51/503; 10.1%), Golestan (161/503;
32%), West Azerbaijan (65/503; 12.9%), and Gilan (33/503;
6.5%). In total, 503 NTM from environmental samples
were isolated, which included 221 (43.9%) SGM and 282
(56%) RGM. Among RGM species, M. fortuitum (93/503;
18.4%) showed higher frequency in environmental samples in
different locations including Golestan (35/161; 21.7%), West
Azerbaijan (21/65; 32.3%), Isfahan (20/51; 39.2%), Tehran
(10/193; 5.1%), and Gilan (7/33; 21.2%) (Table 4). Regardless
of geographical locations, the frequency of M. fortuitum was
high in both water (195/503; 38.7%) and soil (308/503; 61.2%)
samples. SGM frequencies varied in different locations; in
Gilan M. terrae was 11/33, 33.3%, in Golestan M. triviale was
10/161, 6.2%, and in Isfahan M. gordonae was 7/51,13.7.

3.3. Trends of NTM. As shown in Figure 2, the frequency
of NTM among pulmonary TB cases was studied in only
8 studies. In 1995, 18 (8%) of 225 respiratory samples were
recorded as NTM as compared to 2013 when 55 (18%) were
recorded as NTM from 291 samples. This trend shows a
significant increase in NTM detection rates during the study
period (P < 0.05).
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Golestan: (clinical: n = 19, environmental: n = 161)
Clinical RGM = M. fortuitum (21%)

Clinical SGM = M. simiae (31.5%)

Environmental RGM = M. fortuitum (21.7%)
Environmental SGM = M. triviale (6.2%)

Mazandaran: (n = 3)
SGM = M. marinum

A
Tehran: (clinical: n = 265, environmental: n = 1931)
Clinical RGM = M. chelonae (10.9%)

Clinical SGM = M. simiae (33.2%)

Environmental RGM = M. fortuitum (5.1%)

Kerman (n = 3)
RGM = M. chelonae (66.6%)
SGM = M. parascrofulaceum (33.3%)

Sistan-Baluchestan: (n = 3)
SGM = M. kansasii (66.6%)

FIGURE I: The provinces of Iran which work on NTM in clinical or environmental samples. The most prevalent SGM and RGM were noted.
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FIGURE 2: Number of NTM and MTB isolates in 8 studies.

4. Discussion

To the best of our knowledge this is the first study in
which trends in clinical and environmental NTM species
have been investigated over the past twenty years. Overall,
from 34 published reports (original and case reports), 997
NTM strains were identified (494 isolated from clinical
samples and 503 from environmental samples). The majority
of clinical (86.2%) and environmental (65.2%) NTM species

were isolated from Tehran (n = 261) and Isfahan (n = 53),
respectively. These data are incomplete considering that Iran
consists of 31 provinces. Here, we showed that NTM was
isolated only from 14 (46%) provinces during the past years
(Figure 1). In the remaining 17 provinces, there is no data
available on prevalence of environmental and clinical NTM.
These numbers suggest that NTM is a neglected disease in
Iran, which is likely true for other neighboring countries
in the region, where the incidence of TB is higher, such
as Afghanistan, Iraq, and Pakistan [41-48]. In Pakistan,
three clinical NTM reports were published in 1984, 2011,
and 2013 with total sample size of 4, 62, and 104 subjects,
respectively [43, 44]. M. fortuitum was identified as the most
prevalent NTM in Pakistan (13.5%). In Iraq, few studies
recently reported the frequency of NTM in dairy products
and environmental samples such as milk powder and fresh
milk, drinking water, and fecal samples from horses [46-48].
The most prevalent NTM species in Iraq was M. chelonae
(18.2%) [46, 48].

In this study we also aimed to identify NTM distribution
and trends within Iran. Variable techniques were used in
different laboratories. From 1992 to 2006, most laboratories
used traditional methods for identification of NTM in both
clinical and environmental samples. However, from 2009 to
2014, advances in laboratory technique allowed combinations



BioMed Research International

santadoid [eorurayporq pue
uonejuawdid pue SINSLIAIORIRYD YIMOID)

(uasua(-ura}suUIMQY)
BIPIW PI[OS UO 2INJN))

