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ABSTRACT

Health Outcomes.

Tuberculosis (TB) is one of the highly prevalent disease worldwide with the increase in severity and
mortality as well. The disease is now a huge public health concern with the effect in association with
resistance, resulting in poor health outcomes and huge community spread. The resistance formed makes it
more vulnerable towards treatment regimens. This type of resistance can result in multiple drug intake and
can poses a greater threat for major health complications as well in future. The current article is built on
the different sequences in development of multi drug resistance in tuberculosis and also defines the
strategies used to reduce the major public health concern of health outcomes in India.
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INTRODUCTION

Tuberculosis (TB), an ancient infectious disease remains
a leading cause of morbidity and mortality in developing
countries. TB is caused by the bacteria, Mycobacterium
tuberculosis which can produce either a silent latent
infection or a progressive active disease which usually
attack the lungs, but it can attack any part of the body
such as the kidney, spine and brain.[! Emergence of new
strains of M. tuberculosis resistant to current anti
tubercular drug is the major public health concern that
threatens the progress made in TB care and control. Drug
resistance in Mycobacterium tuberculosis arises due to
improper use of antibiotics in chemotherapy of drug
susceptible TB patients or it may also be due to the
accumulation of mutations in the drug target genes and
these mutations lead either to an altered target or to a
change in titration of drug.[? This review describes the
factors contributing for the development of drug
resistance, mechanism of resistance to anti-tubercular
drugs and discusses on strategies for the prevention of
drug resistance.

Over one-fourth of the world population is infected by
M. tuberculosis and roughly around 1.4 million people
died from active TB in 2019%, out of which men (aged

>15) accounted for 56%, women (aged >15years) 32%
and children (aged <15 years) 12%. In 2019, an
estimated 10million new cases of TB was reported
worldwide. Geographically, most people who developed
TB in 2019 were in the WHO regions of south-east Asia
(44%), Africa (25%), western pacific (18%), eastern
Mediterranean (8.2%), America (2.9%) and Europe
(2.5%). Eight countries account for the two-third of the
global total: India (26%), Indonesia (8.5%), and china
(8.4%), Philippines (6.0%), Pakistan (5.7%), Nigeria
(4.4%), Bangladesh (3.6%) and South Africa (3.6%).5!

In 2019 half a million people developed rifampin
resistant TB (RR-TB), of which 78% had multidrug
resistance TB (MDR-TB). The three countries with
highest share of global burden are India (27%), china
(14%) and Russian federation (8%). Nearly 3.3% of new
TB cases and 17.7% of previously treated cases had
MDR/RR-TB.

Tuberculosis kills close to half a million Indians every
year. India now has the greatest number of multi drug
resistant TB (MDR-TB) cases in the world, contributing
one fourth of the global burden. National anti-
tuberculosis drug resistance survey conducted by the
Indian government in collaboration with World health
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organization (WHO) and the United States agency for
Internation development (USAID) showed that nearly
22.4% of newly diagnosed TB patients have resistance to
any drug out of this MDR-TB was detected 2.84% of
patients, resistance to isoniazid (any 11.06%,
monoresistance 3.85%), pyrazinamide (any6.95%, mono
4.11%), streptomycin (any6.88%, mono2.22%) and
ethambutol (any 2.28%, mono 0.28%). Mono resistance
to rifampicin was not observed among new TB patients.
Among previously treated patents 36.82% patients
showed resistance to any drugs out of this MDR-TB was
detected in 11.62% patients, monoresistance to
rifampicin was detected in 0.05%, resistance to isoniazid
(any25.09%, mono 7.61%), streptomycin (any13.26%,
mono 2.48%), pyrazinamide (any 8.77%, mono4.07%)
and ethambutol (any 7.03%, mono 0.21%).[6!

Among the second line agents resistance to
Fluoroquinolones (FQ) was highest (21% in non MDR-
TB patients and 36% among those with MDR-TB).
Higher rates of FQ resistance (24%) were noted in new
patients with TB with MDR-TB compared with
previously treated TB cases (21%). Aminoglycodide
resistance was observed in 7% of new patients with TB
and 2% of previously treated cases. Resistance to
ethionamide and Para-amino-salicylic acid were 11%
each in new patients with TB and 7% and 4%
respectively in previously treated patients. XDR-TB was
detected in 1.3% of surveyed samples.[®

A sub national community survey from India, Gujarat,
reported XDR-TB in 3.2% of MDR-TB patients. A study
in 10 tertiary care centers in 9 cities of India reported 598
isolates of XDR-TB.I"17]

The current article describes the etiology, risk factors and
various mechanism of action involved in development of
MDR in TB patients in regard to individual drugs.

