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Emergence of extensively drug-resistant tuberculosis (XDR-TB) has significantly threatened to jeopardize
global efforts to control TB, especially in HIV endemic regions. XDR-TB is mainly an iatrogenically
created issue, and understanding the epidemiological and risk factors associated with it is of paramount
importance in curbing this menace. Emergence of this deadly phenomenon can be prevented by prompt
diagnosis and effective treatment with second-line drugs in rifampicin-resistant TB (RR-TB) as well as
multidrug-resistant TB (MDR-TB) patients. Optimal treatment of RR-TB, MDR-TB and XDR-TB cases
alone will not suffice to reduce the global burden. The TB control programmes need to prioritize on
policies focusing on the effective as well as rational use of first-line drugs in every newly diagnosed drug
susceptible TB patients so as to prevent the emergence of drug resistance.
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Introduction

that the current existence of mostly drug susceptible
TB will be replaced with a complicated form of TB
with limited treatment strategies. The emergence of
XDR-TB can be prevented by effective management
with SLDs in rifampicin-resistant TB (RR-TB) as
well as multidrug-resistant TB (MDR-TB) cases. This
review aims to focus on the comprehensive management
strategies for patients suffering from XDR-TB.

Drug-resistant tuberculosis (DR-TB) has been
reported in the era of early introduction of anti-tubercular
chemotherapy, but recently, extensively drug-resistant
TB (XDR-TB) is posing a great threat to global control
of TB. The concept of XDR-TB was first introduced
at the Centers for Disease Control and Prevention
(CDC) in March 20051. Shortly thereafter, the data on
resistance to second line drugs (SLDs) were reported
during an epidemic outbreak at KwaZulu-Natal,
South Africa, resulting in alarming mortality among
TB cases co-infected with HIV in February 20062. The
global emergence of XDR-TB has raised the concern

Definition
XDR-TB was defined as those TB cases with
documented resistance to isoniazid (H) and rifampicin
(R) and at least three of the six main classes of SLDs
[aminoglycosides, polypeptides, fluoroquinolones
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(FQs),
thioamides,
cycloserines
(Cs)
and
para-aminosalicylic acid]3. However, the WHO revised
the case definition of XDR-TB as ‘TB with resistance to
at least H and R as well as further resistance to any FQs
[ofloxacin (Ofx), levofloxacin (Lfx) or moxifloxacin
(Mfx)] and second-line injectable drugs (SLIDs)
[kanamycin (Km), amikacin (Amk) or capreomycin
(Cm)] at an emergency meeting of the Global XDR-TB
Task Force. This definition was considered in view of
difficulty in testing some SLDs and less treatability of
some forms of drug resistance as compared to others4.
Further, two new terminologies pre-XDR-TB and
extremely drug-resistant TB (XXDR-TB) have been
introduced recently based on SLDs resistance patterns.
Pre-XDR-TB was defined as a subset of MDR-TB cases
that are resistant to either FQ or SLID but not to both,
thereby not fulfilling the criteria of XDR-TB. Another
term XXDR-TB also known as totally drug-resistant
TB (TDR-TB) was proposed for cases resistant to
all available first-line drugs and second-line drugs
(SLDs)5. It was further recommended that these results
should not be utilized solely to guide treatment as there
is still lack of adequate reproducibility and reliability of
drug susceptibility test (DST) for the remaining SLDs
as well as standardized methodology for testing6,7.
There could also be a discrepancy as in vitro DST
results might depict resistance for a particular strain of
Mycobacterium tuberculosis although there might not
be actually any resistance in vivo and the prognostic
relevance of these results without an internationally
accepted and standardized DST would remain unclear.
Epidemiology
Global
Worldwide, XDR-TB constitutes 9.7 per cent
[95% confidence interval (CI): 7.4-12%] of MDR-TB
patients as reported by the WHO in 20157. Prevalence
of XDR-TB cases from different countries of the world
is summarized in Table I8-25. Fourteen countries reported
≥10 XDR-TB cases with the proportion of MDR-TB
cases with XDR-TB. Among these countries, the cases
were highest in four countries7- Belarus (29%), Georgia
(15%), Latvia (19%) and Lithuania (25%). The estimation
of prevalence of resistance to SLDs was first documented
by CDC, by surveying the network of Supranational
Reference Laboratories (SRLs) during 2000-200426.
Of the 23 eligible laboratories, 14 (61%) produced
drug susceptibility results from 17,690 isolates, which
represented data from 48 countries. Of the 17,690 isolates,
3520 (19.9%) isolates met criteria for MDR-TB. Of the

3520 MDR-TB isolates, 347 (9.9%) isolates met criteria
for XDR-TB. The resistance patterns for XDR-TB
isolates included resistance to aminoglycosides, Cm
and FQs - 90 (3.4%); aminoglycosides, FQs and
thioamides - 102 (3.4%) and FQs, thioamides and
para-aminosalicyclic acid (PAS) - 94 (3.8%)26. Further,
48.1 per cent of all XDR-TB isolates were resistant to
all four first-line drugs, leading to the resistance of
isolates to more than seven drugs. The proportion of
XDR-TB among MDR-TB patients was 6.5 per cent
when estimated for industrialized nations26. Fifty five
(13.6%) and 200 (15.4%) MDR-TB patients met criteria
for XDR-TB among patients from Russia and Eastern
Europe as well as Republic of Korea, respectively. In a
study from Hong Kong27, 30 (17%) MDR-TB isolates
among re-treatment TB cases had resistance to more
than three SLDs, fulfilling criteria for XDR-TB. A drug
resistance survey conducted among 447 culture-positive
new and re-treatment TB cases in Abkhazia, Republic of
Georgia, revealed that 3 per cent had additional resistance
to three SLDs classes, consistent with XDR-TB28.
Clusters of XDR-TB cases have been reported in South
Africa and Iran with high prevalence of HIV co-infection
and mortality8,29. In the Fourth WHO/International Union
against Tuberculosis and Lung Disease anti-TB drug
resistance surveillance report30, 35 countries and two
special administrative regions have contributed data on
XDR-TB with variable quality assurance for laboratory
testing. Of the 4012 MDR-TB cases, 301 (7%) were
reported to be XDR-TB with low numbers of cases
from Central and Western Europe, the Americas and
in Asian countries30. The XDR-TB proportion among
MDR-TB was variable from 0 per cent in 11 countries to
30 per cent in Japan because of relatively low MDR-TB
burden representing a few absolute cases. A higher
proportion was observed in the nine countries of the
former Soviet Union with approximately 10 per cent of
all MDR-TB cases as XDR-TB ranging from 4.0 per cent
in Armenia to almost 24.0 per cent in Estonia because
these proportions represented a much larger absolute
number of cases30. A study was conducted in Lima,
Peru, among 810 TB patients from 1999 to 2002 where
SLDs resistance was performed on 651 patients and
48 (7.4%) patients who had XDR-TB15. Another study
from South Africa reported 996 (5.6%) of 17,615 MDR
isolates as XDR-TB between 2004 and October 200731.
Proportions were variable across Provinces with
KwaZulu-Natal reporting 14 per cent MDR cases as
XDR-TB. About 5.4 per cent of MDR-TB cases were
found to have XDR-TB as reported from 46 countries
based on continuous surveillance or representative
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Table I. Characteristics of important studies from the world showing prevalence and outcome of extensively drug‑resistant tuberculosis
(XDR‑TB)
Study

Location

Study
period

Total number
of TB cases/
DST isolates
in the study

Prevalence Total number Number Number of Number of
Outcome of
of HIV
of MDR‑TB
of
MDR‑TB XDR‑TB cases treatment for
in study
cases
MDR‑TB cases (re‑
including
XDR‑TB
sample
cases
treatment)
new and
(new)
re‑treatment
cases

Gandhi
et al8

KwaZulu
Natal,
South
Africa

January
2005 to
March
2006

Total patients
tested ‑ 1539
Culture
positive ‑ 542
Total
MDR‑TB
including
XDR‑TB
cases ‑ 221

All
positive
44/44
(100)

168/221
(76.1)

Migliori
et al9

Rome,
Italy
Borstel,
Germany

2003‑2006 Culture
positive ‑
2888
Italy ‑ 2140
Germany ‑
748

MDR‑TB
‑ 10/109
(9.2)
XDR‑TB
‑ 0

126/2888
(4.4)
Italy ‑
83/126
(65.8)
Germany
‑ 43/126
(34.2)

52/126
(41.3)

Migliori
et al10

Italy
1999‑2006 Culture
Germany
positive ‑
Estonia
4583
Archangels
Italy ‑ 2140
oblast
Germany ‑
748
Estonia ‑ 900
Arkhangel
oblast ‑ 795

