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Multidrug-resistant tuberculosis (MDR-TB) is a major public health threat, especially in a country like India, which carries the 
highest global burden of tuberculosis (TB). TB is caused by Mycobacterium tuberculosis (MTB); the bacteria possess multiple mecha-
nisms that provide it both intrinsic and acquired resistance to current anti-TB drugs.  In the current treatment regimen followed for 
TB, rifampicin and isoniazid are the major drugs given in the first line of treatment. Fluoroquinolones and aminoglycosides are the 
second line drugs given in case the MTB is resistant to first line drugs. Acquired resistance is mainly due the exposure of MTB to 
suboptimal concentration of drugs, either due to inadequate treatment given by the medical practitioner or due to the discontinu-
ous treatment regimen followed by patients. Treating drug susceptible TB requires a treatment regimen of almost 6 months which 
increases significantly from 9 months to 24 months in case of drug resistant cases. In the study conducted we determined the resis-
tance patterns to first and second line anti-TB drugs and the frequency of MDR-TB. Contemplating the drug resistance pattern of MTB 
will help understanding the epidemiological parameters involved. 

Introduction 

TB: Tuberculosis; DR-TB: Drug Resistant Tuberculosis; HIV: Human 
Immunodeficiency Virus; MDR: Multi Drug  resistant; XDR: Exten-
sively Drug Resistant; MTB: Mycobacterium tuberculosis; PTB: 
Pulmonary Tuberculosis; EPTB: Extra Pulmonary TB; RIF: Rifam-
picin; INH: Isoniazid; PYZ: Pyrazinamide; EMB: Ethambutol AGs: 
Aminoglycosides; FQs: Fluoroquinolones; SM: Streptomycin; KM: 
Kanamycin; OFX: Ofloxacin; AM: Amikacin; WHO: World Health 
Organization; The Union: The International Union against Tuber-
culosis and Lung Disease; MTBC: MTB Complex; PDR: Poly Drug 
Resistance; KGMU: King George’s Medical University; ZN: Ziehl 
Neelsen; LJ: Lowenstein–Jensen; DST: Drug Susceptibility Testing; 
NALC-NaOH: N-acetyl-L-cysteine–sodium citrate– sodium-hydrox-
ide; IEC: Institutional Ethics Committee; RNTCP: Revised National 
Tuberculosis Control Programme. 

India carries the largest global burden of tuberculosis (TB).The 
currently prevailing scenarios of drug-resistant tuberculosis (DR- 
TB) are particularly alarming, and pose a significant threat to the 
control of the disease globally [1,2]. There is also much concern 

that the TB situation has become worse due to Human Immuno-
deficiency Virus (HIV), as the viral infection weakens the host im-
mune system and predispose to endogenous reactivation and ex-
ogenous re-infection with TB. DR-TB and HIV co-infection presents 
a serious challenge for effective TB control. The increasing emer-
gence of multidrug-resistant (MDR) and extensively drug-resistant 
(XDR) TB presents another major threat to effectively control TB 
[3]. Drug resistance in Mycobacterium tuberculosis (MTB) arises 
from spontaneous chromosomal mutations at low frequency. Clini-
cal DR-TB largely occurs as a result of selection during disease 
treatment of these genetic alterations through erratic drug supply, 
suboptimal physician prescription and poor patient adherence. 
Molecular mechanisms of DR have been elucidated for the major 
first- and second-line drugs Rifampicin (RIF), Isoniazid (INH), Pyr-
azinamide (PYZ), Ethambutol (EMB), the aminoglycosides (AGs) 
and the fluoroquinolones (FQs) [4-6]. The relationship between 
drug resistance in MTB strains and their virulence/transmissibility 
needs to be further investigated. Understanding the mechanisms 
of drug resistance in MTB would enable the development of rapid 
molecular diagnostic tools and furnish possible insights into new 
drug development for the treatment of TB [5].
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Study population 

To start with 218 MTB clinical isolates were taken up for drug 
resistance study. All subjects recruited from Department of Re-
spiratory Medicine, King George’s Medical University (KGMU) UP, 
Lucknow, were newly diagnosed Pulmonary TB (PTB) patients 
registered under RNTCP attending OPD or admitted to the hospi-
tal from March 2017 to August 2018. All patients selected were 
HIV negative. The patients presented smear positive PTB, either 
newly diagnosed cases or cases with treatment failure. The pa-
tient groups were categorized into three types: 1) New cases, 2) 
Retreated cases, 3) Treatment failure cases. Only patients who pro-
vided voluntary written consent were recruited for the study.

