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Summary : A cohort of 226 smear and culture positive re-treatment cases, initiated on Cat II regimen under 
DOTS, was followed up prospectively from April  1999 to September 2001, in Bangalore Mahanagara 
Palike to study the treatment outcome along with the drug susceptibility status. The cohort was interviewed 
at the initiation and end of treatment using a pre-tested semi-structured questionnaire to elicit details 
regarding past and present treatment. More than half of the study group (60%) were initially susceptible to 
all the regimen drugs. MDR -TB among the cohort was 12.8%. 'Treatment after default' cases constituted 
bulk of the cohort (65.5%) and 'defaults' among them were high. 
 
The overall favorable re-treatment outcome in the cohort was only 39.8% as a result of a high proportion of 
'defaults' (43.8%). However, favorable outcome among those completing the prescribed duration of 
treatment was 75%, irrespective of pre-treatment drug susceptibility status. In addition, emergence of drug 
resistance, especially to Rifampicin, was negligible (1.8%) during current treatment despite the high default 
rate suggesting effectiveness of Cat II regimen. Favorable response among pre-treatment MDR cases was 
low (17.2%), and remained so even after excluding defaults, (22.7%) because the MDR component of the 
cohort was small. 
 
The study underscores the importance of treatment adherence for achieving success. The focus of treating 
the cohort should have been on prompt defaulter retrieval, especially of patients belonging initially to this 
type "treatment after default", who were potential defaulters. Besides, the low treatment efficiency in MDR 
cases makes it prudent to prevent development of MDR during primary treatment by strict adherence to 
DOTS, thereby making failed cases more amenable for re-treatment with Cut II regimen. 
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INTRODUCTION 
 
 The level of drug resistance in the 
community is closely related to the efficiency of 
treatment1. Multi-drug resistant (MDR) 
tuberculosis is, to a large extent, the result of the 
past ineffective tuberculosis programmes and 
practices. There is now an increased awareness 
about drug resistance posing as a major threat to 
patients and a challenge to tuberculosis control 
programmes. The focus of Recent debate has 
been on the long-term global impact of drug 
resistance, especially MDR- TB, 
 
 

The NTP, till 1993, was offering largely 
unsupervised short course chemotherapy (SCC) 
regimens, and the treatment completion rates 

were far below expectations2. The increased 
availability and haphazard use of Rifampicin, 
both in public and private sectors, from mid 80's 
onwards has led to increasing proportions of 
MDR-TB3. Treatment of resistant cases has 
posed a therapeutic dilemma to developing 
countries with scarce resources4. 
 

The Revised National Tuberculosis 
Control Programme (RNTCP), adopting the 
DOTS strategy advocated by World Health 
Organization (WHO), was implemented in 1993 
in the country and has been scaled up rapidly 
since mid 1998. Based on a stringent diagnostic 
algorithm and history of previous TB treatment, 
the diagnosed cases under RNTCP are classified 
as 'New' and 'Re-treatment' cases for allotting an 
appropriate drug regimen to them. Re-
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treatment cases i.e. those who give history of 
previous TB treatment of more than one month, 
are put on Category II (Cat II) regimen. This 
category comprises smear positive 'Failures', 
'Relapses', 'Treatment after Default (TAD)' and 
'Others'. The question often posed by clinicians 
is regarding effectiveness of Cat II regimen for 
re-treatment cases, especially those with 
MDR-TB. The data to address this question 
convincingly with the support of pretreatment 
drug susceptibility profile are lacking.  
 

Therefore, a prospective study was 
undertaken in the RNTCP centres of Bangalore 
Mahanagara Palike (BMP) on a cohort of smear 
positive retreatment patients residing within the 
BMP limits treated with Cat II regimen. 
 

