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Background & objectives:  Mycobacterium w (M.w) is a saprophytic cultivable mycobacterium and 
shares several antigens with M. tuberculosis. It has shown good immunomodulation in leprosy patients. 
Hence in the present study, the efficacy of M.w immunotherapy, alone or in combination with multi drug 
chemotherapeutic regimens was investigated against drug sensitive M. tuberculosis H37Rv and three 
clinical isolates with variable degree of drug resistance in mice.
Methods: BALB/c mice were infected with M. tuberculosis H37Rv (susceptible to all first and second line 
drugs) and three clinical isolates taken from the repositary of the Institute. The dose of 200 bacilli was 
used for infection via respiratory route in an aerosol chamber. Chemotherapy (5 days/wk) was given 
one month after infection and the vaccinated group was given a dose of 1x107 bacilli by subcutaneous 
route. Bacterial load was measured at 4 and 6 wk after initiation of chemotherapy. 
Results: M.w when given along with chemotherapy (4 and 6 wk) led to a greater reduction in the 
bacterial load in lungs and other organs of TB infected animals compared to. However, the reduction was 
significantly (P<0.05) more in terms of colony forming units (cfu) in both organs (lungs and spleen). 
Conclusion: M.w (as immunomodulator) has beneficial therapeutic effect as an adjunct to 
chemotherapy.
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	 Tuberculosis (TB) is an air borne communicable 
disease caused by Mycobacterium tuberculosis. 
Despite five decade of control programmes and the 

availability of efficacious drugs, TB still kills about 
two million people annually1. TB control is further 
complicated by its unfortunate synergism with human 
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immunodeficiency virus (HIV)2 and is the most 
common cause of morbidity and mortality in HIV 
positive patients. There is an alarming rise of incidence 
linked to the devastating impact of HIV epidemics, 
population movement and deficiencies of current 
tuberculosis control programme. The estimates of the 
global burden of disease caused by TB in 2009 are: 
9.4 million incident cases (range, 8.9-9.9 million), 
14 million prevalent cases (range, 12-16 million), 1.3 
million deaths among HIV-negative people (range, 
1.2-1.5 million) and 0.38 million deaths among HIV-
positive people (range, 0.32-0.45 million)3. In India, 
about 2.0 million people develop tuberculosis every 
year and the TB mortality in the country has reduced 
from over 42/100,000 population in 1990 to 23/100,000 
population in 20104.

	 Variable protective efficacies of vaccination with 
M. bovis BCG have been reported from different parts of 
the world5. During the last decade, extensive work has 
been done on the development of potential tuberculosis 
vaccine candidates using the mice and guinea pig 
models, and more than 200 candidate vaccines have 
been tested. Some of the promising candidates have 
been identified and at least nine vaccines have entered 
in clinical evaluation process. However, there is a need 
to continue the search for development of much better 
animal models of chemotherapy and latency, additional 
vaccine candidates or vaccination strategies and testing 
them in human subjects6,7. Immunotherapy need to be 
investigated especially in multi drug resistant disease 
as well as for improving the cure rates by eradication 
of persisters, but all these aspects can be considered 
only after adequate experimentation8. Hence novel 
vaccination strategies are warranted.

	 Mycobacterium w (M.w) is a saprophytic soil 
cultivable mycobacterium, which shares several 
antigens with M. tuberculosis and M. leprae. 
Mycobacteriu w (M.w) named as Mycobacterium 
indicus prani9, was isolated from sputum of a patient 
and Talwar and his team demonstrated that vaccination 
of mice with killed Mycobacterium w protected the 
animals against subsequent tuberculosis10. Further, it 
has been observed that the addition of immunotherapy 
(both BCG and M.w) to chemotherapy specially in 
highly bacillated cases of leprosy helped in achieving 
faster bacteriological and histological response11,12. 
Immunization with Mycobacterium w followed by M. 
tuberculosis infection showed protection from TB in 
BCG non responder strains of mice13. Promising effect 
of addition of immunotherapy with M.w has also been 

reported in pulmonary tuberculosis cases14. Studies in 
animals (different animal models like mice, guinea 
pigs, etc.) need to be done to evaluate the beneficial 
therapeutic effects of M.w vaccine in drug resistant 
tuberculosis.

	 The present study was thus undertaken to evaluate 
the efficacy of M.w vaccine alone and in combination 
with different anti-tuberculosis agents in murine model 
of TB against different drug resistant isolates of M. 
tuberculosis.