19T :S9Je[OST [eJUUIUOIIAUY

[1Z] 9007-$90USIDS [eIIPIIA JO ANSIDATUN
eruI) Jo £103eI0qET A30[01qOIOIA

Ue)SA[O
VN 591 Jo Buouanbas pue (uasua(-ura)suUIMQ) BIPIW PI[OS [0Z] €10Z-2ou1A0Id 19
cuonjeoyrjdure ‘sanzodoid esrurayoorq § 61 :S2JB[OSI [eDTUT[D
woreluawSid pue HNSLBIILIED IMOIn uo a1myno pue £dossorotwr JeSUIg UE}SI[OD) JO SIAUD IeD (I8
§9dsy uo wuwwﬁ,mom pue YDd dyrads (U9SUS(-UTAISUIMQT) BIPIW PI[OS . . [61]
sa1oads pue snuaf ‘sonjrodoid feotwaypoiq STINDY :S21e[0ST [BITUT]D
woneIWSId UP SISLISIEIEYD [IMOID uo 2y pue £dossordrur TedWg 0T0Z-S92U3IOS [EITPIIA] JO ANISIDATU) UBYRJS]
59dsty 10§
ADd-dTIY Pue ‘YNY-S9T jo Surduanbas (U9SUS(-UTAISUIMQT) RIPIW PI[OS . [#]
ot Jure ¢ doid d /9 :SJB[OST [edTUT]D) i ‘
neoyrdure ‘saprodoid eorurayoorq uo a1m o pue £doossorotwr Jeotg T10T-S0UIDG [eITPIIA JO AJISIOATU) UBYRJS]
‘uoryejuowrSid pue SOT)SIIAIORIRYD (IMOID)
sanzadoid [esrwaypoiq pue (U9SUS(-UTAISUIMQT) BIPIW PI[OS . [81] Z10Z-S20UI0G [EIIPAN
uonjeyuawiSid pue sOT)SLISIOBILYD YIMOID) uo 21m[no pue £doosoIoTw Iedws TT *SIPIOST [AUIMILONAUY Jo Ayts1eaTun) weyeysy 43ojo1qomo1A Jo 1doq UeE)ST
sanadoid [estwaypoiq pue (U9SUS(-UTAISUIMQT) BIPIW PI[OS {So1P10SI TR LOTIAL [£1] Z10Z-S20U310G [eITPAIN
uonejuawSid pue SONSIIA}ORIRYD [)MOID) uo a1 o pue £dodsorotwr JeatIg [CSP[OsI ™ g Jo Ayiszeatun) ueyeys| A3ojo1qodIA Jo 1doq
santadoid [eorurayporq pue (uasua(-ura)SuUaIMQT) BIPIUI PI[OS U [91] £107-S90UdIOG [RITPIAN
uonjeyuawdid pue sO1SLIa)ORILYD IMOID) uo 21m[nd pue £dodsoIoTw Iedws [T SOIPIOSTPIUHD Jo Ay1s1aatun) ueyeys| A3o1o1qootA Jo 1do(q
§9dstf 10§ D J-d'T1 PUB VNI4T (UaSUR(-UIaISUIMOQT) BIPIU PI[OS ) [ST] #10T-$90UAIDG [edIPIN
€ :SaYe[OSI [edTUI)D) . ;
Jo Suuanbas pue uoresyrdury uo 21my[nd pue £dodsoIoTw redws Jo Ayiszoatun) ueyeysy A3o1o1qomrA Jo 1doq
- ue ‘sarzodoad Smwmmﬁw%m (USUA[-URISUIMOT) BIpIUL PIOS :S9JBOST [eoTUl [v1] 6002-A'T LIIN-(OAIN)
dmﬁmﬂ»%ﬂﬂﬁ mu.wmaﬁ uﬁ_ﬁ.u EMQ.M uo axmnd pue £dodssorotwr TRSTIg £ SIS IO I9JUd)) YoIeasay £30[0110108qOOAI
Jjo QO:mumWMMN:Mw%WMMMWM%NM%%NM (USUA(-URISUIMOT) BIpUI PIOS €9 :$9)B[OSI [BITUT[D) [€1] Z10Z-£107RI0qQRT PROSEIA
douﬁmuEw_m pue mu.umcouuﬁg.u 538.0 uo a1mn3 pue Adodsoxonu reau o
(100edg paquiosuer], [euIraiuy) S.IJ
pue ‘6odsy ‘gods YN+ 91 Jo Suouanbas (Uasus(-UIaISUIMQT) BIPIUI PI[OS [FS] €107 ‘Yeysuewriay pue zeAyy
. Y € :S9)[OSI [e2TUT[D) .
uoneoyrjdure ‘sarrodoxd resrwayporq uo a1y o pue £doosorotur TRIWIG JO a1ud)) 20UAIANY ], ‘A10jeI0qRT PNOSEIN
‘uoryejuowSid pue SOT)SIIAIORIRYD [)MOID) ueIyay,
ose ue ‘sarrodoad S%MM wmﬁ”o (USUA[-URISUIMOT) BIPIU PIOS :S9JB[OST [eoTUT [c] €10z-uva jo Aminsuy
Poseq ¥0d p " [ETHO1q uo 21my[nd pue £doosoIdTw Iedws Ce SAPIOSTETHD 1mayseq £So[or130eqooLIA Jo Jusunyreda(g
‘uoryejuowrSid pue SOT)SIIAIORIRYD (IMOID)
VN¥+ § €2-5 91 pue 69dsy (UaSUB(-UIRISUIMOT) BIPAUI PI[OS €61 T2303 ‘9¢ :(INDY) (2] €102-A'T LIIN-(OUIN)
Jo 3719 ¥Dd Pue o179ST Jo uoneoyrdury "o axmnod pue £dodssorotwa TeoUIg SI1B[OST [BJUITUOIIAUF I9JUd)) oIeasay £30[0110)08qOIAIN
§9dsy 10§ (uasua[-Ura)suUsMQ) BIPIUI PI[OS . [16] ¥102-A'T LIIN-(OIN)
FC1 :$2)e[OST [eDTUT]D)
JTII-9Dd pue 01797 jo uoneosyrdury uo a1m o pue £doosorotwr Jeourg I9JUd)) YoIeasay £30[0110)08qOOAI
UOedYTIUdP] uonoAR(J JALLN P27e[OST JO JaqunN uoneorqnd jo eak/K101e10qRT uo13oy

