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The alarming global increase in drug-resistant strains plagues the global fight to end tuberculosis (TB),
especially in developing countries. The often reported poor treatment outcomes, sequelae, and lack of
best practice guidelines in drug-resistant spinal TB poses a significant challenge in its efficient man-
agement. While multi-drug chemotherapy is still the primary modality of treatment, surgical inter-
vention is essential in specific scenarios. With limited data on management and outcomes in drug-
resistant spinal TB, there is no consensus on the appropriate therapy regarding the number and dura-
tion of drugs and therapeutic endpoints of this conundrum. In this light of limited evidence, we have
performed a systematic computerized search using the Cochrane Database of Systematic Reviews, Sco-
pus, Embase, Web of Science, and PubMed databases and studies published over the past 30 years on
drug-resistance in spinal TB have been analyzed. This systematic review aims to review the current
epidemiology, clinical features, updates in clinical diagnostics and chemotherapy, surgical management,
and outcomes in drug-resistant spinal TB. We also consolidate potential areas of action and emphasize
the need for research and large scale trials in the management of drug-resistant spinal TB.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Tuberculosis is a significant cause of ill-health and continues to
be the top infectious killer worldwide, with an estimated 1.2
million deaths (2018) in non-HIV individuals.1 Extra-pulmonary TB
has low prevalence (3%), with skeletal TB contributing to 10% of
those cases. Spinal TB is the most frequent site of skeletal
involvement, contributing to more than 50% of all skeletal TB.2 The
emergence of drug-resistance is a serious health concern and is the
greatest barrier to the global community in achieving the targets of
the “End TB strategy.“3 WHO has formulated the guidelines of
management of drug-resistant TB only very recently, which has not
been widely adopted into clinical practice, especially in the spine
community.4 The poor bioavailability of oral drugs in skeletal tis-
sues necessitates extended treatment, posing compliance issues,
complicating further the problem of drug-resistance, resulting in
poor outcomes of spinal TB.5 In a retrospective analysis of 145
da Colony, Tatabad, Coimba-
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patients with spinal TB managed conservatively, nine patients had
poor outcomes with seven of them having drug-resistance. Simi-
larly, 19/23 patients with poor results amongst the 638 patients
managed surgically had drug-resistance.6 The presence of drug-
resistance strain is one of the most import factors in determining
recurrence of spinal tuberculosis following treatment.7
2. Defining drug-resistance

Mycobacterium tuberculosis is monoresistant if the strains are
resistant to any of the two most effective anti-tuberculous drugs
(Isoniazid/Rifampicin). It is multiresistant (MDR) if both Isoniazid
and Rifampicin are not effective, and polyresistant (if in addition to
these drugs, the bacterium is not sensitive to any other first-line
drugs). The term extensively drug-resistance (XDR) is used when,
in addition to Isoniazid and Rifampicin, the bacterium is resistant to
any one of the fluoroquinolones and one of the injectables used in
the MDR-TB regime. Pre-XDR is used when in addition to Rifam-
picin and Isoniazid, the strain is additionaly resistant either to a
fluoroquinolone (Pre-XDR FQ) or aminogycosidse (Pre-AM).The
term total drug-resistance or pan resistance is not used routinely.
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3. Epidemiology

In 2018, the global burden of TB was estimated at 10 million
individuals with an alarming incidence of Rifampicin resistance in
half a million new cases, of which 78% had MDR-TB.1 The global
estimate of MDR-TB is around 3.4% of all new cases and 18% of all
previously treated cases. Unfortunately, the three countries which
share the highest global burden of MDR-TB include India (27%),
China (14%), and The Russian Federation (9%). These figures are
moreworrisome considering the fact that India contributes tomost
(25%) of the gap existing between the number of cases being re-
ported and the estimated global burden of cases because of un-
derdiagnosis and underreporting of cases. To complicate this
scenario, globally, only 51% of the bacteriologically confirmed cases
of TB underwent testing for resistance. China and India together
have accounted for 43% of the global gap between incidence and
treatment enrolment. Among the positive TB cultures reported in
India, only 48% of newly detected and 65% of previously treated
cases was tested for Rifampicin resistance in 2018.8 This simply
means that India faces yet another challenge because of the un-
detected drug-resistant cases.

While pulmonary TB cases are being reported more regularly,
underreporting of extra-pulmonary forms of TB is highly prevalent.
Empirical TB is still being prescribed in certain localities around the
world, and even in patients diagnosed with spinal TB, there is a
considerable variation amongst practicing surgeons on diagnosing
drug-resistance. This necessarily points out that the real incidence
of MDR/XDR TB in Spine remains unknown in India and many parts
of the world.