The objective of the study was to assess 
(i) pre-treatment drug susceptibility profile and 
(ii) the treatment outcome among culture 
positive re-treatment patients treated with Cat II 
regimen. 
MATERIAL & METHODS 
Study Population 
 

BMP has 3.7 million (1991 census) 
population implemented under RNTCP in mid 
1998 with 7 Tuberculosis Units (TU) comprising 
36 microscopy centers (MCs) and 98 treatment 
centres. All the smear positive pulmonary 
tuberculosis retreatment patients initiated on Cat 
II regimen in these centres, from April 1999 to 
September 2000, expected to provide at least 200 
Culture positive cases formed the study group. 
The Cat II regimen  [2(SEHRZ)3/1(EHRZ)3/  
5(HER)3] was administered under direct 
observation of each dose in the intensive phase, 
followed by supervised administration of the first 
weekly dose of' continuation phase and the 
remaining two doses issued for 
self-administration. 
 

Two pre-treatment sputum specimens 
were collected from each patient before initiation 
of treatment and two follow-up sputum 
specimens were obtained, as per RNTCP 
guidelines5. The specimens were transported to 
NTI laboratory in tri-sodium phosphate for 
microscopy, Culture and Susceptibility tests6.  

Bacteriological Investigations 
Laboratory investigations were (i) smear 

microscopy with Zichl-Neelsen technique, as per 
RNTCP guidelines, (ii) Culture using 
Lowenstein Jensen (LJ) medium and 
susceptibility testing by the economic version of 
proportion method with critical drug 
concentration for INH (0.2µg/ml), Rifampicin 
(40 µg/ml), Streptomycin (4 µg/ml), and 
Ethambutol (2 µg/ml)7 along with the standard 
critical proportions for declaring resistance to 
each drug. The Niacin & Para-Nitro-Benzoic 
acid tests were carried out for mycobacterial 
identification8. 
Data collection 

NTI Health Visitors interviewed each 
patient at residence, after initiation of treatment 
and later at the time of assessment of treatment 
outcome. Pre-tested semi-structured interview 
schedules were designed to obtain information 
on the history of previous TB treatment, number 
of treatment episodes, with doses, duration and 
treatment source including names of drugs or 
making them identify drugs from the samples 
shown, in a chronological order. Medical records 
pertaining to previous treatment, if available, too 
were scrutinized. Utmost care was taken to 
eliminate new cases. 
 

Information was also obtained on the 
socio-demographic profile and of patients� 
knowledge about the disease. At the final 
interview, regularity of drug intake and whether 
it was supervised. During the current treatment 
were checked. Several attempts were made by 
NTI staff to contact the 'defaulting' patients 
through home visits and information was 
obtained from them on the probable reasons for 
default and about subsequent treatment taken, if 
any. Efforts were made to persuade them to 
attend the centre for continuation of treatment 

Statistical Analysis 
Data were entered in FoxPro and 

analyzed using SPSS PC (SPSS Inc., Chicago, 
IL, USA) software. Association between 
categorical variables was assessed using 
two-tailed χ2 tests. Difference between 
subgroups was expressed as 
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95% confidence intervals (95% CI). Factors 
associated with treatment outcome were 
re-examined in multiple logistic regressions. 
Likelihood ratio tests were used to evaluate the 
overall significance for inclusion of each 
variable in the logistic regression. P values of 
<0.05 were considered to indicate statistical 
significance. 
 

The definitions of type of patients 
(Relapse, TAD, Failure and Others) were 
according to the criteria laid down under 
RNTCP5. However, the definitions for treatment 
outcome as �cure’ and �failure� were based on 
the culture results9. When final culture was 
reported as contaminated, the outcome was 
considered as �Treatment completed', if the 
prescribed duration of treatment had been 
completed. �Cure� and �treatment completed� 
were considered as "favorable" while �failure’, 
‘death’ and �defaul’' were unfavorable outcomes. 

 
FINDINGS 
 

A total of 268 re-treatment patients were 
registered and 226 (84.3%) who were culture 

 positive among them formed the study group. 
Of these, 136 (60.2%) were initially susceptible 
to all the drugs (Figure). Of the study group, 148 
(65.5%) TAD cases constituted the majority, 
with median duration of prior TB treatment of 12 
weeks and 97 (65.5%) were pre-treatment 
susceptible to all drugs. A higher proportion (9 
out of 11) of �failure� cases were resistant to one 
or more drugs compared to rest of the group 
(p=0.01). 
 
