
BEPLS Vol 4 [10] September   2015      63 | P a g e            ©2015 AELS, INDIA 

Bulletin of Environment, Pharmacology and Life Sciences 
Bull.	Env.	Pharmacol.	Life	Sci.,	Vol	4	[10]	September	2015:	63-68	
©2015	Academy	for	Environment	and	Life	Sciences,	India	
Online	ISSN	2277-1808	
Journal’s	URL:http://www.bepls.com	
CODEN:	BEPLAD	
Global	Impact	Factor	0.533	
Universal	Impact	Factor	0.9804	

 

ORIGINAL ARTICLE                                                                                    OPEN ACCESS 
 

Isolation and Molecular Identification of Mycobacterium 
fortuitum isolates from Environmental water and clinical 

samples at different regions of Iran 
 

Sarvenaz Falsafi1, Saeed Zaker Bostanabad2*,  Mohammad Mehdi Feizabadi3 , Ramezan Ali 
Khavari-Nejad4 , AbdolrazaghHashemi Shahraki5 , Nasrin Sheikhi6, Mostafa Ghalami6 

1.Department	of	Biology,	Science	and	Research	Branch,	Islamic	Azad	University,Tehran,	Iran 
2.	Department	of	Microbiology	and	Biology,	Parand	branch,	Islamic	Azad	University,	Tehran,	Iran	

3.	Department	of	Microbiology,	School	of	Medicine,	Tehran	University	of	Medical	Science,	Tehran,	Iran	
4.	Department	of	Biology,Science	and	Research	Branch,	Islamic	Azad	University,	Tehran,	Iran	

5.	Institute	Pasteur	of	Iran,	Epidemiology	Department,	Tehran,	Iran	
6.	Mycobacteriology	Unit,	Masoud	Laboratory,	Tehran,	Iran	

