Kunapareddy Harika et al/ Int. | Pharm. Hea. care Res. Vol-13(1) 2025 [18-26]

International Journal of Pharmaceuticals and
Health care Research (IJPHR)

IJPHR [Vol.13 [ Issue 1 [ Jan - Mar -2025

www.ijphr.com
ISSN: 2306-6091 DOI : https://doi.org/10.61096/ijphr.v13.iss1.2025.18-26

Review

Mechanism Of Antibiotic Resistance In Tuberculosis
Kunapareddy Harika', Achutha Giridhar?
'B. Pharmacy, Ratnam institute of pharmacy,Pidathapolur Village and Post, Muthukur (M), SPSR Nellore
District, Pidathapolur, Nellore, Andhra Pradesh 524346.
?Assistant professor, Department of Pharmacology, Pidathapolur Village and Post, Muthukur (M), SPSR
Nellore District, Pidathapolur, Nellore, Andhra Pradesh 524346.

* Author for Correspondence: Kunapareddy Harika
Email: kunapareddyharikaO@gmail.com

() Abstract

Check for
updates

Tuberculosis (TB), cauzed by Mycobacterium tuberculo3i3, remain3 a
Published on:13 Feb 2025 significant global health challenge, e3pecially with the rize of antibiotic resistance.
The emergence of multidrug-resiztant TB (MDR-TB) and exten3ively drug-resiztant
TB (XDR-TB) threaten3 global TB control effort3, complicating treatment and
Published by: increazing mortality rate3. Antibiotic resistance in TB develop3 through
DrSriram Publications 3pontaneous genetic mutations in M. tuberculo3is, affecting the target3 of key anti-
TB drugs, 3uch a3 rifampicin (mutation3 in the rpoB gene) and i3oniazid (katG and
inhA gene3). Inadequate treatment regimens, non-adherence, and improper use of
2025| All rights reserved. antibiotic3 further exacerbate resistance. Thi3 review highlight3 the mechanizm3 of
resiztance, the role of diagnostic advances, and the limitation3 of current treatment
strategie3. The development of rapid molecular diagnostic3, 3uch a3 GeneXpert and

whole-genome 3equencing, ha3 3ignificantly improved the detection of drug-re3siztant
a 3train3, enabling timely intervention3. However, challenge3 3uch a3 limited acce33 in
rezource-poor 3etting3, lengthy treatment durations, and 3ide effects per3ist. Novel

Creative Commons therapeutic approaches, including 3horter regimens and new drug3 like bedaquiline,
Attribution 4.0 International | delamanid, and pretomanid, show promize but require global implementation and
License. monitoring to prevent resistance to these agent3. The review under3scores the urgent

need for integrated effort3 involving improved diagnostics, effective treatment
strategies, patient adherence, and 3trengthened public health policie3 to combat
antibiotic re3istance in TB. Addressing these challenges i3 critical to achieving the
World Health Organization's goal of ending TB a3 a global epidemic.

Keywords: Mycobacterium Tuberculosis, Antibiotic Resistance, Treatment,
Management Strategies.

INTRODUCTION

Tuberculosi3 i3 an infectious dizease that can cauze infection in your lungs or other ti33ues. It commonly affects your
lung3, but it can al3o affect other organs like your 3pine, brain or kidney3. The word “tuberculo3zi3” comes from a Latin
18
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word for "nodule" or 3omething that 3ticks out.

Tuberculosis

Lungs

Infection

Tuberculosis bacteria

Fig 1: Lung3 are infected with tuberculo3i3 bacteria.