Etiology and risk factors

TB is caused by M. tuberculosis, an aerobic, non-spore
forming bacillus that resists decolorization by acid
alcohol after staining with basic fuschin thus they are
referred to as acid fast bacillus (AFB). M. tuberculosis is
transmitted through the air by aerosolization droplet
nuclei that are produced when a person with TB cough,
sneezes or speak. Droplets may also be produced by
other methods such as aerosol treatments, sputum
induction, bronchoscopy, endotracheal intubation,
suctioning, and autopsy and through manipulation of
lesions or processing of secretions in the hospital or
laboratory.®!

Drug resistant TB is prevalent globally and it is the
major threat in TB care. The causes of the global spread
of drug resistant TB include.

Chaotic treatment: In 1980s and early 1990s there were
no standard protocols for the treatment of TB and there
was no fixed regimen for the treatment, this led to

improper or extensive usage of anti-TB drugs which led
to the development of drug resistance. Furthermore, in
many settings it was found that TB treatment was not
provided for free, contributing to patient noncompliance
and development of resistance along with irresistible
community spread.[

Effect of short-course chemotherapy: As a part of
global TB control strategy called DOTS (Direct
Observed Treatment Short course) the regimens
containing isoniazid and rifampicin became the standard
of care. Repeated use of this short course of
chemotherapy in poly drug resistance patients resulted in
development of resistance to all the first line anti-TB
drugs. Kwonjune J Seung et al. performed a retrospective
analysis to determine the effect of initial drug resistance
on treatment outcomes and acquired drug resistance in
new patients receiving standard short course
chemotherapy. They reported that pretreatment drug
resistance was strongly associated with treatment failure
and development of new multidrug resistance.[*%

Community transmission: Recent studies has confirmed
that majority of new MDR-TB patients were infected
initially with an MDR-TB strain, rather than a slowly
acquired resistance caused by inadequate or irregular
treatment. Lin et al. performed a study with the aim of
identifying mechanisms responsible for the rise in MDR-
TB in urban settings. They reported that appearance of
resistance may be driven by increased transmission.*!

Nosocomial transmission: Busy and crowed hospitals
and health centers especially in high HIV prevalent
settings are the important sites for the spread of MDR-
TB. This can result in the spread of drug resistance
strains among patients receiving therapy for drug
susceptible TB.[*2

Gender: according to WHO reports and a population
based prevalence survey of TB in Ethiopia, confirmed
that, TB was higher among males. This difference might
be due to health seeking behavior, environmental factors
and higher exposure of males to different factors that
poses a risk of acquiring TB.!

TB in prison: Prisons are considered reservoirs
facilitating TB and multidrug resistant TB (MDR-TB)
transmission within the walls, and to the community.
Transmission occurs through prison staff, visitors and
released inmates. Prisoners come under high risk groups
of population. Most of the prisoners come from socio
economically disadvantaged population where TB
infection and transmission are higher and where access
to medical care is limited. Factors that cause infection
and progression of the disease include overcrowding,
poor ventilation, frequent transfer of prisoners between
prisons, late diagnosis and inadequate treatment and
weak nutrition etc.'®! According to the WHO report TB
cases in prisons may account for up to 25% of a
country’s burden of TB and High levels of MDR-TB
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have been reported from some prisons with up to 24% of
TB cases suffering from MDR forms of disease.Few
prisoners may self-treat with supplies of anti-TB drugs
available through visitors this promote further
development of MDR-TB.1]

Maxwell Drozin et al. performed a systematic literature
review to investigate the occurance of MDR-TB in
prisons located in Soviet Union. They reported that high
prevalence of MDR-TB in prisons of post-soviet states
with percentages as high as 16times more than the world
wide prevalence estimated by the WHO in 20141

F. Biadglegne et al. made a systemic literature review to
assess the prevalence of drug resistance and risk factors
for acquiring TB in the prison population. Their review
showed the high prevalence of TB, MDR-TB and XDR-
TB in prisons than that found in the general population.
Their review also reported that multiple risk factors such
as overcrowding, poor ventilation, malnutrition and HIV
contribute to spread of TB in prisons.[6]

Other comorbid conditions: Conditions like DM and
HIV which impairs the immune system is thought to
contribute to the evolution of latent TB infection to
active cases and they also contribute to the development
of drug resistance in drug susceptible patients. Drug
resistance in these patients is mainly due to treatment
failures and reinfections.