In our study, every case presented by clinical and radiological 
findings suggestive of PTB and sputum positive for mycobacterial 
TB by Ziehl Neelsen (ZN) technique, was collected; whether a new 
fresh case or previously treated case, regardless of their age, gen-
der, occupation, other co-morbid conditions, receiving anti-myco-
bacterial treatment or not. Newly diagnosed sputum smear-posi-
tive pulmonary TB patients with no history of prior treatment for 
TB, or a history of anti-TB treatment for less than 30 days and diag-
nosed patients with sputum smear-positive PTB with a history of 
previous TB episode with more than 30 days of anti-TB treatment. 
This may include relapses, treatment after default, treatment after 
failure, or other patients who have claimed to have anti-TB treat-
ment for more than 30 days.

Inclusion criteria

In a recent report on the anti-tuberculosis drug resistance sur-
veillance global project published by the World Health Organization 
(WHO) and the International Union against Tuberculosis and Lung 
Disease (The UNION), the proportion of MDR denoting resistance 
to at least RIF and INH in new cases ranged from 0% to 22.3%. The 
highest proportion of MDR-TB reported among previously treated 
cases was 60% [7,8]. The proportion of XDR-TB, defined as MDR-
TB with additional bacillary resistance to fluoroquinolones (FQs) 
and at least one second-line injectable drug in different settings, 
ranged from 0% to 30% globally. Around 40,000 cases of XDR-TB 
are estimated to emerge globally each year [2,9,10].

The aim of this study was to review the current incidence and 
the pattern of drug resistance for TB patients. MDR- TB is 2.2% 
of the new cases and 38.4% of re-treatment cases (according to 
a national survey in 2002). The survey deduces the proportion of 
MDR-TB patients amongst newly and previously treated TB pa-
tients diagnosed at tertiary care hospital.

Materials and Methods

Patients with sputum smear-negative PTB; patients with extra 
pulmonary TB (EPTB) and patients unwilling to give informed con-
sent were excluded. Patients were subjected to full history cross-
examination, clinical examination, chest radiography, laboratory 
study, sputum examination by Ziehl Neelsen technique, culture us-
ing Lowenstein–Jensen (LJ) media and drug susceptibility testing 
(DST) using the proportion method [11].

Collection of MTB Isolates 

All specimens were handled in a negative pressure environ-
ment as per the international standards for biosafety and infection 
control for MTB.  For three consecutive mornings sputum samples 
from each patient were collected in properly labeled screw cap dis-
posable plastic bottles and were decontaminated using N-acetyl-
L-cysteine–sodium citrate– sodium-hydroxide (NALC-NaOH) pro-
cedure [12]. Sputum samples were processed and stained for Acid 
Fast Bacilli (AFB). 

One sputum sample from each smear positive patient was in-
oculated on LJ slants and incubated in automated culture system at 
37ᵒC for four to six weeks. Preliminary identification of mycobacte-
rial isolates depends on their growth on LJ slants. Specific identifi-
cation was accomplished by the performance of ZN stain and bat-
tery of biochemical tests. The positive cultures include growth in 
LJ medium after decontamination of sputum samples and incuba-
tion at 37°C for 4-6 weeks. MTB isolates were recovered from 207 
HIV negative and smear positive cases of both genders, age varying 
from 18 to 60 years, with MDR-TB that was refractory to chemo-
therapy given for > 12 months. 

Confirmation test of TB patients 

All patients were clinically, radiologically, microbiologically and 
histologically confirmed cases. IS6110 due to its high numerical 
and positional polymorphism has become a widely used marker in 
the epidemiological studies. All TB positive cases were reconfirmed 
by PCR with IS6110 primers (data not shown). 