MDR‑TB ‑
17/341 (5)
XDR‑TB ‑
2/64 (3.2)

361/4583
183/361
(7.9) Italy
‑ 83
Germany
‑ 43
Estonia ‑ 194
Arkhangel
oblast ‑ 43

Kim et al11

Seoul,
South
Korea

January
1996 to
December
2005

Lai et al12

Taiwan,
China

January
2625
2000 to
December
2006

75/504

53/221 (23.9)
New ‑
26/47 (55)
Re‑treatment ‑
21/47 (45)

Death ‑
52/53 (98)
Cured ‑
1/53 (2)

74/126
(58.7)

11/2888 (0.4)
Italy ‑
8/11 (72.7)
Germany ‑
3/11 (27.3)

Cured ‑
7/11 (63.6)
Death ‑
4/11 (36.4)

178/361

64/4583 (1.4)
Italy ‑ 8
Germany ‑ 3
Estonia ‑ 53
Archangels
oblast ‑ 0
New ‑
16/64 (25)
Re‑treatment ‑
48/64 (75)

Completed
treatment ‑
56/64 (87.5)
Treatment
success ‑
22/56 (39.3)
Death ‑
14/56 (25)
Default ‑
8/56 (14.3)
Failure ‑
12/56 (21.4)
Transferred ‑
0/56 (0.0)

211

43/211 (20.4)

Cured ‑
23/43 (53.5)
Relapse ‑
2/43 (4.7)
Failure ‑
11/43 (25.6)
Death ‑
6/43 (14)
Default ‑
1/43 (2.3)

150 (5.7)

10 (0.4)
New ‑ 1
Re‑treatment 9
Contd...
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Location

Study
period

Total number
of TB cases/
DST isolates
in the study

Prevalence Total number Number Number of Number of
Outcome of
of HIV
of MDR‑TB
of
MDR‑TB XDR‑TB cases treatment for
in study
cases
MDR‑TB cases (re‑
including
XDR‑TB
sample
cases
treatment)
new and
(new)
re‑treatment
cases

Banerjee
et al13

California, 1993‑2006 Total TB
Not
USA
cases ‑ 52,104 positive
DST available
‑ 38,767

627
Complete
DST
available for
424

18 (4.2)
New ‑ 9 (50)
Re‑treatment ‑
9 (50)

Mentioned
for 17
Completed
treatment
‑ 7 (41.2)
Defaulted ‑
1 (5.9)
Moved ‑
4 (23.5)
Died ‑ 5 (29.4)

Chan et al14

Denver,
Colorado,
USA

205
Complete
DST for 174

10/174 (6)

Cured ‑ 5 (50)
Death ‑ 5 (50)

Mitnick
et al15

Lima, Peru February 810/651
1999 to
July 2002

9/587 (1.5) 603 (92.6)
MDR‑TB
positive
for HIV
All
XDR‑TB
cases HIV
negative

48 (7.4)
New ‑ 1
Re‑treatment 47

Cured ‑
29 (60.4)
Completed
‑ 0
Default ‑
3 (6.2)
Treatment
failed ‑
5 (10.4)
Died ‑
11 (22.9)

Eker et al16

Germany

January
Total culture
2004 to
positive
December ‑ 4557
2006

142/177
MDR‑TB
tested
for HIV
‑ 7 (4.9)
positive
All
XDR‑TB
cases
negative
for HIV

Keshavjee
et al17

Tomsk,
Russia

September
2000 to
November
2004

5/579 (0.9) 579
positive
for HIV
All
XDR‑TB
cases
negative
for HIV

Kwon
et al18

Seoul,
South
Korea

January
1995 to
December
2004

1984‑1998

Total case
of MDR‑TB
including
XDR‑TB for
study ‑ 608

All HIV
negative
(98/155)

177 (4)

155

83 (47)

94 (53)

7 (0.2)
New case ‑
1 (14%)
Re‑treatment
case ‑ 6 (86)

Cured ‑
3 (42.8)
Completed ‑
1 (14.3)
Died ‑ 1 (14.3)
Failure ‑ 0
Default ‑ 0
Transferred
out ‑ 0
Still receiving
treatment
‑ 2 (28.6)

5

574

29 (4.8)
All
re‑treatment
cases

Treatment
success
‑ 14 (48.3)
Failure
‑ 9 (31)
Died ‑ 2 (7)

18 (12)

137 (88)

27 (17)
New ‑ 3 (11)
Re‑treatment ‑
24 (89)

Cured ‑
18 (67)

Contd...
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Location

Study
period

Total number
of TB cases/
DST isolates
in the study

Bonilla
et al19

Peru

January
Total TB
1997 to
cases ‑ 7191
June 2007

42/119
XDR‑TB
cases
tested but
all reported
negative

Total ‑ 5335
MDR‑TB
with second
line DST ‑
1989 (37.3)

Punga
et al20

Russia

January
Vladimir ‑
2006 to
1882
December Orel ‑ 419
2006

6/231

Vladimir ‑
363 (19)
SLD’s
resistance
in
182 (50)
Orel ‑ 85
(20) SLDs
resistance
in
75 (88)

Liu et al21

Beijing,
China

July 1996 3551 (3270
to 2009
finally
included
new ‑ 1392,
re‑treatment ‑
1878)

All
negative
among
cohort

716/3551
(20.2)

Skrahina
et al22

Minsk,
Belarus

November
2009 to
December
2010

Three
patients
HIV
positive
but all
were
excluded

107

TB
cases ‑ 465
Enrolled
culture
positive cases
‑ 235/465
(50.5)
DST available
‑ 224/235
(95.3)
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Prevalence Total number Number Number of Number of
Outcome of
of HIV
of MDR‑TB
of
MDR‑TB XDR‑TB cases treatment for
in study
cases
MDR‑TB cases (re‑
including
XDR‑TB
sample
cases
treatment)
new and
(new)
re‑treatment
cases
194/1755 1561/1755
(11)
(89)

119/1989
New ‑
13/113 (12)
Re‑treatment ‑
100/113 (88)

Cure ‑
18/43 (42)
Treatment
completed
‑ 3/43 (7)
Death
‑ 8/43 (19)
Failure
‑ 6/43 (14)
Default
‑ 8/43 (19)

Vladimir ‑
16 (21.3)
New ‑ 1
Re‑treatment
‑ 15
Orel ‑ 9 (4.9)
New ‑ 0
Re‑treatment
-9

166/1392 362/1878

55/156
(35.3)

52/68
(76.5)

51/3551 (1.4)
Among 48
48/3270
patients
New ‑ 15/1392
Cured ‑
Re‑treatment
5 (10.4)
‑ 33/1878
Completed ‑
9 (18.8)
Death ‑
3 (6.3)
Failed ‑
21 (43.8)
Defaulted ‑
9 (18.7%)
Transferred
out ‑
1 (2.1)
15/107 (14)
New ‑
3/55 (5.5)
Re‑
treatment ‑
12/52 (23.1)

Contd...
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Location

Balabanova Lithuania
et al23

Study
period

Total number
of TB cases/
DST isolates
in the study

2002‑2008 Culture‑
positive DST
‑ 8590
Non‑
MDR‑TB
cases ‑
7833/8590
(91.2)
Re‑treatment
among non‑
MDR‑TB
with complete
DST ‑
752/7833
(9.6)

Prevalence Total number Number Number of Number of
Outcome of
of HIV
of MDR‑TB
of
MDR‑TB XDR‑TB cases treatment for
in study
cases
MDR‑TB cases (re‑
including
XDR‑TB
sample
cases
treatment)
new and
(new)
re‑treatment
cases
328/8590 893/8590
(3.8) tested (10.4)
for HIV
42/328
positive
(12.8)

Ulmasova
et al24

Uzbekistan 2010‑2011 1147 with
culture
positive DST
Complete
DST profile
for 1037 (90)
patients

MDR‑TB
‑ 14/372
(3.8)
All
XDR‑TB
negative

372
MDR‑TB
cases with
second
line DST ‑
319 (86)

Kuksa
et al25

Latvia

MDR‑TB
‑ 67/1646
(4)
XDR‑TB
‑ 16/133
(12)

1646 (92.5)

January
1779 with
2000 to
culture
December positive DST
2010

729/8590
(8.5)

164/752
(21.8)

48 (0.6)
New ‑ 28 (0.3)
Re‑
treatment ‑
20/752 (2.7)

165
(23.2)

207 (62)

17/319 (5.3)

735/1646 911/1646
(45)
(55)

133 (7.5)
New ‑
63/133 (47)
Re‑
treatment ‑
70/133 (53)

Cured ‑
66 (50)
Completed ‑
4 (3)
Died ‑ 8 (6)
Failed ‑
39 (29)
Defaulted ‑
16 (12)
Transferred
out ‑ 0

Values in parentheses denote percentages. Superscript numerals denote reference numbers. The above studies were identified through
a search strategy run in the principal electronic database (PubMed, ISI Web of Knowledge, Google, Google scholar, CENTRAL)
from the date of inception up to 10th January 2016. The following keywords were selected: ‘Extensively drug resistant tuberculosis’,
‘XDR‑TB’, ‘prevalence’, ‘epidemiology’, ‘world’ and ‘global’. No restriction was placed on study design and language of publication.
DST, Drug susceptibility test; MDR, multidrug‑resistant; HIV, human immunodeficiency virus, SLDs, second‑line drugs

surveys of SLDs resistance with the prevalence of
more than 10 per cent XDR-TB cases in eight countries
and majority were located in Eastern Europe and
Central Asia31. A cumulative total of 105 countries have
confirmed at least one case of XDR-TB by 20147. The
WHO in 2016 reported that 58 countries and territories
were treating 7234 XDR-TB patients with SLDs
worldwide with a maximum number of cases notified
from four countries - India (2130), Ukraine (1206), the
Russian Federation (1205) and South Africa (719)32.