*S1I0JLIOqR] JUIIPIP UT (JAI,N) BLISIOBOIAW SNO[NOIIqNIUOU IO S2INPad01d UONeIYNUIPI pue UoNdI(J [ T14V],



BioMed Research International

santadoid [eorwraypoiq pue (UasUS[-UT2ISUIMOQT) BIPIW PI[OS paynuapr
. [9z] o0z URULIY
uonejuawdid pue SONSLIA}ORIRYD YIMOID) uo armnd pue Adoosordrwa reawrg NN € ALLN [ed1urD
sanxadoid [esrwaypoiq pue (UasUS(-UIISUIMQT) BIPIW PI[OS S eoTUL O ——
uonejuourdid pue soT)SIINORIRYD [)MOID) 1o a1m[nd pue AdodsoIdTur IesTg POYHUSPI LN € TP [szl 900t 1SSYP[EE-UESIS
sontadoid [eorwrayporq pue (uasua(-ura1suamMQY) -$O1BTOST (21U I LOIIAL -
uonejuourdid pue sOT)SIINIRIEYD )MOID) RIPIW PI[OS UO 2INJ[N)) £e SAP[OSIY Taug vzl Te6t 2
sanxadoid [eorwayooiq pue (U3SUS(-UIISUIMQT) BIPIW PI[OS €0 “S9}L[0ST [ZJUSWUOIAU (€] 0T0Z-S90UAIOS [EITPIIA JO AYISIIATUN) uelieqIozy 19M
uonejuawdid pue SOT)SIIA}ORIRYD [IMOID) uo armnd pue Adoosorotwr reaurg erur1) Jo £103e10qeT A30[01qOIDTIN
sanjrodoid Testwwayporq pue (Uasua(-UraISUIMQT) BIPIW PI[OS [e2]
QI :S9JR[OST [eITUI[D)
uonejuawdid pue SITSIIAIORIRYD [)IMOID) uo armnd pue Adoosordtu reaurg G661-SIOUAIIG [BITPIIA JO AJISIFATUN) ZeMUY
59dsy uo uesaznyd
(Uasua(-Ura)SUIMQT) BIPIW PI[OS [zz] 6007-2outr01d ueysazny]
paseq YDd pue ‘sanaadoid resrwayooiq § 1$91R[OSI [BIIUID) .
. uo armnd pue Adoossororur reawrg JO STHJ A101RI0qR] 90UIAJAI SISO[NIIAQN],
uonejuawdid pue SO1SLIg}ORIRYD )MOID)
uonedynuap| U0 INLN P1e[0SI JO IoquInN uoneotqnd jo 1eak/£101e10qRT uor3oy

“panunuo)) : ATAV],



6 BioMed Research International
TABLE 2: Case report studies of Iran.

Species Year City Infected organ

Mycobacteriumbranderi [27] 2014 Tehran Bone marrow

Mycobacterium marinum [28] 2014 Sari Papule-hand

Mycobacterium iranicum [29] 2013 Isfahan Bronchoalveolar lavage/hand wound

Mycobacterium arupense [30] 2013 Karaj Respiratory system and blood

Mycobacterium chelonae [31] 2013 Tehran Sputum and cervical lymph node

Mycobacterium aurum [32] 2012 Shiraz Corneal biopsy

Mycobacterium europaeum [33] 2012 Ilam Sputum

Mycobacterium marinum [34] 2011 Khomein Nodule on the dorsum of fourth finger

Mycobacterium marinum [35] 201 Babol Lesions and pustules of the right forearm

Mycobacterium monacence [36] 2012 Isfahan Sputum

Mycobacterium parascrofulaceum [37] 2011 Isfahan Vaginal discharge

Mycobacterium lentiflavum [38] 2010 Tehran Sputum

Mycobacterium marinum [39] 2008 Sari Nodules and bulls on the back of the right hand