Pre-treatment drug resistance 
 

Pre-treatment drug resistance, either 
alone or in combination with other drugs was 
highest to Isoniazid (H) (27.4%) followed by 
Streptomycin (S) (23%), Rifampicin (R) (15.5%) 
and Ethambutol (E) (6.6%). The proportion with 
MDR-TB (resistance to HR with or without 
resistance to others) was 12.8%. Resistance to R 
alone, though rare, was observed in 4 (1.8%) 
cases (Table 1). In the pre-treatment resistant 
group, 49 (54.4%) had history of >20 weeks of 
prior TB treatment (median duration observed in 
the Study group) compared to 51 (37.5%)in 
pre-treatment susceptible group (p=0.018). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure: Distribution of Study by pre-treatment culture and susceptibility status and type of case 
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Table 1: Pre-treatment drug resistance pattern among Cat II patients 
 
Resistance status Number (%) 95% CI 

Susceptible to all 136 60.2 53.7-66.7 
Resistant to at least    
one drug 90 39.8 33.3-46.3 
One drug only 44 19.5 14.7-24.7 
H 19 8.4 4.7-12.1 
S 21 9.3 5.4-13.2 
R 4 1.8 0-3.6 
E 0   
Two drugs only 27 11.9 7.6-16.3 
HR 11 4.9 2.0-7.8 
HS 13 5.8 2.7-8.9 
SE 1 0.4 0-1.3 
SR 2 0.8 0-2.1 

Three or more drugs 19 8.4 4.7-12.1 

HRS 5 2.2 0.2-4.2 
HRE 4 1.8 0-3.6 
HSE 1 0.4 0-1.2 
HRSE 9 4.0 1.4-6.6 
At least one drug    
H 62 (27.4) 21.5-33.3 
S 52 (23.0) 17.4-28.6 
R 35 (15.5) 9.6-18.8 
E 15 (6.6) 3.3-9.9 
MDR 29 (12.8) 8.4-17.2 

 
The source of prior TB treatment for 190 (84. 1 
%) patients was general health services (not on 
table). 
 
Treatment outcome 
 

The overall favorable treatment outcome 
was 39.8% (Cure 33.6% , treatment completion 
6.2%) with 43.8% of patients having defaulted 
frorn treatment (Table 2) accounting for 60.2 % 
of the overall unfavorable treatment outcome. 
The favorable outcome was in 44.9% in 
pre-treatment susceptible group compared to 
32.3% in the resistant group (p=0.0003).�Failure� 
was 25.5 % among the pre-treatment resistant 
group compared to 5. 1 % in the susceptible 
group (p=0.00035). �Death� among retreatment 
cases was 3.1%. 

Among 97 pre-treatment susceptible 
patients for whom final culture results were 
available, 72 (74.2%) became negative (Table 3) 
and of the 25 remaining culture positives, 24 
(96%) were still susceptible at the time of final 
interview. In the 68 pre-treatment resistant 
group, however, a significantly lower proportion 
(44. 1 %) became culture negative (p<0.0003) 
and of the 38 who remained culture positive, 29 
(76%) continued to be resistant. Majority of 
these (16 Out of 29) were pre-treatment MDR 
(not on table). When the resistant group was 
subdivided into MDR and non-MDR (resistant to 
one or more drugs except HR), favorable 
response among those now MDR was better 
compared to those non-MDR (p=0.036) (Table 
4). Even after excluding those who defaulted, the 
favorable outcome among the MDR group 
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Table 2: Treatment outcome according to pre-treatment culture status 

Treatment outcome 
Favourable Unfavourable Pre-treatment culture result 

Cured Completed Failure Dead Defaulted 
Susceptible 
(n=136) 

53 
(39.0) 

8 
(5.9) 

7 
(5.1) 

5 
(3.7) 

63 
(46.3) 

      
Resistant 
(n=90) 

23 
(25.6) 

6 
(6.7) 

23 
(25.5) 

2 
(2.2) 

36 
(40.4) 

      
Total (226) 

 
76 

(33.6) 
14 

(6.2) 
30 

(13.3) 
7 

(3.1) 
99 

(43.8) 
( ) Percentage     P=0.00035 

  
remained low (22.7%) compared to 75% among the 
non-MDR cases (p=<0.0008) (not on table). 
Treatment failures among those with MDR were 16 

(55.2%) compared to 7 (11.5%) in the non-MDR 
(p<0.001). 

