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Abstract 

Non-tuberculous mycobacteria (NTM) are commonly found in the environment. 
As exposure to environmental mycobacteria has been reported to immunomodulatory 
in this study, the presence of environmental mycobacteria was investigated in soil, 
drinking water and drainage sample in Ghatampur, India, which is known for high 
endemicity for leprosy. Soil, drinking water from the hand pumps/wells and also 
drainage water collected in pools was collected in clean containers and cultured for 
environmental mycobacteria. Samples were processed according to the protocol 
established earlier. 69 soil, 62 drinking water and 31 drainage water samples were 
analysed from soil and water collected from 48 villages of this field area. After 
decontamination, cultures were set upon Lowenstein Jensen (LJ) medium. Mycobacteria 
were identified using biochemical tests and molecular techniques such as PCR-RFLP 
targeting hsp65 kD and rpoB region as well as 16S ribosomal sequencing in case of isolates 
showing variable biochemical features. NTM (non-tubercular mycobacteria) were 
isolated from 47.82% of soil samples, 20.69% of drinking water samples and 19.35% of the 
drainage water samples, overall mycobacteria could be isolated 52/162 of samples 
(32.09%). Among these mycobacteria, M. fortuitum-chelonae complex was predominant in 
this area; other species isolated were M.phlei, M.vaccae, M.terrae and M.flavescens. 
Relevance of exposure to these mycobacteria on endemicity needs to be studied by 
immunological and epidemiological parameters. 
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Introduction 

Genus mycobacterium comprises of 
more than 133 species (Euzbey 2009). Genus 
mycobacterium forms a heterogenous group 
in terms of their occurrence in clinical or 
envi ronmenta l  mater ia l s ,  complex  
phenotypic and genotypic features and 
disease association (Roth et al 2000). Nearly 
one third of the known species are associated 
with human diseases (Katoch 2004, Katoch 
et al 2007). 

T h e  e f f e c t  o f  e n v i r o n m e n t a l  
mycobacterial interactions with humans 
resulting in increased or decreased immunity 
to infections are not yet well understood, 
much less with other pathogens or 
vaccinations. Thus mycobactcria may have 
far greater effects on humans than the 
clinically diagnosed mycobacterial infections 
(Primm et al 2004).

Several observations have indicated that 
environmental mycobacteria have important 
effects in leprosy and tuberculosis diseases. 
Routine culture of sputum specimens from 
suspected tuberculosis patients has revealed 
that the sputum commonly contains 
environmental mycobacteria (Fine et al 2001). 
Skin test and interferon-gamma response 
surveys have provided evidence that there is 
widespread but differential exposure to and 
sensitization by a variety of environmental 
mycobacterial antigens (Fine et al 2001, Black 
et al 2003) and have suggested that exposure 
to certain antigens of fast-growing 
environmental mycobacteria is associated 
with a reduced risk of leprosy and 
tuberculosis (Fine et al 2001). Experimental 
studies done in mice (Brandt et al 2002) and 
epidemiological studies done in humans 
(Stanford et al 1981, Fine et al 2001) suggest 
that exposure to various slow/rapid growing 
mycobacteria alters immune response to 
BCG.  Exposures  of  environmental  
mycobacteria is, thus, considered to be an 
important factor for the variable protection 

rate against TB (0-80%), by BCG vaccination 
in different regions of the world (Fine 1995). 
Chilima et al (2006) reported preponderance 
of M.fortuitum and M.chelonae in the 
environment of Malawi which was once 
endemic for leprosy.

The aim of our study was to isolate and to 
characterize the non-tubercular mycobacteria 
(NTM) from the environment of Ghatampur 
field area, also endemic for leprosy like 
Malawi.

Materials and Methods 

A total of 69 soil, 62 drinking water and 31 
drainage samples were collected from 
different pockets of varying endemicity of 
leprosy in Ghatampur region of Kanpur, 
India from February-October, 2004. Wet soil 
samples of approximately 5 g were collected 
from a depth of 3 cm and 50 ml water samples 
were collected from ditches, ponds in this 
region throughout the year in a sterile 
container (Himedia).