Mycobacterium thermoresistibile [40] 2006 Tehran Cervical lymph node

of traditional and molecular methods to be used (Table 1)
resulting in the detection of more species of NTM in
clinical and environmental samples. Reports from high-tech
laboratories proposed the use of commercial line probe assay
supplemented with sequencing for identification [49, 50].
Ideally, the use of the commercial method may support
standardization and it facilitates the comparison of results
within different settings. Our data demonstrate PRA (PCR
restriction analysis) methods with either hsp65 or 16s-23s
rRNA, rpoB genes as the optional molecular test [18, 51,
52]. This highlights the need for standardized methods and
guidelines for NTM identification in Iran.

We also showed that the majority of NTM were collected
from respiratory samples. The results underline the impor-
tance of identifying NTM from suspected pulmonary TB
patients. Molecular and phenotypic identification revealed
a geographical distribution of NTM in Iran. From 494
clinical NTM isolates, 28.3% and 21.4% were recorded to
be M. fortuitum and M. simiae, respectively. Analyzing the
previous studies [15-19] showed geographical differences for
M. fortuitum distribution, where Isfahan had the highest
prevalence of M. fortuitum (105/153; 68.6%), while in Tehran
the prevalence rate was less than 10% (17/261; 6.5%) (P >
0.05). These results make the analysis a bit difficult, as we are
not sure if the report is a laboratory cross contamination or if
it is M. fortuitum endemicity in some parts of Iran.

The results from environmental samples also showed the
high frequency of M. fortuitum (93/282; 32.4%) followed by
M. chelonae (38/282; 13.4%) in water and soil samples. This
suggests the possible risk of M. fortuitum transmission from
nature to human. Among SGM species, M. simiae isidenti-
fied as the dominant NTM in Tehran (88/261; 33.7%) and
Golestan provinces (6/19; 31.5%) [20, 53, 54]. In three other
regional settings (Isfahan, Sistan-Baluchestan, and Kerman),
M. simiae was not isolated. The clinical importance of M.
simiae in various geographical regions of Asia, including

Turkey and Japan, has been already documented [55, 56].
The frequency of M. simiae wasreported to be from 1.5%
to 10% across studies [53, 54]. For environmental SGM, the
frequency of M. flavescens (44/503; 9%), M. thermoresistibile
(24/503; 5%), and M. terrae (21/503; 5%) was higher than
other species (Table4). In contrast to RGM group, the
distribution and frequency of slow growing mycobacteria in
clinical and environmental samples were different.

The current study found a considerable number of envi-
ronmental NTM (157/503; 31.2%) that remained uniden-
tifiable (Table 3). This highlights the importance of the
implementation of new techniques in order to improve
NTM identification. At present, 8 regional and one national
reference TB laboratories are functioning in Iran. Recently,
due to global fund, they have been equipped with molecular
diagnostic testing capabilities. As a result, it is our expectation
that NTM detection will increase within the next few years.

Drug susceptibility tests (DST) for NTM were not per-
formed in the majority of published studies in Iran. In devel-
oped countries, a variety of susceptibility testing methods
such as the E-test, TREK, and microbroth dilution are used
to carry out DST [57]. Given the well-described resistance
patterns emerging in developed countries with low incidence
of NTM, susceptibility testing is a particularly important
clinical tool for countries such as Iran.

