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Abstract 27
Introduction: Non-tuberculous mycobacteria (NTM) can cause desedsch 28
can be undistinguishable from tuberculosis (TB)sipg a diagnostic and 29
therapeutic challengegarticularly in low and middle income settings. §hi3zo
study was aimed to investigate the mycobacteria@ntsy associated with 31

presumptive clinical pulmonary TB in Iran. 32

Materials and Methods: A total of 410 mycobacterial isolates, obtaineds
between March 2014 to January 2016, from 7.600icelinsamples, from 34
consecutive cases with presumptive diagnosis oWé&Re identified. Phenotypic 35
and molecular tests were used to identify the tedlarganisms to species levelss
Single locus and multi locus sequence analysis (MLsased onl6S rRNA, 37

rpoB, hsp65 and ITS locus were used to confirm the results. 38

Results: Out of 410 consecutive strains isolated from suggetB subjects, 62 39
(15.1%) isolates were identified as NTM. Patienthwositive NTM cultures 4o
met American Thoracic Society diagnostic criteriar fNTM disease. 41
Mycobacterium simiae was the most frequently encountered (38.7%), fadldw 42
by M. fortuitum (19.3%),M. kansasii (17.7%) and\V. avium complex (8.0%) 43

onward. a4

Conclusions: Isolation of NTM, includingM. simiae, from suspected TB casesss
IS a serious public health problem and merit furtistention by health 46

authorities, physicians, and microbiologists. 47
48

Keywords: Tuberculosis, mycobacterium, Nontuberculddssimiae, Iran 49



I ntroduction: 50
Non-tuberculous mycobacteria (NTM) are environmentmcteria that s1
incidentally cause opportunistic infections in huredl1-3]. The frequency of s2
pulmonary disease from NTM is reportedly on the iis different parts of the s3
world [4-8]. Iran is an intermediate tuberculogi$B-) burden country where 54
TB remains a major public health problem. Accorditg World Health ss
Organization (WHO) the incidence rate of TB in Iraas 22 cases per 100,00G6
people in the year 2015 [9]. Although the epideouggl of TB is well described, 57
the prevalence and epidemiology of NTM diseasean hare largely unknown. s8
However, recent studies have reported the isolabb™NTM from both TB 59
patients and the general public in some regionthefcountry [10, 11]. The 60
clinical and radiological manifestations of NTM eations are frequently 61
overlap with pulmonary TB [12-16]. Furthermore,lda¢ to characterize acid 62
fast bacilli positive NTM infections has led to maike in treatment for TB in 63
Iran [12]. A recently published study showed th@¢a3of patients receiving 64
treatment for pulmonary TB had NTM infections [1#. Iran, some regional 65
laboratories do not have proper facilities for @ats admission. Consequentlyse
TB cases have to come to the central laboratanid®hran, the capital of Iran, 67
for further identification of isolates, treatmemdahospitalization. Therefore, 68
the demonstrated measure of NTM infections canessmt the statistical 69
analysis from all around Iran. Given the fact th& is still a major public 70
health problem in Iran, there is a growing conddat NTM infections could be 71
misdiagnosed as TB. In recent years, some researaltempted to determine72
the prevalence of NTM and its importance in Iraor Example, Velayati et el, 73
indicated thatM. fortuitum andM. simiae were the most prevalent mycobacterias
among rapid growing mycobacteria (RGM) and slowwgng mycobacteria 75
(SGM) in clinical samples, respectively [18]. Urfmately, these studiesze
failed to capture a comprehensive extent of NTMe Thajority of them 77

confined to small metropolitan areas or to speagfioup of mycobacterial 78

3



species as well as specific groups of patients 11(), This study was aimed to 79

reports the species spectrum and the prevalenddTt infections among 8o

pulmonary TB suspects in Iran. 81
Materials and methods: 82
Patients and samples 83

This cross-sectional study evaluated suspectedafiBris referred to one of thess
main TB reference centers of Iran (Regional TB Refee laboratory; located ss
in Tehran, capital of Iran), from Mar 2014 to J&il@. This center with drug 8e
susceptibility testing (DST) capability are amoing tmain TB centers of Iran 87
that regionally report the data on TB and actsoaallcenter for diagnosis andss
treatment of infectious diseases. Moreover, rediofa laboratories from 89
different provinces of Iran (e.g. Qom, Golestan rikéai, Ghazvin, Kerman and 90
Guilan) transfer TB samples to this laboratory farther identification of 91
isolates and in case of NTM infection. All investigd patients had clinical 92
signs and symptom of TB and undergoing examindborpossible active TB. 93
If the patient had multiple longitudinal sampliraply the first set of samples 94
was included into the study. In total, 7600 spupecimens were tested. Thess
Ethics Committee of Shahid Beheshti University cddital Sciences approvedss