 
 
Table 3: Pre-treatment and final culture & susceptibility results 

Final Culture Result 
Available (n=165) 

Negative Positive 

Not available* 
(n=61) Pre-treatment 

culture result Total 

 Susceptible Resistant  
Susceptible 97 72 (74.2)@ 24 1 39 
(n=136)      
Resistant 68 30 (44.1)# 9 29 22 
(n=90)      

*Includes 7 dead, 36 not traceable, 6 awaited, 10 contaminated 
@ Percentage out of 97 
# Percentage out of 68 
 
 
Table 4: Treatment outcome according to pretreatment    
                resistance 
Pre-treatment 
drug resistance 

Favourable 
(Cure + 
Completed) 
No. (%) 

Unfavourable 
(Failures + 
Dead + 
Defaults) 
No. (%) 

Total 
No. 

MDR 5 (17.2) 24@ (82.8)* 29 
Non MDR 24 (39.3)* 37 (60.7) 61 
Total 29 (32.2) 61 (67.8) 90 

*p=0.0008 
@ 7 defaulted, I dead and 16 failures # 29 defaulted, 1 dead 
and 7 failures 

 

Emergence drug resistance  
 

Emergence of drug resistance during 
treatment occurred in 11 (6.7%) among 165 
patients (including 58 who had defaulted) for 
whom final culture results were available; 10 
(14.7%) of these were in the 68 pre-treatment 
resistant group, while 1 (1%) was among 97 
pre-treatment susceptible cases.  The overall 
emergence of drug resistance to Rifampicin 
during treatment was seen in 3 (1.8%) patients 
(Table 5). 
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Table 5: Emergence of drug resistance during    
                Treatment with Cat II  
Emergence of 
drug 
resistance 

Among Pre-treatment 
Resistant Group 
           n=68 
           No. (%) 

Among 
all ** 
n=165 
No. (%) 

H 
S 
R 
E 
SE 
HRE 
Total 

1 (1.5) 
3 (4.4) 
2 (2.9) 
1 (1.5) 
2 (2.9) 
1 (1.5) 

10 (14.7) 

2 (1.2) 
3 (1.8) 
2 (1.2) 
1 (0.6) 
2 (1.2 

1 (0.6) 
11 (6.7) 

** Among those with final culture results 
available 
 

Factors associated with treatment outcome 
 

Outcome �cure� or �failure� based on 
culture results was 84%, in overall  agreement 
with treatment outcome based oil smear results 
obtained in the RNTCP centres. A favourable 
treatment outcome of only 18.2% was observed 
in Failures compared with the other types. A 
higher proportion (52.7%) of TADs had 
defaulted compared to the Relapse and Others 
(p=0.018) (Table 6). Seventy (70.7%) of the total 
99 defaults in the study group occurred by the 
end of the intensive phase. Among the 58 who 
defaulted and for whom final culture results were 

available, 25 (43.1%) were negative at the time 
of final interview (not on table). 

With regard to favourable and 
unfavourable treatment outcome, ten variables 
were examined using univariate analysis (Table 
7). Three variables viz., �sex� (males), 
�pretreatment drug susceptibility� (resistance to 
any drug) and �history of prior anti-TB 
treatment� (20 weeks) were found to be 
associated with overall unfavourable treatment 
outcome. Ignoring the negligible deaths, analysis 
of �default� and �treatment failure� revealed that 
males (50.6% males vs 18.7% females, 
p<0.0001) and those with history of prior TB 
treatment of ≤20 weeks (53.2% with ≤20 weeks 
vs 32.0% with >20 weeks, p<0.01) were 
significantly associated with �default� (not on 
table). �Pre-treatment resistance to one or more 
drugs� was associated with �treatment failure� 
(Table 7). Re-examining the ten variables using 
multivariate  logistic regression, the association 
was confirmed. In addition, �history of contact 
with a TB case� emerged as another factor 
associated with �treatment failure�. In view of 
this, a stratified analysis was done between 
history of contact and pre-treatment drug 
susceptibility, which revealed that �pre-treatment 
drug resistance� was associated with �treatment 
failure� even among those having had contact 
with TB cases (not on table). 