In conclusions, the trends of isolation and identification
of NTM have been increased in Iran in the last 20 years.
This increasing trend is attributable to the implementation
of enhanced molecular techniques that have improved the
detection coupled with the enhanced awareness of NTM in
the clinical setting. However, further research is needed to
address this important public health threat including enhanc-
ing the epidemiology of NTM throughout Iran, standardizing
laboratory techniques for detection and drug susceptibility
testing, and improving clinicians knowledge on NTM diag-
nosis and treatment in Iran.
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TABLE 3: Species distribution of clinical nontuberculous mycobacteria isolated in articles reported from Iran.
. Kermanshah ~ Kerman Isfahan Khuzestan Tehran Sistan- Golestan
Species (2013) (2007)  (2010-2014)  (1995-2009) (2009-2014) Bal(‘;f)}(‘)?)tan (2013) Total
M. fortuitum 1 105 9 17 4 136
M. simiae 5 4 88 6 103
M. kansasii 1 14 2 38 2 57
M. gordonae 16 5 19 1 41
M. chelonae 2 29 1 32
M. intracellulare 2 6 1 19
M. abscessus 17 17
M. scrofulaceum 1 7 8
M. avium 1 3 1 1 6
M. conceptionence 3 2 5
M. marinum 1 3 4
M. lentiflavum 1 2 1 4
M. thermoresistibile 1 3 4
M. szulgai 2 1 3
M. branderi 3 3
M. parascrofulaceum 1 1 1 3
M. gastri 2 1 3
M. malmoense 3 3
M. porcinum 3 3
M. phlei 2 1 3
M. massiliense 3 3
M. monacense 1 1 2
M. nonchromogenicum 1 1 2
M. senegalense 2 2
M. genavense 1 1
M. triviale 1 1
M. sherrissii 1 1
M. xenopi 1 1
M. montefiorense 1 1
M. triplex 1 1
M. arupense 1 1
M. nebraskense 1 1
M. flavescens 1 1
M. smegmatis 1 1
M. austroafricanum 1 1
M. elephantis 1 1
M. novocastrencse 1 1
M. aurum 1 1
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TABLE 4: Species distribution of environmental nontuberculous mycobacteria isolated in articles reported from Iran.
Species s o Goe Gl g, Tl
M. fortuitum 20 21 35 7 10 93
M. flavescens 1 10 33 44
M. chelonae 5 27 38
M. thermoresistable 4 20 24
M. terrae 2 8 11 21
M. phlei 14 15
M. pregrinum 11 14
M. mucogenicum 5 6 13
M. gordonae 4 1
M. triviale 10 10
M. senegalense 9 9
M. xenopi 1 8
M. avium 1 7
M. abscessus 2 1 6
M. smegmatis 4 2 6
M. parafortuitum 5 5
M. fallax 1 4 5
M. conceptionence 1 3 4
M. gastri 3 3
M. kansasii 2 3
M. neoaurum 2 2
M. marinum 2 2
M. aurum 1 1
M. poriferae 1 1
M. obuense 1 1
Unidentified SGM 157 157
Conflict of Interests [5] A. A. Velayati, M. R. Masjedi, P. Farnia et al., “Emergence of

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] N. Martin-Casabona, A. R. Bahrmand, ]. Bennedsen et al.,
“Non-tuberculous mycobacteria: patterns of isolation. A multi-
country retrospective survey, International Journal of Tubercu-
losis and Lung Disease, vol. 8, no. 10, pp. 1186-1193, 2004.

[2] M. Saifi, E. Jabbarzadeh, A. R. Bahrmand et al., “HSP65-
PRA identification of non-tuberculosis mycobacteria from
4892 samples suspicious for mycobacterial infections,” Clinical
Microbiology and Infection, vol. 19, no. 8, pp. 723-728, 2013.

[3] M. Rahbar, A. Lamei, H. Babazadeh, and S. A. Yavari, “Isolation
of rapid growing mycobacteria from soil and water in Iran,
African Journal of Biotechnology, vol. 9, no. 24, pp. 3618-3621,
2010.

[4] H. Shojaei, P. Heidarieh, A. Hashemi, M. M. Feizabadi, and A.
D. Naser, “Species identification of neglected nontuberculous
Mycobacteria in a developing country, Japanese Journal of
Infectious Diseases, vol. 64, no. 4, pp. 265-271, 2011.

new forms of totally drug-resistant Tuberculosis bacilli: super
extensively drug-resistant tuberculosis or totally drug-resistant
strains in Iran,” Chest, vol. 136, no. 2, pp. 420-425, 2009.

[6] D. Wagner and L. S. Young, “Nontuberculous mycobacterial
infections: a clinical review;” Infection, vol. 32, no. 5, pp. 257-
270, 2004.

[7] V.M. Katoch, “Infections due to non-tuberculous mycobacteria
Y
(NTM),” Indian Journal of Medical Research, vol. 120, no. 4, pp.
290-304, 2004.

[8] M. E. Kimerling, J. Schuchter, E. Chanthol et al., “Prevalence
of pulmonary tuberculosis among HIV-infected persons in a
home care program in Phnom Penh, Cambodia,” International
Journal of Tuberculosis and Lung Disease, vol. 6, no. 11, pp. 988-
994, 2002.

K. Gopinath and S. Singh, “Multiplex PCR assay for simultane-
ous detection and differentiation of Mycobacterium tuberculo-
sis, Mycobacterium avium complexes and other Mycobacterial
species directly from clinical specimens,” Journal of Applied
Microbiology, vol. 107, no. 2, pp. 425-435, 2009.

