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ABS TRACT  
 

 

BACKGROUND 

Low occurrence of mutant strains of Mycobacterium tuberculosis with multi-drug 

resistant genes in cavitary pulmonary tuberculosis and dramatic reduction of 

metabolic activity of tubercle bacilli in chronically infected animals reveal that apart 

from drug resistant genes, long generation time could be an additional explanation of 

drug resistance. We wanted to analyze the drug resistance pattern of Mycobacterium 

tuberculosis isolates from new sputum smear positive patients and previously treated 

patients on failing regimen in the light of generation time. 

 

METHODS 

20 new sputum smear positive pulmonary tuberculosis patients and 20 previously 

treated patients on failing regimen were placed in the study. Mycobacterium 

tuberculosis isolates were obtained in pure culture by decontaminating, liquefying & 

concentrating sputum sample & anti-tubercular susceptibility tests were performed. 

From these, 10 all-drug (Rifampicin and Isoniazid) sensitive isolates, 10 resistant to 

at least one drug (Rifampicin/Isoniazid) were chosen. Single mycobacterial cell 

suspension was prepared from each. After proper standardization, they were 

inoculated in Middlebrook 7H9 broth and incubated at 370C in 10% CO2. Subculture 

was done at intervals of 0, 18, 36, 54, 72 hours, using 10μl of each culture suspension 

in Middlebrook 7H11 agar plate to measure CFU/ml. Generation time was evaluated 

from steep portion of the growth curve using standard formula. 

 

RESULTS 

It was found that, mean generation time of MDR isolates of previously treated 

patients on failing regimen (35.27+2.44 hrs.) were significantly greater (p= 0.04, i.e. 

<0.05) in comparison to the drug sensitive isolates (21.42+1.6 hrs.). 

 

CONCLUSIONS 

Thus, mutant strains of tubercle bacilli, which are slow multipliers, as suggested by 

their long generation time could hardly be killed by the regimens containing drugs 

targeting bacterial multiplication. Hence, apart from genes, long generation time is a 

potential, additional explanation for drug resistance. 
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Tuberculosis, an infectious disease caused by Mycobacterium 

tuberculosis and rarely by other organisms of the tuberculosis 

complex, has been scourge of mankind for thousands of years, 

not only as a medical malady but also as a social and economic 

tragedy and remains one of the deadliest diseases of the world 

today. Globally, in 2017, there were estimated 10 million 

incident cases of TB with 1.3 million deaths among Human 

Immunodeficiency Virus (HIV) negative cases and in India 2.74 

million estimated incident cases and 4.1 lakhs (excluding HIV) 

deaths occurred in 2017.1 Since Dr. Robert Koch isolated the 

dreaded organism at the end of nineteenth century a number 

of potential anti- tubercular drugs (ATDs) came into existence 

giving curative treatment for TB a reality. Initial euphoria of 

ability to cure TB led to indiscriminate use of ATDs paved the 

way for emergence of drug-resistant strains particularly multi-

drug resistant TB (MDR-TB), which has become significant 

public health problem worldwide. There are so many reasons 

for treatment failure out of which mutant strains with 

resistant genes is most significant. However, literature review 

suggests that overall probability of spontaneous mutations 

causing resistance to both Isoniazid (INH) and Rifampicin 

(RIF) would be in 1 in 1014 replications, whereas tubercular 

cavity usually contains 107 to 109 bacilli.2 Hence the chance of 

the development of spontaneous dual resistance to Rifampicin 

and Isoniazid i.e. MDR-TB, in cavitary pulmonary tuberculosis 

is expected to be extremely low. 2 It is also evident that 

although effective bactericidal drugs are available, still 

treatment of TB, requires a remarkably long course of therapy 

to achieve therapeutic cure. 3 Moreover, it has also been 

recorded that M. tuberculosis dramatically reduces both its 

growth and metabolic activity in chronically infected animals, 

doubling only once every 100 h or more.4,5 Even, some drug 

resistant isolates of Mycobacterium tuberculosis had very slow 

rate of growth6  and few strains with INH resistance, without 

any resistant gene, had significantly higher (up to 67.9 hrs.) 

generation time (O’Sullivan et al7). Waddell et al8 (2009) also 

reported that large proportion of bacilli in cavitating lung 

lesions are either slow growing or unresponsive to INH 

therapy as diminished transcriptional response leads to drug 

tolerance. Therefore, it seems the hypothesis of propagation of 

mutants having long generation time might be an additional 

explanation which leads to treatment failure. The present 

investigation is aimed at exploring this hypothesis. 