With the global migration, increasing incidences of MDR Spine
TB in other continents is not a surprise. WHO European regionwith
53 member states reported a considerable variation in the notifi-
cation of TB from 2.8 in Italy to 123 in Kazakhstan per 100,000
population in 2010. They witnessed a deep rise of MDR-TB up to
13.7% in new cases and 48.7% in previously treated cases.9 XDR-TB
occurred in 12.2% of the cases, and overall success rate of MDR-TB
was only 56.3% in 2010. In a retrospective analysis of 967 patients
treated for spinal TB, drug susceptibility testing using the propor-
tional method revealed drug-resistance in 49 patients, amongst
which 48.98% had multidrug-resistance strains, and 2 had exten-
sively drug-resistant strains.10 To achieve the WHO’s ‘End TB
Strategy’ vision of “A world free of tuberculosis e zero deaths,
disease, and suffering due to tuberculosis,” efforts should be taken
to first detect and treat all cases of drug-resistant TB.

Mechanisms and genetic understanding of drug-resistance
in TB: The four main causes of drug-resistance are 1) inadequate
or incomplete treatment, 2) non-adherence to treatment, 3) genetic
predisposition and 4) coinfection with HIV.

Primary: Drug-resistance is said to be primary or existing
naturally if it occurs when the patient has not been exposed to that
particular drug. Such an innate resistance is believed to be a rare
cause of drug-resistance in spinal TB. The average frequency of
denovo Isoniazid resistance is 1 in 106, and for Rifampicin resis-
tance is 1 in 108, and this is the basis of why multiple drugs are
administered during antitubercular chemotherapy.11

Secondary: Secondary or acquired resistance has been impli-
cated to have occurred following the exposure of a strain to
chemotherapy. In an extensive series of 111 proven cases of drug-
resistant strains, Mohan et al. reported a prevalence of 78.37%
MDR and 2.7% XDR strains. Among the 111 patients, 58 (52.2%) had
taken some form of anti-TB treatment in the past, and 48 were
identified to have MDR strains.12 In addition, all eight patients who
were defaulters had MDR-TB. Among the first-line drugs, Isoniazid
had the highest and Pyrazinamide, the least incidence of drug-
resistance. More importantly, they reported a high prevalence of
drug-resistance in many second-line drugs in spinal TB, which was
not reported before and therefore stressed the need for drug sus-
ceptibility testing in all cases of spinal TB.

In a tertiary unit with specialized spine services in South India, a
total of 478 patients with culture positive spinal TB were analyzed
for prevalence of drug-resistance.13 24/478 (5.02%) had mono
resistance, 7/478 (1.46%) had poly resistance, 21/478 (4.4%) had
multi-drug-resistance (MDR), and 4 patients (0.83%) has exten-
sively drug-resistant (XDR) strains. 80% of all resistant strains were
secondary and innate resistance was rare.

4. Mechanisms of evolution of drug-resistance in
mycobacterium tuberculosis

Various extrinsic and intrinsic factors are important in the
evolution of drug-resistance in TB.14,15 Economic and social situa-
tion of individuals and quality of TB control programs are important
extrinsic factors which influence the spread of drug-resistance.
Intrinsic factors particularly mutation rate, drug-resistance associ-
ated mutation, fitness cost of resistance mutations, compensatory
mutations and epistasis influence evolution. Biological fitness,
compensatory mutation and epistasis are important mechanisms
involved in development of drug-resistance.16

The panel of mutations in M.tuberculosis is highly diverse and it
depends on the affected gene and the genetic background.16 Few
specific genetic mutations involving specific genes are predomi-
nant and their mutation frequency also varies in clinical isolates
(Table 1). Exposure of bacterial cells to sub-lethal levels of bacte-
ricidal antibiotics promote cellular mutagenesis leading to
increased mutation in other genes.17 This phenomenon mediated
through increased production of reactive oxygen speciesmight play
a key role in the emergence of multidrug-resistance phenotypes in
pathogenic bacteria like M. tuberculosis. Both isoniazid and ethi-
onamide require activation by redox enzymes to become inhibi-
tory.18 This process produces reactive oxygen and radicals that exert
mycobactericidal activity. But once a mutant survives the killing
action of reactive oxygen, these same chemical matters would
enhance its mutability leading to additional drug mutations.19

Differentmutations cause different levels of drug-resistance and
affect fitness cost even when they are located on the same codon
(Table 2). Epistasis between drug-resistant mutations and between
drug-resistance-associated mutations and compensatory muta-
tions play an important role in emergence and spread of highly
resistant strains. In a review by Nguyen et al.,20 the authors
concluded that strains carrying multiple mutations reveal an
increased ability to acquire other resistances or compensatory
mutations.

