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ABSTRACT
Background: Drug Resistant Tuberculosis (DR-TB) is a major threat to the realization of the goal of a TB free world
in the near future. It is important to study the reasons for the increasing number of such cases so that effective action
can be taken to control this growing epidemic.
Methods: Sputum from 36 patients diagnosed with acquired pulmonary Multidrug Resistant Tuberculosis (MDR-TB)
were subjected to first- and second-line Drug Sensitivity Testing (DST) after liquid culture in mycobacterium growth
Indicator Tube (MGIT). Primary MDR-TB cases were excluded. The relation of the drug sensitivity profile with the
history of prior treatment taken was statistically analysed.
Results: Majority of the patients had received appropriate treatment, and most had adhered to prescribed treatment.
Among the 36 patients, 24(66.7%) were found to be Pre-Extensively Drug Resistant (Pre-XDR-TB) and 4(11.1%)
were extensively drug resistant XDR-TB cases. Inappropriate prescription of fluoroquinolone (FQ) was found to be
most common. Prior intake of any drug was not found to significantly affect subsequent resistance to that drug.
Conclusions: Fluoroquinolone resistance is quite common in patients with DR-TB (66.7%). This study did not find
the prior use of FQ or any other drug to significantly affect subsequent resistance to the drug. Primary drug resistance
is thus a major concern. 11.1% patients were found to be XDR-TB cases. Hence DST for first- and second-line drugs
should be done at the time of diagnosis to avoid failure of treatment with a predesigned regimen.
Keywords: Drug resistant tuberculosis, Drug sensitivity testing, Extensively drug resistant, Fluoroquinolone,
Multidrug resistant, Multidrug resistant

INTRODUCTION
Drug Resistant Tuberculosis (DR-TB) is the biggest
challenge to the achievement of the goals of the end TB
strategy of the World Health Organization (WHO).
Despite
continuous
evidence-based
policy
recommendations on the treatment and care of such

patients it continues to hamper the efforts to reduce
tuberculosis burden worldwide1. Drug resistance can be
classified into Multidrug Resistant (MDR) where the
Mycobacterium bacilli develop resistance to both
rifampicin and isoniazid or rifampicin alone, PreExtensively Drug Resistant (Pre-XDR) where the MDR
strain is additionally resistant to a fluoroquinolone or one
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of the three injectable aminoglycosides (Amikacin,
Kanamycin, Capreomycin) and Extensively Drug
Resistant (XDR) where the bacilli is resistant to
rifampicin with or without isoniazid, a fluoroquinolone
and at least one of the three injectable aminoglycoside.
Polydrug resistant strains are those that are resistant to
more than one first line drug other than both rifampicin
and isoniazid together. These groups of patients are more
difficult to treat than drug susceptible Tuberculosis (TB)
with treatment success rates of 50-60% only for MDR
cases.1 According to the global tuberculosis report 2018,
an estimated 558,000 new cases of rifampicin resistant
TB were reported in 2017 of which the majority were
from India (24%), followed by China (13%) and the
Russian Federation (10%).2
The DR-TB population is heterogenous, comprising of
patients who have never been exposed to first- or secondline Anti-Tuberculosis Treatment (ATT) and those who
have had treatment failure or retreatment.3 Factors
contributing to resistance often include poor adherence of
patients to ATT, inappropriate treatment regimen,
inadequate dosage and duration of treatment and noncompliance to national guidelines and standards of TB
care by clinicians.4 Widespread use of fluoroquinolones
and aminoglycosides to treat other bacterial infections
may also contribute to evolution of resistance to these
agents.5
There is limited data on the drug resistance profile and
prevalence of Pre-XDR and XDR-TB among acquired
MDR-TB cases. The present study explores the drug
resistance profile among acquired MDR-TB isolates and
its correlation with history of ATT in the form of drugs
previously taken, adherence to and appropriateness of the
regimen, all of which contribute to the development of
resistance.
Aims and objectives of the study was to study the drug
resistance profile among drug resistant pulmonary
tuberculosis patients, the correlation of previous intake of
a drug with resistance to that drug, factors contributing to
resistance.
METHODS
Department of Respiratory Medicine, King George’s
Medical University, Lucknow.
Inclusion criteria
•

Newly diagnosed pulmonary MDR-TB cases who
had received prior treatment for tuberculosis for at
least 1 month and had complete record of treatment.