[10] Y. Kazumi and S. Mitarai, “The evaluation of an identification
algorithm for Mycobacterium species using the 16S rRNA cod-
ing gene and rpoB,” International Journal of Mycobacteriology,
vol. 1, no. 1, pp. 21-28, 2012.

—
X



BioMed Research International

[11] K.Khan,]. Wang, and T. K. Marras, “Nontuberculous mycobac-
terial sensitization in the United States: national trends over
three decades,” American Journal of Respiratory and Critical
Care Medicine, vol. 176, no. 3, pp. 306-313, 2007.

[12] M. J. van der Werf, C. Kodmon, V. Katalini¢-Jankovi¢ et
al., “Inventorystudy of non-tuberculous mycobacteria in the
European Union,” BMC Infectious Diseases, vol. 14, article 62,
2014.

[13] S. Z. Bostanabad, P. Heidarieh, N. Sheikhi et al., “Identification

of clinical isolates of Mycobacteria recovered from Iranian

patients by phenotypic and molecular methods,” New Cellular

and Molecular Biotechnology Journal, vol. 2, no. 7, pp. 49-56,

2012 (Persian).

E Heidari, P. Farnia, J. Noroozi et al.,, “The rapid identifica-

tion of a typical Mycobacterium in pulmonary tuberculosis

(PTB) patients: evaluation of QUB3232 locus using the VNTR

method,” Journal of Zanjan University of Medical Sciences, vol.

17, no. 67, pp. 33-44, 2009 (Persian).

[15] S.Hadifar, S. Moghim, H. Gasemian-Safaei et al., “Identification
of non-tuberculosis Mycobacteria isolates by polymerase chain
reaction-restriction enzyme analysis of 360-bp fragment of
rpoB gene,” Journal of Isfahan Medical School, vol. 31, no. 266,
p- 1, 2014 (Persian).

[16] T. Radaei, B. Nasr-Esfahani, H. Ghasemian-Safaei et al,
“Ethambutol-susceptibility of clinical and environmental atypi-
cal Mycobacteria isolated from Isfahan, Iran,” Journal of Isfahan
Medical School, vol. 31, no. 234, pp. 1-7, 2013 (Persian).

[17] S. Moghim, B. N. Isfahani, N. Hosseini et al., “Identification
of nontuberculous Mycobacteria isolated from Isfahan different
water sources using phenotypic characterization tests,” Journal
of Water and Wastewater, vol. 25, no. 86, pp. 88-95, 2012
(Persian).

[18] B.N. Esfahani, E. Sarikhani, S. Moghim et al., “Molecular char-
acterization of environmental non-tuberculous mycobacteria
using PCR- RFLP analysis of 441 Bp heat shock protein 65
fragments,” Iranian Journal of Public Health, vol. 41, no. 4, pp.
108-114, 2012.

[19] P. Heidarieh, H. Shojaei, M. M. Feizabadi et al., “Molecular
identification and conventional susceptibility testing of Iranian
clinical Mycobacterium fortuitum isolates,” Iranian Journal of
Basic Medical Sciences, vol. 13, no. 1, pp. 210-215, 2010.

[20] M. Shafipour, M. Ghane, S. R. Alang et al., “Non tuberculosis

Mycobacteria isolated from tuberculosis patients in Golestan

province, North of Iran,” Annals of Biological Research, vol. 4,

no. 12, pp. 133-137, 2013.

E. Ghaemi, K. Ghazisaidi, H. Koohsari, B. Khodabakhshi, and

A. Mansoorian, “Environmental mycobacteria in areas of high

and low tuberculosis prevalence in the Islamic Republic of Iran,”

Eastern Mediterranean Health Journal, vol. 12, no. 3-4, pp. 280-

285, 2006.

[22] A.D.Khosravi, S. Seghatoleslami, and M. Hashenuadeh, “Appli-
cation of PCR-based fingerprinting for detection of nontuber-
culous mycobacteria among patients referred to tuberculosis
reference center of Khuzvstan Province, Iran,” Research Journal
of Microbiology, vol. 4, no. 4, pp. 143-149, 2009.

[23] M. Roayayi, K. Ghazisaidi, M. Jamshidian, and M. ]. Kajbaf,
“The abundance of non-tuberculous mycobacteria in tubercu-
losis suspected patients in Ahvaz,” Journal of Ahvaz University
of Medical sciences, no. 21, pp. 69-76, 1995 (Persian).

[24] A. Velayati, K. Ghazi-Saidi, A. Bashiri, Y. Dolati, M. Moham-
madi, and J. Stanford, “The distribution of environmental
mycobacteria in Gilan region,” Journal of Medical Council of

=
e

[21

Islamic Republic of IRAN, vol. 11, no. 3, pp. 173-179, 1992
(Persian).