Seventy four countries reported 7579 XDR-TB cases
by the end of 2015. Thirty six per cent were reported
to have DST for both FQs and SLIDs among MDR-TB
and RR-TB patients with lowest coverage in the WHO
Western Pacific and South-East Asia regions as notified
in 201532.
India
According to the data reported on XDR-TB from
India, it varied from 0.3 to 60 per cent of MDR-TB
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Table II. Characteristics of important studies from India showing prevalence and outcome of extensively drug‑resistant tuberculosis (XDR‑TB)
Author

Location

Setting of
study

Study
period

Total number
of TB cases/
DST isolates/
DR‑TB in
the study

Jain et al33

Mumbai,
Maharashtra

Hospital

2005

DST tested ‑
1274

Mondal and
Jain34

Lucknow,
Uttar
Pradesh

Hospital

December
2000 to
2002

Singh et al35

New Delhi

Hospital

March
2006 to
December
2006

Total TB
patients ‑ 54
DST tested
‑ 24

Jose et al36

Thiruvananthapuram,
Kerala

Hospital

2007

DST tested
‑ 182

Rodrigues37

Mumbai,
Maharashtra

Hospital

2005
2006
2007

Michael et al38

Vellore,
Tamil Nadu

Hospital

Ramachandran Gujarat
et al39

Prevalence
of HIV
patients
in study
sample

Number of
MDR‑TB
cases

Number
of
MDR‑TB
among
new
cases

Number
of
MDR‑TB
among re‑
treatment
cases

326
68

All
positive

Number
of
XDR‑TB
cases

36/326
(11%)
21/68
(30.8%)

47/68
(69.2%)

5/68
(7.4%)

12/24
(50%)

4/12
(33.3%)

29/182
(16%)

6/29
(20.6%)

2005‑409

2005‑38
(9.3%)
2006‑98
2007‑96

2003‑2007 DST tested
‑ 2240

560 (25%)

90
(16.1%)

Community

November
2005 to
October
2006

219/2629
(8.3%)

Total TB
cases ‑ 2674
New ‑ 1638
(61%)
Re‑treatment
‑ 1126 (39%)
DST result
available:
new ‑
1582/1638
(97%),
re‑treatment
‑ 1047/1126
(98.1%)

Dhingra et al40

New Delhi

Hospital

2001‑2006 DST tested
‑ 18,443

Sharma et al41

New Delhi

Hospital

1997‑2003

Datta et al42

Srinagar,
Jammu and
Kashmir

Hospital

March
2003 to
February
2007

Total TB
cases ‑ 910

37/1582
(2.4%)

182/1047
(17.4%)

9614
(52.2%)
All
negative

211

1 positive

52/910
(5.7%)

Outcome
of
treatment
for
XDR‑TB

7 (3.2%)
(all re‑
treatment
cases)

86
(0.89%)
All re‑
treatment
cases

5 (2.4%)

8/52
(15.3%)

Cured ‑ 1

Contd...
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Author

Location

Setting of
study

Study
period

Total number
of TB cases/
DST isolates/
DR‑TB in
the study

Rajasekaran
et al43

Chennai,
Tamil Nadu

Hospital

2004‑2007 Total TB
cases ‑ 2927
DST tested
‑ 2156
(73.7%)
DR‑TB cases
‑ 1651/2156
(56.4%)

Paramasivan
et al44

Chennai,
Tamil Nadu

Community

2001‑2004 Total TB
patients
‑ 3173
DST tested
‑ 2816

Balaji et al45

Vellore,
Tamil Nadu

Hospital

2002‑2007 DST tested
‑ 1544
(finally
included
for analysis
‑ 194)

Among
MDR‑TB
‑ 1 HIV
positive
Among
XDR‑TB
‑ 3 HIV
positive

Chakraborty
et al46

Kolkata,
West Bengal

Hospital

2007‑2008 Total TB
patients
‑ 250
DST tested
‑ 120

200/250
positive
90/120
positive

Khanna et al.47

New Delhi

Hospital

DST tested
‑ 194

Thomas et al48

Chennai,
Tamil Nadu

Community

Myneedu
et al49

New Delhi

Hospital

January
2007 to
December
2009

James et al50

Vellore,
Tamil Nadu

Hospital

2003‑2007 Total DR‑TB
cases ‑ 177

1999‑2003
2006‑2007

Prevalence
of HIV
patients
in study
sample

Number of
MDR‑TB
cases

MDR‑TB
‑ 141/993
(14.2%)
XDR‑TB
‑ 3/48
(6.3%)

993/2927
(33.9%)

All
negative

All
negative

Number
of
MDR‑TB
among
new
cases

Number
of
MDR‑TB
among re‑
treatment
cases

Number
of
XDR‑TB
cases

Outcome
of
treatment
for
XDR‑TB

48/2927
(1.6%)

1498/2816
(53%)

All re‑
treatment
cases

69/1498
(4.6%)
All re‑
treatment
cases

30

All re‑
treatment
cases

47 (all re‑
treatment
cases)

16/90
(17.7%)
2/30
(6.6%)
Total ‑ 18

4 (22.2%)

104

6/104
(5.8%)

104
Cohort
1‑66
Cohort
2‑38

10
Cohort
1‑8
Cohort
2‑2

223

45/223
(20.2%)

103/177
(58.2%)
Second
line DST
tested
‑ 75/103
(72.8%)

45/75
(60%)

Cured ‑ 1
(25%)
Died ‑ 3
(75%)

Died ‑ 3
Default
‑ 3
Still on
treatment
‑ 4

Contd...

PRASAD et al: MANAGEMENT OF XDR-TB IN INDIA
Study
period

Total number
of TB cases/
DST isolates/
DR‑TB in
the study

Author

Location

Setting of
study

Porwal et al51

New Delhi

Hospital

April 2007 Total DR‑TB
to May
patients
2010
‑ 611

Dholakia and
Shah52

Mumbai,
Maharashtra

Hospital

August
2006 to
November
2010

Lakshmipathy
et al53

Chennai,
Tamil Nadu

Hospital

Udwadia and
Moharil54

Mumbai,
Maharashtra

Hospital

May 2006
to 2010

Isaakidis
et al55

Mumbai,
Maharashtra

Hospital

March
2003 to
January
2014

Total TB
cases ‑ 1724
DST ‑
202 (12%)
DR‑TB
‑ 68/202
(33.7%)

All
positive

26/68
(38.2%)

Rao et al56

Udupi,
Karnataka

Hospital

September
2011 to
August
2014

Total TB
patients
‑ 990 DST
tested ‑ 862
(87.1%)

68/862
(7.9%)

57/862
(6.3%)

3/862
(0.3%)

Dalal et al57

Mumbai,
Maharashtra

Hospital

January
2005 to
December
2013

340

47
(13.8%)

Mukherjee
et al58

Kolkata,
West Bengal

Hospital

January
2013 to
December
2013

Udwadia
et al59

Mumbai,
Maharashtra

Hospital

January
2012 to
December
2012

DR‑TB ‑ 34
Included
‑ 29
New ‑ 2
Re‑treatment
‑ 27

Prevalence
of HIV
patients
in study
sample

279

Number of
MDR‑TB
cases

Number
of
MDR‑TB
among
new
cases

Number
of
MDR‑TB
among re‑
treatment
cases

Number
of
XDR‑TB
cases

Outcome
of
treatment
for
XDR‑TB

2/483
(0.4%)
positive

483

32 (7.8%)

380
(92.2%)