Exclusion criteria
•
•
•

Cases of extrapulmonary tuberculosis
Primary MDR-TB cases
Contacts of known MDR or XDR-TB

•

Patients without proper record of prior treatment for
tuberculosis.

It was a single center, prospective, observational study
from August 2016 to July 2017. A total of 36 patients
diagnosed to be pulmonary MDR-TB cases via the Line
Probe Assay (LPA) technique and who fulfilled the
inclusion criteria were included in the study. A detailed
history of symptoms and treatment received were
obtained from the patient and his old records. 3-5 ml of
good quality sputum from the patient was sent for liquid
culture in Mycobacterium Growth Indicator Tube
(MGIT). The isolates were subjected to first- and secondline Drug Sensitivity Test (DST). The critical
concentration of drugs used were 1 µg/ml for rifampicin,
0.1 µg/ml for isoniazid, 5 µg/ml for ethambutol, 1 µg/ml
for streptomycin, 2 µg/ml for ofloxacin, 1 µg/ml for
amikacin, 2.5 µg/ml for kanamycin and 2.5 µg/ml for
capreomycin. For each isolate, a Growth Control (GC)
tube with growth supplement but without drug was used.
The relative growth ratio between the drug containing
tube and drug free GC tube was generated by the system
software algorthim. The final interpretation and the
susceptibility results were reported by the instrument
automatically.
The Statistical Package for the Social Sciences (SPSS)
version 22.0, and R environment ver.3.2.2 were used for
analysis of the data. Chi-square/ Fisher Exact test was
used to find the significance of study parameters on
categorical scale between two or more groups in nonparametric setting for qualitative data analysis. p-value
less than 0.05 was considered significant.
RESULTS
A total of 36 patients were enrolled in the study.
22(61.1%) were males and 14(38.9%) were females. The
mean age was significantly more for males (40.00±14.39
years) compared to females (26.15±8.65 years), p=0.003.
The age-wise distribution of the patients is as shown in
Figure 1. Maximum number of patients belonged to
upper-lower class (15, 41.7%). All the patients had
prolonged duration of symptoms. Mean duration of
symptoms was 22.44±20.19 months. Maximum number
of patients had symptoms for 13 to 24 months (15,
41.67%). 34(94.4%) patients adhered to previously
prescribed anti-tubercular treatment. The remaining
2(5.6%) did not adhere to prescribed regimen. Adherence
was defined as intake of prescribed regimen until the
diagnosis of MDR or duration as prescribed by the
treating physician. The mean duration of treatment taken
among those who adhered to their regimen was
10.79±5.70 months. Of the 2 patients who were not
adherent to treatment, one had taken irregularly for 10
months and the other had stopped treatment at 3 months
for 2 courses due to adverse events.
The prescribed regimen was appropriate for 27(75%)
patients and inappropriate in the remaining 9(25%).
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Appropriate regimen is defined as the Revised National
Tuberculosis Control Programme (RNTCP) prescribed 4drug regimen (Rifampicin, Isoniazid, Ethambutol and
Pyrazinamide- RHEZ) for new cases and the now
outdated 5-drug regimen (Streptomycin with the other 4
drugs-SRHEZ) for retreatment cases. Use of any of the
second line drugs or first line drug in inadequate dose or
number of drugs was considered inappropriate.
Male

Female

25
20
15
10
5
0
<20 21-30 31-40 41-50 51-60 >60 Total
(age in years)

Figure 1: Graph showing age and sex-wise
distribution of patients.
Among 26 patients (72.2%) had received multiple
courses of ATT. Of these patients, pre-XDR was seen in
13(50%), XDR in 3(11.5%) and MDR in 10(38.5%).
The number of patients who had taken specific
antitubercular drugs are shown in table 1. Most of the
patients who had been prescribed rifampicin, isoniazid,
ethambutol and streptomycin had an appropriate regimen.

