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ABSTRACT

Extensively drug resistant tuberculosis (XDR-TB) has recently emerged as a global
health problem. XDR-TB is caused by Mycobacterium tuberculosis resistant to at
least isoniazid (INH), rifampin (RIF), any fluoroquinolone (FQs) and any of the
three second line injectable drugs [amikacin, kanamycin (aminoglycosides) or
capreomycin (polypeptide)]. Approximately 9% of MDR-TB cases also have
resistance to other classes of drugsi.e. XDR-TB cases. XDR-TB has been detected
al over the world. As of October 2012, 84 countries had reported at least one
XDR-TB case. Treatment outcomes in MDR-TB patients in high burden countries
is poor, with only about 50% of patients successfully completing treatment. Drug
susceptibility testing (DST) of second-line drugsis not as easy as DST for first-line
drugs. The existing tests for second line drug susceptibility are not standardized
and are less reproducible than tests for first line anti-TB drugs. In December 2010,
the World Health Organization (WHO) endorsed Xpert for the rapid and accurate
detection of TB, and recommends that it should be used as an initial diagnostic test
in individuals suspected of having MDR-TB or HIV associated TB. Drug
associated adverse events occur commonly during treatment of XDR-TB and often
requires interruption of therapy.

I ntroduction

Extensively drug

Pre XDR-TB are those MDR-TB isolates
which are resistant to a FQ or an injectable

resstant tuberculosis

(XDR-TB) has recently emerged as a global
hedlth problem and pose a significant threat
to TB control programmes. XDR-TB is
caused by Mycobacterium tuberculosis
resstant to at least isoniazid (INH), rifampin
(RIF), any fluoroquinolone (FQs) and any of
the three second line injectable drugs
[amikacin, kanamycin (aminoglycosides) or
capreomycin (polypeptide)]. Banerjee et a
(2008).

agent, but not both. These strains are
essentially one mutation away from
becoming XDR. (WHO report 2008,
Daniel (2013).

Previously, XDR-TB was defined as TB
caused by M. tuberculosis isolates
resistant to isoniazid and rifampin i.e.
MDR-TB plus at least three of the six
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main classes of second-line drugs
(aminoglycosides, polypeptides,
fluoroquinolones, thioamides, cycloserine,
and para-aminosalicyclic acid).

The old definition was given by Centre for
Disease Control and Prevention (CDC), in
collaboration with the World Hedth
Organization (WHO) in October 2005 at
the 36™ world conference on lung health in
Paris, France and later published in 2006.
However, the old definition was revised in
October 2006, and current definition was
proposed in view of the results that among
second line drugs, drug-susceptibility
testing to fluorogquinolones and second-
line injectable drugs (i.e.,, amikacin,
kanamycin or capreomycin) yields
reproducible and reliable results, whereas
drug-susceptibility testing to other second-
line drugs is less reliable and resistance to
these drugs (FQs and second-line
injectable drugs) has been associated with
poor treatment outcomes. (Shah, 2005;
Morb Mortal Weekly Rep (2006).

Global epidemiology

In 2011, WHO estimated 12 million cases
of tuberculosis worldwide, of which about
630000 (roughly 5%) were MDR
tuberculosis and in 2012 WHO global
tuberculosis report estimates that about
3.7% of new tuberculosis cases and 20%
of previously treated cases in the world
have MDR-TB. The highest caseloads of
MDR tuberculosis are reported in India,
China, Russia, and South Africa,
accounting for more than 60% of cases
worldwide. Zignol (2012).

Approximately 9% of MDR-TB cases also
have resistance to other classes of drugs
i.e. XDR-TB cases. XDR-TB has been
detected all over the world. As of October
2012, 84 countries had reported at least
one XDR-TB case. WHO report (2012).
Data from a global survey conducted
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during years 2000-2004 involving 14
Supranational  reference  laboratories
(SRLs) from 80 countries worldwide
shows that among 17690 isolates, 3520
(19.9%) were MDR-TB isolates, out of
which 347 (9.9%) met criteria for XDR-
TB. Shah NS (2007). According to new
definition, in the United States, U.S.
National TB Surveillance System (NTSS)
reported a total of 49 cases (3% of MDR-
TB cases) during years 1993-2006. Of
these, 17 (35%) were reported during
2000-2006. Morb Morta Weekly Rep
(2007). Around 40000 cases of XDR-TB
are estimated to emerge globally each
year. WHO report (2008). The proportion
of XDR-TB among MDR-TB isolates
varied among nations and the highest
cases have been reported from South
Africa, former Soviet Union, Korea and
Japan. Banerjee et a (2008).

