AKTYA/IbHbIE NPOBNIEMbl TEOPETUYECKOW U KNIMHUYECKOM MEAULUHDI, Nel (39) 2023

Kongnukm unmepecog. Bce agmopul 3as6a510m 06 0mMcymcmsuu NOMeHYUaibHo20 KOHPAUKmMa unmepecos, mpebyouezo
packpeimus 6 0aHHOU cmamoe.

Koppecnonoupyrowuit aemop. Amarnosa Auivim, cmyoenm 2 kypca, @axyromema « Oowas meduyunay, HYO «Kasaxcman-
cko-Poccutickuil meouyunckuii ynueepcumemy, Kasaxcman, Anmamol. E-mail: aiym.amanova00@mail.ru.

Bknao agmopos. Bce agmopul enecau pasHoyennvlil 6K1a0 6 paspabomKy KoHyenyui, gelnoinenue, 06pabomxy pesyioma-
moé u Hanucanue cmamou. 3aa61aeM, YUMo OAHHLIL MAmMmepuan parnee ne nyOIUKOBANCA U He HAXOOUMCA HA PACCMOMPEHUU 8
Opyeux uz0amenbCcmeax.

@unancuposanue. Omcymecmsyem.

Cmamosa nocmynuna: 23.01.2023.

Ilpunama k nyonukayuu: 10.03.2023.

Conflict of interest. All authors declare that there is no potential conflict of interest requiring disclosure in this article.

Corresponding author. Amanova Aiym, 2nd year of student, Faculty of General Medicine, NEI Kazakh-Russian Medical
University, Kazakhstan, Almaty. E-mail: aiym.amanova00@mail.ru.

Contribution of the authors. All authors have made an equal contribution to the development of the concept, implementation,
processing of results and writing of the article. We declare that this material has not been published before and is not under
consideration by other publishers.

Financing. Absent.

Article submitted: 23.01.2023.
Accepted for publication: 10.03.2023.

UCD: 001.891
IRSTI: 76.29.35.

THE EVOLUTION OF TUBERCULOSIS TREATMENT IN INDIA FROM
SANATORIUMS TO PERSONALIZED MEDICINE

*Aryan Singh
NEI «Kazakh-Russian Medical University», Kazakhstan, Almaty

DOI: 10.24412/2790-1289-2023-1-93-98

Summary

Tuberculosis (TB) is a serious infectious disease that has affected humans for centuries. The treatment of TB has evolved
significantly over the years, from the use of sanatoriums as the primary treatment method to the introduction of antibiotics
and the emergence of personalized medicine. Sanatoriums were popularized in the late 19th and early 20th centuries but were
limited in their accessibility and cost. The discovery and development of antibiotics, such as streptomycin and isoniazid, led to
the widespread adoption of antibiotics as the primary treatment for TB. Personalized medicine is a new approach that targets
the specific needs of each patient through genotyping and individualized drug regimens. The future of TB treatment may lie
in individualized, personalized approaches. This article is a literature review on the mentioned topic based on Case Studies.
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Aim: This review will examine the history of tuberculo-
sis treatment with the help of analyzing medical literature,
including the development of sanatoriums as a primary
treatment method, the introduction of antibiotics, and the
emergence of personalized medicine as a new approach to
treating the disease.

Tuberculosis (TB) is a chronic infectious disease caused
by the bacterium Mycobacterium tuberculosis. It is one of
the leading causes of death worldwide, with an estimated 10
million new cases and1.4 million deaths in 2019. India has
the highest burden of TB in the world, with an estimated 2.8
million new cases and 480,000 deaths in 2019 [1].

TB is primarily a lung disease but can also affect other
parts of the body such as the lymph nodes, bones, and joints.
The most common symptoms of TB are a persistent cough,
chest pain, and difficulty breathing. Other symptoms may in-
clude fever, night sweats, weight loss, and weakness [2].

Case Study: A Patient with Tuberculosis.

This is a hypothetical case in which a typical case and
treatment plan of tuberculosis is elaborated for the better
understanding of the disease.