Processing of samples : Samples were 
processed by procedure optimized earlier by 
Parashar et al (2004). Soil was suspended in 
20 ml of double-distilled autoclaved water in 
centrifuge tubes. After being shaken 
manually for 60s, the suspension was 
centrifuged at 600 x g for 5 min at 4°C to pellet 
the soil particles. The turbid supernatant was 
transferred in another sterile centrifuge tube 
and centrifuged at 8,000 x g for 15 min at 4°C. 
Water samples were centrifuged at 8,000 x g 
for 15 min at 4°C. Pellets from the soil 
supernatant and water samples were 
resuspended in 20 ml of treatment solution 
(3% sodium dodecyl sulfate [SDS] plus 4% 
NaOH) and then divided into two parts: A 
and B. Part A was incubated at room 
temperature (RT) for 15 min to obtain the 
growth of rapid growers and part B was 
incubated at RT for 30 min to obtain the 
growth of slow growers. After incubation, 
both the suspensions were centrifuged at 
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8,000 x g for 15 min at 4°C and then the 
supernatants were decanted. Sediments were 
processed for 2% cetrimide treatment. Part A 
was treated with cetrimide at RT for 5 min to 
obtain the growth of rapid growers and part B 
was treated at RT for 15 min to obtain the 
growth of slow-growing mycobacteria. 
Longer treatment with cetrimide was found 
to be inhibitory for RGMs. A 0.1 ml sample of 
the suspension was inoculated on 
Lowenstein Jensen (LJ) slants in duplicate 
and incubated at 30°C and 37°C.

Organisms : A total of 52 environmental 
isolates of mycobacteria from soil, drinking 
water and drainage were obtained. These 
isolates were identified by biochemical tests 
(Vestal 1977) and PCR-RFLP for hsp65 
(Telenti et al 1993) and rpoB (Kim et al 2001)  
genes. Reference control strains of 
M.fortuitum N-2, M. chelonae J-31, M. phlei 
N-14 and M. vaccae J-28 were used as controls 
for PCR-RFLP analysis. 

Identification by phenotypic methods : 
Phenotypic characterization was carried out 
by determining growth rate and pigment 
production for each isolate. Each isolate was 
incubated at 37°C. Biochemical tests such as 
nitrate reduction, catalase production at 
68°C, iron uptake, 5% NaCl tolerance, Tween 

rd thhydrolysis, aryl sulfatase at 3  and 14  day 
and MacConkey agar were performed for 
identification of these isolates (Vestal 1977). 

Identification by molecular methods :

Isolation of DNA : DNA was extracted 
by physiochemical procedure using 
lysozyme and proteinase K (van Soolingen et 
al 1991) followed by chloroform isoamyl 
alcohol (24:1) extraction. After a brief 
centrifugation at 8,000 x g for 5 min, the upper 
phase was collected. DNA was then 
precipitated with 0.6 volume of isopropanol, 
washed  wi th  ch i l l ed  e thanol  and  
resuspended in 25 µl of Tris-EDTA buffer 
(pH-8.0) before being used for PCR. 

PCR-RFLP analysis targeting hsp65 
gene target : PCR reactions were performed 
in 50µl reaction mixtures consisting of 5µl of 

-1DNA template, 0.2m mol l  deoxynucleoside 
-1triphosphates, 0.5 µmol l  primers for hsp65 

kD and 1.5U Taq polymerase (Bangalore 
Genei, Bangalore, India). 439 bp fragment 
was amplified by using primers and 
procedure described by Telenti et al (1993). 
The forward primer for hsp65 was Tb11, 
5-'ACCAACGATGGTGTGTCCAT-3' and 
the  reverse  pr imer  was  Tb12 ,  5 ' -  
CTTGTCGAACCGCATACCCT-3'. The PCR 
conditions for hsp65 gene were 95°C for 5 min 
followed by 45 cycles of 95°C for 1 min, 56°C 
for 1 min and 72°C for 1 min and then a final 
extension at 72°C for 10 min.

PCR-RFLP analysis targeting rpoB gene 
target : PCR reactions were performed using 
the primers (20pmol) and experimental 
conditions were described by Kim et al 
(2001). Forward primer for rpoB gene was 
rpoB1, 5'-CGACCACTTCGGCAACCG-3' 
and the reverse primer was rpoB2 ,  
5'-TCGATCGGGCACATCCGG-3' PCR 
conditions were 95°C for 5 min followed by 30 
cycles of 95°C for 30 sec, 60°C for 30 sec and 
72°C for 45 sec and then final extension at 
72°C for 10 min. 

PCR-RFLP : The PCR products were 
analyzed on 2% agarose gels, electro-
phoresed and photographed. The amplified 
products of hsp65 and rpoB gene regions were 
digested with 5U of different restriction 
enzymes like HaeIII (hsp65 and rpoB) 
and BstEII (hsp65) according to the 
recommendations of the manufacturers and 
electrophoresed for 4 hrs at 1.2 V/cm. 
Fragment sizes were estimated visually by 
gel documentation system using Quantity 
One software (Bio-Rad). 