India’s rate is relatively high, lower than
only Eastern Europe and Russia (14%) and
South Korea (15%). Morb Mortal Wkly
Rep (2006). The exact prevalence of XDR-
TB in India is not known. In Kashmir
valley of India, during a period of four
years, 5.7% cases of MDR-TB were
identified, among which eight (15.3%)
were diagnosed as XDR-TB. Datta BS
(2010). A total of 598 isolates of XDR-TB
have been reported in the previous studies
published since 2006 from the states of
Kashmir, Delhi, Maharashtra, Uttar
Pradesh, West Bengal, Gujarat, Tamil
Nadu and Kerala. Michael JS (2012). In
Mumbai, patients  infected  with
tuberculosis that has become resistant to
all the drugs used against the disease has
emerged recently. This discovery makes
India the third country in which a
completely/Totally drug-resistant
(resistant to all first and second line drugs)
form of the disease has emerged,
following cases documented in Italy in
2007 and Iran in 2009. Udwadia (2012).
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The widespread emergence of XDR
tuberculosis could lead to virtualy
untreatable tuberculosis. Epidemic of
XDR-TB have been fueled by HIV
coinfection. HIV patients because of their
compromised immune systems are at
increased risk for developing active
tuberculosis caused by either a new M.
tuberculosis infection or reactivation of
latent TB and therefore could contribute
significantly to the spread of MDR/XDR
TB (WHO report (2006)).

Causesand spread of XDR-TB

Multiple factors are responsible for
emergence of XDR-TB. Men made factors
are prescription of inappropriate drug
regimens, addition of a single drug to a
failing regimen, supply of poor quality of
drugs, poor patient adherence or
interruptions of therapy in between, lack
of cheap, rapid and accessible diagnostic
methods to rapidly diagnose drug resistant
tuberculosis as early as possible, poor
implementation of the directly observed
treatment short-course programme. A
study from Mumbai, India showed that
only 5 of 106 private practitioners could
prescribe a correct prescription for a
hypothetical patient  with MDR
tuberculosis (Udwadia, 2010). All these
factors lead to acquired drug resistant
tuberculosis and contacts of these resistant
cases then develop primary drug resistant
tuberculosis (Vareldzis, 1994; Weyer,
2012. Social factors such as living and
working in crowded conditions put the
person at higher risk of acquiring drug
resistant TB. International travel has
further facilitated the spread of drug
resistant tuberculosis (Barry, 2012).

Like other forms of TB, XDR-TB also
spreads through airborne route. Health
authorities estimate that one patient with
active TB can infect up to 15 others and
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thus resistant TB spreads. Headth care-
associated outbreaks have aso been
reported in both poor and wealthy nations
which are responsible for rise in XDR-TB
cases, typicaly among HIV infected
patients. Edlin (1992), Narvskaya (2002).
Therefore, a combination of infection
control ~ strategies such as use of
respiratory masks, improved natural
ventilation, reduced hospitalization with
the provison of outpatient therapy,
hospital based HIV testing with ARV
therapy, isolation of TB patients and rapid
drug susceptibility testing should be
implemented in hospitals to control spread
of drug resistant strains. A survey from
South Africa shows that if al these
interventions are implemented then it
would prevent 48% of future XDR-TB
cases (Basu, 2007).

Treatment of MDR-TB requires use of
second line drugs which are costly, less
potent, have frequent side effects, need to
be given for long duration (18-24 months)
as compared to conventional TB regimens.
This results in noncompliance and loss of
follow-up of patients. Treatment outcomes
in MDR-TB patients in high burden
countries is poor, with only about 50% of
patients successfully completing treatment
(Shean, 2008). Association between prior
treatment with anti-TB drugs and
development of drug resistance has been
shown in a study from South Korea in
which 65% of MDR-TB cases gave the
history of prior trestment and out of which
16% were XDR-TB cases, while among
patients who had received a new
diagnosis, 10% were MDR TB, and none
was XDR TB case. Jeon (2008). Other
studies have also identified prior treatment
for tuberculosis as a risk factor for
development of drug resistance. Lomtadze
N (2009), Espind MA (2001), Zhao Y
(2012).
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Genetic mechanisms of drug resistance