Antonia Morita Iswari Saktiawati et al performed a
retrospective cohort study to analyze the influence of
diabetes mellitus on the development of MDR-TB. They
reported that patients with TB-DM had 6.8 fold (95%,
Cl: 2.0-2.37, p+0.003) higher risk of developing MDR-
TB.I'¥

Jenny-Tyang chang et al. studied the effect of type-2 DM
on the clinical severity and treatment outcomes in
patients with pulmonary tuberculosis patients with and
without type-2 DM (DMTB and TB, respectively). They
concluded that DMTB patients have more severe TB
infection, higher treatment failure rates and longer
delayed clearance of mycobacteria than did the TB
patients, which required longer treatment and are more
likely to develop MDR-TB when compared with patients
with TB alone.[*!

Another study to determine the prevalence of drug
resistant TB among people living with HIV (PLHIV)
was performed by Neil Saldanha et al. through a multi
variable analysis and they determined that TB relapse in
HIV patients is the only factor associated with
development of MDR-TB, DRTB and INH-mono
resistance TB.2%

Others: Few studies reported that poor treatment
adherence and irregular treatment were the strong risk
factors for developing MDR-TB. Factors such as
psychiatric illness, alcoholism, drug addiction and

homelessness may contribute to the non-adherence.
Study conducted by Elizabeth Clara Barroso et al.
showed that lack of home sewer system, alcoholism,
smoking, number of previous treatments, irregular
treatment and lung cavities are the factors important for
the development of acquired MDR-TB.[?

Another risk factor is the type of strain that is prevalent
in the particular area. Few studies have reported that
certain strains of mycobacterium tuberculosis such as
Beijing lineage, a genotype associated with enhanced
acquisition of drug resistance and increased virulence is
associated with MDR-TB and it is also responsible for
outbreak of MDR-TB in certain areas.?? A study by
Narvskaya et al. showed that W. Beijing genotype
contain a specific pathogenic properties such as
enhanced transmissibility, ability to cause reinfection and
to readily acquire drug resistance to major anti-
tuberculosis drug.?!

Mechanisms of resistance

FIRST-LINE AGENTS

Isoniazid

Isoniazid (isonicotinic acid hydrazide), one of the
important drug in the treatment of TB is a prodrug and it
must be activated to its toxic form within the bacillus by
a gene KatG, a multifunctional catalase-peroxidase,
KatG catalyzes the production of isonicotinoyl radical
that subsequently interact with mycobacterial NAD and
NAPD to produce a adducts. One of these adducts, a
nicotinyl-NAD isomer inhibits the activities of enoyl
acyl carrier protein reductase (InhA), a complex of an
acyl carrier protein (AcpM) and a pB-ketoacyl- ACP
synthase (KasA). Inhibition of these enzymes inhibits
synthesis of mycolic acid; a component of cell wall.[
Resistance to the isoniazid is associated with the
mutation in these genes. The most common mechanism
of isoniazid resistance in clinical settings is due to single
point mutations in heme binding catalytic domain of
KatG, especially a serine to asparagines change at
position 315.%2 This type of mutations results in an
enzyme that is unable to activate isoniazid. Resistance to
isoniazid may also develop due to mutations in genes,
encoding for synthesis of mycolic acid (InhA, AcpM,
and KasA). The most common InhA mutation occurs in
its promoter region (-15C—T) and results in
overexpression of InhA. This mechanism confers low
level resistance to isoniazid and some cross resistance to
ethionamide. 2% 27. 28. 301

Another adduct, a nicotinoyl-NADP isomer, potentially
inhibit mycobacterial dihydrofolate reductase (encoded
by dfrA), there by interfering with nucleic acid
synthesis.[?®] Mutations in drfA genes have recently been
shown to be involved in resistance to isoniazid. However
studies have failed to demonstrate the role of dfrA in
isoniazid resistance.[?”!