Email: saeedzaker20@yahoo.com	
	

ABSTRACT 
Mycobacterium fortuitum belongs to the nontuberculous mycobacteria (NTM) that causes diseases resembling 
pulmonary tuberculosis, lymphadenitis, skin and soft tissues infection, and disseminated infection. It occurs worldwide 
and is usually found in natural and processed water, sewage and dirt. Recent outbreaks of nosocomial infections caused 
by organisms identified as the M.fortuitum complex suggest that species identification is epidemiologically important. 
The purpose of this study was to investigate the contamination of surface water as well as clinical specimens of 
M.fortuitum by means of molecular and phenotypic methods.Water samples were collected from different regions of Iran 
(Tehran city and some local parts in north and south of Iran). After enrichment using filtration, all samples were 
cultured on Lowenstein-Jensen (LJ) medium at temperatures of 37°C. Conventional bacteriology method was used for 
identification of mycobacteria.The PCR-	RFLP	analysis	(PRA)was used to targethsp65 genes and the restriction patterns 
of amplicons (441bp) was used for identification after digesting withBstEII and HaeIII endonucleases. The petroff ’s 
method was used to isolate the organism from the clinical specimens. All clinical specimens were identified at the species 
level as described for the environmental samples. Based on the growth rate of isolates, the results of biochemical test and 
patterns of PRA,  of54 NTM isolates from environmental water; 30 (55.55%) were identified  as M.fortuitum. Moreover, 
in clinical samples 12 of 19 isolates (63.15%) were identified as M. fortuitum. PRA is a reliable and rapid approach which 
can identify mycobacterial strains to the species level. Our study showed that M.fortuitum plays a significant role in 
pulmonary and extrapulmonary infection in patients. On the other hand, the data obtained in our study revealed that, 
M.fortuitum is the predominant isolated NTM from water. It seems there is a correlation between clinical and 
environmental samples 
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INTRODUCTION 
Environmental	mycobacteria	also	referred	to	as	atypical	mycobacteria	or	non	tuberculous	mycobacteria	
(NTM)	are	common	saprophytes	in	all	natural	ecosystems,	such	as	water,	soil,	food	and	dust	[1].Although	
members	 of	 the	 Mycobacterium	 tuberculosis	 complex	 (MTC)	 are	 responsible	 for	 the	 majority	 of	
mycobacterial	 infections	 worldwide,	 environmental	 opportunistic	 infections	 due	 to	 non-tuberculous	
mycobacteria	 (NTM)	 are	 increasingly	 becoming	 more	 of	 a	 public	 health	 challenge	 [2].	 In	 developing	
countries,	 it	 may	 be	 difficult	 to	 assess	 the	 prevalence	 of	 NTM	 infections,	 mainly	 due	 to	 the	 fact	 that	
identification	of	the	species	involved	is	generally	not	done,	and	these	diseases	are	often	under-diagnosed	
or	 misdiagnosed	 as	 tuberculosis	 [2,3].	 Absence	 of	 evidence	 regarding	 person	 to	 person	 transmission	
indicates	 the	 importance	 of	 environment	 as	 an	 infection	 source	 [4].	 Therefore	 studying	 the	 possible	
sources,	 as	 well	 as	 common	 species	 in	 each	 geographic	 area	 is	 required.	 	Several	 species	 of	 NTM	 have	
been	identified	 in	different	environments	 including	public	drinking	water,	pool,	 tap	water,	water	cooler	
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etc	[5,6].	Therefore,	water	may	act	as	an	important	NTM	source	for	infection	transmission	to	human	and	
further	 mycobacteriological	 studies	 of	 water	 may	 contribute	 to	 our	 knowledge	 about	 their	 ecology	 and	
epidemiology	 [7].	 Classical	 identification	 of	 mycobacteria	 based	 on	 phenotypic	 tests	 may	 take	 several	
weeks,	 and	 often	 fail	 to	 provide	 precise	 identification	 [8]	 .Published	 case	 reports	 from	 Iran	 show	 the	
pathogenic	potential	of	this	mentioned	species	[3].	 	During	last	decade,	several	molecular	methods	have	
been	introduced	for	mycobacterial	identification.	Of	these	methods,	PCR- RFLP analysis (PRA)	is	preferred	
because	of	it's	rather	simplicity	and	rapidity	[8].Restriction	enzyme	analysis	of	PCR	products	of	specific	
genesgenerates	 mostly	 species-specific	 DNA	 patterns,	 and	 provides	 a	 comparatively	 cheap	 alternative	
over	 DNA	 sequencing.	 In	 particular,	 PRA	 of	 part	 of	 the	 gene	 encoding	 the	 65-kDa	 heat	 shock	 protein	
(hsp65)	has	been	widely	used	for	diagnostic	purposes	[3].	This	method	is	based	on	the	amplification	of	a	
441-bp	fragment	of	the	hsp65gene	present	in	all	mycobacteria,	followed	by	digestion	of	the	PCR	product	
with	 the	 restriction	 enzymes	 BstEII	 and	 HaeIII.	 By	 combining	 both	 restriction	 patterns,	 a	 species	
assignment	 is	 possible	 based	 on	 comparison	 with	 patterns	 described	 in	 published	 algorithmsor	
availablefrom	an	Internet	database	[http://app.chuv.ch/prasite][9,12].	
Amongst	the	species	M.fortuitumis	one	of	the	candidates	to	be	studied.	Epidemics	of	hospital-associated	
infections	caused	by	M.fortuitumafter	surgeries,	 in	hemodialysis	unit	and	in	eye,dermal	and	many	other	
infections	 show	 the	 real	 importance	 of	 this	 group	 of	 mycobacteria	 in	 the	 health	 system	 (10,11).	It	 is	
believed	 that	 NTM	 have	 paramount	 value	 to	 create	 a	 variety	 of	 infectious	 and	 emerging	 diseases	 in	
individuals;	 both	 immune-deficient	 and	 cases	 with	 normal	 immune	 systems	 have	 been	 reported.	 The	
purpose	of	this	study	was	to	investigate	the	contamination	of	surface	water,	as	well	as	clinical	specimens	
of	M. fortuitum by	means	of	molecular	and	phenotypic	methods.	
 