Patient Information:

 Patient is a 35-year-old female who presents with a
2-month history of cough, fever, weight loss, and night sweats.
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 Patient has no known underlying medical conditions
and is a non-smoker.

 Patient reports no history of recent travel or contact
with individuals with TB.

Medical History:

 Patient underwent a chest X-ray and sputum culture,
which revealed the presence of acid-fast bacilli (AFB) and
a positive result for Mycobacterium tuberculosis.

* Patient was diagnosed with pulmonary TB and started
on a 6-month regimen of isoniazid, rifampin, pyrazinamide,
and ethambutol.

Clinical Course:

* Patient's symptoms improved significantly within the
first month of treatment, and her sputum culture converted
to negative at 2 months.

» Patient completed her 6-month regimen of TB treat-
ment without any significant adverse events.

* Patient underwent repeat chest X-ray and sputum cul-
ture at the end of treatment, which both returned negative.

» Patient was considered cured of TB and discharged
from TB care.

This case study illustrates a typical presentation and
course of treatment for a patient with pulmonary TB. It
highlights the importance of early diagnosis and appropri-
ate treatment in achieving a cure and preventing the spread
of TB. However, it is important to note that this is a single
case and it should not be generalized to all patients with
TB [3].

Please note that this is a fictional case study, and it is
important to follow all ethical guidelines when conducting
any medical research.

Course of advancement in the treatment of tubercu-
losis.

The evolution of tuberculosis (TB) over the decades has
been characterized by a number of significant advances in
understanding the disease, its causes, and the ways in which
it can be treated and prevented. Some key developments
include [4]:

1. Discovery of the causative agent:

In 1882, Robert Koch, was the first person who discov-
ered the bacterium Mycobacterium tuberculosis which was
considered as the cause of TB. This discovery led to the
development of diagnostic tests, such as the acid-fast stain,
which allowed for the rapid identification of TB bacteria in
sputum samples.

2. Introduction of sanatorium treatment:

In the late 19th and early 20th centuries, sanatoriums
were established to treat TB patients. The idea behind san-
atorium treatment was to provide patients with a healthy
environment, plenty of fresh air and sunshine, and a nutri-
tious diet, with the aim of helping their bodies to fight off
the disease [5].

3. Introduction of drug therapy:

In the 1940s and 1950s, the first drugs were developed to
treat TB, such as streptomycin and isoniazid. These drugs
were highly effective in curing TB, but their use was limited
by the development of drug-resistant strains of TB.

4. Introduction of multidrug therapy (MDT) in the 1980s:

In the 1980s, WHO introduced the concept of multidrug
therapy (MDT) for the treatment of TB. MDT consisted of
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a combination of at least three drugs (isoniazid, rifampin,
pyrazinamide, and ethambutol) and was found to be highly
effective in curing TB and preventing the development of
drug-resistant TB.

5. Development of new TB drugs:

In the 1990s and 2000s, new TB drugs were developed,
such as fluoroquinolones, and these drugs were added to the
treatment regimens for TB.

The development of new drugs to treat tuberculosis (TB)
is critical, as the standard TB treatment regimen is long and
complicated, and drug-resistant TB is becoming more com-
mon. Fluoroquinolones, a class of antibiotics, have been of
particular interest in recent years due to their promising ac-
tivity against TB.

Fluoroquinolones work by inhibiting the bacterial DNA
gyrase, which is necessary for DNA replication in the bac-
teria. By interfering with DNA replication, fluoroquinolo-
nes can kill or slow the growth of TB bacteria [5].

One of the most promising fluoroquinolones for TB
treatment is moxifloxacin. Studies have shown that adding
moxifloxacin to the standard TB treatment regimen can lead
to faster sputum conversion (i.e., the time it takes for a pa-
tient's sputum to become negative for TB bacteria), as well
as better treatment outcomes.

For example, delamanid is a novel fluoroquinolone that
has been approved for use in drug-resistant TB, and is be-
ing studied for use in combination with other drugs in the
standard TB treatment regimen.