Other products ofKatG activation of isoniazid include
superoxide, H,O,, alkyl hydroperoxide and NO radicles;
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these contribute to the mycobactercidal effect of
isoniazid. Defence against these radicles is provided by
alkyl hydro peroxide reductase (encoded by ahpC),
which detoxifies organic peroxides.?®! Several studies
have found that mutations in promoter region of ahpC
gene, leading to its overexpression, this may act as
compensatory mechanism for the reduction or loss of
activity of the catalyse-peroxidase system.[31l

Studies have also found three novel mutations in the
furA-KatG intergenic region, these mutations decreases
the expression of KatG and confers resistance to
isoniazid.*¥l  Similar mutations also occur in the
intergenic region of oxyR-ahpC;this reduces the
expression of InhA and has been associated with
resistance to isoniazid.[®4

In summary, mutations in KatG and InhA genes are
associated with approximately 70-80% of isoniazid
resistant M. tuberculosis isolates. A study by Dalla Costa
et al suggest that genetic screening for the S315T KatG
mutation may provide information for anti TB regimen
selection and for epidemiological monitoring of isoniazid
resistance. 3%

Rifampicin

Rifampicin, one of the most effective first-line anti
tubercular agent, it is also effective against initial
isoniazid resistance.’1 rifampicin mainly acts by
entering into bacilli in a concentration dependent manner
and then binds to the B subunit of DNA dependent RNA
polymerase (ropB) to form a stable drug enzyme
complex. Drug binding suppresses chain formation in
RNA synthesis.[?]

Rifampicin resistance in mycobacterium tuberculosis
arises due to the mutations on its molecular target. In
96% of rifampicin resistance cases mutations occur in
the codons 507-533 of gene coding for the RNA
polymerase B subunit, ropB.83% This region is also
known as rifampicin resistance determining region
(RRDR). Mutations in codon 531 and 526 are the most
frequently reported mutations and results in higher levels
resistance to rifampin when compared with resistance
cause by mutations in other codons (511, 516, 518, and
522).0 Few studies have reported that alteration in
codons 511, 516, 518 and 522 results in organisms that
have low level resistance to rifampin and rifapentine but
remain susceptible to two other rifamycins (rifabutin and
rifalazyn).[*142

Whole genome sequencing studies demonstrated
mutations in the ropA and ropC genes, which encode the
a and B° subunits of RNA polymerase as compensatory
mechanisms in isolates that bear mutations in the ropB
gene. These compensatory mutations would be
responsible for restoring the fitness of these strains in
vivo and have also been associated with a higher
transmissibility in some settings.[*3]

An important finding related to rifampicin resistance is
that, monoresistance to rifampicin is rare and occurs in
conjunction with other drugs, most commonly isoniazid.
For this reason rifampicin resistance is considered as a
surrogate marker for MDR-TB.[# 431

Pyrazinamide

Pyrazinamide is the synthetic pyrazine analogue of
nicotinamide. Pyrazinamide when used in combination
with rifampin shortens the duration of treatment of
tuberculosis patient from lyear to 6 months. One key
character of the pyrazinamide is its ability to inhibit the
semi-dormant bacilli located in macrophages or acidic
environment such as TB lesions.[*l Pyrazinamide is a
prodrug and it passively diffuses into mycobacterial
cells, in which M. tuberculosis pyrazinamidase (encoded
by PncA gene) deaminates pyrazinamide to pyrazinoic
acid. The pyrazinoic acid is then pumped out of the
bacterial cell by weak efflux mechanism. In acidic
extracellular milieu, pyrazinoic acid is protonated to a
unchanged form which is lipid soluble and re enters the
bacillus resulting in cellular damage. Pyrazinamide also
targets aspartate decarboxylase (encoded by PanD)
involved in making precursor needed for pantothenate
and CcoA biosynthesis in M. tuberculosis.[?
Pyrazinamide also inhibit the ribosomal protein sl
(encoded by RpsA) in the trans-translation process, so
that toxic proteins accumulate and kill the bacteria.[*"]

Pyrazinamide resistance is mostly caused by mutations in
the PncA gene and its promoter region that lead to a loss
of pyrazinamidase activity. A study by whitfield et al.
reported 608 unique single nucleotide polymorphisms
occurred at 397 distinct positions throughout the PncA
gene.*l These mutations account for 72-99% of
pyrazinamide resistance.[*d

Few studies reported the mutation in rpsA gene. RpsA
gene overexpression is associated with increased
pyrazinamide resistance.™ Whole genome study (WGS)
analysis revealed mutations in PanD and indicated that it
is necessary to include the screening of PanD mutation to
enhance the detection of pyrazinamide resistance.®!
Mutations in PanD decrease the binding affinity for
pyrazinamide.