MATERIALS AND METHODS 
A	 total	 of	 852	 clinical	 specimens	 were	 cultured	 to	 possibly	 isolate	 non-tuberculous	 mycobacteria.	 The	
specimens	 were	digested	and	decontaminated	by	petroff	 ’s	 (using	4%	NAOH)	method	(13).Totally,	166	
samples	 were	 collected	 from	 different	 regions	 of	 Iran	 (Tehran	 city	 and	 some	 local	 parts	 in	 north	 and	
south	of	Iran).	These	included	industrially	polluted	water,	sewage,	garbage,	general	pools,	river	water	and	
water	 spout.	 All	 samples	 were	 collected	 in	 sterile	 bottles	 and	 transported	 on	 ice	 to	 the	 laboratory	 and	
were	examined	at	12	to	18	hours.	For	decontamination	of	water,	cetylpyridinium	chloride	(CPC)	method	
was	 carried	 out(7).	 Briefly,	 CPC	 was	 added	 to	 the	 sample	 to	 give	 a	 final	 concentration	 of	 0.01%.	 The	
mixture	 was	 shaken	 for	 30	 s.	 After	 an	 exposure	 for	 30	 min,	 the	 samples	 were	 immediately	 filtered	
through	 cellulose	 acetate	 membrane	 filter	 (50	 mm,	 pore	 size	 0.45μm)	 and	 rinsed	 in	 100	 ml	 of	 sterile	
water	to	remove	residual	CPC	(7,14,16).	A	strip	10mm	wide	was	then	aseptically	cut	out	from	the	center	
of	the	filter	and	placed	on	the	medium	(15).	After	inoculation,	the	media	were	incubated	at	37°C	for	12	
weeks	and	checked	for	growth	every	2	-	3	days.	 
At	 the	 end	 of	 the	 12	 weeks	 incubation	 period,	 all	 isolates	 were	 investigated	 by	 conventional	 methods	
consisting	 of	 acid	 fast	 staining	 and	 analysis	 of	 phenotypic	 characteristics,	 i.e.,	 arylsulfatase	 activity,	
pigment	production,	growth	rate	(<7	days),	nitrate	reduction,	growth	on	MacConkey	agar	without	crystal	
violet,	existence	of	urease,	semi	quantitative	and	catalase	activity		and	niacin	production	tests	(1).	
Preparation	of	bacterial	DNA	– Two	to	three	loops	of	growth	from	freshly	grown	mycobacterial	cultures	
from	 LJ	 medium	 were	 harvested	 and	 transferred	 to	 400	 μl	 of	 sterile	 nuclease-free	 distilled	 water.	 The	
tube	was	vortexed	briefly,	boiled	for	40	min	and	centrifuged	to	settle	the	cell	debris	(17).	A	10	μl	each	of	
the	supernatant	was	used	as	genomic	DNA	template	for	PCR.	
PCR	 of	 the	 hsp65	 gene	 was	 performed	 using	 the	 forward	 primer	 for	 hsp65,	 Tb11	 (5΄ACC	 AAC	 GAT	 GGT	
GTG	 TCCAT	 3’)	 and	 the	 reverse	 primer,	 TB12	 (5’	 CTT	 GTC	 GAA	 CCG	 CAT	 ACC	 CT	 3’)	 (10).	 The	 PCR	
products	were	run	on	1.5%	agarose	gel	and	visualized	with	transluminator	after	staining	with	ethidium	
bromide.	 
Identification	 of	 Mycobacterium species	 was	 based	 on	 Restriction	 enzyme	 analysis	 of	 PCR	 products	
digested	with	BstEII	and	HaeIII	restriction	enzymesaccording	to	Telentiet al(18).	
	
RESULTS AND DISCUSSION 
Out	of	the	852clinical	samples,	19	mycobacterial	isolates	(2.23%)	were	gained.	The	sources	of	the	isolates	
were	as	follows:	bronchial	washes,	urine,	soft	tissue,	fluid,	sputum. 
Totally,	166	samples	were	examined	for	isolation	of	mycobacteria	from	water.	The	mean	pH	was	7±	0.50	
and	 the	 water	samples’	 temperature	was	5-25°C.	 Out	of	166	 water	samples,	only	54	samples	(32.53%)	
yielded	NTM.	
54	 atypical	 mycobacteria	 were	 isolated	 from	 environmental	 samples;	 based	 on	 growth	 rate	 and	
conventional	 biochemical,	 M.fortuitum	 was	 identified	 with	 the	 relative	 frequency	 of	 55.55	 %(	 n=30).	
Moreover;	in	clinical	samples	of	the	study,	19	atypical	spices	were	isolated	of	which	63.15%	(n=12)	were	
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M.fortuitum.	 All	 42	 isolates	 showed	 phenotypic	 characteristics,	 consistent	 with	 M. fortuitum,	 i.e.,	 rapid	
growing	(<7	days)	at	37°C,	no	pigment	production,	growth	on	MacConkey	agar	without	crystal	violet	and	
principal	 biochemical	 properties	 of	 catalase,	 Tween	 hydrolysis,	 and	 arylsulfatase	 positivity,	 the	 isolates	
were	not	identified	to	the	biovariant	level.	
	