5. Diagnostics in drug-resistance

Spinal tuberculosis being paucibacillary lesions, the yield of
bacilli using gold standard culure methods (Lowenstein Jensen (LJ)
medium) is only around 50% and the time taken is around 6 weeks.
Middlebrook agar has a better turn around time of 10e12 days.
BACTEC-46, BACTEC MGIT-96 and Septi-chek AFB are alternative
culture methods with a much lesser turn around time. Drug sus-
ceptibility testing (DST) is then performed in culture positive
specimens over 3 week and is done in three methods. Absolute
concentration method and resistance-ratio method determine
minimal inhibhitory concentration (MIC) and the proportion
method determines the critical proportion for sensitive or resis-
tance strains.21 In this background of poor culture positivity and
time consumptive culture based detection of drug-resistance, and
huge possibility of missing out on drug-resistant strains resulting in
treatment failure, potential alternatives to DST are being explored.



Table 1
Genes associated with drug resistance and mutation frequency for each gene in clinical isolates of Mycobacterium tuberculosis

Group Drug Gene associated with drug resistance Mutation frequency in isolates
(%)

First line anti-TB drugs Rifampicin (R) rpoB encoding for b-subunit of RNA polymerase 90e100
Isoniazid (H) katG encoding for catalase-peroxidase 40e97

inhA encoding for fatty acid enoyl acyl carrier protein reductase A
(InhA)

8e64

Ethambutol (E) embB encoding for arabinosyl transferase 47e89
Pyrazinamide (Z) pncA encoding for pyrazinamidase 44e97
Streptomycin (S) rrs encoding for 16S rRNA subunit 12e26

rpsL encoding for S12 ribosomal protein 40e68
gidB encoding for 7-methylguanosine methyltransferase 5e13

Second line anti-TB
drugs

Amikacin, Kanamycin, Capreomycin rrs encoding for 16S rRNA 40e90
Kanamycin eis encoding for aminoglycoside acetyltransferase 28e80
Capreomycin tlyA encoding for 20-O- methyltransferase 4e13
Ofloxacin, levofloxacin, moxifloxacin,
gatifloxacin

gyrA encoding for DNA gyrase subunit A 70e90
gyrB encoding for DNA gyrase subunit B 0e11

Ethionamide inhA encoding for fatty acid enoyl acyl
carrier protein reductase A (InhA)

33e62

ethA encoding for EthA 46e72
ethR encoding for transcriptional
repressor EthR, NADH-ACP

0e4

Table 2
Fitness cost and compensatory mechanisms in specific genetic mutations involved in evolution of resistance to Mycobacterium tuberculosis

Gene mutation(s) Fitness cost Compensatory mechanism

inhA Reduced biosynthesis of fatty acids Secondary mutation in inhA promoter
inhA promoter No No
katG Reduced protection against oxidative damage Overexpression of ahpC by mutation in its promoter
rpoB Decreased efficiency of DNS transcription Secondary mutation in rpoA, rpoC or rpoB
rpsL & rrs Impaired ribosome performance Unknown
pncA Unknown Unknown
embB Reduced cell wall biosynthesis efficiency Secondary mutation in embABC operon
gyrA & gyrB Reduced DNA supercoiling, reduced DNS replication Secondary mutation in gyrA or gyrB
Eis No No
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5.1. DNA line probe assays

Gene based detection have made considerable progress and
allow simultaneous detection of different mutations using multiple
probes. The targets of these Line probe assays (LPA) are usually
mutations in rpoB (INNO LiPA Rif.TB; Innogenetics, Ghent, Belgium)
or rpoB and katG (GenoType MTBDR; Hain Lifescience GmbH,
Nehren, Germany). GenoType MTBDRplus (Hain Lifescience GmbH,
Nehren, Germany) endorsed by WHO in 2008 was developed with
additional ability to detect wild type rpoB gene and mutations in
promotor region of inhA gene. Later in 2010 GeneXpert MTB/RIF
assay was recommended by WHO and multiple studies have found
it superior in terms of earliest results (less than 48 h), concordance
with DST in detecting Rifampicin resistance and ability to diagnose
TB. The only drawback is its ability to diagnose only Rifampicn
resistance. To overcome this Nipro NTM þ MDRTB detection kit 2
(Nipro, Osaka, Japan) was developed and endorsed byWHO in 2016
which detects resistance to Rifampicin (rpoB), Isoniazid (inhA
promotor, katG, fabG1 and furA), pyrazinamide (pncA), and fluo-
roquinolones (gyrA). The MeltPro TB assay, was developed by
Zeesan Biotecheh (Xiamen, China), which detects resistance to
main first-line and second-line anti-TB drugs. Its efficacy in diag-
nosing MDR-TB is around 86.7% and in XDR-TB is around 71.4%.22
5.2. Xpert MTB/RIF and xpert MTB/RIF ultra