Drug susceptibility test (DST)

DST was performed following the standard 1% proportion 
method (taking standard critical drug concentration) to identify 
MTB types. The phenotypic resistance of all isolates was deter-
mined at baseline. First line anti-TB drugs were added to reach 
critical concentrations as following: RIF, 1.0 μg/ml; INH, 0.2 μg/ml; 
Streptomycin (SM), 4.0 μg/ml and EMB, 2.0 μg/ml. For second line 
anti-TB drugs, the drugs and concentrations as per the standard 
critical concentrations, i.e. Kanamycin (KM), 30 μg/ml; Ofloxacin 
(OFX), 2.0 μg/ml  and Amikacin (AM) 40 μg/ml [13]. History rel-
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Results

Out of 218 samples collected, a total of 207 sputum smear posi-
tive PTB patients were selected.  Of these 218 smear positive cases, 
culture for mycobacteria were positive in 207 cases, contamina-
tion was observed in 5 and no mycobacterial growth was seen in 
6 cases (Table 1). The study was carried out on 207 participants 
(Tables 1 and 2). Their demographic profiles and details are sum-
marized in Table 3. Among 207 cases 120 were male and remain-
ing 87 were female.  Males were predominant in all age groups in 
terms of absolute numbers. All of them were in the age group of 
19-60 years. Majority of the patients came from urban area.  Out of 
total 207, 129 belonged to urban areas and rest 78 were from rural 
areas.  On the basis of occupation the patients were categorized 
into manual workers (150), non -manual workers (35) and house 
wives (22). Their percentage for living in kuchcha and pucca house 
was found be 24 (11.59%) and 183 (83.40%) respectively. Of the 
207 cases, 118 were in low income group and 89 from middle-in-
come group (Table 3).

evant to TB such as time and duration, outcome of patients was 
recorded in a predesigned data sheet [14].

The media were examined at 48h and then weekly to check for 
the growth of mycobacteria [15]. The results were read for the first 
time on 28th day by counting the colonies grown on different slants 
and the proportion of resistant bacilli was calculated by comparing 
counts on drug free and drug containing LJ medium represented 
as percentages. The control media must show growth of at least 
50 to 150 colonies. MTB H37Rv was used as a control strain. Any 
strain with 1% (the critical proportion) of bacilli resistant to any 
of the four drugs–RIF, INH, EMB and SM were classified as resistant 
to that drug. Drug susceptibility was tested every 2-3 months. For 
all patients, treatment regimens were adjusted on the basis of the 
results of these evaluations at monthly intervals.  

Ethical issues and approval

Ethical approval for the study was granted by Research cell, 
King George’s Medical University, UP, Lucknow Institutional Eth-
ics Committee (IEC) with approval no. 576/Ethics/R.cell-16 dated 
26/10/2016 (Ref Code: 81st ECM II-B/PI). Informed consent was 
obtained from all patients enrolled for the study.

Demographic profile of patients

None of the patients had EPTB, Diabetes mellitus or any other 
co-morbidity. During the study period, 61 patients were those who 
had previously had TB. Most patients excreted large numbers of 
bacilli in sputum (median score, 2.0). At the time that TB was origi-
nally diagnosed, all patients were treated with WHO guidelines 

 Table 1:  Categories of selected TB patients (n=207) and their 
confirmation by different methods.

DST confirmed samples were categorised into three and there 
profile was generated using different confirmatory tests (PPD, 

Radiology, AFB staining, IS6110 PCR, MGIT960). N=207.

SN Variables No. of patients 
(N= 207)

Percentage  
(%)

1. Gender M:F 120: 87 58: 42
 Residence

Urban area
Rural area

129

78

62.32

37.68
2. Occupation

Manual workers
Non-Manual workers
House wives

150

35

22

72.46

16.91

10.63
3. Type of House

Kachcha House
Pucca House

24

183

11.59

88.41
4. Socioeconomic Status

Low income group
Middle-income group

118

89

57.00

42.99
5. Smoking habit

Cigarette
Drug addiction
Alcohol
Biofuels

68

55

174

19

32.85

26.57

84.05

09.17
6. Co-morbidity None ---
7. Previous anti-TB drug

New cases
Retreated cases
Treatment failure cases

146

23

38

70.53

11.11

18.35

Table 2: Demographic profile of selected patients.