Table1.Clinical	information	of	Iranian	isolates	of	NTM	

Origin	clinical	sample	 No.	of	NTM	isolates	
obtained	(%)	

Mycobacterium 
fortuitumNo.	(%)	

fluid	
soft	tissue	

urine	
sputum	

bronchial	washes	

3	
1	
1	
8	
6	

2	
1	
-	
6	
3	

 
Table	2.Environmental	information	of	Iranian	isolates	of	NTM	

Water	source	
	

No.	of	samples	
	

No.	of	NTM	isolates	
obtained	(%)	

Mycobacterium 
fortuitumNo.	(%)	

Tehran	city	 74	 37	 24	
North	of	Iran	
South	of	Iran	

62	
40	

8	
9	

4	
2	

	

The	 presumptive	 M.fortuitum	 isolates	 were	 further	 analyzed	 and	 verified	 as	 mycobacteria	 using	 genus	
and	group	specific	PCR	targeting	a	441	bp	fragment	(Figure	1).Furthermore,	with	the	application	of	the	
PRA	 algorithm	 targeting	 441	 bphsp65	 DNA,	 42isolates	 were	 clearly	 distinguished	 from	 other	
mycobacteria.	 A	 441	 bp	 fragment	 of	 hsp65	 genes	 was	 amplified	 and	 digested	 by	 BstEII	 and	 HaeIII.	 The	
digested	fragments	separated	on	3%	agarose	gel	and	RFLP	patterns	were	analyzed	according	to	fragment	
sizes.	 All	 42	 isolates	 had	 the	 PRA	 hsp65	 pattern	 characteristic	 of	 M.fortuitum,	 withBstEIIrestriction	
fragments	of	240/	120	and	85	bp	and	HaeIII	fragments	of	145	/120	/60	bp	(Figure	2).			

	
	

	
	

	
Figure2.	 The	 differentiation	 of	 M. fortuitum clinical	 isolates	 from	 other	 mycobacterial	 species	 by	 hsp65 
PRA	based	on	digestion	of	a	644	bp	amplified	 fragment	with	BstEII	and	HaeIII.	Lanes	4,	5,	6,	7,	8	&	11:	
M.fortuitum,	Lanes	15:	The	50-bp	DNA	size	marker.	