Tuberculoziz (TB) remain3 one of the major global health threat3 leading to morbidity and mortality. Hiztorically, TB
wa3z considered incurable until the dizcovery and uze of 3treptomycin (STR) in 1946. In the very fir3t clinical trial
conducted by the British Medical Rezearch Council (BMRC), STR 3howed an impres3ive reduction in mortality but very
300n resistance emerged to thiz drug. In the 19603, a trial of i3oniazid (INH)- para-amino 3alicylic acid (PAS) wa3
launched, which 3uggested that care in the home wa3 equally effective and comparable to treatment in a 3anatorium or
ho3pital. Modern-day 3tandard TB chemotherapy effective at treating drug-3u3ceptible (DS) dizease require3 6 month3 of
administration uzing a combination regimen containing INH, rifampicin (RIF), pyrazinamide (PZA), and ethambutol

(EMB). :

Antibiotic resistance
Antibiotic resiztance occur3 when bacteria evolve to evade the effect of antibiotic3 through multiple different
mechanizms3. The mechanizm of antibiotic re3i3tance i3 commonly categorized into the following four groups:
1. Intrin3ic Resiztance: Bacteria might 3urvive an antibiotic due to intrinzic resiztance through evolution by changing
their 3tructure or components.
2. Acquired Resiztance: Bacteria can obtain the ability to resist the activity of a particular antimicrobial agent to which
it was previously 3u3ceptible. Bacteria can acquire resiztance through a new genetic mutation that help3 the
bacterium 3urvive or by getting DNA from a bacterium that already i3 re3iztant.

Genetic Change: Bacterium DNA might change and alter the production of protein, leading to different bacterial

component3 and receptor3 which render the bacteria unrecognized by the antibiotic.

Challenges
During the pa3t years, the TB burden ha3 been 3lowly decreasing at a rate of 1.5-2% per year. Such low 3peed i3 due to
many factors. The main vulnerable people are those living in poor, crowded and poorly ventilated conditions; those living

with HIV, diabete3, malnutrition, alcohol abuse, and drug and tobacco u3ze.

The three layers

The determinant3 affecting TB burden may be claszified into three layers of challenges that can be addressed within
national TB programmes, the general health 3ector and beyond health; the latter are faced through good performance of
3ector3 addressing undernutrition, poor living conditions, dizcrimination and marginalization. To end TB, a multi-3ectoral
approach involving all 3stakeholders, all government departments, the private 3ector, community engagement and 3urvivor

4
groups i3 required.
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Fig 2: The three layer3 of tuberculo3is (TB) challenges and action3. MDR: multidrug- re3istant.

Anti-tubercular medication

Rifampin, [3oniazid, Pyrazinamide, And Ethambutol are FDA-approved for the treatment of Mycobacterium
tuberculo3i3 infection3. The combination and duration on which medications to uze for therapy rely on whether the patient
hasz active or latent dizeaze. MDR-TB i3 distinguizhed from it3 re3istance to fir3t-line medication3 i3oniazid and rifampin.
Second-line drugs that are in common u3e for MDR-TB are kanamycin, capreomycin, and amikacin via injections.
Fluoroquinolones 3uch a3 levofloxacin, moxifloxacin, and gatifloxacin are al3o among the common 3econd-line agent3
used when drug resistance develops to the first-line agent3. Drug3 that have recently received FDA approval for multi-drug
re3iztance TB are pretomanid, uzed in 3equence with bedaquiline and linezolid. A more dangerou3s and uncommon type of

MDR-TB i3 exten3zively multi- drug-re3istant

5
tuberculosiz (XDR-TB).
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Mechanism of antibiotic resistance in tb bacteria
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Fig 4: Nine resiztance mechani3zms3 of bacteria to antibiotic3.6