Material & Methods

Drugs & isolates: 

	 Isoniazid (INH), rifampicin (RIF), ethambutol 
(ETM), pyrazinamide (PZA), cyclosyrine (Cs), 
para amino salisalic acid (PAS), amikacin (Ak), and 
ethionamide (ETH) were purchased from Sigma 
Chemical Co., USA. Moxifloxacin (MXF) was provided 
by Bayer, Milan, Itlay. RIF and ETH were dissolved in 
dimethyl sulphoxide and was subsequently diluted in 
distilled water. INH, PZA, Cs, Ak, PAS were dissolved 
in distilled water, MXF was dissolved in 0.1M NaOH 
and was subsequently diluted in distilled water. M. w 
was purchased from Cadila Pharmaceuticals Ltd. (Le 
Sante) Ahmedabad, India. M. tuberculosis H37Rv 
(TMC 102, which is susceptible to all first-line as well 
as second line drugs) and three clinical isolates (ICC 
2910,ICC 2908,ICC 2903) of M. tuberculosis (which 
were isolated from the patients) were taken from 
repository of National JALMA Institute for Leprosy 
and Other Mycobacterial Diseases, Agra. The identity 
of the clinical isolates was confirmed by PCR-RFLP 
detection based on primers rpoB15 and hsp 65 kD16 and 
1.8 kd fragment of 16-23S rRNA region17. The MICs 
of isolates against INH, RIF, ETM, PZA, Cs, PAS, Ak, 
Eth and MXF. were determined by Resazurin microtitre 
assay (REMA) method18,19.

	 Sequencing of katG and rpoB from M. tuberculosis 
isolates included in the study - Oligonucleotides used 
in PCRs are given in Table I. PCR was performed in 
the reaction volume of 20 μl, which contained 1X 
buffer [200 mM Tris-Cl (pH 8.0), 500 mM KCl and 
25 mM MgCl2], 0.2 mmol of each deoxynucleotide 
(dATP, dGTP, dCTP, dTTP), 10 pmol of each primer 
(10 pmol/μl), 1.5U of Taq DNA polymerase and 
target sample. The PCR assay was carried out in a 
DNA thermal cycler (ABL, USA) using the following 
amplification conditions; 5 min at 94°C, followed by 
35 cycles, each of 1 min at 94°C, 1 min at 60°C and 
1 min at 72°C, with a final extension of 10 min at 72°C 
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for rpoB and 5 min at 94°C, followed by 35 cycles, 
each of 1 min at 94°C, 1 min at 55°C and 1 min at 72°C 
for katG, with a final extension of 10 min at 72°C. PCR 
products were electrophoresed in 1.5 per cent agarose 
gel and visualized under UV light and photographed. 
Each amplification yielded one band of the expected 
molecular size. The resulting PCR-amplified products 
of 414 and 350 bp for katG and rpoB, respectively, 
were gel purified using Qiagen kit (Germany) and used 
for direct sequencing (Applied Biosystems).

In vivo experiments:

	 Mice - BALB/c mice were bred in the Experimental 
Animal Facility at National JALMA Institute for 
Leprosy and Other Mycobacterial Diseases, Agra. The 
adult (8 to 10 wk old or 20-22 g weight) mice were 
kept in sterile isolators in the biohazard animal unit of 
BSL-3 Laboratory. Permission was obtained from the 
Institute’s Animal Ethical Committee for carrying out 
this study.

	 Bacteria and infection - M. tuberculosis H37Rv 
and the three MDR M. tuberculosis isolates were 
grown to mid-log phase in Middlebrook 7H9 medium 
(Difco Laboratory, USA), supplemented with 10 per 
cent; albumin dextrose catalase (ADC); (Difco Lab.) 
at 37°C. The turbidity of the cultures were adjusted to 
Mc Farland standard No.1 and the inoculum size was 
confirmed by titration and spotting serial dilutions on 
Middlebrook 7H11 plates supplemented with 10 per 
cent oleic acid albumin dextrose catalase (OADC) 
enrichment. The plates were incubated at 37°C for 4 
wk prior to counting of colonies.

	 Culture was diluted in sterile saline containing 
0.04 per cent tween 20 and clumping was disturbed 
by 20 repeated aspirations through a 29-gauge needle. 
Pulmonary infection of mice with M. tuberculosis 

was performed using aerosol generator as described 
previously20. Four groups of infected mice (6/group) 
were monitored regularly for clinical status.