Figure1. Genus specific amplification of NTM. Lanes 2-9; M. fortuitum 
isolates, Lanes 1; Positive control, Lane 10: The 50 bp DNA size marker. 
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In	 this	 study,	 a	 combination	 of	 conventional	 and	 molecular	 tests	 was	 applied	 to	 identify	 the	 isolates.	
There	 was	complete	agreement	of	 identification	results	between	conventional	phenotypic	 methods	and	
hsp65	PRA.	
Increase	 in	 outbreak	 of	 infections	 with	 Nontuberculous	 Mycobacteria	 (NTM)	 has	 become	 the	 major	
concerns	 of	 health	 systems	 of	 different	 countries.	 There	 are	 reports	 on	 the	 clinical	 significance	 of	 M. 
fortuitum	as	the	most	 frequent	rapidly	growing	mycobacteria	and	water	as	 its	main	source	of	 infection.	
Although	exposure	to	NTM	does	not	occur	frequently	but	 immune-compromised	individuals	are	at	high	
risk	of	being	infected	with	M. fortuitum	 from	water	source	[19].	Emerging	infections	with	this	organism	
include	skin	and	soft	tissue	infection	lymphadenitis,	pulmonary	infections,	catheter-related	infections	and	
disseminated	infection	[20,	21].	This	organism	can	also	be	transferred	following	trauma,	 injections,	and	
augmentation	 mammoplasty	 and	 ultrasound	 hydrolipoclasia.	 Furthermore,	 in	 the	 field	 of	 orthopaedic	
surgery,	 M.fortuitum	 infection	 has	 been	 encountered	 only	 following	 prosthetic	 arthroplasty	 or	 fracture	
surgery	with	internal	fixation	[22,23].	
Water	has	been	proven	as	important	source	for	these	opportunistic	mycobacteria	[9	34,	24].This	fact	was	
illustrated	 by	 M. fortuitum furunculosis	 following	 footbaths	 and	 disseminated	 infection	 in	 leukemia	
patients	[25].	Warm	water	reservoirs	are	infested	with	M. fortuitum,	such	as;	foot	spas	which	are	caused	
infections	when	people	use	them	for	pedicure.	[22,	26].	
In	 the	 present	 study,	 of	 166	 water	 specimens	 collected	 from	 different	 sources,	 30	 were	 positive	 for	 M. 
fortuitum	in	culture.	This	suggests	that	the	risk	of	water	contamination	with	this	organism	is	high.		On	the	
other	hand,	a	high	rate	of	clinical	specimens	were	also	positive	for	M. fortuitum (63.15%)	which	indicates	
that	environmental	contacts	through	water	probably	is	the	cause	of	many	infections	with	this	organism	in	
human.	
Generally	our	study	shows	 the	 importance	of	 water	contamination	as	a	 potential	 pathogenic	source	 for	
patients	 with	 immune	 deficiency	 and	 suggests	 that	 more	 serious	 measures	 must	 be	 taken	 by	 health	
authorities	to	disinfect	the	water	sources	at	the	health	care	facilities.		
NTM	are	involved	in	causing	different	infections	and	some	of	them	cause	diseases	similar	to	tuberculosis.	
Treatment	 of	 patients	 infected	 with	 NTM	 is	 different	 from	 those	 infected	 M.  tuberculosis.	 Therefore,	
correct	and	rapid	identification	of	mycobacteria	at	species	level	is	important	for	treatment.	Identification	
of	 NTM	 by	 biochemical	 methods	 is	 time	 consuming	 and	 the	 interpretation	 of	 the	 results	 is	 a	 complex	
process.	 In	 contrast,	 molecular	 methods	 such	 as	 PRA	 targeting	 conserved	 loci	 such	 as hsp65	 gene	 of	
different	species	have	improved	the	sensitivity.	There	was	agreement	between	the	results	of	conventional	
phenotypic	 methods	 and	 hsp65	 PRA	 for	 identification	 of	 M. fortuitum	 in	 this	 study.	 Both	 methods	
indicated	 that	 55.55%	 of	 identified	 environmental	 species	 and	 63.15%	 of	 clinical	 specimens	 were	 M. 
fortuitum.	Comparing	species	abundance	in	this	study	is	in	agreement	with	the	previous	findings	in	Iran	
[27,	28].	In	Korea	and	U.S.A	and	in	many	parts	of	the	world,	Mycobacterium avium	Complex	(MAC)	is	the	
most	common	cause	of	infection	among	NTM	[29,	30,	31]. 
In	this	study	we	have	shown	that	among	methods	of	species	identification	in	mycobacterium	using	PRA	
on	colony	obtained	from	different	mycobacterium	with	replication	of	441	bp	was	faster	and	more	precise	
in	 compare	 with	 biochemical	 methods	 and	 if	 this	 method	 to	 be	 used	 on	 clinical	 specimen	 it	 helps	 in	
correct	 diagnosis,	 treatment	 and	 control	 of	 tuberculosis	 by	 preventing	 possible	 errors	 in	 determining	
species	and	also	by	reducing	time	of	diagnosis	and	on	the	other	hand	it	provides	more	precise	statistics	of	
outbreak	 of	 different	 MTM	 among	 clinical	 specimens.	 Since	 determining	 outbreak	 of	 different	 NTM	 in	
environmental	 specimens	 such	 as	 water	 in	 different	 geographical	 regions	 have	 always	 been	 of	 high	
importance,	using	PRA	in	this	case	can	also	pave	the	way	for	problems	in	species	identification.				
There	 are	 many	 factors	 that	 affect	 recovery	 of	 mycobacteria	 from	 water.	 These	 factors	 are	 including	
decontamination	methods	and	climate	conditions.	Given	the	increased	prevalence	of	immune	deficiency	
diseases	 in	the	community	and	the	presence	of	Mycobacteria	species	 in	environmental	samples	such	as	
different	aquatic	sources,	awareness	and	gaining	more	knowledge	about	species	dispersion	is	essential.		
	
REFERENCES	
1. Parashar,	D.,	Das,	R.,	Chauhan,	D.S.,	Sharma,	V.D.,	Lavania,	M.,	Yadav,	V.S.,	Chauhan,	S.V.S.,&Katoch,	V.M.	(2009).	

Identification	 of	 environmental	 mycobacteria	 isolated	 from	 Agra,	 north	 India	 by	 conventional	 &	 molecular	
approaches.	Indian.	J.	Med	Res.,	129:424-431.	