6. Introduction of Directly Observed Treatment,
Short-course (DOTS) strategy:

In the era of 1990s, WHO introduced the DOTS strategy
for TB control. DOTS involves the use of a combination of
MDT and active case finding, as well as the use of trained
health workers to ensure that patients take their medication
as prescribed. DOTS has been shown to be highly effec-
tive in improving TB treatment outcomes and reducing the
spread of TB.

The DOTS strategy involves five key elements:

A. Political commitment and sustained financing: Gov-
ernments are responsible for providing the necessary re-
sources and political commitment to ensure that TB control
programs are adequately implemented and sustained over
time.

B. Case detection through quality-assured bacteriology:
This involves testing suspected TB patients for the presence
of TB bacteria using sputum microscopy or other diagnostic
tests. Ensuring the accuracy of the diagnosis is critical to
the success of the DOTS strategy.

C. Standardized treatment with supervision and patient
support: The standard TB treatment regimen consists of a
combination of four drugs that must be taken for at least six
months. The treatment is supervised by a healthcare worker
or trained volunteer, who ensures that the patient takes the
medication correctly and consistently.

D. An effective drug supply and management system:
This involves ensuring that drugs are available and of high
quality, and that the supply chain is well-managed to avoid
stock-outs and wastage.

E. Monitoring and evaluation system and impact meas-
urement: This involves monitoring the performance of TB
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control programs and evaluating their impact. This infor-
mation is used to make adjustments to the programs to en-
sure they are effective and to inform future policy decisions.

In recent years, the DOTS strategy has been expanded
to include other interventions, such as the use of rapid di-
agnostic tests and the treatment of latent TB infection, to
further improve TB control efforts.

7. Development of rapid diagnostic tests:

In the 2000s, new rapid diagnostic tests for TB were de-
veloped, such as GeneXpert and LED-microscopy, which
have improved the speed and accuracy of TB diagnosis.

One of the most promising rapid diagnostic tests for TB
is the Xpert MTB/RIF test, which uses molecular tech-
niques to detect TB bacteria in sputum samples. The test
can produce results in as little as two hours and has been
shown to be highly accurate in several studies. The Xpert
MTB/RIF test also detects resistance to rifampicin, one of
the most important drugs used to treat TB, which can help
guide treatment decisions for patients with drug-resistant
TB [4, 5].

Other rapid diagnostic tests for TB include the line probe
assay and loop-mediated isothermal amplification (LAMP)
assay, which also use molecular techniques to detect TB
bacteria in sputum samples. These tests have shown prom-
ising results in several studies and offer the potential for
faster and more accurate diagnosis of TB.

Overall, the development of rapid diagnostic tests for TB
has the potential to transform TB control efforts by enabling
more timely and accurate diagnosis of TB, especially in re-
source-limited settings where traditional diagnostic meth-
ods may not be feasible. These tests can also help guide
treatment decisions and improve patient outcomes, which
can ultimately lead to a reduction in TB-related morbidity
and mortality.

8. Introduction of new TB treatment regimens:

In the 2010s, new TB treatment regimens were devel-
oped, such as the shorter, all-oral regimen of 6-9 months,
which have improved treatment adherence and outcomes
for patients with TB.

The introduction of new TB treatment regimens has been
an important development in the fight against tuberculosis
(TB). Traditional TB treatment consists of a combination of
four drugs that must be taken for at least six months. In ad-
dition, the emergence of drug-resistant TB has highlighted
the need for new, more effective treatment regimens.

One of the most significant advances in new TB treat-
ment regimens has been the introduction of shorter treat-
ment regimens. The Shorter MDR-TB Treatment Regimen
is a nine to twelve month regimen for the treatment of mul-
tidrug-resistant TB (MDR-TB), which is a form of TB that
is resistant to at least two of the most important drugs used
to treat TB. The regimen consists of four drugs, includ-
ing a new drug called bedaquiline, which has been shown
to be highly effective against MDR-TB. The regimen has
been shown to be highly effective in several clinical trials
and has been endorsed by the World Health Organization
(WHO) [5].