Xpert MTB/RIF (Cepheid, United States) is a semi-quantitative
PCR technique which amplifies the 81 bp hot spot region of rpoB
gene to detect Rifampicin resistance. It is the most common and
widely used molecular diagnostic method in TB since WHO’s
endorsement in 2010 for use in adult pulmonary TB and later in
2013 for children and some forms of extra-pulmonary TB. The Xpert
MTB/RIF Ultra is an advanced version which has better amplifica-
tion and additional targets for identification (IS1081 and IS6110) of
TB Bacilli.
5.3. Sequencing

Next-generation sequencing and targeted-gene sequencing are
advanced molecular diagnostics which can study the genotype of
the bacteria in a single run and are being developed. Some of them
are under trial and WHO has published guidelines for its use in
detecting drug-resistance in TB. However cost, expertise and
standardization are the current limitations which will be overcome
in the coming decades as they have immense potential.23

While bacterial cultures are referred to as the gold standard to
diagnose drug-resistance, sequencing-based PCR and DNA detec-
tion techniques are reported to be rapid with better sensitivity and
specificity.
6. Conventional versus molecular diagnostics in diagnosing
spinal MDR-TB

The use of Xpert MTB/RIF in extra-pulmonary forms of TB has
been recommended by WHO since 2013. In a study comparing
bacterial cultures and PCR based detection of common drug-
resistant genes (rpoB, rpsL, and katG), Si et al. identified mutations
in 17 patients and drug-resistance in 11 samples out of the 50 cases
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of spinal TB in ameanduration of 6 days compared to only 7 samples
in 34 days usingmodified Lowenstein-Jensenmedium and absolute
concentration method.24 Xu et al. in a retrospective analysis of 152
patients of Spinal TB, identified a culture positivity of only 50%,
among which 30.3% of patients were determined to have drug-
resistance using BACTEC MGIT 960 system (Becton-Dickinson,
Sparks, Maryland) and proportion method on Lowenstein-Jensen
medium.25

In 2018, first line probe assays in India revealed a 6% prevalence
of MDR-TB; however, the incidence of Isoniazid resistance was
(7.3%) much higher than Rifampicin resistance (1.03%) questioning
the reliability of relying only on GeneXpert which detects only
Rifampicin resistance potentially resulting in missing out a huge
number of Isoniazid monoresistant cases.26 Further, on performing
second line probe assay, around 29.6% of cases were Fluo-
roquinolone resistant, and 6.3% had XDR TB. In a study by Held et al.
GeneXpert had a sensitivity of 95.6% and specificity of 96.2% in
diagnosing spinal TB.27 GeneXpert results were obtained within
48 h, compared to 35 days using standard GenoType MTBDR-plus.
In a series of 40 cases of spinal TB, Patil et al. reported Rifampicin
resistance in 3 cases, while only one had culture positivity.
Presuming others as MDR-TB, treatment was initiated with second-
line drugs, and for the one case with DST results, individualized
chemotherapy was initiated, and all three had achieved healing.

Wang et al. compared the efficacy of Xpert, MeltPro TB, smear
positivity and histopathology in culture-positive cases of spinal TB
and found Xpert to have the highest sensitivity of 98.79%, followed
by histopathology (84.24%), MeltPro TB (69.70%) and lastly by
smear positivity (36.3%).28 However, recent reports of Xpert anal-
ysis in drug-resistant spinal TB have shown false positive results of
Rifampicin resistance in comparison to traditional DST and also
have reported maximum amount of resistance to Isoniazid which
can be missed in Xpert analysis highlighting the fact, that one
should never rely on Xpert analysis alone and DST should be per-
formed in all cases.29,30

Controversy exists regarding the sampling of appropriate tissue
in spinal TB as whether to sample pus, granulation tissue, or
caseous necrotic tissue. Li et al. in his study of 223 patients with
spinal TB, found GeneXpert to be superior to standard culture
techniques in achieving a diagnosis.31 They also found that pus and
granulation tissue had the highest yield both in traditional culture
and molecular diagnostics.