2. Kankya,	 C.,	 Muwonge,	 A.,	 Djønne,	 B.,	 Munyeme,	 M.,	 Opuda-Asibo,	 J.,	 Skjerve,	 E.,	 Oloya,	 J.,	 Edvardsen,	 V	
&Johansen,T.B.	(2011).	 Isolation	of	non-tuberculous	mycobacteria	 from	pastoral	ecosystems	 of	Uganda:	Public	
Health	significance.	Kankya	et	al.	BMC	Public	Health.,11:320	

3. http://www.biomedcentral.com/1471-2458/11/320	
4. Costaa,	 A.R.,	 Lopesa,	 M.L.,	 Furlanetoa,	 I.P.,	 Sousaa,	 M.S.,	 Limaa,	 K.B.V.	 (2010).	 Molecular	 identification	 of	

nontuberculous	mycobacteria	isolates	in	a	Brazilian	mycobacteria	reference	laboratory.	Diagnostic	Microbiology	
and	Infectious	Disease.,	68:390–394.	

Falsafi et al 



BEPLS Vol 4 [10] September   2015      67 | P a g e            ©2015 AELS, INDIA 

5. Buijtels,	 P.,	 Sande,	 M.A.B.,	 Graaff,	 C.S.,	 Parkinson,	 S.,	 Verbrugh,	 H.A.,	 Petit,	 P.L.C	 &Soolingen,	 D.	 (2009).	
Nontuberculous	Mycobacteria,	Zambia.	Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	15:	2.	

6. Chilima,	B.Z.,	Clark,	M.,	Floyd,	S.,	Fine,	P.E.M	&	Hirsch,	P.R.	(2006).	Distribution	of	Environmental	Mycobacteria	in	
KarongaDistrict,Northern	Malawi.	Applied	and	Enviromental	Microbiology.,	2343–2350.	

7. September,	 S.M.,	 Bro¨zel,	 V.S	 &	 Venter,	 S.N.	 (2004).	 Diversity	 of	 NontuberculoidMycobacterium	 Species	 in	
Biofilms	of	Urban	and	Semiurban	Drinking	Water	Distribution	Systems.	Applied	and	Enviromental	Microbiology.,	
7571–7573.	

8. Neumann,	M.,	Schulze-Ro¨bbecke,	R.,	Hagenau,	C	&Behringer,	K.	(1997).	Comparison	of	Methods	for	Isolation	of	
Mycobacteria	from	Water.	Applied	and	Enviromental	Microbiology.,	547–552.	

9. Heidarieh,	 P.,	 Shojaei,	 H.,	 Feizabadi,	 M.M.,	 Havaei,	 A.,	 Hashemi,	 A.,	 Ataei,	 B.,	 DaeiNaser,	 A.	 (2010).	 Molecular	
Identification	 and	 Conventional	 Susceptibility	 Testing	 of	 Iranian	 Clinical	 Mycobacterium	 fortuitumIsolates.	
Iranian	Journal	of	Basic	Medical	Sciences.,	13:1,210-215.	

10. Sajduda,	 A.,	 Martin,	 A.,	 Portaels,	 F.,	 Palomino,	 J.C.(2012).hsp65	 PCR-restriction	 analysis	 (PRA)	 with	 capillary	
electrophoresis	 for	 species	 identification	 and	 differentiation	 of	 Mycobacterium	 kansasii	 and	 Mycobacterium	
chelonae–Mycobacterium	abscessus	group.	International	Journal	of	Infectious	Diseases.,	16:e193–e197.	

11. Chang,	C.,	 Wang,	 L.,	 Liao,	 C	 &	 Huang,	S.	 (2002).	 Identification	 of	 Nontuberculous	 Mycobacteria	 Existing	 in	 Tap	
Water	 by	 PCR-Restriction	 Fragment	 Length	 Polymorphism.	 Applied	 and	 Enviromental	 Microbiology.,	 3159–
3161.	

12. Carson,	 LA.,	 Bland,	 LA.,	 Cusick,	 LB.,	 Favero,	 MS.,	 Bolan,	 GA.,	 Reingold,	 AL.,	 et	 al.	 (1988).	 Prevalence	 of	
nontuberculous	mycobacteria	in	water	supplies	of	hemodialysis	centers.	Appl	Environ	Microbiol.,	54:3122-5	

13. Steingrube,	 V.A.,	 Gibson,	 J.L.,	 Brown,	 B.A.,	 Zhang,	 Y.,	 Wilson	 R.WRajagopalan,	 M	 &	 Wallace,	 R.J.	 (1995).	 PCR	
amplification	 and	 restriction	 endonuclease	 analysis	 of	 a	 65-kilodalton	 heat	 shock	 protein	 gene	 sequence	 for	
taxonomic	separation	of	rapidly	growing	mycobacteria.	J.	Clin.	Microbiol.,33:149-153.	