1.1 Fir3t-Line Anti-TB Drug3
Rifampicin

Rifampicin i3 a rifamycin derivative introduced in 1972 a3 an antituberculo3i3 agent. It i3 one of the most effective
anti-TB antibiotic3 and together with i3oniazid constitutes the basiz of the multidrug treatment regimen for TB. The mode
of action of rifampicin in M. tuberculosi3 i3 by binding to the f-3ubunit of the RN A polymerase, inhibiting the elongation
of meszenger RNA. The majority of rifampicin-resiztant clinical i3olate3 of M. tuberculo3i3 harbor mutation3 in the rpoB
gene that codes for the - 3ubunit of the RNA polymerase. A3 a re3ult of thi3, conformational changes occur that decrease
the affinity for the drug and re3ult3 in the development of resiztance. In about 96% of M. tuberculo3is i3olate3 re3iztant to
rifampicin, there are mutation3 in the 30-called hot-3pot region of 81- bp 3panning codon3 507— 533 of the rpoB gene. Thi3
region i3 al3o known a3 the rifampicin re3iztance-

7
determining region.

1.2 Second-Line Anti-TB Drug3
Fluoroquinolone3

Fluoroquinolones are currently in u3se a3 3econd-line drugs in the treatment of MDR- TB. Both ciprofloxacin and
ofloxacin are 3ynthetic derivatives of the parent compound nalidixic acid, dizcovered a3 a by-product of the antimalarial
chloroquine. treatment in TB. The mode of action of fluoroquinolones i3 by inhibiting the topoizomerase I (DNA gyraze)
and topoizomerase IV, two critical enzymes for bacterial viability. These protein3 are encoded by the genes gyrA, gyrB,
parC and parE, respectively. In M. tuberculosiz, only type II topoizomeraze (DNA gyraze) i3 present and, thus, i3 the only
target of fluoroquinolone activity.

Type Il topoizomerase i3 a tetramer formed by two a.and f 3ubunits, coded by gyrA and gyrB, re3pectively, which catalyze3
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the supercoiling of DNA.

Factors contributing to antibiotic resistance

® The emergence of antibiotic re3iztance i3 accelerated by the under, over, or improper u3e of antibiotic3.
® Ho3pital3 and clinic3 are 3ignificant contributors to the development of microbial re3istance to antibiotics.

The pharmaceutical industry al3o plays a role in promoting antibiotic mi3uze through advertizing. For example, 3ome

advertizements claim that certain antibiotic3, 3uch a3 Ciprofloxacin, are the best option for at-rizk patients.

1.3 Socioeconomic factors contributing to antibiotic resiztance
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Fig 5:30cioeconomic factors contributing to antibiotic re3istance in developing (green), developed (red) countries, and both

developing and developed countries (gray).

Tuberculosiz and HIV Coinfection
The HIV epidemic heralded a new era in the long history of TB, warranting a 3eparate dizcussion of pathogenesis. Data
from the WHO indicates that patients with HIV are approximately 19 time3 more likely to develop active TB dizease than
thoze without HIV. The initiation of antiretroviral therapy (ART) doe3s not completely restore immunity to bazeline. The
return of TB-3pecific CD4+ T cell3 after initiating ART can al3o lead to TB- immune reconstitution 3yndrome.
Globally. Within the firat year of primary infection, patient3 with HIV develop 3ignificantly higher rates of progressive
primary TB than patient3 without HIV. High rate3 of reactivation and increased 3u3ceptibility occur following expo3ure,
leading to increased primary infection and exogenous reinfection, which appear to contribute to the high rate of active TB
in patient3 with HIV. The ri3ks of developing active TB di3ease increaze a3 CD4+ T lymphocyte count3 decline.
The underlying alterations in immune function that account for these finding3 in the HIV- TB coinfected population are not
well understood. Several hypotheses exist, including:

@ Selective depletion of tuberculo3iz antigen-3pecific CD4+ T cell3

® Dysfunction of CD8+ T cell3

® Production of increazed tumor necrosi3 factor

The features of TB in patient3 with HIV who have high CD4+ T lymphocyte count3 are 3imilar to thoze of patient3 without
HIV. Reactivation of TB i3 often a33ociated with upper lobe infiltrates and cavitation. Data 3uggest a correlation between
CD4+ T lymphocyte count3 and cavitation due to TB; the higher the CD4+ T lymphocyte count, the more likely cavitation.
Atypical chest x-ray finding3 are common in patient3 coinfected with TB and HIV when CD4+ T lymphocyte counts fall
below 200 cell3/pL. These finding3s include:

® Normal chest x-ray3

0 Interstitial nodules

® Lower and middle lobe infiltrates

o

Pleural effusions.
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Immunocompromized 3tate

Immunocompromiszed patient3 have an impaired immune 3y3tem leading to decreased resistance to infections.
The immunocompromi3zed 3tate can be innate; however, acquired immunodeficiency i3 far more common due to the recent
advances in cancer chemotherapy, hematopoietic 3tem cell and 30lid organ tran3plantation, uze of immunomodulatory
drugs, and acquired immune deficiency 3yndrome (AIDS). The3se recent development3 have led to an increase in the
number of immunocompromized patient3. Pulmonary infection3 are quite common in immunocompromised patient3
owing to the respiratory tract’3 constant environmental expo3sure. The type of pathogen involved and the 3everity of
infection depend on the type, duration, and degree of immunodeficiency. Type3 of common immunodeficiencie3 are:

12
Humoral, T-cell and Neutropenic.

Methods for detecting antibiotic resistancein TB
Molecular methods to predict drug resiztance

M. tuberculo3si3 i3 a very 3low growing organizm and the u3ze of molecular methods for the identification of
mutation3 in resi3tance- causing gene3 may offer a mean3 to rapidly 3creen M. tuberculosis i3olate3 for antibiotic
re3iztance. Mutation 3creening methods are fast and include methods 3uch a3 DNA 3equencing, probe- bazed hybridization
method3, PCR-RFLP, 3ingle— 3trand conformation polymorphizm (SSCP), heteroduplex analy3iz (HA), molecular
beacon3 and ARMS-PCR
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Fig 7: Molecular methods for detecting gene mutation3 a33ociated with resistance to anti- TB drugs.

Sequencing

PCR amplification followed by DNA 3equencing i3 the mo3st widely uzed technique to identify mutations
azzociated with drug resiztance in TB. Thi3 technique i3 co3tly and require expertize, which make it unpractical for uze in
routine laboratories, e3pecially in developing countrie3, where 3imple, cost- effective drug 3usceptibility testing i3 needed.

PCR-restriction fragment length polymorphizm (PCRRFLP)
Mutation3 az3ociated with resiztance can be identified by digestion of amplified PCR product3 with a restriction enzyme
that cut3 at the 3pecific polymorphic DNA 3equence followed by gel electrophoresis. Since not all mutations re3ult in the

gain or lo33 of a restriction 3ite, general uze of RFLP to 3creen for mutation3 a33ociated with drug resistance i3 limited.

Automated real-time PCR The Xpert MTB/RIF test (Cepheid) i3 a fully-automated real-time PCR technique that ha3 been
introduced to allow for the 3imultaneous detection of both M. tuberculo3i3 and rifampicin resiztance, a marker for
multidrug-resiztant 3strain3. The azzay does notrequire any 3pecific infrastructure with trained 3taff and can provide re3ult3
within two hours. The a33ay i3 performed a3 per manufacturer’s in3tructions, either directly from a clinical 3putum 3ample
(minimum volume of 1 mL) or from part of a decontaminated 3putum pellet (minimum volume of 0.5 mL) prepared

14
using the method of Kent and Kubica.

Phenotypic methods
Drug-Susceptibility Testing Methods
Drug 3u3sceptibility of M. tuberculosi3 can be determined either by observation of growth or metabolic inhibition in a
medium containing antituberculosi3 drug, or by detection, at the molecular level, of mutations in the gene3 related to drug
action. From a technical 3tandpoint, drug 3u3ceptibility i3 determined on the bazi3 of growth or metabolic inhibition
induced by the drug by mean3 of:
1)  macro3copic ob3ervation of growth in drug-free and drug-containing media
2)  detection or measurement of the metabolic activity or product3
3) lysiz with mycobacteriophage
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4)  detection of genetic mutation3 uzing molecular techniques.