 

 
 

ME TH OD S  
 

 

A cross-sectional observational study was conducted in a 

tertiary care hospital of eastern India. Permission was 

obtained from the Institutional Ethics Committee before 

conduction of this study. Written informed consent was 

obtained from all participants. However, the sputum samples 

were anonymized. In this study, consecutive 20 new 

pulmonary tuberculosis (PTB) cases having sputum smear 

positive for acid fast bacilli (AFB) & 20 previously treated 

patients on failing regimen (who remained sputum positive  

 

 

 

after four months of treatment) of all age groups and sexes, 

giving informed consent and having no co-morbid illness were 

recruited. Moreover, reference strains of Mycobacterium 

tuberculosis, H37Rv and H37Ra were included in this study. 

Patients with diabetes mellitus, pregnancy, malignancy, HIV 

infection, patients on immuno-suppressive agents and 

transplant recipients were excluded from the study group. 

After collection of spot and early morning sputum samples,9 

liquefaction, decontamination and concentration of those 

samples were done following the procedure of N-acetyl L-

cysteine – sodium hydroxide method using Lyfectol kit 

(Microxpress, 20301012). Identification of the Mycobacterium 

tuberculosis from the sputum samples was done by sputum 

smear microscopy after staining by Ziehl–Neelsen method,10,11 

colony morphology on Lowenstein-Jensen agar slope11,12,13 

and relevant biochemical tests. 12 Then, anti-tubercular 

susceptibility tests were performed by standard economic 

variant of 1% Proportion method.14 From these isolates, 10 all-

drug (RIF + INH) sensitive isolates, 10 resistant to at least one 

drug (RIF, INH) were chosen and from each isolate, single 

mycobacterial cell suspension was prepared in Middlebrook 

7H9 broth by filtering through a 5μm syringe filter.15 After 

proper quantification of mycobacteria by Petroff hausser 

chamber15, working dilutions were prepared containing 105 

bacteria per ml. Then, these were incubated in the dark at 370C 

inside CO2 incubator (Heal Force, Shanghai, China) with 5-

10% CO2 and high humidity and agitated daily and 10μl of 

each culture suspension was inoculated in Middlebrook 7H11 

agar plate to measure CFU/ml at different time-points (Hour 

0,18,36,54,72). Same experiments were done with reference 

strains of Mycobacterium tuberculosis, H37Rv and H37Ra, 

alongside the experiments with isolates from patients. 

Generation time (g) was evaluated from graph (steep 

portion of growth curve) of the above colony counts using 

standard formula where N1 and N2 are the population number 

(CFU/ml) at time t1 and t2 respectively.16,17 
 

0.301 (t2-t1) 

g=  ------------------------ 

                                            Log10N2 - Log10N1 

 

Statistical Analysis 

The experiment was performed in triplicate and average value 

was taken. Statistical analysis was performed by Student’s-t 

test using GraphPad Prism version 5.00 for Windows with a p 

value of 0.05. 

 
 

 

 

RES ULT S  
 

 

 

In the present study, a total of twenty (20) isolates from new 

sputum smear positive (for AFB) patients were included and 

out of that, 19 (95%) were Mycobacterium tuberculosis isolates 

and 1 (5%) was MOTT. But, all of the twenty (20) isolates from 

previously treated patients on failing regimen were found to 

be Mycobacterium tuberculosis isolates. Among 19 (95%) 

Mycobacterium tuberculosis isolates from new sputum smear 

positive patients, 18 (94.7%) were sensitive to both RIF and 

INH and 1(5.3%) was resistant to INH only. Moreover, of all 

the twenty (20) Mycobacterium tuberculosis isolates from 

previously treated patients on failing regimen, 18 (90%) 

isolates were resistant to both RIF and INH i.e. MDR isolates 
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and 2(10%) were resistant to INH only. However, no isolate 

was found to be resistant to RIF (only) or sensitive to both of 

the drugs. (Table 1).  
 