Statistical analysis : Data obtained from 
experiments were analyzed to calculate the 
sensitivity of each method and also 
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concordance among different methods. 
Statistical analysis was performed using 
SPSS package; Q-test, Cochran's test was 
used to study significance (p< 0.02 and 
p< 0.05).

Nucleotide sequencing : Mycobacterial 
16S rRNA gene (Edward et al 1989) was 
amplified from the isolates of environmental 
samples were recovered from agaroge gel 
after electrophoresis using a Qiagen Gel 
Extraction Kit (Qiagen). Determination of 
sequences was performed using a Big Dye 
Terminator Cycle Sequencing FS Ready 
Reaction kit (Perkin Elmer).

Results

In this study, NTM were isolated from 52 
of the 162 samples analyzed from Ghatampur 
region. 

Distribution of  non-tubercular  
mycobacteria (NTM) : The occurrence of 
NTM in soil samples was found more 
(47.82%) in comparison to drinking water 
(20.96%) and drainage (19.35%) (Table 1). 
44 isolates out of 52 belonged to M. fortuitum- 
chelonae complex and was the most 
frequently isolated NTM from soil.

Characterization of isolates : These 
isolates were identified to the species level by 
biochemical and PCR-RFLP targeting 65 kD 
heat shock protein (hsp65) and rpoB gene 
followed by RFLP analysis using the 
restriction enzymes HaeIII and BstEll. 40/52 
(78.84%) of isolates could be identified by 
biochemical tests. PCR-RFLP targeting hsp65 
gene region could identify 90.38%, assay 
targeting rpoB gene region could identify 
78.84% isolates correctly whereas together 
these could identify 96.15% (Table 2, Figs 1 
and 2). Only two isolates (3.8%) one 
M. fortuitum and one M. chelonae could not be 
identified by any of the systems and were 
confirmed by 16S rRNA sequencing.
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Sample source  No. (%) of samples
(No. detected) with mycobacteria

Soil (69) 33 (47.82%)

Drinking water (62) 13 (20.96%)

Drainage (31) 6 (19.35%)

Total (162) 52 (32.09%)

Table 1:  Occurrence of NTM 
according to sources

Table 2 : Sensitivity of the three methods for species identification 

Species Reference Biochemical PCR-RFLP
tests

    hsp65 kD         rpoB

N N % N % N %

M. fortuitum 34 28* 82 30* 88 26* 76
# # #M. chelonae 10 06  60 09  80 07  70

M. phlei 02 02 100 02 100 02 100

M. vaeeae 04 04 100 04 100 04 100

M. terrae 01 0 0 01 100 01 100

M. flavescens 01 01 100 01 100 01 100

#Q-Cochran test, * p < 0.02,  p < 0.05

N: Number of isolates 



PCR-RFLP targeting hsp65 gene region 
was found more sensitive than rpoB. This 
technique identified 30 out of 34 M. fortuitum 
isolates while the rpoB and the biochemical 
tests only identified 26 and 28 isolates of 
M. fortuitum respectively. This was due to the 
observation of 4 unusual patterns. These 
could be subtypes within the same species. 

Discussion 

Environmental mycobacteria are 

common heterotrophic bacteria in soils and 

other natural reservoirs. Some species may 

cause infections similar to tuberculosis in 

humans and animals (Primm et al 2004). They 

pose risk of severe infections in individuals 

with immunocompromising conditions. The 

pathogenic rapidly growing mycobacteria 

(RGM), capable of producing disease in 

humans, consist primarily of the M.abscessus, 

M.chelonae, M.fortuitum and M.smegmatis 

group (Katoch et al 2007). In our study, we 

found that environmental mycobacteria are 

common in soil, drinking water and drainage 

in Ghatampur area of Kanpur. The complex 

effects of environmental mycobacterial 
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Fig 1 : PCR-RFLP targeting hsp65 kD gene
restricted with HaeIII enzyme

Lane 0: Uncut, Lane 1: M. chelonae  Lane 2: M. 
fortuitum, Lane 3-5: M. chelonae, Lane 6: M. chelonae 
by 16S rRNA sequencing, Lane 7: M. chelonae, 
Lane 8: M. fortuitum, Lane 9: M. fortuitum, Lane 10: 
M. fortuitum standard, Lane 11: M. chelonae 
standard, Lane 12: 100 bp ladder