[25] N. Naderi, E. Alavi-Naini, B. Sharifi-Mood, and M. Naserfar,
“Prevalence of tuberculosis and non tuberculosis Mycobac-
terium in Zahedan, Southeast of Iran, Research Journal of
Microbiology, vol. 1, no. 4, pp. 375-377, 2006.

[26] E. Fallah, A. Karimi, G. Eslami et al., “Isolation of Mycobac-
terium and other microorganism from skin infections in
children during Bam earthquake,” Iranian Journal of Clinical
Infectious Diseases, vol. 2, no. 4, pp. 185-188, 2007.

[27] M. Marjani, M. Farshidpour, P. Tabarsi, E. M. Sheik Holslami,
and P. Farnia, “Isolation of Mycobacterium branderi, an unusual
species from an acute myelogenous leukemia patient,” Avicenna
Journal of Medicine, vol. 4, no. 1, pp. 17-19, 2014.

[28] FE Babamahmoodi, A. Babamahmoodi, and B. Nikkhahan,
“Review of Mycobacterium marinum infection reported from
Iran and report of three new cases with sporotrichoid presenta-
tion,” Iranian Red Crescent Medical Journal, vol. 16, no. 2, Article
ID e10120, 2014.

[29] H. Shojaei, C. Daley, Z. Gitti et al., “Mycobacterium iranicum sp.
nov., a rapidly growing scotochromogenic species isolated from
clinical specimens on three different continents,” International
Journal of Systematic and Evolutionary Microbiology, vol. 63, no.
4, pp. 1383-1389, 2013.

[30] P. Heidarieh, A. Hashemi-Shahraki, A. D. Khosravi, S. Zaker-
Boustanabad, H. Shojaei, and M. M. Feizabadi, “Mycobacterium
arupense infection in HIV-infected patients from Iran,” Interna-
tional Journal of STD & AIDS, vol. 24, no. 6, pp. 485-487, 2013.

[31] S. Z. Bostanabad, P. Salehian, and A. H. Shahraki, “Isolation
of Mycobacterium chelonae in the sputum and cervical lymph
nodes of patient with metastatic breast cancer,” Mycobacterial
Diseases, vol. 2, article 106, 2013.

[32] B. Honarvar, H. Movahedan, M. Mahmoodi, E M. Sheik-
holeslami, and P. Farnia, “Mycobacterium aurum keratitis: an
unusual etiology of a sight-threatening infection,” Brazilian
Journal of Infectious Diseases, vol. 16, no. 2, pp. 204-208, 2012.

[33] E Pourahmad, H. Shojaei, P. Heidarieh, A. Khosravi, and A.
Hashemi, “Report of two cases of Mycobacterium europaeum
from Iran,” Japanese Journal of Infectious Diseases, vol. 65, no.
6, pp. 539-541, 2012.

[34] M. Alaeen, A. Z. Alaeen, and H. Alaeen, “A case report of fish
tank granuloma in Khomein,” Arak Medical University Journal,
vol. 14, no. 57, pp. 113-117, 2011.

[35] S. M. H. Fard, M. R. Yossefi, B. Esfandiari, and S. A. A. Sefidgar,
“Mycobacterium marinum as a cause of skin chronic granulo-
matous in the hand;” Caspian Journal of Internal Medicine, vol.
2, no. 1, pp. 198-200, 2011.

[36] H. Shojaei, A. Hashemi, P. Heidarieh, N. Hosseini, and A.
D. Naser, “Chronic pulmonary disease due to Mycobacterium
monacense infection: the first case from Iran,” Annals of Labo-
ratory Medicine, vol. 32, no. 1, pp. 87-90, 2012.

[37] H. Shojaei, A. Hashemi, P. Heidarieh, and A. Daei-Naser,
“Chronic pelvic pain due to Mycobacterium parascrofulaceum
in an Iranian patient: first report of isolation and molecular
characterization from Asia,” Brazilian Journal of Infectious
Diseases, vol. 15, no. 2, pp. 186-187, 2011.

[38] M. Shamaei, M. Marjani, P. Farnia, P. Tabarsi, and D. Mansouri,
“Human infections due to Mycobacterium lentiflavum: first
report in Iran,” Iranian Journal of Microbiology, vol. 2, no. 1, pp.
29-31, 2010.

[39] M. Golpour and M. Ghasemi, “Nodules and bullae on the
back of the hand with axillary spread. Diagnosis: fish tank or



10

(41]

(42

[43]

(44

[45

(50]

(54]

(55]

swimming pool granuloma,” Indian Journal of Dermatologists,
Venereologists and Leprologists, vol. 74, no. 5, p. 551, 2008.