History of patients recruited for the study was taken in methodical 
manner. This was considered to generate an epidemiological pro-
file of patients.  The profile demarcated the patients according to 
their socio-economic status, earlier exposure with TB, occupation 

and gender.
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SN Drugs *New patients % 
n=148

**Previously treated 
patients % ; n=19

**Treatment failure % 
n=40

 1st line drug resistance (FLD)
1. Isoniazid (INH) 38 (25.67) 05 (26.31) 18 (45.00)
2. Rifampicin (RIF) 50 (33.78) 06 (31.54) 20 (50.0)
3. Streptomycin (SM) 35 (23.64) 05 (26.31) 02 (05.0)
4. Ethambutol (EMB) 25 (16.89) 04 (21.05) None
5. Pyrazinamide (PZA) Not done Not done Not done
 2nd  line drug resistance (SLD) injectable
6. Kanamycin (KM) 01 (0.67) 0.00 0.00
7. Amikacin (AM) 04 (2.70) 02 (10.5) 06( 15.0)
 2nd  line drug resistance (fluoroquinolones)
8. Ofloxacin (OFX) 02 (1.35) 04(21.05) 01(02.5)
9. Levofloxacin (LFX) Not Done Not Done Not Done

Table 3: Individual drug resistance patterns in selected patients.

*New TB patients: Newly diagnosed sputum smear-positive pulmonary TB (PTB) patients without a history 
 of prior treatment for TB, or a history of treatment for less than 30 days. 

** Previously treated/Treatment failure: Diagnosed patients with sputum smear-positive pulmonary TB with a history of  
prior anti-TB therapy. This may include relapse, treatment after default and treatment after failure, or other patients  

who have claimed to have anti-TB treatment for more than 30 days. 

for varying lengths of time [15]. Once MDR-TB/ FQ resistance was 
diagnosed, the patients were switched to treatment regimens tai-
lored to phenotypic drug-susceptibility profile of their isolates. At 
the time of start of the study, therapy was again adjusted according 
to phenotypic drug susceptibility, treatment history, and the side 
effects profile (Table 3).

All 207 isolates displayed phenotypic resistance to RIF and 
taken together the isolates from all patients were highly resistant 
to many of the potent first line agents. Figure 2 shows pattern of 
drug resistance in the included patients. The highest value with 
any resistance was found in 152 cases followed by MDR cases, 43.  
23 patients were found to be drug susceptible. Table 3 shows the 
drug susceptibility and resistance pattern of MTB strains of PTB 
clinical isolates to 4 first line ATT drugs. Most of the strains were 
resistant to one or more ATT drugs. In this group of patients the 
highest mono drug resistance was found in RIF either alone or in 
combination with other drugs (with two drugs, RIF and INH; with 
three drugs, RIF+INH+SM and with 4 drugs, RIF+INH+EMB+SM) 
(Figure 3). The rate of prevalence of drug resistance to the first 
line drugs and second line in new, retreated and treatment failure 
cases is summarized in Table 3. The highest resistance was found 
with RIF in 20 treatment failure patients (50.0%) which was fol-
lowed by 33.78% in new cases. The second highest resistance 

Phenotypic profiling of Mtb 

(45.0%) was again in treatment failure patients with INH followed 
by 26.31% in retreated cases and minimum 25.68% was with new-
ly diagnosed TB patients. SM resistance was highest with retreated 
cases, 26.31%; 23.64% in new cases and only 5% in treatment fail-
ure cases respectively. The EMB resistance was highest (21.05%) 
in retreated cases followed by new cases, 16.89%. In our study 43 
(17.14%) isolates were identified as MDR; the other isolates were 
resistant to all the 3 and 4 drugs tested (Table 3).

Resistance patterns to individual first-line drugs tested indi-
cated highest resistance to RIF (33.78%) followed by resistance 
for INH in 38 patients (25.67%), SM (23.64%) and EMB (16.89%) 
as shown in Table 3. Resistance patterns to individual second line 
drugs tested indicated highest resistance to AMK (2.70%), followed 
by resistance for OFX (1.35%), KAN (0.67 %) as shown table 3.