the study and all the patients have signed inforametsent. 97

Cultureand isolation 98
Sputum specimens (2.5 to 10 mL) were processed) & NaOH method 99
(Petroff's method) and concentrated at 4.000 xrd.fominutes [19]. Sediments 100
of each treated sample were used to prepare a-Medlsen smear and wereio1
cultured in Lowenstein-Jensen medium [19]. Only oukure isolated per study 102

subject was considered for further analysis. 103

Phenotypic identification 104



All mycobacterial isolates were grown on Lowenstémsen (LJ) medium andios
examined for growth rate, macroscopic and microscomorphological 106
features, growth at different temperatures and als®t of biochemical testsio7
including tween 80 hydrolysis, nitrate reductionjaan production, 108
arylsulfatase, urease production, tellurite reduntisalt tolerance and catalaseos

production according to standard procedures [20]. 110

Molecular assignment of isolatesto M. tuberculosis complex (M TC) 111
For the identification of MTC organisms and thefeténtiation of MTC and 112
NTM from positive cultures, 36110 based PCR assay was used. 113
Genomic DNA, forlS6110 based PCR assay, was extracted using QlAamp
DNA Mini Kit (QIAGEN, USA) according to kit instruon. A 123-bp 115
fragment of insertion elemeh®110 of theM. tuberculosis complex was used 116
as a target and amplified using previously desdrilB€R primers [21]. 117
Genomic DNA of M. tuberculosis H37Rv (ATCC27294) andM. fortuitum 118
(ATCC 49404) were used as positive and negativéralsnrespectively. 119

120

Molecular assignment to species level 121

PCR restriction analysis (PRA) was used to speomteobacteria. Single locus 122
and multi locus sequence analysis (MLSA) based & rRNA, rpoB, hsp65 123

and ITS locus were used to confirm the results. 124
hsp65-PRA 125

An approximately 441-bp fragment b$p65 gene was amplified by PCR usingi2e
two specific primers Tbh1l (50-ACCAACGATGGTGTGTCCAD) and Th12 127
(50-CTTGTCGAACCGCATACCCT-30). PCR products wereedited with 5 128
U of restriction enzymeélae lll and Bst Il for 24 hours at 37°C [22]. The patterni29
of digested products was analyzed using 8% polyatnge gel.M. fortuitum 130

(ATCC 49404) and double distilled water were usedasitive and negative 131



control in all PCR experiments respectively. Specidentification was 132
performed using algorithm proposed by Roth et dl Belenti et al [22, 23]. 133

PCR and sequencing of 16SrRNA, rpoB, hsp65and ITS 134
16S rRNA. Full lengths of thel6S rRNA genes (1.500-bp) from isolates werass
amplified using primers pA (50-AGAGTTTGATCCTGGCTCABD) and pl 136
(50-TGCACACAGGCCACAAGGGA-30) as described previgud4]. 137

138
rpoB. A 750-bp fragment of thgpoB gene was amplified and sequenced usings
two specific primers MycoF (50-GGCAAGGTCACCCCGAAGEDB) and 140
MycoR (50-AGCGGCTGCTGGGTGATCATC-30) as previouslhesdribed 141
[25, 26]. 142
hsp65. The amplified PCR products disp65 gene for each isolate wereis43
purified and the sequences were determined as ildedcabove using the 144
specific primers Tb11 and Th12 [22]. 145
ITS. The universal primers 16S-1511f (50-AAGTCGTAACAAGSRCCG- 146
30) and 23S-23r (50-TCGCCAAGGCATCCACC-30) were usddr 147
amplification of the ITS region as previously désed [27]. 148

Analysis of sequence data 149
The obtained sequences for each isolate from diftefoci were aligned 150
separately and compared with all existing relevsaguences of mycobacteriais1
retrieved from GenBank database at the NCBI websgite the nucleotide 152
BLAST search (http://blast.ncbi.nim.nih.gov/Blagt)c 153

154

155

156

157

158



Results: 159

Out of 410 consecutive strains isolated from sugge€B subjects, 62 isolatesieo
(15.1%) were identified as NTM using conventionad anolecular methods (all 161
NTM isolates were negative fd86110) (Figure 1). All of the patients with 162
positive NTM cultures met ATS/IDSA diagnostic crite for NTM disease. 163
Based on the available data for DST, 6 of 62 isslatf NTM were from 164
patients who were misdiagnosed as multi-drug @sistB (MDR-TB) and 165
failed to respond to first-line treatment (Table 1) 166

Assignment of isolatesto TB group 167
Of 410 confirmed cases of mycobacterial isolatds, Bere confirmed as MTC 168

using conventional tests along with the presencE28tbase-pair segment of aie9

repetitive sequence of 6310. 170
Molecular assignment of NTM to species level 171
hsp65-PRA-based identification 172