14. Rahbar,	M.,Lamei,	A.,	Babazadeh,	H	&AfsharYavari,	S.	(2010).	Isolation	of	rapid	growing	mycobacteria	from	soil	
and	water	in	Iran.	African	Journal	of	Biotechnology.,	9(24):	3618-3621.	

15. Petroff,	S.A.	(1915).	A	new	and	rapid	method	for	the	isolation	and	cultivation	of	tubercle	bacilli	directly	from	the	
sputum	and	feces.	J	Exp	Med.,	1;21(1):38-42.	

16. Sharma,	B.,	Pal,	N.,	Malhotra,	B	&	Vyas,	L.	(2010).	Evaluation	of	a	Rapid	Differentiation	Test	for	Mycobacterium	
Tuberculosis	 from	 other	 Mycobacteria	 by	 Selective	 Inhibition	 with	 p-nitrobenzoic	 Acid	 using	 MGIT	 960.	 J	 Lab	
Physicians.,2(2):	89–92.	

17. Thomson,	R.M.,	Carter,	R.,	Tolson,	C.,	Coulter,	C.,	Huygens,	F	&	Hargreaves,	M.(2013).	Factors	associated	with	the	
isolation	 of	 Nontuberculous	 mycobacteria	 (NTM)	 from	 a	 large	 municipal	 water	 system	 in	 Brisbane,	 Australia.	
BMC	Microbiology.,13:89.	

18. Sampaio,	J.L.M.,	Chimara,	E.,	Ferrazoli,	L.,	Telles.	M.A.,	Del	Guercio,	V.M.F.,	Jerico´,	V.Z.N.,	Miyashiro,	K.,	Fortaleza,	
C.M.C.B.,	 Padoveze,	 M.C	 &Lea˜o,	 S.C.	 (2005).	 Application	 of	 four	 molecular	 typing	 methods	 for	 analysis	 of	
Mycobacterium	fortuitum	group	strains	causing	post-mammaplasty	infections.	2006	Copyright	by	the	European	
Society	of	Clinical	Microbiology	and	Infectious	Diseases.,	CMI,	12,142–149.10.1111/j.1469-0691.2005.01312.x	

19. Telenti,	 A.,	 Marcehesi,	 F.,	 Marianne,	 B.	 (1993).Rapid	 Identification	 of	 Mycobacteria	 to	 the	 Species	 Level	 by	
Polymerase	Chain	Reaction	and	Restriction	Enzyme	Analysis.JClinMicrobiol.,	31:	175-178.	

20. Covert,	 TC.,	 	 Rodgers,	 M.R,,	 Reyes,	 L.A.,	 	 Stelma,G.N.Jr.	 (1999).	 Occurrence	 of	 nontuberculous	 mycobacteria	 in	
environmental	samples.Appl	Environ	Microbiol.,65:2492-2496.	

21. Brown-Elliott,	 B.A,,Wallac,eR.J.Jr.	 (2002).	 Clinical	 and	 taxonomic	 status	 of	 pathogenic	 nonpigmented	 or	 late-
pigmenting	rapidly	growing	mycobacteria.ClinMicrobiol	Rev.,	15(4):716-746.	

22. [21].	 Smith,	 M.B.,	 Schnadig,	 V.J,	 Boyars,	 M.C,	 Woods,	 G.L.	 (2001).	 Clinical	 and	 pathologic	 features	 of	
Mycobacterium	fortuitum	infections.An	emerging	pathogen	in	patients	with	AIDS.Am	J	ClinPathol.,	116:225-232.	

23. Hetsroni,	I.,	Rosenberg,	H.,	Grimm,	P	&	Robert,	G.	(2010).	Mycobacterium	fortuitum	Infection	Following	Patellar	
Tendon	Repair.J	Bone	Joint	Surg	Am.,	92:1254-6.	

