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Ten extensively drug-resistant tuberculosis (XDR-TB) 

patients were identifi ed among 104 human immunodefi -

ciency virus negative multidrug-resistant tuberculosis 

(MDR-TB) patients treated at the Tuberculosis Research 

Centre, Chennai, India, in two different cohorts between 

1999–2003 and 2006–2007. They were managed with 

individualised treatment regimens. At the time of diag-

nosis of MDR-TB, one patient had XDR-TB and three 

had initial ofl oxacin resistance. One patient who had 

had a lobectomy in addition to chemotherapy became 

bacteriologically negative, three died, three defaulted 

and the remaining three, who are bacteriologically posi-

tive, are still continuing treatment. Although based on a 

small number of patients, our results have not been 

encouraging.
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THE WORLD HEALTH ORGANIZATION (WHO) 
Global Task Force defi ned extensively drug-resistant 
tuberculosis (XDR-TB) in October 2006 as multi-
drug-r esistant TB (MDR-TB) with resistance to any 
one of the fl uoroquinolones (FQs) and at least one of 
the injectable drugs (kanamycin [KM], amikacin [AMK] 
and capreomycin [CPM]).1 Since then, at least one 
case has been reported from 58 countries,1 including 
India.2,3 The magnitude of the problem is not known 
due to the paucity of laboratories capable of conduct-
ing quality-assured drug susceptibility testing (DST) 
against second-line drugs (SLDs). The Tuberculosis 
Research Centre is a WHO-recognised supranational 
reference laboratory for mycobacteriology where DST 
for SLDs (KM, ofl oxacin [OFX] and ethionamide) is 
performed. During the period 1999–2003, the policy 
in this centre was to treat MDR-TB patients with a 
FQ-containing regimen, with streptomycin or KM 
and three other SLDs, depending on the DST results. 
DST was performed at the time of diagnosis and dur-
ing treatment whenever a positive culture was iso-
lated. Patients with MDR-TB are currently being 
treated with the DOTS-Plus regimen recommended 
by India’s Revised National TB Control Programme.*4 

S U M M A R Y

We report the occurrence of XDR-TB and its man-
agement in a selected cohort.

METHODOLOGY

The case records of patients admitted for MDR-
TB treatment were reviewed retrospectively for the 
emergence of XDR-TB. Patients belonged to two co-
horts, the fi rst from the Tiruvallur District (1999–
2003)2 and the second from the Tiruvallur and 
Chennai Corporation (2006–2007). Sputum DST re-
sults were classifi ed using the international defi ni-
tions for resistance to SLDs,2 and patients with 
XDR-TB were identifi ed. Patients in the fi rst cohort 
were treated with individualised regimens that in-
cluded three new drugs that the patient had not 
r eceived earlier from among AMK, gatifl oxacin, 
para-aminosalicylic acid, augmentin (amoxicillin and 
clavulanic acid), metronidazole and clofazimine. From 
2007 onwards, moxifl oxacin, CPM and clarithromy-
cin were also added. During treatment, progress was 
monitored by clinical, bacteriological, biochemical 
and haematological evaluations at monthly intervals. 
The treatment regimens were modifi ed when patients 
did not respond or developed intolerance to any of 
the drugs. Patients were referred for surgical treat-
ment if needed. 

Ethics committee approval was not required for 
this retrospective analysis.

* 6/9KOEthCsEthZ/18OEthCsE; K = kanamycin, O = ofl oxacin, 
Eth = ethionamide, Cs = cycloserine, Eth = ethambutol, Z = 
pyrazinamide. Numbers before the letters indicate the duration in 
months of the phase of treatment.
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RESULTS 

In all, 104 patients (66 in the fi rst cohort and 38 in 
the second) were treated for MDR-TB. Among these, 
10 had initial OFX resistance, two had initial KM re-
sistance, and one had both OFX and KM resistance 
(XDR-TB). Of the 12 patients with pre-XDR-TB 
(OFL/KM resistance), fi ve were cured, three died, one 

defaulted and three failed to respond to treatment, 
with emergence of XDR-TB. In addition, six of 91 
patients who had initially OFX- and KM-susceptible 
organisms developed XDR-TB. We thus identifi ed 10 
XDR-TB patients from the two cohorts (Table 1).