 
Figure 1. Middlebrook 7H9 Broth Showing Serial Dilution 

 

 
Figure 2. Middlebrook 7H11 Agar Showing CFU from Serial Dilutions 

 

Drug Resistance  
Pattern 

New Sputum 
Smear Positive 

(19) No. (%) 

Previously Treated 
Patients on Failing 

Regimen (20) No. (%) 
Sensitive to both 18 (94.7%) 0 

Monoresistance to Rifampicin 0 0 
Monoresistance to Isoniazid 1(5.3%) 2(10%) 

Resistance to both 0 18 (90%) 

Table 1. Distribution of Drug Resistance Pattern of Mycobacterium 
tuberculosis Isolates from New Sputum Smear Positive (N) (n=19) & 

Previously Treated Patients on Failing Regimen (F) (n=20) 

 

Isolates 
Mean Generation Time in 

Hours (Mean + SD) 
Drug sensitive isolates 21.42 + 1.6 

Drug resistant isolates 30.72 + 2.04 
INH-R isolate from new cases 18.95 + 1.58 

INH-R isolates from previously treated cases 20.69 + 1.02 

MDR isolates from previously treated cases 35.27 + 2.44 

Table 2. Comparison of Mean Generation Times (hrs.) of  

Drug Sensitive & Resistant Isolates 

 

 

Figure 3. Growth Curve of Reference Strains 

 

 

Figure 4. Growth Curve of Drug Sensitive Isolates (n=10) 

 

 

Figure 5. Growth Curve of INH-R Isolate from New Sputum Smear 
Positive (N) Patients (n=1) 

 

 

Figure 6. Growth Curve of INH-R Isolates from Previously Treated (F) 
Patients on Failing Regimen (n=2) 
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Figure 7. Growth Curve of MDR Isolates from Previously Treated 
Patients on Failing Regimen (n=7) 

 

 

Figure 8. Comparison of Mean Generation Time of Isolates Sensitive to 
Both Drugs (SBD), INH-R Isolate from New Cases (INH-R N) and 

Previously Treated Patients on Failing Regimen (INH-R C2F), Isolates 
Resistant to At Least One Drug (RAD) & MDR Isolates from Previously 
Treated Patients on Failing Regimen (MDR C2F) with H37Rv & H37Ra 

 

The mean generation time of reference strains were found 

to be 16.33 hrs for H37Rv and 23.76 hrs for H37Ra by serial 

CFU count and using the standard formula. The experiment 

was performed in triplicate and mean value was taken.  (Figure 

3). Likewise, the mean generation times of ten (10) all drug 

sensitive isolates from new sputum smear positive patients 

are shown below in Figure 4.  The experiment in each case was 

performed in triplicate and mean value was taken. 

Similarly, the calculation of mean generation times of ten 

(10) drug resistant isolates including one (1) INH resistant 

new case isolate, two (2) INH resistant and seven (7) 

multidrug resistant isolates from previously treated patients 

on failing regimen are shown above in Figure 5-7. The 

experiment in each case was performed in triplicate and mean 

value was taken. The mean of mean generation time calculated 

for ten (10) isolates sensitive to both of the drugs and ten (10) 

isolates resistant to at least one drug were 21.42+1.6 hrs. and 

30.72+ 2.04 hrs. respectively. Moreover, the generation time 

of only INH resistant Mycobacterium tuberculosis isolate from 

new sputum smear positive patients was 18.95+1.58 hrs. 

whereas mean of mean generation times of two (2) INH 

resistant Mycobacterium tuberculosis isolates and seven (7) 

MDR isolates from previously treated patients on failing 

regimen were 20.69+1.02 hrs. and 35.27+2.44 hrs. 

respectively. This result is shown here in Table 2 and Figure 8 

which shows that mean generation time of the MDR isolates of 

previously treated patients were significantly greater (p= 

0.0444, i.e.<0.05) in comparison to drug sensitive isolates.  

 

 
 

 

DI SCU S SI ON  
 

 