Drug resistance patterns of MTB strains collected from newly 
diagnosed sputum smear-positive TB patients

Among the 19 previously treated TB patients subjected to DST, 
none were susceptible to all drugs tested, while all (100 %) showed 
resistance to any drug.  MDR-TB was detected in 43 (20.77%) pa-
tients (Figure 3). Mono drug resistance to rifampicin was observed 
in 6 patients (31.54%) among the previously treated and in 20 (50 

Individual drug resistance pattern among previously treated 
and treatment failure TB patients
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Discussion 

%) among treatment failure cases. Resistance patterns to individu-
al first-line drugs tested indicated highest resistance to RIF (in re-
treated cases 31.54% and in treatment failure cases 50%) followed 
by resistance for INH (in retreated cases 26.31% and in treatment 
failure cases 45%) and SM (in retreated cases 26.31% and in treat-
ment failure cases 5%) as shown in Table 3.

Resistance patterns to individual second line drugs tested in-
dicated highest resistance to OFX (in retreated cases 21.5% and 
in treatment failure cases it was 2.5%) followed by resistance 
for AMK (in retreated cases 10.5% and in treatment failure cases 
15%) and KAN (any 1.01%, mono 0.0%) as shown in Table 3. In-
jectable second line drugs (KAN and AMK) exhibited similarly low 
frequencies of resistance respectively. This indicates that second 
line injectable drugs have no superiority over each other. MDR-TB 
was detected in 43 (20.77%) of the TB patients tested as shown 
in Figure 2 and Figure 3. RIF resistance was always accompanied 
by INH resistance.  Poly drug resistance (PDR) was observed in 26 
cases (RIF + SM, 21 cases and RIF + EMB, 5 cases)

TB is one of the oldest recorded, highly prevalent microbial hu-
man infections. Its late diagnosis and treatment increases the risk 
of disease dissemination and decreases the survival of patients 
[16-18]. The diagnosis of PTB is based on the identification of the 
bacillus by microscopic examination of sputum smear or by cul-
ture (Figure 1, Table 1). India is one of the highest burden coun-
tries for TB and DR-TB. However, the epidemiology of DR-TB in In-
dia has never been studied nationally. The journey from compound 
to drug to resistance is very long. In 1951, INH replaced SM for 
which resistance and toxicity had already raised problems in TB 
treatment. The first emergence of INH resistance in MTB clinically 
appeared in 1952. It has become essential to measure the DR-TB 
burden and to guide development of evidence-based strategies to 
combat drug resistance in India [19-22]. 

Figure 1: Results of Culture of Smear (AFB) positive  
sputum specimen (n=218).

Of the total 218 patients recruited in the study, when the bacte-
ria were grown in LJ slants, 207 were finally taken up for the study. 
All 218 patients were AFB positive via microscopy. When cultured 

207/218 samples were culture positive for MTB.

Our study was conducted on 207 patients, presented by smear 
positive PTB and proved to be culture positive for TB using LJ me-
dium; searching for the prevalence of anti-mycobacterial drug re-
sistance and the pattern of drug resistance (Figure 2). The drug 
susceptibility testing was carried also on quinolones and amino-
glycosides (presented by OFX, LFX, and AMK), to study their ef-
ficacy on the DR strains and to determine the frequency of emer-
gence of FQ-resistant strains (Table 3). Drug susceptibility testing 
was done using the proportion method. The proportion method is 
the most commonly used method worldwide. It allows the precise 
determination of the proportion of resistant mutants to a certain 
drug [11].

Figure 2: Pattern of drug resistance in selected patients.