,

Fig 2 : PCR-RFLP targeting rpoB gene 
restricted with HaeIII enzyme

Lane 0: Uncut, Lane 1: M. fortuitum  Lane 2: 
M. fortuitum, Lane 3: M. fortuitum, Lane 4: 
M. fortuitum, Lane 5: M. fortuitum, Lane 6: 
M. chelonae, Lane 7: M. chelonae, Lane 8: 
M. fortuitum, Lane 9: M. fortuitum, Lane 10: 
M. fortuitum standard, Lane 11: M. chelonae 
standard, Lane 12: 100 bp ladder 

,

Table 3 : Recovery of NTM species categorized by sample source

Species isolated Soil Drinking water Drainage Total

M. fortuitum 20 10 04 34

M. chelonae 05 03 02 10

M. phlei 02 - - 02

M. vaccae 04 - - 04

M. terrae 01 - - 01

M. flavescens 01 - - 01

1000 bp

200 bp

100 bp

1000 bp

300 bp

200 bp

100 bp

342 bp
439 bp



interaction with humans resulting in the 

alteration in the immunity to tuberculosis 

and leprosy have been suggested but are not 

yet well understood (Stanford et al 1981, 

Primm et al 2004). Mycobacteria may have 

greater effects on humans than the clinically 

diagnosed mycobacterial infections. 

Identification of RGM isolates by the 

PCR-RFLP technique provided identification 

within 2 to 3 working days upon receiving the 

isolate which was significantly faster than 

conventional methods (which required 2-4 

weeks). The time difference was largely 

accounted for the biochemical tests needed 

for the identification by conventional 

methods. After the completion of long and 

time consuming procedure, we found in 21% 

of the isolates, the results were ambiguous 

due to variation in enzymatic activity and 

phenotypic characteristics. In our study, 

these variations made the situation 

particularly difficult in the identification of 

species belonging to the M.fortuitum and 

M.chelonae. PCR-RFLP targeting both hsp65 

and rpoB gene region and 16S rRNA 

sequencing identified these isolates. Of the 52 

isolates, 50 were identified by these methods. 

NTM were isolated from 32.09% of all 

samples. NTM were isolated from 47.82% 

from soil, 21% from drinking water and 

19.36% from drainage samples. Only two 

NTM species (M. flavescens and M. terrae) 

were isolated only from soil samples whereas 

others were present in all the sources. The 

most frequently occurring species in this 

were M. fortuitum 34/52 (65.38%) followed by 

M. chelonae 10/52 (19.23%), M. phlei 2/52 

(3.8%) and M. vaccae 2/52 (7.6%). 

PCR-RFLP targeting hsp65 gene region 

could achieve efficient identification of most 

of our mycobacterial isolates. Our data 

clearly indicate the superiority of the 

PCR-RFLP using hsp65  (90.38%) in 

comparison to rpoB gene region (78.84%) for 

the identification of rapid growing 

mycobacteria compared to conventional 

techniques (78.84%) which has also been 

reported in other studies (Wong et al 2003, 

Kim et at 2005, Cheunoy et al 2005). As 

reported by Wong et al (2003) PCR-RFLP 

targeting hsp65 gene region could identify 

100% of M. tuberculosis isolates and 74.5% of 

nontuberculous mycobacteria (NTM). 

Cheunoy et al (2005) reported that the 

concordant percentage of results obtained 

from PCR-REA compared with biochemical 

method was 100%, 98.8%, and 83.3% for M. 

tuberculosis complex, rapidly growing and 

slowly growing mycobacteria respectively 

and the results of hsp65 PCR-REA was in 

agreement with those obtained from rpoB 

PCR-REA. Therefore we can say that the 

characterization of environmental isolates 

were variable from area to area.

In our study, sequencing was required 

only for identification of limited number of 

isolates (3.8%). In addition, RFLP analysis 

and direct sequencing of the amplicon of 

NTM could be used for species identification. 

Though not relevant to this study, the faster 

turnaround time will enable clinicians to 

provide a more rapid diagnosis and enable 

them to administer the appropriate therapy.

As highlighted above, M. fortuitum and 

M. chelonae mycobacterial species were 

most prevalent in the environment of 

Ghatampur region and such findings 

correlate with a results of study done at 

Malawi which was once endemic for leprosy 

(Chilima et al 2006). Preponderance of 

M. fortuitum and M. chelonae in the 

environment of Ghatampur as well as Malawi 

points to possible common influences of 

these species on endemicity of leprosy. 

This, however, needs to be investigated by 

using appropriate immunological and 

epidemiological parameters.
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