Treatment: The treatment of the mice was started after 
one month of infection. Treatment by combination was 
given 5 days per week for 4 and 6 wk. All drugs except 
Ak, which is an injectable drug, were administered by 
gavage. The concentrations of drugs were as follows: 
mice infected with M. tuberculosis H37Rv, INH 5 mg/
kg, RIF 10 mg/kg, EMB 15 mg/kg and PZA 25 mg/kg 
body weight; mice infected with M. tuberculosis ICC 
2910, PAS 150 mg/kg, EMB, Cs, MXF and Ak 15 mg/
kg body weight; mice infected with M. tuberculosis 
ICC 2903, PZA 25 mg/kg, EMB, MXF, and Ak 15 mg/
kg body weight and mice infected with M. tuberculosis 
ICC 2908, PAS 150 mg/kg, Cs, MXF, Ak and ETH 
15 mg/kg body weight. Mycobacterium w (M.w) was 
administered subcutaneously at 1 x 107 bacilli/mouse 
both alone and in combination with drugs7. A booster 
dose was given two wk after the first dose. Animals 
were not administered pyridoxin along with isoniazid.

Bacterial load in tissues: Bacterial loads in the lungs 
and spleen of infected as well as treated mice were 
evaluated at two days after completion of treatment 
and two week later. The mice were sacrificed and their 
organs were homogenized in 1 ml of normal saline 
containing 0.04 per cent of tween 20. Ten-fold serial 
dilutions of homogenates were plated in duplicates on 
to Middlebrook 7H11 agar plates supplemented with 10 
per cent OADC and incubated at 37oC for one month. 
The colonies were counted after incubation period and 
expressed as log10 cfu/g tissue. 

Statistical analysis: Student t-test was applied to find 
out the differences among different groups of animals.

Results & Discussion

In vitro evaluation of drugs and gene sequencing of MDR 
isolates: The susceptibility pattern of M. tuberculosis 
H37Rv, and three M. tuberculosis isolates (ICC 2910, 
ICC 2908 and ICC 2903) was evaluated against 
different drugs. M. tuberculosis isolate ICC 2910 was 
resistant to INH, RIF and STR. M. tuberculosis isolate 
ICC 2908 was resistant to INH, RIF, ETM, STR and 
OFL. M. tuberculosis ICC 2903 was resistant to INH 
and RIF, while M. tuberculosis H37Rv was susceptible 
to all drugs (Table II). Mutations in the hot-spot 
regions of various loci were characterized. Mutation in 
rpoB gene from TCG->TTG at 531 codon was found 
in both ICC 2910 and ICC 2903 isolates while in ICC 
2908 mutation was found CAG->AAC at 526 codon. 

Table I. Oligonucleotides employed to amplify or sequence rpoB and katG 
genes of M. tuberculosis isolates

M. 
tuberculosis 
gene

Optimum 
annealing 
temp (OC)

PCR primers

Orienta-
tiona

Sequences (5’-3’)b

Rv2565 
(katG)

55 FP CGAGGAATTGGCCGACGAGTT
RP CGGCGCCGCGGAGTTGAATGA

Rv1460 
(rpoB)

60 FP GGGAGCGGATGACCACCC
RP GCGGTACGCCGTTTCGATGGAC 

aOligonucleotide used for PCR amplification (FP, forward primer, RP 
reverse primer); bOligonucleotide sequences based on (Siddiqui et al28)
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Mutation at these codons are correlated with high 
degree of rifampicin resistance21. A common mutation 
from CGG->CTG at 463 codon was found in katG in 
both ICC 2910 and ICC 2903 isolates (Table II).

In vivo comparison of INH+RIF+ETM+PZA, 
immunotherapy alone and in combination 
against M. tuberculosis H37Rv: The activity of 
INH+RIF+ETM+PZA alone, with M. w and in 
combination of drugs with M. w against M. tuberculosis 
H37Rv murine model was examined in 4 and 6 wk 
treatment. In the beginning, the bacillary load (mean 
log10 cfu) in lungs and spleen were 4.86 + 0.167 and 
2.124 + 0.152, respectively in untreated mice (Fig. 1a). 
After 4 wk of treatment, the mean cfu for the M. w 
vaccinated mice was significantly lower (P<0.05) than 
those for both lungs and spleens of early control groups. 
Although, the drug treated mice had better activities 
alone but in combination with M.w, a significant 
reduction in the number of M. tuberculosis organisms 
was observed in both lungs and spleen. The differences 
in organ cell counts between groups receiving drugs 
alone and in combination with M. w were significant 
different (P<0.05).

	 At 6 wk, drugs alone, or in M. w combination 
reduced the bacillary load in lung (from log10 2.56 + 
0.44 to 1.80 + 0.56) (P<0.05) while the reduction in 
spleen was much less (no cfu seen). On the other hand, 
in immunotherapy group, the reduction in lungs and in 
spleen was much less compared to drug treated as well 
as drug combination with M. w group (P<0.05).