The introduction of new TB treatment regimens has been
a collaborative effort between researchers, industry, and
global health organizations. The development of new TB

drugs has been supported by initiatives such as the Global
TB Drug Pipeline, which aims to accelerate the develop-
ment of new TB drugs by providing funding and support for
research and development.

9. Development of new TB vaccines:

In recent years, new TB vaccines have been developed
and are currently in clinical trials, such as the MVAS5SA
and the TBVAC, which has shown promising results in pre-
venting TB.

The development of new TB vaccines has been a critical
area of research in recent years. TB is a global health prob-
lem that affects millions of people each year, and a vaccine
is seen as a key tool in controlling the spread of the disease.
The current TB vaccine, called the Bacille Calmette-Guérin
(BCG) vaccine, has been in use for over 100 years and is
only partially effective in preventing TB. Therefore, the de-
velopment of a new, more effective TB vaccine is a high
priority for the global health community.

There are currently several new TB vaccine candidates
in various stages of development. These vaccines aim to
provide better protection against TB than the BCG vaccine
and may be effective against different strains of TB. Some
of the most promising vaccine candidates include the M72/
ASO1E vaccine, the H56:1C31 vaccine, and the ID93/GLA-
SE vaccine.

The M72/ASO1E vaccine is a protein subunit vaccine
that targets two proteins found in the TB bacteria. It has
shown promising results in early-stage clinical trials and is
currently undergoing larger-scale clinical trials to evaluate
its effectiveness.

The H56:1C31 vaccine is another protein subunit vaccine
that targets three proteins found in the TB bacteria. It has
also shown promising results in early-stage clinical trials
and is currently undergoing larger-scale clinical trials [6].

The ID93/GLA-SE vaccine is a subunit vaccine that tar-
gets four proteins found in the TB bacteria. It has shown
promising results in animal studies and is currently under-
going clinical trials to evaluate its safety and effectiveness.

The development of new TB vaccines has been a col-
laborative effort between researchers, industry, and global
health organizations. The TB Vaccine Initiative (TBVI) is
one organization that is working to accelerate the develop-
ment of new TB vaccines by providing funding and support
for research and development.

VPM1002 is a novel tuberculosis (TB) vaccine candidate
that is being developed by Serum Institute of India Pvt. Ltd.
(SIIPL) in collaboration with the Max Planck Institute for
Infection Biology in Berlin, Germany. Here are some key
points about the clinical trials of VPM1002:

(A) VPM1002 vaccine: VPM1002 is a genetically mod-
ified form of the Bacillus Calmette-Guérin (BCG) vac-
cine, which is currently the only licensed vaccine for TB.
VPM1002 is designed to improve upon the efficacy of the
BCG vaccine and provide better protection against TB.

(B) Clinical trial phases: The clinical development of
VPM1002 is ongoing, with several clinical trials complet-
ed or underway. Phase I clinical trials were conducted in
Germany in 2009-2010, which showed that VPM 1002 was
safe and well-tolerated. Phase Ila clinical trials were con-
ducted in South Africa in 2012-2015, which showed that
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VPM1002 was safe and induced an immune response [7].
(C) Phase III clinical trials: The phase III clinical trial of
VPM1002, known as the VACSEL study, is currently under-
way in India. The study aims to enroll around 12,000 partic-
ipants and evaluate the efficacy of VPM1002 in preventing
TB in high-risk individuals, such as household contacts of TB
patients. The study is expected to be completed by 2024.

(D) VPM1002 availability: If the phase III clinical tri-
al of VPM1002 is successful, it could lead to the licen-
sure and availability of a new and improved TB vaccine
in India and other high-burden TB countries. However, it
is important to note that the vaccine's efficacy and safety
profile will need to be carefully evaluated before it can be
widely used [7].
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Figure 1. Clinical trial phases. [Made by Author]

10. Introduction of digital tools and mHealth:

In recent years, digital tools and mHealth have been de-
veloped to improve TB control efforts, including the use
of mobile phone-based reminders for patients to take their
medication and digital platforms for reporting and monitor-
ing TB cases.