Fluoroquinolone was the most common inappropriately
prescribed drug. 6 of the 9 patients who had received a
fluoroquinolone
i.e.
66.7%
had
received
it
inappropriately. This was found to be statistically
significant (p=0.003)
Table 1: Specific anti-tubercular drug received in
relation to regimen.
History of antitubercular
therapy
Rifampicin
(n=36)
Isoniazid (n=36)
Ethambutol
(n=36)
Streptomycin
(n=26)
Ofloxacin (n=9)

Regimen
p
Appropriate Inappropriate value
27(75%)

9(25%)

1.000

27(75%)
27(75%)

9(25%)
9(25%)

1.000
1.000

19(73.1%)

7(26.9%)

1.000

3(33.3%)

6(66.7%)

0.003*

The sensitivity pattern of the first- and second-line drugs
in relation to prior intake of the drugs except rifampicin
and isoniazid are as shown in table 2. The correlation
between resistance to a drug and prior intake of the same
drug was not found to be statistically significant for any
drug. The p-values are as shown in the tables. Overall,
12(33.3%) patients were found to be MDR, 20(55.6%)
were Pre-XDR and the remaining 4(11.1%) were XDR.
The correlation of the final diagnosis of MDR, Pre-XDR
and
XDR
with
the
type
of
regimen
(appropriate/inappropriate) or adherence to the prescribed
regimen are shown in tables 3 and 4.

Table 2: Drug sensitivity pattern in relation to history of Anti-Tubercular Treatment (ATT)-Rifampicin and
Isoniazid not included.
Drug
Ethambutol

Streptomycin

Ofloxacin

Amikacin

Kanamycin

Capreomycin

Resistant
Sensitive
Total
Resistant
Sensitive
Total
Resistant
Sensitive
Total
Resistant
Sensitive
Total
Resistant
Sensitive
Total
Resistant
Sensitive
Total

Taken
12(33.3%)
24(66.7%)
36
14(53.8%)
12(46.2%)
26
8(88.9%)
1(11.1%)
9
0(0.0%)
0(0.0%)
0
0(0.0%)
0(0.0%)
0
0(0.0%)
0(0.0%)
0

Not taken
0(0.0%)
0(0.0%)
0
6(60.0%)
4(40.0%)
10
16(59.3%)
11(40.7%)
27
3(8.3%)
33(91.7%)
36
3(8.3%)
33(91.7%)
36
1(2.8%)
35(97.2%)
36

Total
12(33.3%)
24(66.7%)
36
20(55.6%)
16(44.4%)
36
24(66.7%)
12(33.3%)
36
3(8.3%)
33(91.7%)
36
3(8.3%)
33(91.7%)
36
1(2.8%)
35(97.2%)
36
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The correlation was not found to be statistically significant
(p=0.855 for type of regimen and p=1.000 for adherence).

Among the 4 XDR, 3 were resistant to amikacin, 3 to
kanamycin and 1 to capreomycin. None of the patients had
received second line injectables in the past.

Table 3: Diagnosis with respect to type of regimen.
Diagnosis
MDR
PRE XDR
XDR
Total

Regimen
Total
12(33.33%)
20(55.56%)
4(11.11%)
36(100%)

Appropriate
10(37.04%)
14(51.85%)
3(11.11%)
27(100%)

Inappropriate
2(22.22%)
6(66.67%)
1(11.11%)
9(100%)

p=0.855

Table 4: Diagnosis with respect to adherence to regimen.
Diagnosis

Total

MDR
PRE XDR
XDR
Total

12(33.3%)
20(55.6%)
4(11.1%)
36(100%)

Adherence
No
1(50%)
1(50%)
0(0%)
2(100%)