In this study, most of the isolates of new sputum smear 

positive patients were Mycobacterium tuberculosis and only 

5% were the M. fortuitum. It has been seen that in Indian 

studies, Mycobacterium tuberculosis has always been found as 

the major cause of mycobacterial infections and the 

proportion of NTM has varied from less than one to 28%.18 

Species like Mycobacterium fortuitum, Mycobacterium avium, 

Mycobacterium chelonae etc. have been isolated in different 

studies. Out of all the specimens from patients with suspected 

tuberculosis, Shanker et al,19 Chakrabarty et al,20 Jesudason et 

al21 reported Mycobacterium tuberculosis as the commonest 

isolate i.e. 92.1%, 92%, 96% respectively which is at par with 

our observation i.e. 95%, though it differs from Karak et al22 

(82.6%). According to Simons et al,23 M. fortuitum stands out 

as the commonest isolate (40%) of pulmonary NTM disease in 

Indian studies followed by M. kansasii (33%) which supports 

the finding of Chakrabarty et al20 i.e. they noticed 2.8% of the 

total isolates were M. fortuitum.20,23 Moreover, in India with 

standardized drug regimens used by RNTCP the treatment 

failure cases of Category-I and Category-II cases are 2% and 

6% respectively.24 The prevalence of MDR-TB, defined as 

resistance to INH and RIF with or without resistance to other 

drugs is 2% to 3.5% in new cases and around 10% to 13% in 

previously treated cases1 and overall emergence of resistance 

to RIF is only 2% of patients despite a high level (18%) of 

initial resistance to INH, either alone or in combination with 

other anti-tubercular drugs.24 But, the incidence of 

monoresistance to INH among new sputum smear positive 

patients as recorded by researchers like, Ramachandran et al25 

(TRC, Chennai), Santha et al26 were 5.4%, 5.3%, that simulates 

our observation i.e. 5.3% although it is varied widely from the 

figure of Paramasivan et al27 i.e. 12.8%. It is evident from 

others report that, RIF resistant and MDR strains are rarer 

observations particularly among new sputum smear positive 

cases. In this study, no such strain could be detected possibly 

due to small sample size as principal objective of it was to find 

relationship between drug resistance and generation time. 

Literature review shows paucity of reports regarding the 

resistance pattern of isolates from previously treated patients 

on failing regimen. Still, incidence of MDR-TB was 87%, as 

reported by Rahaman et al28 and this is supported by this study 

(90%). But, Jain et al29 and Osman et al30 recorded 77.02%, 

56.1% respectively. Moreover, Jain et al29 observed 7.43% & 

2.02% of previously treated patients on failing regimen were 

monoresistant to INH & RIF respectively which is very close to 

our figures i.e. 10% and nil. It is also note-worthy that the 

generation time of reference strains like H37Rv, obtained from 

our study, (i.e. 16.33 hrs.) simulates the data obtained by 

O’Sullivan et al7 (15.9 hrs.). It was seen that, the monoresistant 
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isolates both from new cases (Only one isolate having 

generation time of 18.95 hrs.) and previously treated cases on 

failing regimen (mean generation time of two isolates was 

20.69 hrs.), were not found to have statistically significant 

slower generation time than the sensitive isolates (Mean 

generation time of ten isolates was 21.42 hrs.). Perhaps, scanty 

number of monoresistant isolates could be attributed for this. 

But, it was noted that mean generation time calculated from 

seven clinical MDR isolates (35.27 hrs.) was significantly 

higher (p= 0.0444, i.e.<0.05) than that of drug sensitive 

isolates supporting the observations of O’Sullivans’. This 

observation led us to think that, apart from drug resistant 

genes involved behind the treatment failure cases, there are 

problems like dormant bacilli with longer generation time that 

could hardly be killed by drugs principally targeting bacterial 

multiplication. 

 

 
 

 

CONC LU S ION S  
 

 

 

Thus, we observed that mean generation time of drug sensitive 

isolates was significantly less (p= 0.0444, i.e. <0.05) in 

comparison to the MDR isolates of previously treated patients 

on failing regimen. This indicates that mutant strains of 

tubercle bacilli, which are slow multipliers, as suggested by 

their long generation time, could hardly be killed by the 

regimens containing drugs targeting bacterial multiplication 

and long generation time is a potential, additional explanation 

of the treatment failure cases. M. tuberculosis lives in a complex 

environment within the human host where numerous 

adaptive pressures are applied, of which antibiotic selection is 

but one. So, evaluation of generation time as a contributing 

factor in treatment failure cases in particular could not solely 

explain full range of factors influencing fitness of the isolate in 

the adaptive landscape. However, it may be concluded that 

isolates which are hardly multiplying may not be killed by 

standard regimen consisting of bactericidal drugs leading to 

undue consumption of costly and hazardous second line anti-

tubercular drugs for a considerable period of time. Further 

studies with larger samples to analyse the drug resistant M. 

tuberculosis genotypes in the light of generation time 

particularly in vivo setting, producing statistically more 

significant data will enrich our knowledge in understanding 

the gloomy picture of treatment failure cases of TB and could 

open new avenue in tuberculosis treatment research. 
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