Current molecular diagnostics such as INNO-LiPA, Genotype-
MDR-TBplus, and Xpert MTB/RIF are useful in the early detection of
Isoniazid and Rifampicin resistance. They cannot detect resistance
to other tuberculosis drugs, and therefore surgeons have to still rely
on the time-consuming DST. MeltProTB, and DNAMicroarray based
gene chips are being designed to detect drug-resistance to other
groups of drugs; however, their efficiency is not high in identifying
resistance to second-line drugs.32

7. Lack of consensus in spinal MDR-TB management

Naturally occurring drug-resistant strains (primary drug-
resistance) were detected as early as the 1950s and monotherapy,
non-compliance to therapy, and global migration of patients
infected with drug-resistant stains mainly from Asia pacific region
were the main risk factors considered for secondary drug-resis-
tance.33 The burden of MDR-TB in the spine has increased rapidly,
starting from very few case reports of 1990s.34 Rafailidis et al. re-
ported a case of tuberculous spondylodiscitis, where CT guided fine
needle aspiration was unsuccessful in achieving diagnosis and
managed it by anterior corpectomy and later reported drug-
resistant strains in the tissue obtained.35 He had discussed the
importance of aggressive management in such cases in order to
procure adequate tissue, which now seems an overkill, given the
efficacy of transpedicular biopsy in sampling diseased tissues.
Surgical intervention, Fluoroquinolone use, and no previous treat-
ment were identified as factors favoring better outcomes in the
management of pulmonary MDR-TB in a meta-analysis.36 Whether
aggressive treatment in the form of surgical clearance of the
infected area is essential in managing spinal TB is a matter of
controversy. Further, the optimal treatment strategy and duration
of chemotherapy remains unknown owing to the lack of high-
quality randomized control trials in Spinal MDR-TB.37

8. Treatment outcomes in spinal MDR-TB

The general belief is that outcomes of spinal MDR-TB are poor
when compared to drug-sensitive cases. In 2009, Pawar et al. were
the first to report on outcomes of 25 cases of culture-proven spinal
MDR-TB.38 They highlighted the need for a long duration of treat-
ment to achieve healing for at least 18e24 months and reported
drug-related complications in more than 50% of the cases. Of note
was a higher incidence in children (7/25), and 75% of spinal MDR-TB
cases had resistance to more than three drugs. Only four patients
required surgery owing to mechanical instability and neurological
deterioration and not due to failure to the response. The study, for
the first time, indicated the high prevalence of multi-drug-resistant
strains. It recommended drug susceptibility testing to be done in all
cases of suspected spinal TB to diagnose drug-resistant spinal TB at
the earliest to avoid delay in initiation of appropriate line of ATT.

Li et al. in their retrospective analysis of 35 spinal MDR-TB,
showed the feasibility of performing surgery safely in these pa-
tients.39 More importantly, they showed that 61.5% of the retreated
cases received previous irregular chemotherapy. This could be due
to financial restrictions, non-availability of drugs, compliance-
related issues, or/and inadequate follow-up of those initiated on
chemotherapy. 33/35 patients achieved complete cure in this sur-
gical group and the results are comparable to the good outcomes in
19/25 patients primarily managed conservatively in the previously
mentioned study, indicating that both conservative and surgical
options yield good outcomes.

On the other hand, in a case series of 15 spinal TB patients re-
fractory to 5 months of chemotherapy, Jain et al. could obtain
positive cultures only in three cases, among which two had multi-
drug-resistance.40 Presuming drug-resistance in the other negative
cultures, second-line ATT was initiated in all cases, and 14 of the 15
patients showed excellent results after 48 months of chemo-
therapy. This study brings out two important factors, one being the
very low sensitivity of routine cultures and the other being pre-
sumptive consideration of drug-resistance in refractory cases and
initiation of second-line drugs if there is no growth in culture,
provided histopathology, clinical and radiological picture is sug-
gestive of spinal TB.

Wu et al. compared the clinical outcomes of two groups of spinal
MDR-T, one identified by standard DST following culture and the
other by molecular diagnostics (Genotype MDR-TBplus and Xpert
MTB/RIF). They found significantly better outcomes with lesser
complications in patients who were started on MDR ATT therapy
following molecular diagnostics, because the time to initiation of
treatment was only 5 days compared to 73 days following culture
and DST.41

9. Elderly and the young

While pediatric TB (0e14 years) contributes up to around
15e20% of the total burden,42 with an estimated 3.2% of them being
affected with MDR-TB, the exact incidence of spinal MDR-TB is
unknown.43 With estimates of 14.8% being resistant to Isoniazid
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and mortality as high as 13.6%; it is alarming that the reports of
children with MDR-TB represent only 3.5% of the annual estimated
incidence.43 It has been well established that pediatric population
is at a higher risk for deformity progression and neurological
complications both during the active and healed phase of TB.44

Further, owing to the increased metabolic pathways and conse-
quences of ineffective treatment in children which include the
development of drug-resistance and treatment failure, the WHO
recommends an increase of dosage in the pediatric population.45 In
this background, the long duration of treatment and their adverse
effects on children can be compounding factors for poor outcomes
in spinal MDR-TB.