DISCUSSION
Although inappropriate treatment and non-adherence are
established causes of resistance, in this study most
patients (75%) had received appropriate regimen
according to that prescribed by RNTCP and majority
(94.4%) had adhered to prescribed treatment. This is
contradictory to the study by Rifat et al.6 where they
found drug resistance to be 4 times more likely in patients
who did not complete treatment. The study by Sharma et
al, found non-compliance to be significantly associated
with resistance.7 A study conducted in Pakistan by Ejaz
and colleagues also found the same.8 This deviation in
this study may be explained by the fact that author had
enrolled only those patients who had complete record of
prior treatment. Such patients with proper records were
more likely to have adhered to treatment as well.
In study 72.2% patients had received multiple courses of
ATT. Of these patients the most common diagnosis was
Pre-XDR (50%). A study by Songhua et al, found that
multiple courses of ATT was a significant factor
associated with resistance.9 Many other studies confirm
the same.7,8 The most inadvertently prescribed ATT was
found to be Fluoroquinolone (FQ). FQ resistance in
Mycobacterium tuberculosis is on the rise. Among the 9
patients who had received FQ, 8(88.9%) were resistant to
it. But even in those who had not received it, resistance
was seen in 16(59.3%). Thus, correlation of prior use of
FQ (specifically for TB) with resistance was not found to
be statistically significant (p=0.219). The reason may be
that FQ is prescribed for myriad bacterial infections other
than TB and cross resistance among the FQ is quite
common.10 FQ is also most commonly used as add on or

Yes
11(32.4%)
19(55.9%)
4(11.8%)
34(100%)

p=1.000

substitute drug under non programmatic conditions for
TB whenever resistance to any drug is proven or
suspected or when a person does not tolerate any first line
drug.11 Meta-analyses have demonstrated that exposure to
FQ for other reasons before TB diagnosis leads to
resistance thereafter in such patients.12,13 Many other
studies from different regions have also demonstrated
weak relationship between prior FQ use and FQ
resistance.14-16
The correlation between resistance to a drug (other than
rifampicin and isoniazid) and prior intake of the same
drug was not found to be statistically significant for any
drug. According to a study by Hamusse et al, individuals
with previous history of TB treatment were eight times
more likely to develop resistance to any first-line anti-TB
drugs compared to those with no history of previous TB
treatment.17 In this study 33.3% of those who had taken
Ethambutol were resistant to it. This is exactly similar to
the study by Kochi et al, where they found it to be 33.3%.
The resistance to streptomycin was more or less similar
among those who had and had not taken streptomycin in
their study as well authors.18 None of patients had
received second line injectables. But resistance was noted
in 4(11.1%) which were also XDR cases. A study from
South Korea linked the total duration of Second Line
Drug (SLD) intake and lack of measures to ensure
adherence and proper monitoring of treatment to the
development of XDR.19 A 3-year prospective study from
Russia found that risk of developing resistance to
capreomycin and of XDR was higher among MDR
patients being treated with regimens containing less than
3 effective drugs compared to those being treated with
regimens with more than 3 effective drugs.20 This does
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not apply to this study as none of patients had received
any SLD other than FQ.
3.
In this study, 55.6% cases were Pre-XDR and 11.1%
were XDR. According to the Global TB report 2018,
8.5% of MDR-TB cases were XDR.2 Findings correspond
to those of Singhal et al, who reported 49.4% pre-XDR
and 11.4% XDR in their study.5 But it is much higher
than the 16-32% prevalence of pre-XDR among MDR
reported from other parts of Asia.21,22 The study by
Mannan et al, found only 3.4% XDR among MDR.21 A
study from India linked the development of XDR to prior
use of SLD and positive family history of TB.23 Several
other factors leading to XDR reported by other studies
include younger age, male gender and contact with
known MDR for primary cases of XDR and defaults and
failures in the past for acquired XDR.24,25

4.

5.

6.
Many of the factors mentioned does not hold true for
patients because most had received appropriate therapy,
most had adhered to treatment, none had contact with
DR-TB cases and none had received SLD (except FQ).
Hence, primary or intrinsic drug resistance detected after
treatment failure is a major probability. This observation
needs further exploration.

7.

CONCLUSION
8.
There is higher incidence of DR-TB among retreatment
cases. Intake of a drug in the past does not necessarily
entail resistance to the same. In fact, the mechanism of
evolution of resistance to a drug is complicated and
governed by many interplaying factors, most important of
which is suboptimal therapy where resistant mutants get
selection advantage. Intrinsic (primary) drug resistance is
a possibility but that aspect was not analyzed in this
study. Hence, first- and second-line DST should be done
at diagnosis so that an effective and personalized regimen
can be given at the outset. This will prevent treatment
failures associated with sticking to a predesigned regimen
and improve treatment outcomes and hence reduce
burden of DR-TB.
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