 
 
Table 6: Treatment outcome according to type of re-treatment patient  
  
 Treatment Outcome  
 Favourable Unfavourable  
Type Cured Completed Died Failure Defaulted Total 
Relapse 16 2 2 8 8  
 (44.4) (5.6) (5.6) (22.2) (22.2) 36 
Failure 0 2 0 7 2  
  (18.2)  (63.6) (18.2) 11 
TAD 46 8 5 11 78  
 (31.1) (5.4) (3.4) (7.4) (52.7) 148 
Others 14 2 0 4 11  
 (42.5) (6.5)  (12.9) (35.5) 31 
Total 76 14 7 30 99  
 (33.6) (6.2) (3.1) (13.3) (43.8) 226 
Figures in parentheses are percentages 
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Table 7: General characteristics of patients with unfavourables outcome 
 
Characteristic All cases Without deaths & default cases 

 Total Unfavourable P Total Failure P 
  Outcome value   value 

Age       

≤ 35 yrs 126 71 (56.3) 0.187 73 18 (24.6) 0.914 
≥ 35 yrs 100 65 (65.0)  47 12 (25.5)  

Sex       
Male 178 116 (65.2) 0.003 82 20 (24.4) 0.644 
Female 48 20 (41.7)  37 9 (26.3)  

Educational status       
Literate 154 92 (59.7) 0.844 83 21 (25.3) 0.901 
Illiterate 72 44 (61.1)  37 9 (24.3)  

Employment status       

Employed 134 83 (61.9) 0.513 66 15 (22.7) 0.524 
Unemployed 92 53 (57.6)  54 15 (27.7)  

Knowledge of TB        
None 190 118 (62.1) 0.174 95 23 (24.2) 0.698 
Some 36 18 (50.0)  25 7 (8.0)  

Duration of previous 
treatment        

≤ 20 weeks 126 83 (65.9) 0.05 54 11 (20.4) 0.289 
> 20 weeks 100 53 (53.0)  66 19 (28.8)  

Per capita income (in 
Rs.)       

≤ 634 113 62 (54.9) 0.103 68 17 (25.0) 1.000 
> 634 113 74 (65.5)  52 13 (25.0)  

Distance to Treatment 
Centre       

≤ 2 kms 131 74 (56.5) 0.183 73 16 (21.9) 0.331 
> 2 kms 95 62 (65.3)  47 14 (29.8)  

H/O contact with  

TB case 
      

Absent 168 100 (59.5) 0.733 86 18 (20.9) 0.102 
Present 58 36 (62.1)  34 12 (35.3)  

Pre-treatment 
Susceptibility       

Susceptible 136 75 (55.1) 0.05 68 7 (10.3) 0.000 
Resistant 90 61 (67.8)  52 23 (44.2)  
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DISCUSSION 
 

The purpose of  the present study was to 
address the often-posed  query regarding 
effectiveness of Category II regimen for 
re-treatment, validated with pre-treatment drug 
susceptibility profile (done in the reference 
laboratory at NTI). 
 

Despite previous TB treatment, 60% of 
the study cohort was pre-treatment susceptible to 
all the four drugs despite the prevailing concept 
that a majority of the re-treatment cases have 
acquired drug resistance and may not respond to 
Cat II regimen. Information on this point for 
entire Bangalore Mahanagara Palike (BMP) area 
is not available but all the centres under RNTCP 
having been included in the study, the cohort 
could be considered as representative of BMP 
area. 
 

Pre-treatment resistance to any drug, 
particularly R and HR, with or without resistance 
to other drugs, in the study area was low 
compared to reports from other parts of India3,10. 
The overall rates of drug resistance to H, S, R & 
HR reported by others have ranged from 34.5% 
-67%, 26.0%- 26.9%, 2.8% - 37.3% and 
6.0-18.5% respectively11. Resistance to 
Rifampicin has been reported to be often 
accompanied with resistance to at least one other 
drug12 . But the isolated Rifampicin resistance in 
four patients seen in the present study suggests 
consumption by patients of Rifampicin even in 
the continuation phase because of unsupervised 
treatment by choice or as prescribed by the 
practitioner. 
 