18/483
(3.7%)
New case
‑ 1 (5.5%)
Re‑
treatment
case ‑ 17
(94.4%)

Died ‑ 4
Defaulted
‑ 4
Cured ‑ 1
Not
available
‑ 9

3/34
(8.9%)
HIV
positive

20/29
(69%)

1/29 (3%)

Cured ‑ 1

13/322
(4%)

2/322
(0.6%)

DST
analysed
‑ 802
322 (40.3%)

78

5/172
(2.9%)

Total DST
analysed
‑ 3651
DST
analysed for
Second line
resistance
‑ 1539

172

464/1539
(30.2%)

13/29
(11.4%)

1/172
(0.6%)

All re‑
treatment
cases

6/78 (7%)

32/39
(36.4%)

5 (7.4%)

171/172
(99.4%)

Cured ‑ 1
Died ‑ 2

5/172
(2.9%)

198/1539
(12.8%)

Superscript numerals denote reference numbers. DR, drug resistant; HIV, human immunodeficiency virus; DST, drug susceptibility test; MDR, multidrug
resistant
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as shown in Table II33-59. Sub-national community
survey from India in 2006 in the State of Gujarat
reported XDR-TB in 3.2 per cent (95% CI, 1.26.6%) of 219 MDR-TB patients. All XDR-TB cases
were previously treated cases. It was also reported
that the high prevalence 24 per cent of pre-XDR-TB
with only Ofx resistance among MDR-TB isolates39.
Another study conducted by Tuberculosis Research
Centre (TRC) [now National Institute of Research
in Tuberculosis (NIRT)], Chennai, reported 10 cases
of XDR-TB and 12 cases of pre-XDR-TB from two
cohorts of 104 MDR-TB cases48. Among those XDRTB patients, one was diagnosed pre-treatment, six
had initial susceptibility to Km as well as Ofx and
three with only initial Ofx resistance. In a study
at Lucknow, XDR-TB was found in 8.5 per cent of
MDR-TB cases, and 42.3 per cent of MDR-TB cases
were pre-XDR-TB60. In analysis of studies involving 10
tertiary care centres in nine cities in India 598 isolates
of XDR-TB were reported61. Another study conducted
at a tertiary care TB hospital in New Delhi49, observed
that 45 (20.17%) isolates were XDR-TB on analyzing
sputum cultures of 223 diagnosed MDR-TB patients
with maximum resistance to four drug combinations
namely Km, ethionamide (Eto), Ofx and PAS (5.82%),
followed by Km and Ofx (3.13%) and Ofx, Km and
Eto (1.79%); 1.34 per cent isolates showed panresistance and other combinations in the remaining
isolates. Majority of the XDR-TB isolates showed
resistance to three or more drugs combination pattern,
highlighting need for urgent and timely sensitivity
report for SLDs to help clinicians start proper regimens
to treat MDR-TB patients to prevent occurrence of
XDR-TB49. A study conducted from a tertiary care
hospital at Delhi reported 24 (44.4%) isolates proven
positive for Mycobacterium tuberculosis among 54
HIV-positive patients. Among the 24 isolates, 12
(50%) qualified for MDR-TB, of which XDR-TB
resistance was observed in 4 (33.3%) patients. All
four XDR-TB patients expired within 2.6 months of
diagnosis35. Another study on drug resistance survey
in five Tibetan settlements in India reported that 14.5
per cent of 307 patients had MDR-TB62. A crosssectional survey conducted among adults and children
anti-retroviral therapy (ART)-centre attendees in
Mumbai revealed that drug resistance was diagnosed
in 68 (34%) of 202 culture-positive cases. Of these 68
cases, 38 per cent were MDR-TB, 21 per cent were
pre-XDR (MDR-TB plus resistance to either an FQ or
SLID), 6 per cent XDR-TB and 2 per cent XXDR-TB
(XDR-TB plus resistance to any group IV/V drug)55. A

study conducted at four tertiary care hospitals in Delhi
reported prevalence of XDR-TB among 483 MDRTB patients as 3.7 per cent. According to the latest
WHO report, 8976 cases of MDR-TB as well as RRTB were tested for resistance to SLDs with 3048 cases
being XDR-TB as confirmed by laboratory testing
in India32. Further studies are required at community
level from different regions of India to estimate actual
incidence and prevalence rate of XDR-TB to establish
early diagnosis of drug resistance and implementation
of appropriate treatment strategy by TB control
programme.
Factors responsible for XDR-TB
Drug resistance in M. tuberculosis is due to
the mutations in the genome. Mismanagement of
MDR-TB cases primarily results in this form of TB due
to the following reasons: faulty or improper treatment,
non-adherence to treatment guidelines, inappropriate,
incomplete or erratic use of SLDs and use of poor-quality
SLDs. A study from South Korea reported that factors
responsible for XDR-TB were total duration of prior
SLDs intake, inaccessibility to approach reliable
laboratory for DST against first-line drugs as well as
SLDs, lack of experience, poor training and skills to
manage DR-TB and factors linked to poor control
practices63. The lack of measures to ensure adherence
and monitoring of treatment with prescribed regimens,
especially in private sectors, was considered to be a
major risk factor for XDR-TB63. The two strongest risk
factors for XDR-TB are failure of regimens used for
treatment of MDR-TB including SLIDs as well as FQ
and close contact with an individual with documented
XDR-TB64. It was observed in a study at Lithuania
and Estonia that younger age group, male gender, and
known contact with an MDR-TB were associated with
increased risk of primary infection with XDR-TB and
MDR-TB strains while defaults and failures in the
past triggered XDR-TB development65. A three-year
prospective study from Russia reported that risk of
developing resistance to Cm and of XDR-TB was
higher among MDR-TB patients who were treated with
regimens containing less than three effective drugs
(9.4 vs. 0%) as compared to those who were treated
with regimens containing more than three effective
drugs (8.6 vs. 0.8%)66. A study conducted at Delhi
predicted factors that were associated significantly
with XDR-TB such as family history of TB, low socioeconomic status, comorbid illness and previous intake
of SLIDs51.
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Diagnosis
A clinical diagnosis of XDR-TB is not possible.
However, the strongest risk factors to suspect
XDR-TB include failure of an MDR-TB treatment
regimen and close contact with an individual with
documented XDR-TB or an individual, for whom
treatment with a regimen including SLDs has failed64.
A detailed evaluation of history of previous exposure
to anti-tubercular treatment (ATT) including first-line
drugs as well as SLDs is essential. XDR-TB cases
constitute two major subgroups: (i) MDR-TB at
diagnosis (not exposed to SLDs) and (ii) MDR-TB
therapy failure (exposed to SLDs)67. The classification is
important as it is a major variable for XDR-TB therapy
response as XDR-TB patients belonging to the later
group are difficult to treat as compared to former one.
The MDR-TB patients are treated under programmatic
management of drug-resistant tuberculosis (PMDT)
by Revised National Tuberculosis Control Programme
(RNTCP) of India with Category IV (CAT IV)
which is a standardized six drug regimens (Eto, Cs,
Lfx, Km, ethambutol-E and pyrazinamide-Z) taken
daily for 24-27 months68. This standardized regimen
contains anti-tubercular drugs that are grouped on
the basis of efficacy, experience of use and drug
class as recommended by the WHO64 (Table III). The
non-responders and failures of CAT IV are offered
SLDs DST (FQs and aminoglycosides).
A patient of MDR-TB who is on second-line ATT or
CAT IV and has sixth month follow up culture positive
is said to be ‘XDR-TB suspect’ and the culture isolate
is to be sent for DST for SLDs. In addition, any CAT IV
patient showing reversion, i.e. two serial consecutive
positive cultures after culture conversion, would also
be suspected for treatment failure and the culture
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isolate of the second positive culture would be sent
for second-line DST (mainly Km and FQ)68. WHO has
recently re-grouped anti-tubercular drugs used in the
design of conventional MDR-TB as well as XDR-TB
treatment regimens based on the current evidence
on their effectiveness and safety69 as mentioned in
Table IV. Clofazimine (Cfz) and linezolid (Lzd) are
now recommended as core SLDs in the MDR-TB
regimen according to recent classification, while PAS
is considered an add-on agent. Clarithromycin (Clr)
and other macrolides are excluded from the current
classification of drugs for the treatment of MDR-TB69.
The only way to diagnose XDR-TB currently is by
DST to first-line drugs and SLDs which may take up to
16 weeks if done by conventional method.
All MDR-TB patients should preferably be tested
for XDR-TB in high-resource settings. The detection
of cases also depends on the availability of SLDs
DST. According to the WHO, in areas with limited
second-line DST, patients should be tested at the very
least if suspected to have risk factors for XDR-TB.
Further, in areas where no capacity for second-line DST
exists, this investigation has to be done from a capable
SRL. Individuals presumed to have XDR-TB should
have at least DST to H, R, the three SLIDs (Km, Amk
and Cm) and FQs used in the country64. The routine
testing of DST for SLDs is not feasible on account
of its difficulty, cost and poor reliability. Even in
well-developed countries, despite adequate facilities
available for performing DST for SLDs, interpretation
of the results requires careful analysis by trained
staff because of lack of standardized concentrations
for each drug and wide variation in definitions of
resistance. DST of drugs such as groups 4 and 5 drugs
(Table III) has poor reproducibility and reliability64.