24. Gebo,	K.A.,	Srinivasan,	A.,	Perl,	T.M.,	Ross,	T.,	Groth,	A	&Merz,	W.G.	(2002).	Pseudo-outbreak	of	Mycobacterium	
fortuitumon	 a	 Human	 Immunodeficiency	 Virus	 Ward:Transient	 Respiratory	 Tract	 Colonizationfrom	 a	
Contaminated	Ice	Machine.	J	Clinical	Infectious	Diseases.	35.	

25. Wallace,R.J.Jr.,	 Brown-Elliott,	 B.A.,	 Wilson,	 R.V.,	 Mann,	 L.,	 Hall,	 L.,	 Zhang,	 Y.,	 Jost,K.C.Jr.,	 Brown,	 J.M.,	 Kabani,	 A.,	
Schinsky,	 M.F.,	 Steigerwalt,	 A.G,	 Crist,	 C.G.,	 Roberts,	 G.D.,	 Blacklock,	 Z.,	 Tsukamura,	 M.,	 	 Silcox,	 V.,	 Turenne,	 C.	
(2004).	Clinical	and	laboratory	features	of	Mycobacterium	porcinum	J	ClinMicrobiol.,	42:5689-5697.	

26. Kauppinen,	J.,	Nousiainen,	T.,			Jantunen,	E.,		Mattila,	R.,	Katila,	M.L.	(1999).	Hospital	water	supply	as	a	source	of	
disseminated	Mycobacterium	fortuitum	infection	in	a	 leukemia	patient.	Infect	Control	HospEpidemiol.,	20:343-
345.	

27. Sniezek,	P.J.,	Graham,	B.S.,	Busch,	H.B.,	Lederman,	E.R.,	 Lim,	M.L.,	Poggemyer,	K.,	et	al.	 (2003).	Rapidly	growing	
mycobacterial	infections	after	pedicures.	Arch	Dermatol.,	139:629-34.	

28. Shojaei,	H.,	Heidarieh,	P.,	Hashemi,	A.,	Feizabadi,	M.M,	DaeiNaser,	A.	(2011).		Species	identification	of	neglected	
nontuberculous	mycobacteria	in	a	developing	country.	Japanese	journal	of	infectious	diseases.,64(4):		265-271.	

29. Hashemi-Shahraki,	A.,ZakerBostanabad,	S.,	Heidarieh,	P.,	Titov,LP.,Khosravi,	A.,	Sheykhi,	N.,	Ghalami,	M.,	Nojoumi,	
SA.	(2013).	 	Species	Spectrum	of	Nontuberculous	Mycobacteria	 Isolated	 from	Suspected	Tuberculosis	Patients,	
Identification	by	Multi	Locus	Sequence	Analysis.	Infection,	Genetics	and	Evolution.,	14.	

Falsafi et al 



BEPLS Vol 4 [10] September   2015      68 | P a g e            ©2015 AELS, INDIA 

30. Simons,	S.,Ingen,	J.,	Hsueh,	P.R.,	Hung,	N.V,	Dekhuijzen,	P.N.R,	Boeree,	M.,	Soolingen,	D.	(2011).	Nontuberculous	
mycobacteria	in	respiratory	tract	infections,	eastern	Asia.	Emerging	infectious	diseases.,	17(3):	p.	343.	

31. Al-Mahruqi	SH,	Jakko	van	I,	Al-Busaiy	S,	 J.Boeree	M,	Al-Zadjali	S,	Patel	A,	Dekhuijzen	PNR,	Soolingen	D.(	2009).	
Clinical	relevance	of	nontuberculous	Mycobacteria,	Oman.Emerging	infectious	diseases.	15(2):	292.	

32. American	 Thoracic	 Society.	 (1997).	 Diagnosis	 and	 treatment	 of	 disease	 caused	 by	 nontuberculous	
mycobacteria.Am	J	RespirCrit	Care	Med.,	156:S1–S25.	

	

 
CITATION OF THIS ARTICLE 
Sarvenaz	 F,	 Saeed	 Z	 B,	 	 Mohammad	 M	 F	 ,	 Ramezan	 A	 K-N,	 Abdolrazagh	 H	 S,	 Nasrin	 S,	 Mostafa	 G,	 Isolation	 and	
Molecular	 Identification	 of	 Mycobacterium fortuitum isolates	 from	 Environmental	 water	 and	 clinical	 samples	 at	
different	regions	of	Iran.	Bull.	Env.	Pharmacol.	Life	Sci.,	Vol	4	[10]	September	2015:	63-68	

 

 
	

Falsafi et al 