Seddon et al. in his retrospective analysis of children being
treated for TB in a high burden setting located in South Africa
identified 11 children between 2004 and 2010 to have been treated
with spinal MDR-TB and analyzed the outcomes of 7 children who
were treated with injectibles and multi-drug chemotherapy for an
average of 18 months.46 Except for one patient who developed
severe spinal deformity, five of them completed treatment, and one
patient was nearing completion without added complications.
However, the authors brought out the issue of significant delay in
the initiation of appropriate therapy, which happened only after
the failure of the first-line drug regime. They recommended DST to
be done for patients and also brought out the lack of knowledge on
the pharmacokinetics of second-line drugs and their safety in
children.

Recently Arockiaraj et al. in his series of 6 Spinal MDR-TB
affected children, achieved good outcomes with only chemo-
therapy in three and a combination of surgery and chemotherapy in
three patients.47 All of these six patients had prior treatment with
ATT chemotherapy and underwent both Xpert MTB/RIF assay and
DST. Early detection of drug-resistance was made based on Xpert
MTB/RIF results within an average of 10.5 days from the presen-
tation, and combination chemotherapy initiated and modified later
based on DST. The duration of chemotherapy was 18e24 months
with one injectable (initiation phase of 6 months), and a combi-
nation of one first-line drug, fluoroquinolone, second-line drug,
and Class V- drugs was used.

A constant rise in life expectancy has resulted in an aging
population living with co-morbidities, and the presence of under-
lying acute/chronic diseases, immunosuppression andmalnutrition
has increased the incidence of spinal TB in geriatric population.48

Increasing incidence of MDR-TB in transplant recipients demands
a high index of suspicion in those on immunosuppressive drugs.49

10. Chemotherapy and updates

Multidrug chemotherapy has drastically altered the course of TB
disease and brought down the mortality from 30 to 50% before the
advent of chemotherapy to less than 1% and also has improved
healing in surgically treated patients from 30% to 96%. It is vital for
medical professionals to understand the basis of multi-drug
chemotherapy in TB to ensure appropriate prescription of medi-
cations, as the problem of multi-drug-resistance is believed to be a
man-made tragedy primarily arising out of inappropriate therapy
rather than primary resistance. Mycobacterium Tuberculosis can
exist in four types; extracellular rapidly dividing bacilli, extracel-
lular intermittent or slowly dividing bacilli, intracellular intermit-
tently dividing bacilli, and dormant bacilli. While Isoniazid,
Streptomycin and Ethambutol are active against extracellular
rapidly acting bacteria, Rifampicin acts against extracellular slow-
growing bacilli, and Pyrazinamide penetrates the cell wall and
acts against intracellular organisms.

The drug efficacy of second-line drugs and toxicity profile is
inferior, and their usage warrants appropriate follow-ups for
monitoring compliance, dosage, and adverse effects, and outcome
of TB.It is essential that an expert physician is involved in the
management of MDR-TB, especially in the elderly and pediatric
population. The emergency of HIV as a pandemic has resulted in the
resurgence of spinal TB and drug-resistance. It is pertinent to un-
derstand that antiretroviral drugs and antitubercular chemo-
therapy have several drug interactions and can reduce the efficacy
of either of the drugs.

Xu et al. in his retrospective analysis of 19 cases of drug-resistant
spinal TB, identified 16 patients with MDR-TB and reported suc-
cessful outcomes with a combination of surgery and DST guided
individualized chemotherapy, given over 18e24 months.25 In
another series of 15 cases (10 adults and 5 children) with drug-
resistant spinal TB, Desai et al. successfully treated 14/15 of the
patients with chemotherapy alone for 24 months.50 The principles
behind the tailored selection of drugs included a selection of one
sensitive first-line drug, an injectable for six months, a quinolone,
1-s line drug such as ethionamide and cycloserine, and lastly, other
drugs such as amoxicillin clavulanate or linezolid and clofazimine.
It is recommended that no single drug be added to a previous
failing regime, and a minimum of four drugs previously not used
should be administered in MDR-TB. Further, two drugs in the same
pharmacological group need to be avoided. Recently Li et al. eval-
uated the penetration of oral 600 mg linezolid in Spinal MDR-TB
and found it to be good evn after 24 h of administration.51 WHO
also recommends its usage in long termMDR-TB regime and future
trials are required in MDR-TB between the WHO recommended
long term and short term regimes.