Genetic resistance in M. tuberculosis is
caused by random  spontaneous
chromosomal mutations at a frequency of
10° to 10°® replications. The probability
for rifampicin resistance is 10, that for
isoniazid, ethambutol,  streptomycin,
kanamycin and para aminosalicylic acid is
10, and that for ethionamide, cycloserine
and capreomycin is 10°. Rastogi  (1993).
These mutations are unlinked, therefore, if
three drugs are used simultaneously, the
probability of developing drug resistance
becomes 10%® to 10?%. This high
probability is virtually non-existent, so, it
is advisable to use three or more drugs in
combination for treatment. Unlike other
bacteria, mobile genetic elements such as
plasmids and transposons do not mediate
drug resistance in M. tuberculosis. Zhang
(2009). Clinical complications such as
empyema, pulmonary cavities, solid
caseous material, where penetration of
antibiotics is difficult and pH is
sufficiently low to inhibit the activity of
most antibiotics permits the emergence of
bacterial resistance. Elliott (1995), Iseman
(1991), Gillespie (2002).

Isoniazid has a significant bactericidal
activity against M. tuberculosis, therefore,
it has become a critical component of the
first line antituberculous regimens.
Mutations in two chromosomal loci, katG
and inhA have been found to cause
isoniazid resistance. The primary target of
INH inhibition is InhA enzyme (enoyl-
acyl carrier protein reductase) which is
involved in elongation of fatty acids in
mycolic acid synthesis. Marrakchi (2000),
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Vilcheze (2000). Rifampin is considered
to be a derilizing agent as it kills
persistent tubercle bacilli throughout the
duration of therapy. Resistance to rifampin
in M. tuberculosis occur most commonly as
single point mutations in the rpoB gene,
which encodes the [-subunit of RNA
polymerase. However, a small percentage of
rifampin-resistant isolates (<5%) do not
contain any mutations in the rpoB gene,
suggesting alternative resistance
mechanisms, potentially including altered
rifampin permeability or mutations in other
RNA polymerase subunits. Pang (2013),
Somoskovi (2001).

Injectable drugs such as kanamycin,
amikacin, and capreomycin are the key
SLDs for the treatment of MDR-TB.
Streptomycin (SM) acts on the 30S
subunit of the ribosome at the ribosomal
protein S12 and the 16S rRNA. Mutations
in rpsL and rrs gene results in resistance to
streptomycin in about 50% and 20% of
SM- resistant strains respectively. rpsL
gene encodes for S12 protein and rrs gene
encodes for 16S rRNA. Cooksey (1996),
Finken (1993). Approximately 70-80% of
the amikacin resistant and 60% of the
kanamycin resistant M. tuberculosis
strains results from mutations in rrs gene
which encodes forl6S rRNA. Georghiou
(2012). Capreomycin is a macrocyclic
polypeptide antibiotic and resistance to
this drug is caused by mutation in tlyA
gene encoding a putative rRNA
methyltransferase. Maus (2005).

Fluoroquinolone antibiotics (Ofloxacin,
ciprofloxacin, and levofloxacin) are
among the most potent second-line drugs
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Table.1 Classes of anti-TB drugs and genes mutated in drug resistance

Anti-TB drugs

Genesinvolved in resistance

M echanism of action

First line drugs

KatG-catal ase-peroxidase,

Inhibition of mycolic acid

Isoniazid inhA-enoyl ACP reductase biosvnthesis
ahpC, oxyR, kasA, furA, ndh =4
. - rpoB-f subunit of RNA Inhibition of RNA
Rifampicin :
polymerase synthesis
. Inhibition of
Ethambutol embB-arabinosyl transferase arabinogalactan synthesis
Pyrazinamide pnCcA- Depletion of membrane

ni coti nami dase/pyrazinamidase

energy

Second linedrugs
Fluoroquinolones

gyrA, gyrB-DNA gyrase

Inhibition of DNA gyrase

subunit A and B
I njectables. kanamycin and rrs-16S rRNA
amikacin rrs, Inhibition of protein
Capreomycin tlyA-2’O-methyltransferase synthesis
Streptomycin rrs, rpsl, gidB
Cycloserine ArA. dd
etaA/ethA-Flavin _— .
. . Inhibition of mycolic acid
Ethionamide monooxygenase hesi
inhA synthesis
Para-aminosalicylic acid Unknown