M. Boloorsaz, S. Khalilzadeh, P. Farnia, S. Hakimi, and A. A.
Velayati, “Mycobacterium thermoresistibile infection in a child,”
Tanaffos, vol. 5, no. 3, pp. 61-63, 2006.

WHO TB burden estimates, http://www.who.int/tb/country/
data/download/en/.

Global tuberculosis report 2013, http://www.who.int/tb/pub-
lications/global_report/en/.

N. Akhtar, A. Bari, and K. Nomani, “Incidence of typical and
a typical mycobacteria in pulmonary infections at Lahore—a
study of 500 cases,” Journal of the Pakistan Medical Association,
vol. 34, no. 4, pp. 84-87, 1984.

T. Khanum, S. A. Rasool, M. Ajaz, and A. I. Khan, “Isolation-
drug resistance profile and molecular characterization of
indigenous typical and atypical mycobacteria,” Pakistan Journal
of Pharmaceutical Sciences, vol. 24, no. 4, pp. 527-532, 2011.

I. Ahmed, K. Jabeen, and R. Hasan, “Identification of non-
tuberculous mycobacteria isolated from clinical specimens at a
tertiary care hospital: a cross-sectional study,” BMC Infectious
Diseases, vol. 13, no. 1, article 493, 2013.

K. I. Hassan and A. A. Ali, “Detection of Mycobacterium
avium in milk powder using species specific PCR,” International
Journal of Advanced Science and Engineering Technology, vol. 2,
no. 2, pp. 115-119, 2012.

A. A. Al-Sulami, A. M. R. Al-Taee, and Q. H. Widaa, “Isolation
and identification of Mycobacterium avium complex and other
nontuberculosis mycobacteria from drinking-water in Basra
governorate, Iraq,” Eastern Mediterranean Health Journal, vol.
18, no. 3, pp. 274-278, 2012.

A. M. Hamzah, “Mycobacterium Spp. isolated from horses fecal
samples,” International Journal of Medicineand Pharmaceutical
Sciences, vol. 3, no. 3, pp. 23-28, 2013.

E. Tortoli, A. Mariottini, and G. Mazzarelli, “Evaluation
of INNO-LiPA MYCOBACTERIA v2: improved reverse
hybridization multiple DNA probe assay for mycobacterial
identification,” Journal of Clinical Microbiology, vol. 41, no. 9,
pp. 4418-4420, 2003.

I. Joao, P. Cristovao, L. Antunes, B. Nunes, and L. Jordao,
“Identification of nontuberculous mycobacteria by partial gene
sequencing and public databases,” International Journal of
Mycobacteriology, vol. 3, no. 2, pp. 144-151, 2014.

Z. Derakhshani Nezhad, P. Farnia, F. M. Sheikholeslami et al.,
“A survey prevalence of non-tuberculosis mycobacteria from
patients referred in Mycobacteriology Research Center of Iran,”
Journal of Kordestan University of Medical Sciences, vol. 19, pp.
31-39, 2014 (Persian).

S. Rahideh, P. Farnia, and M. Darbouy, “Isolation and identifi-
cation of rapidly growing Mycobacteria from water and soil by
PCR-RFLP method in Robat Karim,” Journal of Health, vol. 4,
no. 4, pp. 321-329, 2013 (Persian).

P. Baghaei, P. Tabarsi, P. Farnia et al., “Pulmonary disease caused
by Mycobacterium simiae in Iran’s national referral center for
tuberculosis,” Journal of Infection in Developing Countries, vol.
6, no. 1, pp. 23-28, 2012.

A. Hashemi-Shahraki, D. Darban-Sarokhalil, P. Heidarieh et al.,
“Mycobacterium simiae: a possible emerging pathogen in Iran,”
Japanese Journal of Infectious Diseases, vol. 66, no. 6, pp. 475-
479, 2013.

K. Yoshimura, M. Imao, H. Goto et al., “A case of pulmonary
infection due to Mycobacterium simiae,” Nihon Kokyiiki Gakkai
Zasshi, vol. 43, no. 1, pp. 32-36, 2005 (Japanese).

BioMed Research International

[56] Z.P. Onen, Z. C. Karahan, O. A. Yildiz, and G. Karabiyikoglu,
“Mycobacterium simiae infection in an immunocompetent
patient, with DNA analyses verification,” Tiiberkiiloz ve Toraks,
vol. 58, no. 3, pp. 306-310, 2010.

[57] M. J. van der Werf, C. Kédmon, V. Katalini¢-Jankovic¢ et
al., “Inventory study of non-tuberculous mycobacteria in the
European Union,” BMC Infectious Diseases, vol. 14, no. 1, article
62, 2014.