A molecular epidemiologic analysis reported that
pyrazinamide resistance is strongly associated with
rifampin  resistance, conforming the burden of
pyrazinamide resistance in patients to rifampicin
resistance.l?

Ethambutol

Ethambutol is the first line agent, used in combination
with isoniazid, rifampicin and pyrazinamide in treating
TB. It is active against multiplying bacilli. Ethambutol
inhibits the arabinosyl transferase 3 (encoded by
embCAB), thereby disrupting the transfer of arabinose
into arabinogalactan biosynthesis which in turn disrupts
the assembly of mycobacterial cell wall.[?% Studies have
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shown that embCAB gene was organized as a 10kb
operon. Resistance to ethambutol is mediated by
mutations in the embB gene.® DNA sequencing
analysis of 7.5kb region of 10kb embCAB locus
suggesting that missense mutations associated with
resistance were overrepresented in embB codon 306.5]
It was reported that embB306 mutations predisposes the
isolates to develop resistance to increasing number of
antibiotics and is not necessarily involved in ethambutol
resistance.™ Lee et al. showed the embB306 mutations
in ethambutol isolates of mycobacterium tuberculosis. !

Recent studies have confirmed the mutations in
embB306 along with mutations in embB406 and
embB497 as hotspots for genomic variation in
ethambutol resistant isolates.5] Approximately 30% of
ethambutol resistant isolates lack mutations in embB,
suggesting the different mechanisms of resistance.

Hassan safi et al. reported the mutations in the
decaprenylphosphoryl-pB-D-arabinose (DPA)
biosynthesis and utilization pathway genes, RV3806c
and RV3792 along with mutations in embB and embC
resulting in variable MIC range for ethambutol. They
also reported that RV3806¢ mutations cause high level of
resistance to ethambutol when they occur with embB and
embC mutations.[8 %

Streptomycin

Streptomycin is one of the first antibiotics shown to be
active against TB. Due to the extensive development of
resistance and due to availability of better drug such as
isoniazid, rifampin and ethambutol, streptomycin usage
was greatly declined. Streptomycin is active against
actively growing bacilli and mainly acts by inhibiting the
initiation of translation in the protein synthesis.
Streptomycin mainly acts by binding to the 30s subunit
of the ribosome at the ribosomal protein s12 and 16s
rRNA coded by the genes rpsL and rrs respectively.[0 61

The genetic basis of resistance to streptomycin is
believed to be mediated via mutations in the rpsL and rrs
genes, ®%these mutations account for 60-70% of
streptomycin resistance. Major mutations that lead to
streptomycin resistance occur in rpsL gene, with most
common mutations being K43R and K88Q.[1 Most
common mutations in rrs genes include alterations in the
530 loop or 915 region. 5]

Few recent studies showed the mutations in gidB, a gene
encoding a conserved 7-methylguanosine
methyltransferase specific for the 16s rRNA, this confers
low level resistance to streptomycin.[®4

SECOND LINE AGENTS

Kanamycin, amikacin, capreomycin and viomycin
Kanamycin and amikacin are the aminoglycoside
antibiotics and capreomycin and viomycin are cyclic
polypeptide. All the four drugs are used as second line
injectable drugs to treat drug resistant TB. Although

these antibiotics belong to different class they have same
mechanism of action of inhibiting the protein synthesis.

Kanamycin and amikacin inhibit the protein synthesis by
binding to the 16s rRNA in the 30s ribosomal subunit.[®!
Resistance to these antibiotics occurs mainly by
mutations in rrs gene at positions 1400, 1401 and 1483.
High level resistance occurs as a result of mutations at
position 1400, 1401 and a mutation at 1484 confers low
level resistance.’’7 These rrs mutations are also
associated with cross-resistance to other ribosomal
binding drugs such as capreomycin and viomycin. 56

Although full cross resistance between kanamycin and
amikacin was previously assumed, few studies have
shown the amikacin susceptibility in kanamycin resistant
isolates, demonstrating highly variable levels and
patterns of resistance suggesting that other mechanisms
of resistance might be possible.®®] A recent study
founded the mutations in the promoter region of the
aminoglycoside acetyltransferase gene EIS (Rv2416c),
this confers low level resistance to kanamycin but not
amikacin. This mutation increases the expression of EIS
gene and was found in 80% of clinical isolates showing
low level resistance. !