The category of drugs available for chemotherapy is enlisted in
Table 3. Most recently, the WHO has made reccomendations and
has provided guidelines in mamagement of drug-resistant TB
Table 4.

11. Newer drugs

Recently Bedaquiline fumarate has been approved by US-FDA
and WHO to be used in MDR pulmonary TB. Bedaquiline is
known to prolong Qtc interval, and therefore baseline ECG, elec-
trolyte values (calcium, magnesium, and potassium) need to be
recorded and carefully monitored periodically. The original WHO
recommendation is for 24 weeks, and recently, the safety profile
and efficacy of prolonged treatment (>190 days) were assessed,
which yielded favorable outcomes and was overall well tolerated.52

However, the emergence of bedaquiline resistance raises a
considerable concern for its usage in Spinal MDR-TB to avoid the
development and spread of bedaquiline resistant strains.53

Similarly, the efficacy of Delamanid in pulmonary MDR-TB has
been analyzed and seems promising, and its use in spinal MDR-TB
has no contraindications but needs larger trials.54 While the addi-
tion of injectibles in the treatment of MDR-TB is most recom-
mended, a recent trial using non-injectable regimen containing
either of bedaquiline/delamanid or both in Rifampicin resistant
pulmonary TB showed good results in the adolescent population.55

More recently, WHO has recommended a short course regime in
which Bedaquiline replaced injectables. However there have been
no such trials at this point of time in Spinal MDR-TB.

11.1. Adjunctive therapy in spinal MDR-TB

Host-directed therapy (HDT) has been described in managing
both drug-sensitive and resistant pulmonary TB.56 Their efficacy as
beneficial adjuncts in Spinal MDR-TB is unknown. Immunomodu-
lation as a part of the treatment protocol in spinal TB has been
reported by Jain et al. were they report usage of Levamisole (2 mg/
kg/day) for three days in aweekly interval for seven cycles. Besides,



Table 3
Chemotherapeutic drugs in tuberculosis.

WHO 2016 TB drug classification

First Line oral anti TB drugs Isoniazid, Pyrazinamide, Ethambutal,Rifampicin,
Second line drugs
� Group A (fluoroquinolones) Moxifloxacin, Levofloxacin, Gatifloxacin
� Group B (injectables) Amikacin, Kanamycin, Capreomycin, Streptomycin
� Group C (other core agents) Ethionamide/Prothionamide, Cycloserine/Terizidone, Linezolid,

Clofazimine
� Group D (add on agents) D1 Pyrazinamide, Ethambutol, High dose Isoniazid

D2 Bedaquiline, Delamanid
D3 P-Aminosalicylic Acid,ImipenemeCilastatin, Meropenem

Amoxycillin-Clavulonate, Thioacetazone
WHO Classification And Recommendation Of Drugs Recommended For Use In Longer MDR-Tb Regimes- 2019
Group A: Include all three medicines Levofloxacin Or Moxifloxacin

Bedaquiline
Linezolid

Group B: Add one or both medicines Clofazimine
Cycloserine Or Terizidone

Group C: Add to complete the regimen and when medicines from Groups A and B cannot be used Ethambutol
Delamanid
Pyrazinamide
ImipenemeCilastatin Or Meropenem
Amikacin Or Streptomycin
Ethionamide Or Prothionamide
P-Aminosalicylic Acid

Group A: fluoroquinolones (levofloxacin and moxifloxacin), bedaquiline and linezolid were considered highly effective and strongly recommended for inclusion in all reg-
imens unless contraindicated.
Group B: clofazimine and cycloserine or terizidone were conditionally recommended as agents of second choice.
Group C: included all other medicines that can be used when a regimen cannot be composed with Group A and B agents. The medicines in Group C are ranked by the relative
balance of benefit to harm usually expected of each.

Table 4
WHO recommendations in pulmonary MDR-TB treatment.

Drug resistance group Recommendations

Rifampicin susceptible but
Isoniazid resistance

1. Rifampicin, ethambutol, pyrazinamide and levofloxacin for 6 months
2. Do not add streptomycin or other injectable agents

MDR-RR TBa 1. All three Group A agents and at least one Group B agent should be included to ensure that treatment starts with at least four TB
agents likely to be effective, and that at least three agents are included for the rest of the treatment after bedaquiline is stopped.