Third linedrugs
Amoxicillin-clavulanate
Imipenem
Clarithromycin
Linezolid
Clofazimine

Agentsin clinical
development:
TMC207(diarylquinolone)
OPC67683(nitroimidazole)
PA824(nitroimidazole)
LL3858(pyrrole)
SQ109(diamine)
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used for treatment of MDR-TB. However,
FQ resistant M. tuberculosis strains results
from injudicious use of this class of drugs
either in the management of MDR-TB or
by excess use of these drugs in the
treatment of lower respiratory tract
infections, urinary tract infections,
gastrointestinal as well as other types of
community acquired infections, increasing
the burden of selective pressure and
compromising their efficacy in the
treatment of TB. Ginsburg (2003), Malik
(2012). High level FQ resistance in M.
tuberculosis occurs due to acquisition of
point mutations in the quinolone resistance
determining region (QRDR) of the gyrA
gene of DNA gyrase. Mutations in this
region account for 42-100% of FQ
resistance in M. tuberculosis. Mutations in
gyrB have been less commonly found in
M. tuberculosis, however, many studies
have recently reported clinical isolates
resistant to FQs with gyrB mutations.
Devasia (2012), PitaksajjakulP (2005),
Duong (2009), Aubry (2006).

Second line drug susceptibility testing

The accurate estimation of XDR-TB
burden requires laboratory based diagnosis
that relies on first and second line drug
susceptibility testing. However, DST of
second-line drugs is not as easy as DST
for first-line drugs. The existing tests for
second line drug susceptibility are not
standardized and are less reproducible than
tests for first line anti-TB drugs. There is
limited quality control of SLD testing,
athough efforts to expand proficiency
testing of laboratories are underway. The
critical concentrations for second line
drugs are not clear cut and there have been
no commercially available test kits for
second-line drugs, making these tests more
error-prone due to procedural inaccuracies.
Richter (2009), Fattorini (2008), Laszlo
(2002).
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The TB  Supranational  Reference
Laboratory Network (SRLN) was created
in 1994 in order to support the WHO-
IUATLD Globa Project on TB drug
resistance surveillance. SRLs collaborate
with national reference laboratories
(NRLs) and participates in quality culture
and drug susceptibility testing, proficiency
testing, provide external quality assurance
during drug resistance surveys and provide
training on culture and DST in relevant
countries as needed. Between 1994 and
2009, the SRLN was expanded to 29
laboratories on six continents.  WHO
report (2010), MMWR (2006). In India,
National Institute for Tuberculosis
Research (NITR) in Chennai is RNTCP's
Supranational Reference Centre
(designated by WHO) and it participatesin
international external quality assessment
for microscopy, culture and DST and
monitors the quality of laboratories in the
country on behalf of RNTCP. Michael
(2012), Laszlo (2002).

TB is mainly a disease of poor countries
where lack of necessary equipments and
laboratory facilities to accurately diagnose
drug resistance in M. tuberculosis make it
difficult to estimate true burden of XDR-
TB. In these countries even drug
susceptibility testing (DST) for first line
drugs are not performed routinely because
of limited resources. Hence, many cases
remain undetected. Anthony SF (2008). It
has been estimated that in many countries,
only 3% of new TB cases have access to
DST. Young DB (2008). According to
WHO, only 7% of the estimated global
burden of MDR-TB patients are being
detected. WHO report (2013).

Conventional diagnosis of drug-resistance
in M. tuberculosis strains relies heavily
upon mycobacterial culture and drug
susceptibility testing in liquid or solid
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media by which results are only obtained
after weeks to months of incubation. The
results are available too late to the
clinicians and therefore, the patients are
continue to undergo treatment with drugs
to which they are resistant, remain
contagious, and those with XDR-TB and
HIV often die before they are even
diagnosed. Shah (2011), Georghiou
(2012). Ninty six well microtitre plate
method is easy to set up and has faster turn
around time (14 days) compared with
traditional agar proportion (21 days)
method for the susceptibility testing of
second line drugs. Wengenack (2010),
Hall (2011). MGIT 960 (Becton Dickinson
Diagnostic System, Sparks, MD) provides
reliable and rapid results in the detection
and recovery of mycobacterium from
clinical specimens and aso the drug
susceptibility testing (DST) for the first
line  drugs isoniazid, rifampicin,
ethambutol, streptomycin, and
pyrazinamide. Many laboratories have also
validate DST of the second-line drugs by
BACTEC MGIT 960 system (Kim, 2013;,
Gerdes, 2006).