Conventional culture method3 uzing egg- or agar-bazed media are 3till the mo3t utilized in many countrie3. Although the
long turnaround time of DST re3ult3 dizpleases phy3sician3 for the purpo3se of caze management, it i3 3uitable for DRS. The
standard method3s using Lowenstein—Jen3en medium include the proportion method, the ab3olute concentration method
and the resistant ratio method, which are fairly well 3tandardized with clinical 3ample3, at lea3t for the major
antituberculo3i3 drugs. Among conventional methods, the proportion method i3 the mo3t preferred choice, but the abzolute
concentration method i3 al3o commonly u3ed on account of it3 technical 3implicity for inoculum preparation and for

reading the re3ults.

Epidemiology

Ninety percent of people infected with TB develop latent infection. Approximately 5% of people infected with TB develop
active dizease within the fir3t 2 years after infection; an additional 5% develop the infection later. The ri3k factors az3ociated
with the development of active TB are immunocompromised 3tate, tobacco use, and excessive alcohol use. The
immunocompromised 3tate may be due to the following:

Immune 3ene3cence of older age

Genetic dizease3 cauzing immunodeficiency

Human immunodeficiency viruz (HIV)

Malnutrition

Diabetes

The increased incidences of latent and active infection3 3ince 2021 or 2022 likely reflect a backlog of people whose
diagnosiz of TB was3 delayed. Between 1995 and 2014, TB control effort3 prevented approximately 300,000 people from
developing TB, 3aving 14.5 billion in co3t3. Drug-re3iztant TB i3 a 3erious public health concern. Globally, approximately
13% of new cazes and 17% of previously treated ca3e3 of TB are i3oniazid (INH)-re3iztant and rifampin-3u3ceptible.

The categorie3 of drug resiztance include:

® Rifampicin-resiztant TB

® Rifampicin-3usceptible, i3oniazid-resiztant TB

13
Multidrug-resiztant TB (MDR-TB) and Extensively drug-re3istant TB.

Interventions to prevent drug-resistant th
There are five principal way3 to prevent drug-resiztant TB:

1. Early detection and high-quality treatment of drug-3usceptible TB.
2. Early detection and high-quality treatment of drug-resistant TB.
3. Effective implementation of infection control measures.

4. Strengthening and regulation of health 3y3tems.

16
> Addressing underlying rizk factor3 and 3ocial determinants.

Current And Emerging Treatment Option3 For Tuberculo3is (Tb)

1) MDR-TB (Multidrug-Resistant Tuberculo3iz)

It refers to tuberculo3iz cauzed by Mycobacterium tuberculo3is 3train3 that are resiztant to at least the two mo3st powerful
first-line anti-TB drug3:

1. Izoniazid (INH)
2. Rifampicin (RIF)

Treatment

In the updated guideline3 of 2016, the WHO 3uggested MDR-TB regimen3 with at least five effective TB drugs, including
pyrazinamide and four 3econd-line TB drug3. Drug3 to be included in the regimen are fluoroquinolone, an injectable
agent, ethionamide or protionamide, pyrazinamide, and either cyclo3erine or para- amino3alicylic acid . The WHO releazed
a rapid communication in 2018 and updated the conzolidated guideline3 in 2019. according to the re3ult3 of thiz IPD- MA,
the updated guidelines have developed a new drug classification that divided drugs for MDR-TB into three groups (A, B,
and C) after prioritizing their effectiveness and toxicitie3. Oral regimen3 are preferred for almo3t all patients.

Treatment Approach:
WHO-recommended All-Oral Regimen (Longer Duration):

24



Kunapareddy Harika et al/ Int. | Pharm. Hea. care Res. Vol-13(1) 2025 [18-26]

Drugs: Bedaquiline, linezolid, clofazimine, delamanid, moxifloxacin, and other 3econd-line agent3 (e.g., cycloserine or
terizidone).

objectionable agents like amikacin are now avoided to reduce toxicity.