Previous TB treatment of more than 24 
weeks was identified as a risk factor associated 
with MDR in an univariate analysis of 111 
patients in Carneroons12 and also in a 
multivariate analysis of data collected within all 
international drug resistance surveillance 
network13. Even in the present study, patients 
with >24 weeks of previous TB treatment were 
more in the pre-treatment resistant group 
(p=0.0036). This group also had more treatment 
failures to Cat II regimen (p=0.009) compared to 
the sensitive group. A similar observation has 

been reported in an intermittent SCC trial, where 
H resistance with previous chemotherapy of >6 
months resulted in more failures14 . 
 

A large proportion of cases in the study 
group were perhaps the backlog of earlier 
unsupervised treatment (73.5%), a majority from 
the government health centres. Provided these 
centres are properly implemented under the 
DOTS programme, such backlog, particularly the 
TADs would be reduced. 
 

Treatment adherence is.crucial for the 
success of chemotherapy. Deaths being 
negligible, the overall high proportion of  
�default� in the study group had considerably 
affected the expected favourable outcome, which 
represents failure to keep patients on DOTS, 
rather than ineffectiveness of Cat II regimen. The 
high default rate observed in the study area 
compared to the 15% average default rate among 
all patients on Cat II regimen from 1993 to 1998 
in India15 is notable. That a majority of the 
defaults occurred by the end of intensive phase 
has also been reported in earlier studies with 
unsupervised SCC16.17, warranting greater care 
and immediate corrective actions for successful 
treatment completion. The culture negativity 
among >40% of �defaults� for whom culture 
results were available at the time of final 
interview, though encouraging, cannot be 
equated with cure. 
 

One of the important findings of this 
study is the emergence of TADs as potential 
defaulters. TADs constituted a majority of the 
study group and were pre-treatment drug 
sensitive, and hence amenable to treatment, 
but continued to default during present 
treatment. Repeated motivation and prompt 
defaulter retrieval targeted towards this 
self-identified group would yield dividends 
without much investment. 
 

Patients with pre-treatment resistance to 
any drug had significantly higher treatment 
failures compared to the susceptible group. 
However, the favourable outcome among all 
those completing the prescribed duration of 
treatment was high (75%), irrespective of  
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pre-treatment drug susceptibility status 
indicating effectiveness of Cat II regimen. 
 
 In an efficiently managed programme 
without �defaults�, the favourable response to Cat 
II regimen would be 73% among those without 
MDR compared to 23% in MDR patients, the 
fact that the non-MDR group neither poses a 
major problem nor affects the results is in a big 
way, if a proper regimen is used18, supports the 
findings of this study. The favourable response 
of 23% among MDR cases, though low, supports 
the strength of Cat II as a standard re-treatment 
regimen administered under direct observation. 
A similar favourable outcome among MDR 
cases with Cat II regimen has been reported by 
other authors19-21.However, the argument by Lan 
NTN et al21 , that this favourable response 
represents a spontaneous cure may not be valid 
as cure among resistant cases cannot necessarily 
be equated with the spontaneous cure observed 
among susceptible cases in the prechemotherapy 
era. 
 

The argument against Cat II regimen for 
re-treatment cases by many physicians is the fear 
of adding a single drug to a failing regimen, 
causing emergence of further drug resistance, 
particularly MDR. Majority of the pre-treatment 
susceptible group in the present study, however, 
either became negative or remained susceptible. 
The overall emergence of resistance to 
Rifampicin during treatment under direct 
observation was negligible (1.8%) despite a high 
default rate. This further supports the robustness 
of the category II regimen given under direct 
observation, in preventing the emergence of drug 
resistance during treatment. Similar results have 
been reported in other intermittent SCC clinical 
trials14 for primary treatment. 
 

The search for factors associated with 
treatment failure as an unfavourable outcome 
identified pre-treatment drug resistance, 
particularly �MDR�, as the only significant 
factor. Moreover, pretreatment drug resistance 
was associated significantly with prior TB 
treatment of 20 weeks. This could be the result 
of poor quality of tuberculosis services with  
 

 
unsupervised SCC regimen offered previously in 
the study area. 
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