In conclusion, tuberculosis is a major public health prob-
lem in India and worldwide, and requires a comprehensive,
multi-sectoral response. The WHO End TB Strategy and
the National TB Elimination Programme in India provide a
roadmap for achieving the goal of TB elimination. Howev-
er, the emergence of drug-resistant strains of TB, including
MDR-TB and XDR-TB, highlights the need for continued
research and innovation in the development of new drugs,
diagnostics, and vaccines [6; 7].

Indian scenerio of tuberculosis. India is currently one
of the countries most affected by tuberculosis (TB). Howev-
er, the Indian government has set ambitious goals to combat
the disease and improve the health of its citizens.

The National Strategic Plan for TB Elimination (2017-
2025) aims to reduce TB deaths by 90% and cut new TB
cases by 80% by 2025. To achieve this, the government
plans to increase funding for TB control and research, ex-
pand access to diagnosis and treatment, and improve the
monitoring and evaluation of TB programs.

In addition, the government is working to improve the
overall health system by strengthening primary care and in-
creasing access to affordable, quality care. This will help to
ensure that people with TB are diagnosed and treated in a
timely manner, and that those who are cured do not relapse.

There is a strong focus on community-based approach-
es such as involving private sector, NGOs, and communi-
ty-based organizations in identification, referral and fol-
low-up of TB patients. The government is also working to
improve the quality of life for people with TB by providing
them with social and economic support, such as food, hous-
ing, and job training.
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The future vision of India in regard of TB is to elimi-
nate the disease as a public health threat by 2025. With the
ongoing efforts of the government and the collaboration of
various sectors, India is on track to achieving this goal and
creating a healthier future for its citizens.

It's also important to note that India is working on the
latest technological advancements such as using Artificial
Intelligence and Machine Learning in the diagnosis and
treatment of TB, which will bring new opportunities in the
TB control efforts.

There are several factors that contribute to the high bur-
den of TB in India. The country has a large population, with
a high prevalence of poverty and poor living conditions,
which increase the risk of TB transmission. Additionally,
India has a high burden of HIV infection, which increases
the risk of TB among people living with HIV [7].

The Indian government has been implementing the Na-
tional TB Elimination Programme (NTEP) since 1962,
which aims to control and eliminate TB in the country. The
program is based on the World Health Organization (WHO)
recommended strategy of directly observed therapy, short-
course (DOTS) and has been successful in increasing the
detection and treatment of TB cases. However, the program
has not been able to fully control the TB epidemic in India.

One of the main challenges facing the NTEP is the high
proportion of TB cases that are not reported to the program.
This is due to a lack of awareness about TB, stigma associ-
ated with the disease, and inadequate health infrastructure
in many parts of the country.

Another major challenge is the emergence of drug-resist-
ant strains of TB, including multidrug-resistant TB (MDR-
TB) and extensively drug-resistant TB (XDR-TB). These
forms of TB are harder to treat and require more expensive
and complex regimens, putting a strain on the already over-
burdened health system.

In recent years, the Indian government has increased its
efforts to control and eliminate TB, including the launch of
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the National Strategic Plan for TB Elimination (2017-2025)
which aims to achieve the goal of TB elimination by 2025.
The plan focuses on increasing case detection, improving
treatment outcomes, and reducing TB-related deaths.

It also includes measures to address the needs of vulnera-
ble populations and improve the overall health system.

Under the RNTCP/NTEP, TB services are available
at all public health facilities, including primary health
centers, district hospitals, and medical colleges. The pro-
gram also works in collaboration with private healthcare
providers to increase the availability of TB diagnosis and
treatment services.

New TB Cases In India Fell 3.57% Between 2015 & 2016
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Figure 2. New TB Cases in India (1190-2016). [Made by Author]

The RNTCP/NTEP has achieved significant success
since its launch in 1997. The program has been successful
in reducing the prevalence of TB in India, and has increased
the percentage of TB patients who complete their treatment
regimen. The program has also made significant progress in
detecting and treating drug-resistant TB [6; 7].