The demographic profi le of the patients, the treat-
ment regimens used and the current status is given in 
Table 2. All the patients were human immunodefi ciency 

Table 1 Details of emergence of XDR-TB among the cohort of MDR-TB patients in relation to initial OFX and or KM resistance

1999–2003
Cohort I

2006–2007
Cohort II

Cured Failed Death Default

Cohort I Cohort II Cohort I Cohort II Cohort I Cohort II Cohort I Cohort II

MDR-TB patients, n 66 38 25 26 17 6 8 3 16 3
OFX resistance at start of 

MDR-TB treatment  4  6  2  3  2 1 0 2  0 0
KM resistance at start of 

MDR-TB treatment  1  1  0  0  0 0 0 1  0 1
Pre-treatment XDR-TB  1  0  0  0  0 0 0 0  0 0
KM- and OFX-susceptible 60 31 23 23 15 5 7 1 15 2
XDR-TB  1  7* 2†

* 5 emerged in patients susceptible to KM and OFX, 2 with initial OFX resistance. 
† 1 emerged in patients susceptible to KM and OFX, 1 with initial OFX resistance.
XDR-TB = extensively drug-resistant TB; MDR-TB = multidrug-resistant TB; TB = tuberculosis; OFX = ofl oxacin; KM = kanamycin.

Table 2 Profi le of XDR-TB patients

No. Age Sex

Weight at 
XDR-TB 

diagnosis, 
kg

DST
at start of 
MDR-TB 

treatment
Emergence of 

XDR-TB

Month/year
XDR-TB 

diagnosis
treatment 

started
Drugs received after 
diagnosis of XDR-TB Status

Survival 
after 

XDR-TB 
diagnosis,
months Comorbidity

1 38 M 40 HR, OFX OFX: initial
KM: 4 months

3/2001
6/2001

AMK, CS, ETH, PAS, 
H600

Died 15 Hansen’s 
disease

2 38 M 47 SHR KM: 3 months
OFX: 6 months

12/2001
Died

Died before treatment 
could be initiated

Died  4 Diabetes
mellitus

3 39 M 48.5 SHRE, KM,
OFX, ETH

Pre-treatment 
XDR-TB

12/2001
Initial default

Defaulted before 
treatment could 
be initiated

Initial default 18 Nil

4 49 M 56 HRE, ETH KM: 4 months
OFX: 25 months

2/2005
5/2006

OFX, EMB, CS, PAS, 
PZA, AMK, AUG, 
MGYL, CLO, MFX

Surgical resection

Responding to 
treatment after 
surgery (smear- and 
culture-negative for 
14 months); still on 
treatment

58 Nil

5 49 F 41 SHRE, OFX OFX: initial
KM: 7 months

9/2003
Initial default

Defaulted before 
treatment could 
be initiated

Initial default 11 Nil

6 39 F 54 SHR KM: 10 months
OFX: 18 months

6/2005
4/2006

EMB, PZA, CS, PAS, 
GFX, AMK, AUG, 
CLM, ETH, INH, 
CFZ, MGYL

On treatment, 
culture-positive

54 Diabetes 
mellitus 

7 25 M 40 SHR KM: 4 months
OFX: 9 months

8/2005
8/2006

AMK, AUG, CLM, 
H600, ETH, EMB, 
PAS, PZA

Defaulted from 
treatment 

28 Nil

8 46 M 39 SHR, ETH OFX: 9 months
KM: 11 months

2/2008
9/2008

MFX, H600, EMB, 
CS, PAS, AUG

On treatment, 
culture-positive

22 Nil

9 32 F 29 SHR KM: 3 months
OFX: 55 months

7/2008
5/2009

AMK, MFX, AUC, 
CFZ, PZA, H600

On treatment, 
culture-positive

17 Nil

10 31 F 26 SHRE, OFX 
ETH

OFX: initial
KM: 7 months

1/2008
9/2008

CPM, MFX, CS, PZA, 
EMB, PAS, AUG, 
CFZ, H600

Died 21 Nil

XDR-TB = extensively drug-resistant tuberculosis; DST = drug susceptibility testing; MDR-TB = multidrug-resistant tuberculosis; H = isoniazid; R = rifampicin; 
OFX = ofl oxacin; KM = kanamycin; AMK = amikacin; CS = cycloserine; ETH = ethionamide; PAS = para-aminosalicylic acid; S = streptomycin; E, EMB = 
ethambutol; PZA = pyrazinamide; AUG = augmentin (amoxillin + clavulanic acid); MGYL = metrogyl; CFZ = clofazimine; MFX = moxifl oxacin; GFX = 
gatifl oxacin; CLM = clarithromycin; CPM = capreomycin.
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virus negative, two had diabetes mellitus and one had 
polyneuritic Hansen’s disease. Six patients were male, 
with a median age of 40 years and a median weight 
of 43.2 kg. The chest radiographs of these patients 
showed bilateral parenchymal lesions involving 4–
6 zones, and four had cavitary lesions.