In vivo comparison of PAS+EMB+Cs+MXF+Ak, 
immunotherapy alone and in combination 
against M. tuberculosis ICC 2910: The activity 
of PAS+EMB+Cs+MXF+Ak, M. w alone, and in 
combination were studied against M. tuberculosis ICC 
2910 (which is a INH, RIF, STR and OFL resistant 
strain). At the beginning of the treatment, the bacillary 
load was log10 5.22 ± 0.20 cfu in lung and log10 2.57 
±  0.43 cfu in spleen of untreated mice (Fig. 2). After 
4 wk of immunization, Immuno + Chemo group was 
significantly different in terms of bacilli in the lungs 
when the counts were compared to early control groups 
but similar to Chemo as well as Immuno treated groups 
(Fig. 2a and b). After 4 and 6 wk, the mice treated with 
drugs in combination with M. w had comparatively 
better clearance of bacilli from lungs than drugs 
alone as well as immuno group; however, the values 
in lung and spleens were only statistically significant 
(P<0.05) after 6 wk as well as spleens drug treated and 
immunotherapy group compared with other groups as 
shown in Fig. 2. Ta
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In vivo comparison of EMB+PZA+MXF+Ak, 
immunotherapy alone and in combination against M. 
tuberculosis ICC2903: The activity of drug treated 
(EMB+PZA+MXF+Ak), immunotherapy alone and 
in combination was studied in M. tuberculosis ICC 
2903 (which is resistant to INH and RIF) and in the 
beginning of treatments, the mean load was log10 4.68 
± 0.167 cfu and log10 2.042 ± 0.29 cfu in lungs and 
spleen respectively of untreated mice. After 4 wk of 
immunization with M. w, the bacillary load decreased 
significantly (P<0.05) in lungs and spleens compared to 
respective early control groups. EMB+PZA+MXF+Ak 
treated group also showed significant (P<0.05) 
reduction in bacillary load both in lung and spleen 
but in combination with M. w, the reduction in the 
number of M. tuberculosis organisms was more (Fig. 
3a). Two additional weeks of treatment further reduced 
significantly the numbers of the mean cfu in both organs 
of the mice of drug treated, and drug and immunothery 
group. The mean cfu values for the M. w combination 
group were significant lower (P<0.05) than those for 
drug alone in both organs (Fig. 3b).

In vivo comparison of PAS+Cs+MXF+Ak+ETH, 
immunotherapy alone and in combination M. 
tuberculosis ICC 2908: The activity of PAS-Cs-MXF-
Ak-ETH or M. w alone and in combination was studied 

Fig. 1. Mean (n=6) ± SD of M. tuberculosis strain H37Rv in lungs 
and spleen of infected mice after once-daily treatment for 5 days 
per week for 4 (a) and 6 wk (b) with INH+RIF+ETM+PZA. EC, 
early control; LC, late control; Chemo, chemotherapy; Immuno, 
immuntherapy; Chemo + Immuno, chemotherapy + immunotherapy. 
a, b and c are statistically significant (P<0.05).

after 4 and 6 wk in mice infected with M. tuberculosis 
ICC 2908, resistant to INH, RIF, ETM, STR and OFL. 
Four and six wk treatment with PAS-Cs-MXF-Ak-
ETH reduced the mean cfu more in both lung and 
spleen of mice than those mice given no treatment 
(P<0.05), but in the M. w combination treated group 
the reduction was statistically more in lung as well than 
the drug treated group (P<0.05). Treatment alone with 
M. w also significantly (P<0.05) reduced the mean 
cfu in the lung and spleen compared with untreated 
mice. However, difference in cell counts between drug 
treatment alone and M. w combination treated groups 
was not significant (Fig. 4). 

	 Chemotherapy of tuberculosis caused by multi drug 
resistant strains is limited to relatively inefficacious 
and toxic drugs22. Besides direct bactericidal activity, 
long-term effectiveness is one of the most important 
features which needs to considered while developing 
newer drugs for chemotherapy23. In vitro susceptibility 
data coupled with evaluation of agents against 
Mycobacterium isolates in the murine system are 
expected to provide important information for clinical 
trials24. 
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(a)

(b)

Fig. 2. Mean (n=6) + SD of M. tuberculosis MDR strain ICC 2910  
in lungs and spleen of infected mice after once-daily treatment for 5 
days per week for 4 (a) and 6 wk (b) with PAS+EMB+Cs+Ak. EC, 
early control; LC, late control; Chemo, chemotherapy; Immuno, 
immuntherapy; Chemo + Immuno, chemotherapy + immunotherapy. 
a ,b and c are statistically significant (P<0.05).