Recent studies have found the mutations in the 5'
untranslated region (UTR) of WhiB7, a transcriptional
activator of EIS. This confers low level resistance by
enhancing EIS expression.[’

Capreomycin and viomycin have similar structure and
bind at the same ribosomal site at the interface of two
ribosomal sub units and inhibit protein synthesis.
Mutations in the gene tlyA are associated with resistance
to capreomycin and viomycin. TIyA codes for rRNA
methyltransferase specific for 2'-0- methylation of ribose
in YRNA.UO‘ 59, 71]

Ethionamide

Ethionamide is a congener of thioisonicotinamide and
structurally similar to isoniazid. It is a prodrug and it is
activated by the FAD-containing monooxygenase
(encoded by ethA gene) to 2-ethyl 4-amino pyridine.
This form adduct with NAD and inhibit the synthesis of
mycolic acid by inhibiting enoyl-ACP reductase of fatty
acid synthase-2 (encoded by inhA gene).”® Production
of ethA is regulated by transcriptional repressor ethR.["]

Mutations in ethA, ethR or inhA confer resistance to
ethionamide. Single amino acid mutation in inhA (S94A)
confers co-resistance to isoniazid and ethambutol. This
mutation leads to the over expression of inhA gene™.
Studies with spontaneous isoniazid and ethionamide
mutations of M.tuberculosis, map to mshA gene,
encoding an enzyme essential for mycothiol biosynthesis
as a target for ethionamide resistance. This study has also
reported that mshA mutations confer co-resistance to
isoniazid and ethambutol.["®]
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Fluoroquinolones

Fluoroquinolones are the broad spectrum bactericidal
antimicrobial agents and used as the second line agents
in the treatment of MDR-TB. The older fluoroquinolones
such as ciprofloxacin, olfoxacin are derivatives of
nalidixic acid. New generation flouroquinoles such as
levofloxacin, gatifloxacin, moxifloxacin is currently
being considered for use in MDR-TB. Recent studies
have shown that combination of fluoroquinolones,
rifampin and pyrazinamide may shorten the duration of
therapy needed to cure human TB.I The cellular target
of fluoroginolones in M. tuberculosis is DNA gyrase, a
type 2 topoisomerase that controls negative supercoiling
of DNA. Type 2 topoisomerase is a tetramer, consisting
of two A and two B subunits that are encoded by gyrA
and gyrB genes respectively. The important mechanism
for the development of fluoroquinolone resistance is by
missense mutations causing amino acid alterations in the
quinolone resistant determining region (QRDR) of gyrA
and gyrB. The fluoroquinolone resistant isolates more
frequently contain mutations in the gyrA gene,
particularly at codon 90, 94 and occasionally at codon
74, 88 and 91. Codon 95 contains a naturally occurring
polymorphism (AGC, ser; or ACC, Thr) that may be
unrelated to fluoroquinolone resistance because it
occurred in both fluoroquinolones susceptible and
resistant isolates.

Few studies have reported the resistanc e to new
generation drugs.®¥ Although full cross- resistance is
commonly assumed between fluoroquinolones, a recent
study has shown that a strain with Asn-533-Thr mutation
in gyrB is resistant to moxifloxacon and galtifloxacin but
susceptible to ofloxacin. [

Several studies have reported the role of efflux
mechanisms on resistance to fluoroquinolones. ATP-
binding cassette (ABC) transporter have been described
in M. tuberculosis. ABC transporters occupy 2.5% of
genome but most of these ABC transporters have not
been characterized.[

Subray S Hegde et al. described a fluoroguinolone
resistant protein from M. tuberculosis. Expression of
MfpA, a member of the pentapeptide repeat family of
protein, causes resistance to ciprofloxacin and
sparfloxacin, this protein binds to DNA gyrase and
inhibits its activity.[®4

Para-amino salicylic acid

Para-amino salicylic acid is one of the oldest drugs to
show anti TB activity. In combination with streptomycin
and isoniazid, para -amino salicylic acid is used as a
second line agent in treating TB. Para-amino salicylic
acid is structural analogue of PABA, and competes with
it for the enzyme dihydropteroate synthase, inhibiting
folate synthesis.["!