2. If only one or two Group A agents are used, both Group B agents are to be included. If the regimen cannot be composed with agents
from Groups A and B alone, Group C agents are added to complete it.

Duration of long term regime 18e20 months to which modifications can be done based on response to therapy
Shorter regime (2018) 9e12 months can be used (seven agents in a 4-month intensive phase and four agents in a 5-month continuation phase) provided

� No previous treatment for more than 1 month with secondline medicines used in the shorter MDR-TB regimen
� No resistance to fluoroquinolones and
� No resistance to second-line injectable agents
Initiation Phase e Kanamycin þ Moxifloxacin þ Clofazimine þ Ethionamide þ Pyrazinamide þ Ethambutol þ High dose Isoniazid
(Km-MfxeCfzeEtoeZeEeHh)
Continuation phase - Moxifloxacin þ Clofazimine þ Pyrazinamide þ Ethambutol (MfxeCfzeZeE)

Shorter regime modification
(2019)

All oral regime would suffice if bedaquiline is used and therefore Kanamycin or any injectable is not required

Anti retroviral therapy In case of coinfection with HIV,ATT to be started at the earliest preferably within 8 weeks of initiation of TB chemotherapy even in
lower CD4 counts

Novel treatment regime in XDR Tbb

(2019)
BPal regime- 6e9 months of treatment with three drugs
Bedaquiline þ Pretomanid þ Linezolid

a Multi drug resistance with Rifampicin Resistance.
b Extensively drug resistant Tb.
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two doses of 0.1 ml of BCG vaccine were administered intrader-
mally for two months in addition to five oral drugs (Rifampicin,
Isoniazid, Ofloxacin, Ethionamide, Cycloserine) and one injectable
(Kanamycin/Amikacin).40
11.2. Surgical indications

Given the lack of guidelines in managing Spinal MDR-TB and
well-documented reports of both surgery and conservative mo-
dalities, currently, indications of surgery can be considered the
same as that of non-resistant spinal TB which generally include;
lack of response to chemotherapy, instability, deformity, gross
neurological deficits, spine at risk signs and incapacitating pain not
allowing ambulation.2 In the absence of culture positivity, drug
susceptibility cannot be performed and in such cases where there is
no improvement after initiating chemotherapy, surgery can be
considered for mainly two reasons, one to reduce the microbial
load by giving a good clearance of diseased focus, which also im-
proves penetration of drugs at the affected site and the second
being adequate procurement of tissue for subjecting to both
traditional DST and molecular methods (Fig. 1).



Fig. 1. A 32 year old male recently diagnosed as HIV positive individual with a CD count of 223 cells/mm3 presented with complaints of backpain referred to anterior chest wall. A)
Plain radiography shows complete collapse of T8 vertebra with a local kyphotic deformity of 34� . B) MRI shows involvement of T7 and T8 vertebra with paravertebral abscess and C)
Sagittal CT demonstrating vertebra plana of T8 with fragmentation of vertebrae in the axial cuts. D) Postoperative imaging of this patient who underwent debridement and posterior
stabilization due to unrelenting pain not allowing ambulation. Histopathology was confirmative of Tuberculosis and Gene Xpert analysis revealed Rifampicin resistance. The case
was reported and registered under the government RNTCP program andinitiated on second-line drugs. DST results are awaited and the regime will be altered based on it.
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12. Lack of consensus and research

There is no consensus on whether pulmonary MDR-TB and
spinal MDR-TB can be treated on the same line, and this raises
concern as it is well established that penetration of drugs into
bones is more inadequate than soft tissues.57 While surgical
debridement can overcome this issue, especially in children who
are at a higher risk for neurological complications, deformity pro-
gression, and drug toxicity, there is no high-quality data at this
point of time to support this view especially when there are enough
reports of good outcomes by chemotherapy alone.

13. Conclusion

The fight against spinal MDR-TB necessitates increased aware-
ness and the importance of timely recognition of this entity.
Appropriately designed chemotherapeutic regimes are successful
in achieving good outcomes and no additional surgery is required
for clearance of disease foci. The efficacy of shorter regimes with
novel drugs such as Bedaquiline and Delamanid in spinal MDR-TB
needs to be analyzed. The problem of secondary drug-resistance
due to irregular therapy should be kept in mind and it is vital to
notify TB cases and strictly monitor for adverse affects. Molecular
diagnostics for early recognition and additional drug suceptibilty
should be universally performed in all cases of spinal TB.
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