Molecular assays for rapid detection of
genotypic resistance to SLDs can be
employed to reduce result time. The most
common molecular strategies which are
used in various studies are DNA
sequencing,  quantitative PCR by
amplification of the M. tuberculosis 16S
rRNA gene, line probe assays, microarray
technigue, SNP analysis, molecular
beacons. Campbell PJ (2011), Pholwat
(2011), Cooksey (1997), Lin (2004),
Piatek (1998). Molecular line probe assay
(LPA) technology for rapid detection of
multi-drug resistant tuberculosis (MDR-
TB) was endorsed by the World Health
Organization (WHO) in 2008. In 2009,
Hain Lifescience introduced a new LPA,
the Genotype MTBDRd test, for the rapid
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determination of genetic mutations
associated with resistance to
fluoroquinolone, aminoglycosides
(kanamycin, amikacin), cyclic peptides
(capreomycin), ethambutol, and
streptomycin. The assay format is similar
to the Genotype MTBDRplus assay for the
detection of mutations conferring
rifampicin  and isoniazid resistance,
endorsed by WHO in 2008, and allows for
testing and reporting results within 24
hours. Kiet (2010), Barnard (2012).
Rapid microarray technique has been
described to detect the resistance to FQs
and second-line injectable drugs in M.
tuberculosis. This technique detects
mutations in the gyrA and gyrB genes
responsible for FQ resistance and
mutations in the rrs gene and the es
promoter locus that are associated with the
resistance to aminoglycosides and
capreomycin. Because of the accurate,
unambiguous identification of a wide
spectrum of relevant mutations, the
uncomplicated interpretation of the results,
and the high-throughput nature, reliability
and reproducibility, this method can easily
be implemented in any clinical |aboratory
that is familiar with PCR. Gryadunov D
(2011), Zimenkov DV (2013). All
molecular assays have certain limitations
such as failure to detect mutations located
outside of the targeted loci, detection of
silent mutations that might not cause
phenotypic drug resistance and failure to
detect subpopulations with emerging
resistance in a mixed population of
bacteria. Therefore, confirmation with
phenotypic testing is essential. Banerjee et
a (2008), Lin (2004).

The Xpert MTB/RIF is a cartridge-based,
semi-quantitative, nested rea-time PCR
in-vitro diagnostic test for the detection of
Mycobacterium tuberculosis and
resistance to rifampicin (RIF). Results are
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available in two hours, therefore, infected
patients can quickly be placed in isolation
and appropriate treatment started early.
Boehme (2011). Xpert is more sensitive
than sputum smear microscopy in
detecting TB, and it has similar accuracy
as culture. Boehme (2010). In December
2010, the World Heath Organization
(WHO) endorsed Xpert for the rapid and
accurate detection of TB, and recommends
that it should be used as an initia
diagnostic test in individuals suspected of
having MDR-TB or HIV associated TB.
WHO report (2011). Brazil, Cambodia, the
Democratic Republic of Congo, India,
Kenya, Tanzania, Zimbabwe and South
Africa have invested heavily in
procurement of Xpert MTB/RIF.

lout/en/. In August 2012 the price of
cartridges was reduced to USD 9.98 for
the public sector in the 145 countries.
Approximately 1.4  million  Xpert
MTB/RIF test cartridges and over 200
GeneXpert instruments will be made
available from 2013 -2015 through the
TBXpert Project to 21 countries including
Bangladesh, Belarus, Cambodia, the
Democratic Republic of Congo, Ethiopia,
India, Indonesia, Kenya, Kyrgyzstan,
Malawi, Mozambique, Myanmar, Nepal,
Pakistan, Philippines, Moldova,
Swaziland, Uganda, Tanzania, Uzbekistan
and Vietnam. Gilpin (2012).