Resistance to p-amino salicylic acid is mediated by the
mutations in thymidylate synthase gene (thyA). Studies

have shown that only 37% of para- amino salicylic acid
resistance isolates have mutations in thymidylate
synthase A (thy A). This suggests the existence of
additional mechanisms for p-amino salicylic acid
resistance.

A recent study has identified the mutations in FolC gene,
encoding dihydro folate synthase, this confers resistance
to para-amino salicylic acid. ]

Cycloserine

Cycloserine is D-4-amino-3-isoxazolidone. It is a
structural analogue of D-alanine and it is important
second line agent used to treat MDR-TB. Cycloserine
inhibits alanine racemase, which converts L-alanine to
D-alanine and it also inhibits D-alanine: D-alanine
ligase, thus blocking the formation of bacterial cell
wall.[?3]

A study by Caceres et al showed that overexpression of
alrA led to the resistance to cycloserine in recombinant
mutations.[®] Recent studies have shown that point
mutations in cycA partially contribute to cycloserine
resistance in

M. bovis BCG. CycA is a D-serine, L- and D-alanine
and glycine transporter, it helps in uptake of
cycloserine.[®’]

NEW ANTI-TB DRUGS

Bedaquiline

Bedaquiline is approved by the FDA in 2012. It is in
combination with other TB drugs to treat multi drug
resistant TB (MDR-TB). Bedaquiline is a
diarylquinoline; it acts by binding to subunit ¢ of the
ATP synthase of M. tuberculosis leading to inhibition of
proton pump activity of the ATP aynthase.[?]

Resistant to bedaquiline is mainly mediated by the point
mutations in its target atpE gene. Most frequently
reported mutations are A63P and 166M; these mutations
confer high level resistance, with up to 4 fold increase in
MIC.5%1 In a study by Huitric et al. gene sequencing of
53 invitro mutants revealed 5 single point mutations
(A28V, A63P, 166M, A28P, G61A) within the atpE gene
in only 15 isolates and no mutations were detected within
atpE in other 38isolates, indicating other alternative
resistance mechanisms. 831

Non target based mutations, such as mutations in
RV0678, a transcriptional repressor of the genes
encoding the Mmps5-MmpL5 efflux pump, resulting in
low level bedaquiline resistance and cross resistance to
clofazimine.[?® %1 Recent studies have reported the
mutations in the pepQ, encoding xaa-pro amino
peptidase. This confers low level resistance to
badaquiline and cross resistance to clofazimine. This

mutation has reported to increase the MIC by 4times.[®%
92, 93]
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Linezolid Strategies for prevention and control of drug
Linezolid belongs to the class oxazolidiones. resistant TB

Oxazolidiones have been in clinical use for over a decade
for the treatment of gram-positive cocci. Linezolid is the
first antibiotic of this class to be approved for the
treatment of MDR-TB.[?! Linezolid acts by inhibiting
the early steps of protein synthesis by binding to the 50s
subunit of ribosomes. Linezolid has high invitro and
invivo activity against M. tuberculosis. PNU100480 a
structural analogue of linezolid showed similar activity
like rifampicin and isoniazid in various combinations.[*¥

Resistance to linezolid in M. tuberculosis has been
associated with the mutation in the 23s rRNA (rrl) gene.
Richard et al. in his study on 210 isolates of MDR-TB
reported the linezolid resistance in 1.9% of isolates and
no mutations were found in the target gene. MIC of
resistant isolates ranged between 4-8 mg/1.°% In a study
by Hillemann on 10 linezolid resistant colonies reported
mutations in G2061T and G2572T in rrl gene in 5
colonies and these mutations were associated with high
level resistance with MIC range of 16-32mg/l.
Remaining isolates showed no resistance in rrl gene and
their MIC was 4-8 mg/1.1%

More recent studies using next generation sequencing
showed the mutation T460C in rplC gene, encoding the
50s ribosomal L3 protein in linezolid resistant isolates.[®"]

Bicyclic nitroimidazoles: delamide and pretomanid
Pretomanid and delaminid are bicyclic
nitroimidazopyrans that are being used in the treatment
of XDR and MDR-TB. Pretomanid (previously called as
PA-824) is a prodrug that requires activation by the
bacteria via a nitroreduction step that requires a specific
G6PDX, FGD1 and the reduced deazoflavin cofactor
F420 encoded by RV 3547. The resulting active
metabolite acts by 2 mechanisms; first under aerobic
conditions it inhibits M. tuberculosis mycolic acid and
protein synthesis. Second in non-replicating persistent
bacilli (NRPB) it generates reactive nitrogen species
such as NO via its des-nitro metabolite, which then
augment the kill of intracellular NRPB by innate immune
system.[?>%1 Delamanid is also a prodrug that is activated
by the same enzyme encoded by RV 3547. Similarly it
forms a reactive intermediate metabolite that inhibits
mycolic acid production.?>9]