Among the 10 XDR-TB patients, treatment could 
not be initiated in three, as one died due to massive 
haemoptysis and two defaulted. The remaining seven 
patients were treated with individually tailored regi-
mens based on DST. One patient underwent a pulmo-
nary lobectomy and became bacteriologically nega-
tive at the end of the fi rst month of surgery. During 
treatment, one patient defaulted and two died due to 
respiratory failure. The remaining three patients are 
still bacteriologically positive and continue on treat-
ment. All patients experienced mild to moderate 
a dverse drug reactions, and the offending drug was 
either temporarily withheld or discontinued.

DISCUSSION

We reported the fi rst case of XDR-TB in a fi eld set-
ting in India in 2007.2 Hospital-based studies pub-
lished in India showed that the prevalence of XDR-
TB varied between 2.4% and 33.3%,3 with the 
highest rates observed in patients with full-blown ac-
quired immune-defi ciency syndrome.5 

Published studies show that patients with FQ re-
sistance are at risk of developing XDR-TB during 
treatment with SLDs, a risk that may increase if these 
drugs are administered outside the setting of a struc-
tured treatment programme.6 However, we observed 
that XDR-TB occurs irrespective of FQ resistance, al-
though the rate of emergence was higher among pa-
tients with FQ resistance. Further studies are required 
in a larger MDR-TB population to identify risk fac-
tors for the emergence of XDR-TB. 

The fi rst cohort was prior to the implementation 
of DOTS-Plus guidelines, and KM was given thrice 
weekly. Patients in the second cohort were treated as 
per the DOTS-Plus guidelines, with daily KM injec-
tions. Drug dosages were determined according to 
weight bands. It was observed that respectively eight 
(12%) and two (5%) cases in the fi rst and second co-
horts had XDR-TB. The lower rate of emergence of 
resistance in the second cohort could be attributed to 
the higher strength of the drugs used. The second co-
hort also had a shorter duration of follow-up.

This report describes the experience of the centre 
in treating cases who emerged as XDR-TB among a 
selected group of MDR-TB patients over a period of 
10 years even before a defi nition for XDR-TB was 
available. The poor treatment outcomes observed 
warrant an early diagnosis of XDR-TB, prompt initi-
ation of treatment, assured adherence and availabil-

ity of newer drugs such as later generation FQs and 
linezolid. One of the patients successfully underwent 
lobectomy; other published reports show that resec-
tional lung surgery is associated with an initial fa-
vourable outcome and increased long-term survival 
in XDR-TB patients.7 

The limitations of the results include the small num-
ber of cases, from two different patient cohort groups 
that were managed by a TB research centre and not 
under programme conditions.

CONCLUSION 

Although our experience with XDR-TB has not been 
encouraging, the lessons learnt are that there is a need 
to develop rapid methods for culture and DST against 
SLDs, to ensure the availability of quality-assured 
drugs and to devise appropriate guidelines for the 
management of XDR-TB. 
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On a identifi é 10 patients atteints d’une tuberculose à 

germes ultrarésistants (TB-XDR) parmi 104 patients at-

teints d’une tuberculose à germes multirésistants (TB-

MDR) et séronégatifs pour le virus de l’immunodéfi -

cience humaine en traitement au Tuberculosis Research 

Centre à Chennai, dans deux cohortes différentes entre 

1999–2003 et 2006–2007. Ils ont été pris en charge et 

soumis à des régimes de traitement individualisé. Au 

moment du diagnostic de TB-MDR, la TB-XDR existait 

chez un patient et une résistance initiale à l’ofl oxacine 

chez trois patients. Chez un patient qui a bénéfi cié d’une 

lobectomie en plus de la chimiothérapie, l’examen bac-

tériologique est devenu négatif, trois patients sont décé-

dés, trois ont abandonné et les trois dont l’examen bac-

tériologique reste positif sont toujours sous traitement. 

Bien qu’ils reposent sur un petit nombre de patients, nos 

résultats ne sont pas encourageants.

En el centro de investigación de Chennai, se detectaron 

10 pacientes con tuberculosis extremadamente drogo-

rresistente (TB-XDR) en los 104 pacientes negativos 

para el virus de la inmunodefi ciencia humana con 

tubercu losis multidrogorresistente (TB-MDR) tratados 

en este centro en dos cohortes diferentes del 1999 al 

2003 y del 2006 al 2007. Estos pacientes recibieron 

pautas terapéuticas individualizadas. En el momento del 

diagnó stico de la TB-MDR, un paciente presentó TB-

XDR y tres exhibieron resistencia inicial a ofl oxacino. 

Un pa ciente en quien se practicó una lobectomía ade-

más del tratamiento antituberculoso negativizó el es-

puto, tres pacientes fallecieron, hubo tres abandonos y 

los tres pacientes restantes, que siguen siendo bacterio-

lógicamente positivos, continúan todavía el tratamiento. 

Si bien es cierto que el estudio se basa en una muestra 

pequeña, los resultados no son muy estimulantes.
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