Table III. Grouping of anti‑tuberculosis drugs
Group

Drugs

Group 1 (first‑line oral agents)

Pyrazinamide (Z); ethambutol (E); Rfb

Group 2 (injectable agents)

Streptomycin (S); Km; Amk; Cm

Group 3 (fluoroquinolones)

Lfx; Mfx; Ofx

Group 4 (oral bacteriostatic second‑line agents)

Eto; Pto; Cs; Trd; PAS; PAS Na

Group 5 (drugs with unclear efficacy or unclear role in MDR‑TB treatment,
not recommended by WHO for routine use in MDR‑TB patients)

Bdq; Dlm; Lzd; Cfz; Amx/Clv; Ipm/Cln; Mpm;
high‑dose isoniazid (H); thiacetazone (T); Clr

Adapted with permission from Ref 64
MDR, multidrug resistant; WHO, World Health Organization; PAS Na, para‑aminosalicylic acid sodium; Rfb, rifabutin;
Km, kanamycin; Amk, amikacin; Cm, capreomycin; Lfx, levofloxacin; Mfx, moxifloxacin; Ofx, ofloxacin; Eto, ethionamide;
Pto, protionamide; Cs, cycloserine; Trd, terizidone; Bdq, bedaquiline; Dlm, delamanid; Lzd, linezolid; Cfz, clofazimine;
Amx/Clv, amoxicillin/clavulanate; Ipm/Cln, imipenem/cilastatin; Mpm, meropenem; Clr, clarithromycin
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Table IV. Revised grouping of anti‑tuberculosis drugs

Group

Drugs

Comments

A.
Fluoroquinolones

Lfx
Mfx
Gfx

Order of
preference:
Lfx >Mfx
>Gfx

B. Second‑line
injectable agents

Am
Cm
Km
Streptomycin (S)

Resistance to
streptomycin
alone does not
qualify for the
definition of
XDR‑TB

C. Other core
second‑line
agents

Eto/Pto
Cs/Trd
Lzd
Cfz

Order of
preference:
Eto/Pto >Cs/
Trd >Lzd >Cfz

D. Add‑on agents

D1

Not a part of
core MDR‑TB
regimen
Thioacetazone
to be used in
HIV negative
patients
Clr has been
excluded

Pyrazinamide (Z)
Ethambutol (E)
High‑dose
isoniazid (H)
D2
Bdq
Dlm
D3
PAS
Ipm
Mpm
Amx-Clv
Thioacetazone (T)

Adapted with permission from Ref 69
XDR, extensively drug resistant; MDR, multi‑drug resistant;
PAS, para‑aminosalicylic acid; Gfx, gatifloxacin.
Abbreviations are as given in Table III

Therefore, precautions must be taken while adding
these drugs in individual regimens based on DST.
Urgent interventions are required for XDR-TB patients
with concomitant HIV-infection carrying high risk of
mortality that include assessment for the risk of SLDs
resistance and initiation of an empiric XDR regimen
if probability of infection is high while awaiting for
conventional phenotypic DST results64. More rapid
tests such as radiometric methods such as BACTEC
460 and MGIT 960, should be used70. Some of the
newer liquid and agar techniques can determine
the presence of XDR-TB within 14 days. Other more
rapid systems are being tested for identification of drug
resistance e.g. colorimetric assays and broth-based
assays for rapid detection of M. tuberculosis and for

resistance to H and R. Genotypic methods for detecting
specific genetic mutations and responsible for certain
types of drug resistance are available for only MDR-TB
e.g. Genotype MTBDR assay, Genotype MTBDR
plus assay, INNO-LiPA assay15,71. The second-line
line probe assay (LPA) for FQs and aminoglycosides
known as GenoType MTBDRsl assay has the potential
to be used as a rule-in test for XDR-TB where capacity
for the same is available. In a study, sensitivity and
specificity of the Genotype MTBDRsl test was found
to be 87 and 96 per cent, respectively for FQs; 100 and
100 per cent for Am; 77 and 100 per cent, respectively
for Km; 80 and 98 per cent respectively, for Cm
and 57 and 92 per cent respectively, for E72. Two
versions (version 1 and 2) of MTBDRsl assay have
been introduced by the WHO in 201673. MTBDRsl
version 1 detects M. tuberculosis complex (MTBC)
and resistance to FQs (mutation in gyrA gene), SLID
(mutation in rrs gene) and E (mutation in embB
gene) in smear-positive specimens as well as culture
isolates. The MTBDRsl version 2 detects MTBC and
resistance to FQs (mutation in gyrA and gyrB gene) as
well as SLID (mutation in rrs gene and eis promoter
region) excluding E. The additional advantage is that
it can be applied in smear-negative specimens also.
The assay displays a sensitivity and specificity of
85.1 and 98.2 per cent to detect FQ resistance when
performed directly (using smear-positive sputum
samples) and 83.1 and 97.7 per cent, respectively,
when performed indirectly (using culture isolates)74.
MTBDRsl exhibited sensitivities and specificities
of 76.9 and 99.5 per cent for the SLID class when
performed indirectly (using isolates) and 94.4 and
98.2 per cent, respectively, when performed using
smear-positive sputum samples (directly).
The sensitivity and specificity of MTBDRsl for
both aminoglycosides and FQs were 100 and 100 per
cent and for E were 91.7 and 100 per cent in a study
conducted at Lucknow75. Another study conducted
at Mumbai revealed sensitivity and specificity of
MTBDRsl for aminoglycosides (100 and 100%), FQs
(91.3 and 95.5%) and E (56.2 and 81%)76. The targeted
resistance was detected in less time as compared
to phenotypic DST. However, due to low negative
predictive value to FQ (88%) and E (43.21%), the
assay results must be interpreted in coordination
with the phenotypic DST. The WHO Expert Group
has concluded that Genotype MTBDRsl LPA may be
preferred over phenotypic culture-based DST, to detect
resistance to SLDs in both adults as well as children.