According to hsp65-PRA results, an identical patteras detected for the 173
isolated microorganisms from every patient. Usisg@b-PRAM. simiae was 174
the most frequently encountered (38.7%), followgdvb fortuitum (19.3%),M. 175
kansasii (17.7%) andVl. avium complex (8.0%) onward. The remaining strainsze
represented a variety of NTM species (Table 2). 177

| dentification by 16S rRNA, rpoB, hsp65, ITS 178
The percentage similarities of almost full 16S rRI8Ad partial sequences of179
rpoB, hsp65 and ITS of representative clinical isolates athegroup of NTM 180
which was clustered based bgp65-PRA are summarized in Table 3. Clinicaks1
isolates were confidently identified by each of &S rRNA,rpoB, hsp65 and 182
ITS. There was also a strong correlation betweed IEBNA, rpoB, hsp65 and 183
ITS gene sequencing results. Clinical isolatesuiiclgM. ssimiae, M. fortuitum, 184
M. kansasii, M. intracellulare, M. thermoresistibile, M. abscessus, M. 185



gordonae, M. senegalense, M. xenopi and M. phocaicum can be confidently 1se
identified by each of th#6SrRNA, rpoB, hsp65 and ITS. 187

Discussion: 188
This study found that an unexpected number of cabessought diagnosis and189
treatment for TB in Iran were infected by mycobaet®ther than TB (15.1%), 190
in particularM. simiae (38.7%). This result is consistent with prior reapmf an 191
increased prevalence of NTM and the difficulty istishguishing pulmonary TB 192
and NTM based on symptoms [28-33]. We have recerfiprted that, 5% of 193
mycobacterial species that were cultured from THepés were NTM [34]. 194
Likewise, a few other studies observed nearly ihelar percentages: 4% to 195
10% of culture positive samples were diagnosed BSl INL1, 35]. In Iran, as 19
the incidence of TB has declined, NTM have beememsingly recognized as 197
human pathogens [11, 36]. This may be explainedpant by increased 198
recognition of NTM infections as a clinical entiznd advances in laboratoryi99
methods [34]. Furthermore, increased susceptibditg to HIV, malignancy, 200
pre-existing lung diseases, the relative immunaetEicy or occupational 201
exposure to dusts may predispose an individualTtvl fhfection [37, 38]. The 202
rising number of NTM infections in Iran may havevel negative effects on 203
public health statues. Importantly, most TB labaorat in Iran are not equipped2o4
to perform mycobacterial culture and species idieation; consequently, NTM 205
infections are frequently misdiagnosed as TB. MigdNTM disease results in 206
unnecessary anti-TB treatment, inappropriate udegbf cost care settings ando7
stigmatization of affected persons, with importastcial and economic 208
consequences [17, 39]. Given the importance anceasig prevalence of 209
NTM, rapid and reliable identification of NTM shalube carried out as a meang1o
of effective patient managements [40-43]. 211
In the current studyM. simiae was the most frequently encountered species nb

NTM in clinical samples.n Iran, M. simiae is an endemic NTM. Recent213



studies in Iran, have reported an emergendd.cdimiae as the most frequently 214
isolated NTM in respiratory specimens [10, 36, #]simiae may present with 215
clinical and radiological manifestations consistesth TB [10]. According to 216
the ATS/ IDSA guideline, NTM lung disease can lmydosed iM. ssmiaeis 217
isolated in two out of three sputum cultures, aquanying with pulmonary 218
symptoms and abnormalities in the chest radiographhigh resolution 219
computed tomography scan of chest, together withragguiate exclusion of 220
other disorders [38]. In our studyi. ssmiae were isolated from patients that hac21
either been previously diagnosed as being infesidtd MDR-TB, had received 222
other types of TB treatments, or were new TB casspulmonary symptoms. 223
These findings indicated th&t. ssimiae is capable of colonization in previously224
damaged lungs and causing pulmonary disease [36jrapy ofM. simiae 225
pulmonary infection also remains an important isstigere are no published 226
clinical trials for the treatment of infection cadsbyM. simiae. This bacterium 227
usually shows poor in vivo response to therapy, modt isolates are resistant2s
to first line anti-TB drugs [38, 45]. Agents repatto haven vitro activity 229
against M. smiaeinclude clarithromycin, ethambutol, ethionamidez3o
fluoroquinolones, amikacin, and cycloserine [10, 46 231
In conclusion, isolation of NTM, includinlgl. smiae, from suspected TB cases232
IS a serious public health problem in Iran and trfarither attention by health 233
authorities, physicians, and microbiologidtés.simiae may present with clinical 234
and radiological manifestations consistent with &B¢ be resistant to anti-TB 235
agents. Finally, establishment of rapid and redahkthods for identification of 236
NTM infections, selection of an appropriate treattmeegimen for NTMs such 237
as M. smiae and expanding the number of the facilitated lalmvras are 238
strongly recommended. 239
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Clinical specimens (sputum)