Thus, it is of vital importance that both
public and private mycobacteriology
laboratories maintain the ability to detect
anti-TB drug resistance by using currently
available methods which provide rapid,
accurate and appropriate results of second
line drug susceptibility results.
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Treatment options and control of XDR-
TB

XDR-TB cases are very difficult to treat
because of resistance to two most potent
bactericidal antitubercular drugs (INH and
rifampin), therefore, associated with ahigh
mortality rate. Yew (2011). It is estimated
that about 70% of XDR-TB patients die
within a month of diagnosis. (MDR-TB/
XDR-TB 2013). A XDR-TB outbreak
occurred in South Africa, in 2006, in
which 52 out of 53 people who contracted
the disease died within a median of 16
days. Saim S. The dsituation becomes
more problematic in settings of XDR-TB
and HIV coinfection. Wells CD (2007),
Gandhi NR (2010). Low CD4 count and
high degree of drug resistance was found
to be most important risk factors for
mortality in a district hospita of South
Africa in which 98% of XDR-TB patients
with HIV coinfection died within one year
of diagnosis of TB with a median CD4
count of 78 cellsmm®. Gandhi (2012).
Treatment options for XDR-TB, because
of the high grade of drug resistance are
severely limited. Second line drugs are not
well tolerated and have high toxicity. Drug
associated adverse events occur commonly
during treatment of XDR-TB and often
requires interruption of therapy. Study
from South Africa showed that adverse
effects were experienced by 58% of the
XDR-TB patients who received second
line drugs as therapy and 28% of the
patients required discontinuation of the
offending drug. Shean K (2013). Thus,
treatment interruption due to any cause
may potentially subvert successful
outcome in patients with XDR-TB. Jager
(2002), Fujita (2008), Hallbauer (2011),
Mizutani (2001), Manika (2008).
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Table.2 Second line drugs and their adverse effects

Second linedrugs

Adver se effects

Injectables: kanamycin and amikacin,
Streptomycin, apreomycin

Ototoxicity, Nephrotoxicity

Cycloserine

Psychosis, Seizure, Depression, Gastrointestinal
toxicity, Headache, insomnia, diziness

Ethionamide

Nausea, vomiting, dizziness, jaundice, allergic
reactions, hypothyroidism in children

Para-aminosalicylic acid

Persistent nausea, vomiting and diarrhoea. Drug
induced hypothyroidism, Hepatitis

Fluoroquinolones

Tendonitis, Photosensitivity, seizures, QT
interval prolongation, Gastrointestinal and
central nervous system reactions, hepatitis, renal
dysfunction and hypoglycaemia

Cross-resistance between anti-TB drugs
aso occur which further make the
treatment of XDR-TB difficult. Severa
previous investigations have demonstrated
cross-resistance between amikacin and
kanamycin, and these drugs were
considered interchangeable for drug
susceptibility testing. However, opposed
to this, some other studies have shown
discordant resistance between amikacin
and kanamycin. Kruuner (2003), Jughelr
L(2009), Jnawali (2013). Among
fluoroquinolones, ciprofloxacin has least
activity against M. tuberculosis. Studies
have shown that addition of ciprofloxacin
into a regimen resulted in a higher rate of
relapse, takes a longer time to sputum-
culture conversions and the emergence of
resistance is far more likely when
ciprofloxacin is included in the regime.
Moadebi (2007), Manika (2008). The
newer fluoroquinolones  moxifloxacin,
levofloxacin and gatifloxacin have been
substantially management and control of
TB disease globally. DOTS-Plus was
started by WHO for the treatment and
diagnosis of MDR-TB cases. Clinica

shown to exert better activity and are
associated with a lower probability of
emergence of resistance. Nuermberger
(2004), Rustomjee (2008), Zhang (2007).
Therefore, it is recommended to test for
levofloxacin or moxifloxacin susceptibility
even if ciprofloxacin resistance has been
reported. Cross-resistance between older
generation fluoroquinolones and new
generation agents such as moxifloxacin is
unclear. Dong (1998), Zhao (1999),
Somasundaram (2006).

Improvements in diagnosis and laboratory
capacity are among the key elements for
control of XDR-TB. Treatment must be
started early with individualised regimens
based on results of drug susceptibility
testing. The effective implementation of
rapid diagnostic tests for TB and drug
resistance will increase the proportion of
patients promptly placed on appropriate
therapy, and therefore will improve
experiences from the past few years
showed that high cure rates of drug
resistant TB are achieved in settings where
DOTS-Plus has been established. Tupas
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(2006), Tupasi (2003), Riekstina (2007).
Therefore, effective implementation of
DOTS-Plus helps in  reducing the
emergence of XDR-TB cases.

Hence to conclude, the major challenge
now is to develop innovative approaches
to expand the detection and treatment of
drug resistant cases globally. There is a
need to develop tests for rapid detection of
drug resistance for second line drugs and
need to develop safe and more efficient
second-line drugs and shorter second-line
treatment regimens.
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