PRASAD et al: MANAGEMENT OF XDR-TB IN INDIA

However, this recommendation requires high-quality
evidence for validation as this assay has less sensitivity
for detection of SLDs resistance to reliably rule out
XDR-TB. In addition, the cross-resistance between
various SLDs makes this test less reliable to identify
the individual drugs to be used for treatment64. There
is high correlation of resistance-conferring mutations
to FQs between LPA and conventional phenotypic
resistance, especially for Ofx and Lfx as compared to
Mfx and Gfx. This proves that inclusion of Mfx or Gfx
in a regimen should be best guided by phenotypic DST
results. These limitations make Genotype MTBDRsl
LPA still inferior to conventional phenotypic DST and
cannot replace the latter. The second-line LPA for FQs
and SLIDs has the potential to be used as a rule-in test
for XDR-TB where capacity for same is available,
especially in high prevalence settings64.
The RNTCP of India has expanded access to DST
of baseline SLDs, especially for Km and Lfx to all
MDR-TB cases at the initiation of treatment, and the
results would be received after six to eight weeks77. This
will help in appropriate modifications of the treatment
regimens and improvement of treatment outcomes
if additional resistance (including pre-XDR-TB
and XDR-TB cases) is detected early. Currently, 25
laboratories has been certified by RNTCP for SLDs
DST that includes five national reference laboratories,
13 intermediate reference laboratories, five medical
colleges, one non-governmental organization and one
private-SRL77. Baseline SLD for MDR-TB patients
has been rolled out across the country by linking States
and Union Territories to the certified laboratories.
The National Committee of Operational Research
has approved a study for the validation of LPA for
detecting resistance to FQs, injectable aminoglycosides
(Km, Amk) and cyclic peptides (Cm) in Programme
Setting in India using MTBDRsl assay77. This assay
has to be implemented all over the centres in India to
achieve rapid detection of XDR-TB from high burden
of MDR-TB patients in the near future.
Treatment
Treatment of XDR-TB is difficult and expensive.
Less powerful agents (second-line and group V agents)
are required for treatment because R and H cannot be
used and drugs have to be used for a longer duration as
well. The treatment can be an individualized regimen
or a standardized one, depending on the previous drugs
taken by the patient (by constructing a drug-o-gram),
degree of resistance in the community and the
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financial status of the patient. A drug is considered to
be effective if the baseline DST shows susceptibility
to that drug; however, if DST results are not available,
a drug may still considered to be effective if not
previously taken for at least one month15. At least five
drugs with proven susceptibility or which are most
likely to be effective should be used in constructing a
regimen64 (Table V). The first drug should be selected
from group 1 in addition to Z. Another drug to be
selected from group 2 is an injectable agent, to which
the strain is susceptible and its use can be extended
to 12 months or more based on culture conversion.
It is recommended to use an injectable agent that
has never been used before or consider designing
the regimen without an injectable agent in case of
reported resistance to all injectable agents. If one
of the injectable agents is considered effective but
toxicity is a limiting factor, then alternative route of
inhalation through a nebulizer should be considered
but the use of this route is still questionable due to
lack of evidence64. Further, drug from group 3 such as
higher generation FQ (Mfx or Gfx) can be added. Use
of all group 4 drugs that have not been used or less
exposed in a previous regimen may be effective. Two
or more group 5 drugs [such as bedaquiline (Bdq)]
can be added. Bdq (TMC 207) is a newly approved
drug by the WHO for the treatment of MDR-TB
and XDR-TB, which belongs to the diarylquinoline
class of antibiotics78. This drug has high bactericidal
activity against drug resistance proved on the basis
of a multicentric phase II trial. It was observed that
patients on Bdq achieved significantly higher rates of
sputum culture conversion at six months (79 vs. 58%)
and cure rate at 2.5 yr (58 vs. 32%)79.
Bdq has been given approval for use along with
the background regimen under conditional access
through the RNTCP PMDT programme77. It is planned
to introduce this drug in six referral sites initially to
establish its safety profile among Indian patients
for improving outcome amongst MDR-TB and
XDR-TB patients. Delamanid (Dlm) (OPC 67683) and
pretomanid (Ptm) (PA-824) belong to the nitroimidazole
class of antibiotics, currently undergoing phase II and
phase III clinical trials78. A single cohort study reported
that patients receiving Dlm for two months had a
higher rate of two-month sputum-culture conversion
than patients receiving placebo [7 of 16 (44%) vs.
1 of 10 (10%), P=0.10]80. Rates of sustained culture
conversion and successful treatment outcomes were
higher, whereas mortality was lower among patients
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Table V. Doses of anti‑tubercular drugs used in multidrug‑resistant and extensively drug‑resistant tuberculosis

Drugs

Average daily
dosage (mg/kg)

Daily dosage (mg)

Type of anti‑mycobacterial
activity

Minimum

Maximum

Pyrazinamide (Z)

25

1200

1500

Bactericidal

Ethambutol (E)

15

800

1200

Bacteriostatic

5‑10

150

600

Bactericidal

Km

15

750

1000

Bactericidal against actively
multiplying organisms

Am

15

750

1000

Streptomycin (S)

15

750

1000

Cm

15

750

1000

Mfx

7.5‑10

400

400

Ofx

15‑20

800

1000

Lfx

7.5‑10

500

1000

15‑20

500‑750

1000

Pto

15‑20

500‑750

1000

PAS

200‑300

10 g

12 g

Cs

10‑20

500‑750

1000

Trd

10‑20

500‑750

1000

Group 1 first line oral agents

Rfb
Group 2 injectable agents

Group 3 fluoroquinolones
Weakly bactericidal

Group 4 oral bacteriostatic
second‑line drugs
ETo

Bacteriostatic

Group 5 agents with unclear role
in treatment of drug‑resistant TB
Bdq

400 mg once daily for two
weeks, 200 mg, three times
a week for wk after food

Dlm
Cfz

Bactericidal

100 twice
daily
4‑5

Lzd
Amx/Clv

Bactericidal

100

300

600

1200

500/125
twice a day

1000/250
twice a day

Thioacetazone (T)

150 mg/day

‑

‑

Ipm/Cln high dose

500‑1000 mg/every 6 h

500 every
6 hourly

1000 every
6 hourly

Isoniazid (high‑dose H)

16‑20

600

900

Clr

10‑15

500 twice a
day

500 twice a
day

Bacteriostatic
Weakly bactericidal

Bactericidal (pH dependent)

Adapted with permission from Ref 64
Abbreviations are as given in Table III

treated for six months or more than among those treated
for two months or less81. Other newer drugs such as
sutezolid (Szd) (PNU-100480) and SQ109 are currently
undergoing phase II clinical trials82. Benzothiazinones

(BTZ043) are the most recently introduced drugs that
are undergoing pre-clinical development phases83.
High-dose H should be considered if there is
documentation of low-level resistance or absence of
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the katG gene. Localized disease should be considered
for adjuvant surgery if possible. Various measures
should be undertaken while treating MDR-TB and
XDR-TB patients for better outcomes such as rigorous
respiratory infection control, hospitalization in case of
poor general condition of the patient or coexistence of
major comorbidities, provision of shelter if the social
condition of the patient prevents proper home care,
management of HIV co-infection, comprehensive
monitoring and full social support to ensure adherence,
full access to palliative and end-of-life care services
and focus on patient-centred approach64.
The MDR-TB patients diagnosed with baseline FQ
and injectable aminoglycosides resistance are treated
with modified CAT IV regimen, whereas the same
resistance patterns among non-responders and failures
of CAT IV are treated with CAT V regimen for up to
24-30 months daily regimen68,77. The standardized
regimen for Cat V consists of seven drugs, with two
reserve/substitute drugs. The intensive phase (IP)
(6-12 months) consists of seven drugs - Cm, PAS,
Mfx, high-dose H, Cfz, Lzd and amoxyclav whereas
continuation phase (CP) (18 months) consists of
six drugs – PAS, Mfx, high-dose H, Cfz, Lzd and
amoxyclav. The dosages of the drugs would vary as per
the weight bands of the patient. All drugs are to be given
on a daily basis under supervision of a directly observed
treatment (DOT) provider. Injection of Cm is given six
days/week. The details of the drugs and dosages are
summarized in Table V. The reserve/substitute drugs
i.e. Clr and thiacetazone (T) could be included in the
regimen of XDR-TB patients preferably in place of
PAS if the latter was used previously during their CAT
IV treatment of MDR-TB. The other indications for
using these reserve drugs are inability to tolerate one
or more of the drugs included in standardized regimen
and resistance to Cm at baseline. The switching from
IP to CP is advised only after achievement of culture
conversion. The IP can be extended from six months
up to a maximum of 12 months in case of delay in
culture conversion68. The PMDT site committee could
decide on administering Cm injection intermittently
(three times/week) for the months 7-12 in case of
extension. This strategy has been widely adopted in
various States of India since its implementation in
201268. A total of 392 XDR-TB cases were initiated
on second-line standardized treatment under PMDT
in 201384. Subsequently, 939 XDR-TB cases including
Ofx-resistant cases were detected among 2184
MDR-TB cases from January to September 201485. Of
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the 939 XDR-TB cases, 879 (93.6%) were treated with
standardized treatment. According to the current report,
2130 XDR-TB cases were registered and initiated on
treatment in 2015 with maximum cases belonging to
Maharashtra (899), Gujarat (288) and Delhi (166)77.
The WHO has recently introduced standardized as
well as individualized regimens in managing MDR and
XDR-TB patients based on the recent classification69
as shown in Table IV. A regimen with at least five
effective TB medicines should be prescribed in the IP,
including Z and four core SLDs - (group A: 1 drug,
group B: 1 drug, and group C: at least two drugs). If
the regimen is considered ineffective especially in case
of XDR-TB where resistance to both groups A and B
drugs is reported, additional drugs from groups D2
or D3 are introduced to make it more effective with
total of five drugs. The two recent drugs Bdq and Dlm
now categorized under group D2 within the add-on
agents used to treat MDR-TB and XDR-TB. WHO
has also recommended to treat a subset of MDR-TB
patients with shorter regimen of 9-12 months instead
of a conventional regimen with no previous history
of SLDs intake and in whom sensitivity to FQs and
SLID detected at baseline or highly suspected69. These
regimens need to be implemented all over the country
under PMDT strategy in coming years with better hope
in improving outcome.
Monitoring of treatment
No randomized controlled trials have been
conducted on XDR-TB, regarding the appropriate
duration of treatment. Therefore, it is largely
based on consensus68. Baseline evaluation should
include complete blood count with platelets, thyroid
function test, liver function test, kidney function
test, serum electrolytes, audiometry, vision tests,
electrocardiography, blood sugar, pregnancy test in
women of reproductive age group and also psychosocial
counselling. All patients need to be offered HIV testing
after pre-test counselling, unless known to be HIV
positive. Assessment with chest X-ray and evaluation
for surgery will also be done. While on follow up,
culture should be done monthly during IP after
three months of starting treatment and quarterly during
CP. In case of extension of IP due to delay in culture
conversion, the follow up schedule may be modified
accordingly68,77.
There are various adverse effects such as
nephrotoxicity (Cm), electrolyte wasting (Cm),
hypothyroidism (PAS, Eto), hepatotoxicity (PAS),
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ototoxicity (injectable aminoglycoside), psychiatric
disturbances (Cs/Tzd) and QT prolongation
(Bdq, Dlm) which are difficult to monitor and may
be life-threatening, therefore requiring intensive
monitoring. A significant part of monitoring treatment
is assessment and management of toxicity or
adverse drug reactions occurring due to second-line
anti-tubercular drugs64. The ability to monitor
patients for adverse effects daily is one of the major
advantages of directly observed therapy (DOT) over
self-administration of drug-resistant TB treatment.
WHO has recently introduced concept of active TB
safety drug monitoring and management (aDSM) to
detect, manage and report suspected or confirmed drug
toxicities. It involves active and systematic clinical
and laboratory assessment of patients on treatment
with newer anti-TB drugs, novel MDR-TB regimens
or XDR-TB regimens7,32,69. It is envisaged that aDSM
will become an integral component of the PMDT apart
from spontaneous or voluntary reporting and targeted
reporting.
Outcomes of treatment
There is a scarcity of data on the treatment outcomes
of patients with XDR-TB, and the existing data so
far are highly variable. Further, the influence of HIV
status and fate of patients with treatment failure remain
unknown. The WHO has reported data regarding
global treatment outcome for 4236 XDR-TB patients
representing 47 countries by the end of 2013 (successful
treatment - 28%, death - 27%, failure - 21% and default
- 23%)32. The Russian Federation reported highest
number of XDR-TB patients for whom outcomes
were reported and also mortality was highest (>40%)
in India and South Africa32. In a study conducted in
Peru between 1999 and 2002, more than 60 per cent of
XDR-TB patients were cured after receiving treatment
either at home or in community-based settings with
appropriate regimen15. In a retrospective cohort study
of 608 patients with MDR-TB in Russia between
2000 and 2004, 29 (4.8%) patients had XDR-TB. In
this study, 48.3 per cent of XDR-TB had treatment
cure or completion17. The largest outbreak of XDR-TB
occurred in the Tugela Ferry of KwaZulu-Natal
region in South Africa in an HIV-positive population,
characterized by a high mortality rate8. There was
99 per cent mortality. This was a nosocomial outbreak
in an area of high HIV-endemicity, not necessarily that
the XDR-TB aspect was driven by HIV. Therefore,
HIV-positive patients are not inherently at higher risk of
XDR-TB; the main driver is the drug resistance pattern