(b)

(a)



	 Vaccination of mice with killed Mycobacterium 
w has been shown to protect the animals against 
subsequent tuberculosis10,11,25. Thus Mycobacterium w, 
as immunomodulator with chemotherapy was included 
in this study as an important tool to treat MDR-TB in 
murine model.

	 The regimen containing Ak, PZA, MXF, and ETH 
is currently the most potent one against MDR-TB in 
the mouse model10. By using this regimen, lung and 
spleen cultures have been reported to be negative in 
a significantly shorter treatment duration (9 months) 
than the conventional TB regimen consisting of 
streptomycin, INH, and ethambutol, which failed to 
render the organ culture negative even after 12 months 
of treatment26. However, use of this regimen in humans 
is less preferred due to its poor efficacy than RIF-
INH-PZA, and hepatotoxicity associated with ETH- 
pyrazinamide combination27.

	 In the chemotherapy group of mice infected with 
H37Rv, after 6 wk a 3 log reduction in cfu in lungs 
was seen while spleens were culture negative. On the 
other hand, the different regimens used against MDR 
strains significantly reduced the bacterial load from the 
lungs (ranging from 1.2 to 2 log) but the reduction was 
not significant in spleen (ranging from 0.3 to 0.8 log). 
Among the different chemotherapy regimens used in 

MDR infected mice PAS-Cs-MXF-Ak regimen (which 
is used against INH, RIF, ETM, STR and OFL resistant 
strain) was most effective. 

	 To validate the effect of M. w immunotherapy, 
M. w alone and in combination with drugs against 
susceptible and MDR isolates of M. tuberculosis were 
tested in murine model. In M. w treated mice infected 
with H37Rv, after 6 wk of therapy, a reduction was 
seen in lung as well as spleen (1.8 log and 1.1 log 
cfu, respectively) though it was less compared to the 
chemotherapy. On the other hand, in MDR isolates, 
reduction of 1 to 1.6 log cfu in lungs and 0.2 to 0.9 log 
cfu in spleen of vaccine treated groups was observed. 
These results suggested that the immunotherapy though 
killed the tuberculosis bacilli, but the rate of killing was 
much slower compared to chemotherapy. 

	 When immunotherapy (M. w) was given along 
with chemotherapy, there was reduction of 4 log cfu 
in lungs of H37Rv infected mice whereas the spleens 
were cultures negative after 6 wk of treatment. With 
MDR isolates, this combination made a reduction of 
1.6 to 2.3 log cfu in lungs while in spleens the reduction 
ranged from 0.8 to 1.7 log cfu. Thus immunotherapy 

Fig. 3. Mean (n=6) ± SD of M. tuberculosis MDR strain ICC 2903  
in lungs and spleen of infected mice after once-daily treatment for 
5 days per week for 4 (a) and 6 wk (b) with EMB+PZA+MXF+Ak. 
EC, early control; LC, late control; Chemo, chemotherapy; 
Immuno, immuntherapy; Chemo + Immuno, chemotherapy + 
immunotherapy. a,b and c are statistically significant (P<0.05%).
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(a)

(b)

Fig. 4. Mean (n=6) + SD of M. tuberculosis MDR strain ICC 
2908  in lungs and spleen of infected mice after once-daily 
treatment for 5 days per week for 4 (a) and 6 wk (b) with PAS+ 
MXF+Cs+Ak+Ethio. EC, early control; LC, late control; Chemo, 
chemotherapy; Immuno, immuntherapy; Chemo + Immuno, 
chemotherapy + immunotherapy. a,b and c are statistically significant 
(P<0.05).

(a)

(b)



with chemotherapy resulted in better reduction in cfu 
in both lungs and spleen compared to chemotherapy/
immunotherapy alone.

	 The organisms used in this study were found to 
be differentially resistant to anti-TB drugs. It is likely 
that quantitative susceptibility testing of isolates would 
provide information useful in designing treatment 
regimens from individuals infected with resistant 
organisms. Furthermore, individuals may benefit from 
immunization with M. w, as a significant decrease in 
numbers of M. tuberculosis lesions and bacillary load in 
lungs and spleens was observed in immunized mice.

	 In conclusion, Mycobacterium w, as 
immunomodulator with chemotherapy could be an 
important tool to treat MDR-TB in mouse model. 
Immunotherapy alone had limited role in the treatment 
as was evident in the study. The findings point towards 
a beneficial therapeutic effect of Mycobacterium w as 
an adjunct to chemotherapy.
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