Total No: 7600

l

Growth on LJ media:

410 isolates

l

| dentification of isolates
based on 156110 and
phenotypic test

l l

MTC NTM
348 (84.9%) 62 (15.1%)

Figure 1. A flow chart of samples collection analasion.
LJ: Lowenstein Jensen medium; MTI@: tuberculosis complex; NTM: non-tuberculous mycobacteria.
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Tablel. The demographic and identification datpadfents with NTM disease.

Variables

Cure N (%)

Poor outcome* N (%)

Number of subjects 56 (90.3) 6 (9.7)
Mean age 51.4 42.2
Sex

Female 26 (46.4) 3 (50)

Male 30 (53.6) 3 (50)
NTM location

Pulmonary 53 (94.6) 6 (100)

Extra-pulmonary 3(5.4) 0
Mycobacteriology

M. simiae 21 (37.5) 3 (50)

M. fortuitum 10 (17.8) 2 (33.3)

M. kansasii 11 (19.6) 0

M. intracellulare 5(9) 0

M. abscessus 3 (5.3) 1(16.7)

M. thermoresistibile 1(1.7) 0

M. xenopi 1(1.7) 0

M. phocaicum 1(1.7) 0

M. gordonae 2 (3.5) 0

M. senegalense 1(1.7) 0

* Poor outcome includes relapse, failure to treatraedtdeath.
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Table2. Results of NTM identification by phenotypied genotypic tests

422

Numbers | Lab Phenotypic tests Patterns by hsp65-PRA Identification by PRA
of isolates | designation
BstE Il Hae Il
24 12~ M. simiae 235/210 185/130 M. smiae
12 10* M. fortuitum 235/120/85 145/120/60/55 | M. fortuitum
11 14* M. kansasii 235/210 130/105/80 M. kansasii
5 11* M. avium complex 235/120/100 145/130/60 M. intracellulare
4 41* M. chelonae 235/210 200/70/60/50 | M. abscessus
2 35* Mycobacterium sp. 235/210 130/115 M. gordonae
1 47* Mycobacterium sp. 235/120/85 160/105/60 M. xenopi
1 48* Mycobacterium sp. 320/115 145/65/60 M. phocaicum
1 o9* Mycobacterium sp. 235/210 180/135/70/50 | M. thermoresistibile
1 40* Mycobacterium sp. 235/210 140/125/60/50 | M. senegal ense or
M. conceptionense

*The isolates randomly selected from each clustésp65-PRA patterns for Multi locus sequence

analysis (MLSA)
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Table 3. Details of identification of NTM by sequenanalysis 437
Lab 16S rRNA (1500 bp) rpoB (750 bp) hsp65 (450 bp) (Z30-350 bp) MLSA*
designation*
10 100%M. fortuitum 100%M. fortuitum 100%M. fortuitum 100%M. fortuitum M. fortuitum
98% M.farcinogenes | 98% M. senegalense | 99% M.farcinogenes
98% M. senegalense 99% M. houstonese
98% M. senegalense
11 100% 100% M. 99% M. 100% M. M. intracellulare
M.intracellulare intracellulare 99% | intracellulare intracellulare
99%M. avium M.cheimera 98%M. avium 96%M. avium
99%M. avium 98% M. yongonense
99% M. yongonense
12 100%M. simiae 100%M. smiae 99%M. simiae 100%M. simiae M. simiae
95% M.sherrisii 97%M. genavense 95% M. genavense
94% M.genavense
14 100%M. kansasii 100%M. kansasii 100%M. kansasii 100%M. kansasii M. kansasii
97% M.gastri 98%M. gadtri
9 100%M. 100%M. 99% M. 100%M. M.
thermoresistibile thermoresistibile thermoresistibile thermoresistibile thermoresistibile
a7 99% M. xenopi 99% M. xenopi 99% M. xenopi 99% M. xenopi M. xenopi
48 99%M. phocaicum | 99% M. phocaicum | 99% M. phocaicum | 99% M. phocaicum | M. phocaicum
41 99%M. abscessus | 98% M. abscessus | 99% M. abscessus | 99% M. abscessus | M. abscessus
40 99%M. 100%M. 99% M. 99% M. M. senegalense
senegalense senegalense senegalense senegalense
35 99%M. gordonae | 99%M. gordonae | 99%M. gordonae | 99%M. gordonae | M. gordonae
*The isolates randomly selected from each clustéisp65-PRA patterns for Multi locus sequence 438
analysis (MLSA). 439
440
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