among the surrounding population. Studies conducted
in South Africa found no significant difference in
mortality rates between HIV-positive patients on highly
active ART (HAART) and HIV-negative ones86,87.
The important risk factors responsible for poor
outcomes were prior anti-TB therapy, FQ resistance
or prior FQ use, Cm resistance, extensive radiological
lesions including cavitation, HIV seropositivity,
other immunocompromised states, low body mass
index, hypoalbuminaemia, older age, male sex, low
haematocrit and early default during one year of
treatment88. The major risk factor for resistance to SLDs
was previous intake as well as incorrect prescription
of these drugs89. Early availability of the second-line
DST results (within 31 days of treatment initiation)
was found to be associated with a better outcome of
XDR-TB treatment compared with those where DST
results were available after 31 days of treatment19.
Treatment success was highest if at least six drugs were
used in the IP90. A meta-analysis by Jacobson et al91
assessed treatment outcomes for XDR-TB and factors
associated with favourable responses. It was observed
that the use of later generation FQs for the treatment of
XDR-TB significantly improved treatment outcomes
despite documented resistance to that drug. Patients
with XDR-TB infected by a strain susceptible to other
first-line drugs, to a later generation FQ and to other
SLIDs, such as Cm, might carry a prognosis almost
similar to that of MDR-TB.
There is limited evidence regarding treatment
outcome of XDR-TB from India. According to the
WHO Global Report (2016), 2130 XDR-TB cases
were prescribed SLD under PMDT of RNTCP with
treatment success rate of 37 per cent in 201332. There is
a need to introduce new classes of anti-TB drugs that
can be used for treating XDR-TB. Lzd is one of the
drugs, which has been utilized in managing XDR-TB
cases. A systematic review and meta-analysis included
individual data analysis of 121 patients from 12
uncontrolled studies focusing on efficacy, safety and
tolerability of Lzd-containing regimens. The treatment
success was achieved in 81.8 per cent of the cases92.
Dlm, Bdq and PA-824 are other new anti-TB agents with
potential evidence to enhance the cure rate of XDR-TB
in the near future. A study conducted in South Africa
has shown that independent predictors of probability of
culture conversion were no history of MDR-TB and use
of Cfz93. A systematic review by Gopal et al94 suggested
that Cfz-containing regimens could be beneficial in the
treatment of XDR-TB with drug-resistant strains and
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who had limited alternative treatment options. Another
study reported that successful treatment eradicated
XDR-TB strains despite the low treatment success rate
among patients with XDR-T95. Worldwide, 70 countries
had started regimens containing Bdq and 39 countries
had used Dlm by the end of 2015 to improve treatment
outcome32. Majority of the patients treated with Bdq
were reported by the Russian Federation and South
Africa32.
Role of surgery
Surgery has an important role in the treatment of
XDR-TB cases due to an inability to achieve complete
cure with the available ATT regimens. Patients
especially with localized disease can undergo surgery
as an adjunct to anti-TB therapy. It should not be
considered as the last resort but during early anti-TB
therapy considering risk-benefit ratio. Anti-TB therapy
should be initiated at least for two months before
surgery and continued for 12-24 months thereafter.
It is generally preferred in those cases with localized
disease, persistent sputum positivity and resistance
to large number of drugs64. Most common operative
procedure in patients with pulmonary disease is
resection surgery9. Stringent infection control measures
should be taken before, during and after the surgery
since infectious substances and aerosols are generated
in large quantities during surgery and during mechanical
ventilation. It was observed that overall cure rate was
substantially higher (81 vs. 56%) when surgery was
more frequently and aggressively applied in cases of
resistant pulmonary TB96. A study was conducted at
Georgia97 among 75 patients comprising 51 MDR-TB
and 24 XDR-TB who underwent adjunctive thoracic
surgery - lobectomy (54%), segmentectomy (35%)
and pneumonectomy (11%). Of the 72 patients with
evaluable outcomes, 59 (82%) had favourable outcomes
including 90 per cent of MDR and 67 per cent of
XDR-TB patients. Postoperative complications were
observed in 7 (9%) patients without any mortality. This
study also predicted various factors that were associated
with poor treatment outcomes such as bilateral disease,
XDR pattern, previous usage of increasing effective
drugs, positive pre-operative sputum culture and major
post-operative surgical complication97.
HIV and XDR-TB
The management strategy of HIV-positive
XDR-TB patients is identical to that of HIV-naïve
XDR-TB patients. However, mortality in HIV-positive
XDR-TB patients without the use of ART is extremely