More than two third of the samples were resistant to at least 
one of the drugs used in ATT. And almost one third were  

resistant to both RIF+INH combined leading to multi drug  
resistance. N=207

The efficiency of current TB control program in any country is 
assayed by drug resistance pattern. In 1993, the NTP in India was 
revised and strengthened in the form of Revised National Tubercu-
losis Control Programme (RNTCP). Like HIV-AIDS, threat percep-
tion due to occurrence of multidrug resistance has assumed con-
siderable gravity in constructing the epidemic situation analysis 
and appropriate intervention [10,23,24]. In this study drug resis-
tance of MTB to at least one drug were found in all selected cases 
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(Table 3, Figure 3). This situation is highly alarming.  A review of 
the Indian situation from the TRC, Chennai, has concluded that 
the magnitude of the drug resistance problem is principally due 
to acquired resistance (replaced in recent times by the term drug 
resistance among previously treated cases) [25]. In New Delhi, a 
similar extent of acquired drug resistance was reported. It was 
considered 53% that initial drug resistance in India (freshly de-
fined as, drug resistance among new cases) could be at a lower 
order than similarly placed countries globally, as distinct from the 
acquired drug resistance situation given above. There could be 
5-10% resistance to INH. This could be reflecting the primary drug 
resistance problem in the Indian context [26,27]. In this study 69 
isolates (33.33%) resistant to two or more of the tested drug were 
identified. This is comparable to what has been reported in the 
neighboring countries, with resistance to INH and RIF being more 
common than resistance to EMB (Figure 3). Resistance to RIF is 
increasing because of widespread application that results in selec-
tion of resistant mutants, and is seen in cases non-compliant with 
TB treatment. In this context, resistance to RIF can be assumed to 
be a surrogate marker for MDR-TB. Phenotypic susceptibility test-
ing for Pyrazinamide (PZA) was not performed, because the re-
sults of this test can be difficult to reproduce and may not correlate 
well with drug susceptibility in vivo [18,20,24].

 

Figure 3: Multi drug resistance pattern of clinical isolates to 
anti tuberculosis drugs.

Poly drug resistance (PDR) was also observed in 12.7% 
 of cases, wherein the bacteria was resistant to either RIF or 

 INH along with another first line drug. We observed PDR  
with RIF in the 26 cases.

INH and RIF resistance in MTB complex (MTBC) isolates are 
mainly based on mutations in a limited number of genes. However, 
mutation frequencies vary in different mycobacterial populations. 
In 1992, Stewart Cole applied genetics to identify the first gene 
responsible for INH resistance in MTB clinical isolates. This infor-
mation soon translated into genotyping for antibiotic resistance in 
clinical settings. Today, with the development of rapid whole ge-
nome sequencing, we are at the helm of understanding at the global 
genomic level how bacteria retain their fitness despite their abil-
ity to mutate and develop drug resistance [28-31]. It’s been over 
100 years in our battle against TB but mechanisms underlying the 
interactions of the bacillus and its host are far from understood. 
So clinically, multi-drug resistance may be an outcome of several 
mono-drug resistant strains in addition to being a case of MDR at 
the strain level. Given that drug resistance exists against all cur-
rent TB drugs, the need for new drugs has been a focus of many 
research quests ranging from target based and whole cell screening 
approaches, to the identification and validation of new targets. Ba-
sic research has provided and continues to provide new solutions, 
awareness, and novel paradigms for treatment. 

Conclusion
To meet the challenge of MDR-TB and XDR-TB worldwide, huge 

monetary resource instillation and extensive human resource de-
velopment are required for the prevention and management of 
these formidable drug resistance scenarios. Among the response 
priorities, rapid detection of anti-tuberculosis drug resistance, use 
of appropriate regimens for treatment, and new drug development 
are of paramount importance. Recent advances in high throughput 
DNA sequencing will allow whole genome sequencing of unique 
drug-resistant strains to be performed at a much more rapid speed 
and significantly less cost, which will facilitate the identification of 
new and unknown mechanisms of drug resistance and ultimately 
lead to more efficient detection of drug resistance. Improved un-
derstanding of the mechanisms of drug resistance in MTB would 
be conducive to the accelerated development of these new strat-
egies for control of DR-TB. However, strengthening of the current 
TB control programs globally should be a continuous process. Ad-
equate monitoring of drug resistance, especially MDR/XDR-TB in 
new patients and its transmission, molecular characterization of 
the drug-resistant strains, and analysis of patients’ immune status 
and genetic susceptibility are also needed to address the problem 
of the fitness, virulence and transmissibility of DR-MTB strains.
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