Newer Regimen3 for XDR-TB:

BPalL Regimen: Combine3 Bedaquiline, Pretomanid, and Linezolid for highly resiztant TB ca3es. Pretomanid i3 a new
drug approved for XDR-TB treatment.

Duration: ~6 months.

Rifampin-Resiztant Tuberculosi3 (I3oniazid Su3ceptible)
In cazes with rifampin resistance in which 3usceptibility to i3oniazid i3 confirmed: Recommendations

e Expert opinion customarily holds that a longer or 3horter MDR-TB regimen may be uszed with the addition of
high-do3seizoniazid if there i3no DST for ethambutol and/or pyrazinamide and if there i3 a high level of baseline re3i3tance
to either drug based on 3urveillance data.

If DST to all firat-line drugz and fluoroquinolones i3 available, please refer to Table 3 for a DST-driven treatment regimen.
Implementation con3ideration3

1.5 The regimen uzed for RR-TB depends on the availability to perform molecular or phenotypic DST to the other first-line

18
drugs and fluoroquinolones, and the availability of quality-a33ured drug3 in country.

Adjunct therapies
Therapeutic vaccine3

The development of novel anti-TB drug3, drug regimen3 and other adjunct therapie3 will temporally help in the
fight again3t the totally resistant 3train3 of Mycobacterium tb, but even if the new treatment option3 are carefully
implemented, 300ner or later Mycobacterium tb will once again acquire resistance. Therefore, the only long-lasting 3olution
to fight drug-resiztant TB may be to develop improved vaccine3 again3t the dizease. Vaccines could be either prophylactic
or therapeutic; the development of postexpo3sure vaccines or cell- bazed immunotherapie3 might complement the currently
uzed chemotherapy, including new anti-TB drugs.
Even if adjunct therapies lead to only a tranzient effect, they could 3till be of value by 3lowing down TB dizease to provide
time for DST and alternative therapeutic intervention3. Several therapeutic TB vaccine candidate3 are currently under
development. Unfortunately, none i3 directed 3pecifically at, or being tested in the context of, MDR- XDR-TDR-TB. TB
vaccines that have reached clinical trial3 comprize either inactivated form3 of Mycobacterium tb 3uch a3 Mycobacterium
indicu3 pranii or Mycobacteria vaccae.

CONCLUSION

Antibiotic resiztance in tuberculosiz (TB), particularly multidrug-resiztant (MDR- TB) and extensively drug-
reziztant TB (XDR-TB), pose3 a 3ignificant threat to global public health. The emergence and 3pread of resiztant 3train3
have been driven by a combination of factors, including improper uze of anti-TB drugs, patient noncompliance,
inadequate treatment regimens, and the absence of robust healthcare infrastructure in many high-burden countries.
Advancement3 in molecular diagno3tic3, 3uch a3 GeneXpert and whole-genome 3equencing, have enhanced our ability to
detect resistance pattern3 early, enabling timely intervention3. However, the lack of acces3 to these technologie3 in
rezource- limited 3etting3 remain3 a major challenge. The development of new anti-TB drugs and treatment 3trategies,
including bedaquiline, delamanid, and 3horter treatment regimen3s, offers hope in combating re3ziztant TB. Nevertheless,
their implementation require3 careful monitoring to prevent the emergence of re3siztance to these novel agents.

In conclusion, addre33ing antibiotic resistance in TB require3 a multi-pronged approach involving enhanced
surveillance, robust public health policies, improved diagnostic tools, and patient-centered care. Furthermore, global
cooperation and 3ustained investment in TB re3earch and healthcare infrastructure are e33ential to curtail the 3pread of drug-
reziztant TB and achieve the goal of TB elimination.
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