287

high8,55. Adverse events are observed more common
in such patients because of various pharmacokinetics
as well as pharmacodynamics interactions between
ART and anti-TB therapy, diverse pharmacogenomics
properties and occurrence of immune reconstitution
inflammatory syndrome (IRIS). Therefore, intense
monitoring is essential for both response to therapy and
adverse events. Thiacetazone (T) is not recommended
for HIV-positive patients68. ART was found to improve
survival in patients with DR-TB, and initiation of ART
in relation to TB treatment should be similar to patients
with drug susceptible TB. Multiple clinical trials of
new regimens are on-going and preliminary data from
the Bdq Clinical Access Programme in South Africa98
suggest improved short-term outcomes when Bdq±Lzd
and/or Cfz was given to patients with XDR and preXDR TB including patients with HIV co-infection.
However, the risk of QT prolongation and ART drug
interactions related to Bdq are to be considered98.
XDR-TB in paediatric patients
Children with DR-TB generally acquire primary
resistance from an index case with DR-TB. The
diagnostic criteria and indications for treatment need
to be specified as there is a lack of adequate sputum
specimens when requested from young children.
Alternative technique such as sputum induction with
nebulized hypertonic saline may facilitate collection
of specimens. Gastric lavage is another commonly
used procedure for collecting specimens when
nebulization is unsuccessful. It is especially employed
for conventional culture with DST and GeneXpert
MTB/RIF but not used for smear microscopy in
isolation because of the low yield. DST should be used
to guide therapy in paediatric cases wherever possible
as they are often culture negative with paucibacillary
TB. Management of culture-negative children should
include clinical evidence of active TB disease, history
of contact with a documented case of DR-TB including
previous treatment as well as exposure to anti-TB
drugs and the results of DST64. The evidence for use
of SLDs for extended periods in children is limited.
The regimen should be designed carefully considering
risk-benefit ratio. The current evidence has shown
that paediatric cases with DR-TB have generally
tolerated SLDs especially FQs, Eto, PAS and Cs well
without experiencing any significant adverse events99.
In general, anti-TB drugs should be given according
to body weight64 as mentioned in Table VI. Monthly
monitoring of body weight is essential for paediatric
cases as indicated for adjustment of doses of ATT
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according to the change in weight bands. All drugs
should be prescribed at the higher recommended dosage
ranges, except E which should be given at 15 mg/kg as
compared to 25 mg/kg in adults64. It is more difficult to
monitor for optic neuritis in children.
Response monitoring to treatment is difficult in
children who are not culture-positive initially. Chest
radiography is also considered inferior to monitoring of
weight gain for the assessment of treatment response64.
Children under three years of age who are contacts
of patients with MDR-TB or XDR-TB can be given
chemoprophylaxis to prevent high risk of disease
progression. The proposed recommendation is to use two
or three oral drugs for a minimum of nine months based
on susceptibility pattern of the index case of DR-TB100.
XDR-TB in pregnancy
All female patients of reproductive age group
should undergo screening for pregnancy upon baseline
evaluation before initiation of treatment for active
DR-TB. It is not considered to be a contraindication
for treatment as active DR-TB imposes greater risks
to the lives of both mother and foetus64. Birth control
is strongly recommended for all non-pregnant women
receiving therapy for DR-TB because of frequent and
severe toxicity profile of SLDs affecting both mother
and foetus64. The risks and benefits of treatment
should be carefully considered along with aggressive
counselling to achieve smear conversion as early as
possible to protect the health of the mother and foetus,
Table VI. Paediatric dosing of second‑line anti‑tuberculosis
drugs
Drug

Daily dose
(mg/kg)

Frequency
daily dose

Maximum
(mg or g)

Streptomycin

20‑40

Once

1g

Kanamycin

15‑30

Once

1g

Amikacin

15‑22.5

Once

1g

Capreomycin

15‑30

Once

1g

Ofloxacin

15‑20

Twice

800 mg

Levofloxacin

7.5‑10

Once

750 mg

Moxifloxacin

7.5‑10

Once

400 mg

Ethionamide

15‑20

Twice

1g

Protionamide

15‑20

Twice

1g

Cycloserine

10‑20

Once or twice

1g

150

Twice or thrice

12 g

Paraaminosalicylic
acid

Adapted with permission from Ref 64

both before and after birth. The treatment should be
initiated preferably in the second trimester because
of higher incidence of teratogenicity in the first
trimester or sooner if condition of patient is critical.
The therapy should be initiated with at least three or
four oral drugs with documented susceptibility and
then reinforced with an injectable agent and possibly
other drugs immediately postpartum64. Injectable
agents, especially aminoglycosides, should be
avoided in the regimens of pregnant patients because
of increased risk of foetal ototoxicity. However, Cm
is to be prescribed if an injectable agent is definitely
required with less risk of ototoxicity as compared to
others64. Eto should also be avoided in pregnancy as
it can aggravate the risk of symptoms such as nausea
as well as vomiting and also teratogenic effects with
controversial evidence.
Breastfeeding
Women with active DR-TB breastfeeding
their infants should receive a full course of antiTB treatment timely to prevent transmission of
tubercle bacilli through milk. It is also recommended
to provide infant formula feeding option as an
alternative to breastfeeding. If the mother is sputum
smear-positive, her family members should take care
of the infant until sputum smear conversion occurs.
If this is not feasible, both the mother and infant
should be kept in well-ventilated areas or outdoors.
Another option is to use of surgical mask or an N-95
respirator by mother until she becomes sputum
smear-negative64.
Contraception
Birth control is advised to all non-pregnant
sexually active women receiving therapy for DR-TB.
The oral contraceptives can be used safely except if the
patient is taking rifamycin-containing regimens and
also experiencing vomiting immediately or within two
hours leading to decreased absorption as well as efficacy
of the anti-TB treatment64. The latter issue can be
managed by asking patients to take their contraceptives
during vomiting-free periods with anti-TB treatment.
Patients should use a barrier method of contraception in
addition after tolerating contraceptive pills for at least
one month. Condoms can be a reasonable solution,
especially for those patients who are uncomfortable in
taking additional pills. It has additional advantage of
protection against sexually transmitted disease, but it is
less effective as compared to contraceptive pills when
not used correctly64.
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WHO response strategies for XDR-TB
WHO convened a Global Task Force on XDR-TB
in October 2006 to combat the threat of XDR-TB.
The proposed objectives were strengthening of basic
activities to control TB and HIV, prevention of further
emergence of MDR-TB and XDR-TB and speeding
up of treatment of such cases, thereby increasing
coverage101. The revised plan decided to extend the
treatment to cover 1.6 million MDR-TB and XDR-TB
cases by 2015 instead of 800,000 MDR-TB cases32.
Treatment success rates among patients with MDR and
XDR-TB still remained consistently and unacceptably
low since the initiation of global monitoring by WHO.
According to the WHO recommendations, all patients
with MDR-TB should undergo testing for SLDs to
determine if they have XDR-TB7,32. The End TB
Strategy32 emphasizes on early diagnosis of TB and
universal DST for rapidly and accurately detecting TB
and drug resistance. Rapid expansion of laboratory
services and programmatic management are required to
achieve universal accessibility of services for MDR and
XDR-TB. The delivery of treatment should be patientcentred all over the countries with preference to provision
of ambulatory services over hospitalization for severe
cases. Newer regimens containing safer, affordable and
more effective medicines with shorter duration and ease
of administration are required to improve treatment
outcomes. Other strategies, such as improvement
in quality of life, enabling adherence to treatment,
management of adverse events, comprehensive palliative
and end-of-life care and psycho-social support, should
also be implemented. Adequate resources for detection
and treatment and building capacity among health care
workers are essential to provide high-quality care.
Control of XDR-TB
The primary aim in the control of XDR-TB is
to prevent emergence of drug resistance by most
cost-effective way of treatment under Directly
Observed Treatment and Short-course (DOTS)
chemotherapy strategy. Proper management of
MDR-TB cases including judicious introduction of
SLDs in the regimen remains the major principle to
prevent emergence and transmission of XDR-TB cases
since MDR-TB and XDR-TB cases respond poorly
to short-course chemotherapy. Although newer drugs
for TB are coming up in the near future such as Ptm,
Szd, SQ109 and benzothiazinones apart from recently
introduced Bdq and Dlm, the key to success depends
on appropriate diagnosis and effective treatment of
XDR-TB patients. There is a need for a continuous
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and periodic drug resistance surveillance that will
guide in deciding type of chemotherapy for treatment
and also evaluation of longitudinal trends of progress
in TB control by the current and past chemotherapy
programmes. The guidelines of national programmes
need to be updated periodically based on levels of
resistance, training of professionals in private sector,
strengthening of existing National Tuberculosis Control
Programme and ensuring compliance enhancing
measures such as provision of free/subsidized anti-TB
drugs, supervised treatment and health education.
Conclusion
Overall, the emergence of XDR-TB reminds that
global TB control requires a sustained commitment by
scientific, political and financial authorities. One of the
first priorities is to effectively diagnose XDR-TB in
clinical practice by increasing the laboratory capacity
worldwide. All the reference laboratories in each country
should perform high quality conventional DST for all
the SLDs to diagnose XDR-TB effectively. Molecular
tests to rapidly identify H and R resistance together
with DST for SLDs will contribute in rapid diagnosis,
but there is a requirement of large investments in
training personnel and facilities to make it feasible in
resource-limited countries. New research in the areas
involving application of molecular biology in the field
of epidemiology could help in better understanding
of the mechanisms leading to drug resistance,
development of newer diagnostic tools and effective
drugs to control DR-TB. The effective management of
XDR-TB depends on judicious prescription of SLDs to
reduce morbidity and mortality and transmission based
on the current scenario. Optimal treatment of RR-TB,
MDR-TB and XDR-TB cases alone will not control
the global burden. The TB control programmes should
emphasize on policies focusing on the effective use of
first-line drugs in every new patient so as to prevent
the emergence of MDR-TB, XDR-TB and XXDR-TB
or TDR-TB.
Conflicts of Interest: None.
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