Resistant to PA-824 is most commonly mediated by loss
of specific glucose-6-phosphate dehydrogenase (FGD 1)
or its deazaflavin cofactor F420.% In experimentally
generated delamanid resistant mycobactera a mutation
was found in the RV3547 gene, this suggests its role in
the activation of drug.*® Bloemerg et al. recently
reported mutations in the fbiA and fgdl genes that
corresponded with increasing phenotypic delamanid
resistance. %2

Indian government has launched program called India
national strategic plan (NSP) for TB 2017-2025 with the
aim of eradicating the TB and to make India a TB free
with zero deaths.104

Center for disease control and prevention (CDC) is
working with Indian government to control the drug
resistant TB by(1%3

1. By improving access to better screening, contact
tracing and diagnostic tools to find TB cases.

2. Evaluating better TB treatment regimens and
improving access to care and treatment.

3. Breaking the cycle of transmission by strengthening
TB infection control, identifying hotspots to target
screening efforts and scaling up treatment to prevent
TB among vulnerable population.

The five principal ways to prevent drug resistant TB[%]

1. Early detection and high-quality treatment of drug

susceptible TB: many people have undetected TB
for too long. Late detection of TB increases the risk
of transmission the disease to others. Early detection
can be possible by creating awareness among public.
Improving access and utilizing of high-quality TB
services established across the health system,
including private sector.[10]
Identify the patients who require TB test. All the
diagnosed patients should also be tested for the drug
susceptibility and the susceptible patients should be
effectively treated with treatment follow up. Care
givers and clinical pharmacists should provide
counseling to the patients regarding drug adherence.
In every health care settings specific challenges for
treatment adherence should be assessed and then
appropriate mechanisms should be put in place to
mitigate the consequences.

2. Early detection and high-quality treatment of drug
resistant TB: early detection of drug resistant TB
can be done by drug susceptibility testing (DST). In
many low- and middle-income countries DST is
done only in a fraction of all cases. This leads to a
large number of undetectable drug resistant TB
cases or severely delayed diagnosis of the majority
of drug resistant TB cases.

3. Infectious control: these are taken to minimize the
risk of TB transmission within populations.
Infectious control policies should be well formulated
and implemented at every level of health delivery, in
homeless shelters, prisons, health care settings,
refugee camps and at the household level.

4. Health system strengthening and regulation: health
care system strengthening includes the improving of
human resource development, diagnostic capacity
and drug management with other public health
programs. Health care system barriers should be
identified and national TB control programs should
be designed. WHO has provided guidelines for
NTPs on how they can contribute to general health
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system strengthening? TB programs can contribute
to the hospital system strengthening through
investments in laboratory infrastructure, capacity
building of health staff and increased routine use of
health data as well as by developing innovative
service delivery strategies in response to specific
health system barrier, such strategies include
practical approach to lung health (PAL), public
private mix (PPM) approaches and community-
based care. These programs should regulate the
availability of both first line and second line TB
medicines and restrict use to those facilities where
quality of prescription and treatment management
can be ensured, in particular, banning over the
counter sales of TB medicines should be strictly
enforced. 15 1071

Addressing underlying risk factors and social
determinants: the most critical and immediate social
intervention for prevention of drug resistant TB is to
access and adherence to health care services and to
address them accordingly. This includes providing
all TB diagnostic and treatment services free of
charge to patients for other clinical related services
(such as comorbidities), as well as minimizing the
indirect costs of care (those related to transport and
loss of income). Access to available social
protection schemes, including sickness/disability
funds and other cash transfers, should be ensured for
people with TB.

CONCLUSION

Tuberculosis is a contagious disease with various
parameters for community spread involved in it. The
question of improving the public health outcomes can be
addressed with change in policies and protocols. The
current article studies the various etiological parameters
and various strategies to improve outcomes. Various
types of epidemiological research need to be carried out
in distant populations to intervene different sources in

the

structure and to understand the parameters

completely.
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