However, despite these successes, challenges still remain
in the fight against TB in India. These challenges include
improving access to TB services in remote areas, strength-
ening infection control measures, and ensuring that patients
complete their treatment regimen.
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IBOJIONUA JIEYEHUA TYBEPKYJIE3A B UH/IUN OT CAHATOPHO KYPOPTHOI'O JIEHEHUSA
K IIEPCOHAJIU3UPOBAHHOM MEJIUIIMHE

*Aryan Singh
HVYO «Ka3zaxcrancko-Poccuiickuit MequuuHCKuil yHUBepcuTeT», Kasaxcran, Anmats

AHHOTAN A

Ty6epkynes (Th) — Tsxenoe nudexnoHHOE 3a00I€BaHIE, MOPAXKAOIIEE JIOICH Ha MPOTSHKEHUH BEKOB. JleueHue TyOepKyIesa
3HAYUTEIHHO HBOJOIUOHUPOBAJIO € TOJAMHU: OT UCMOJIb30BAHKS CAHATOPUEB B KAYECTBE OCHOBHOTO METO/a JIEUECHHUS JI0 BHEpE-
HUsl aHTHOMOTUKOB U MOSBIICHUSI TIEPCOHATU3UPOBAHHON MeuIMHbI. CaHATOpUH OBLTH MOMYJISIPHBL B KOHIE 19 - Hauane 20 BEKOB,
HO UX JIOCTYIHOCTb U CTOMMOCTh ObUIH OrpaHudeHbl. OTKPBITHE U pa3padOTKa aHTHOMOTHUKOB, TAKUX KaK CTPENTOMHI[MH U H30-
HUAa3MU]1, IPUBENHU K IMUPOKOMY BHEIPCHUIO aHTHOMOTHKOB B KAY€CTBE OCHOBHOTO CPEJICTBA JicueHust TyOepKyesa. [lepcoHanusu-
pOBaHHAasi MEIHUI[MHA — JTO HOBBIM MOJXOJ, OPUEHTUPOBAHHBIM HA KOHKPETHBIE MOTPEOHOCTH KajKI0T0 MAI[MEHTa MOCPEICTBOM
TeHOTHUIIMPOBAHKS U MHAWBHIYaJIbHBIX CXeM JieueHus. Byyiee nedenus TyOepKyie3a MOXKET 3aKII0YaThCsl B HHAUBHIYaIbHBIX
nojaxoax. JlaHHas CTaThs MPEACTABIIIET CO00M 0030p JUTEPATYPHI 10 YKA3aHHOU TeME HAa OCHOBE TEMATUYECKUX HCCIICIOBAHUIA.

Kniwouesvie cnosa: mybeprynes (Th), canamopuu, uzonuasud, éaxyuna, HUCT.
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YHAICTAHIOAYBI TYBEPKYJIE3JAI EMAEYJAE KYPOPTTBIK EMAEYJEH )KEKE MEIUIIUHAT A
JIEMIHI'T 3BOJIIOILASACHI

*Aryan Singh
«Kazakcran-Peceit menuuunansik yausepcuteTi» MEBBM, Kazakctan, AnmaTsl

Tyitinai

Ty6epkyne3 (TA) raceipnap OOWBI agamMaapAbl aybIPTHIN KEITCH aybIp KYKHaibl aypy. TyOepkyrne3ai eMaey >Kbpuiiap
Oolibl mIMITakaiia eMACYIiH HEri3i peTiH[e MaijalanydaH aHTHOWOTHKTEPl CHIi3yre kKoHE KCKe MEIUIMHAHBIH Manaa
OomybIHa Jeiiin adTapibikTail gambinsl. [umaxaiinap 19 - raceipabiy asrbel MeH 20 - FACBIPIBIH OACBIHIA TAHBIMAI OOJIIBI,
Oipak oJap/blH KOJDKETIMAUIITT MEH KYHBI MIeKTeyi 00i1bl. CTPENTOMUIMH JK9HE N30HHA3H CHAKTH aHTHOMOTHKTEPIiH
AIIBUTYBI J)KOHE JIaMybl aHTHOMOTHKTEp/l TyOepKyJIe3/liH HeTi3ri eMi peTiHae KeHiHeH eHrizyre akeiai. JKekemenmipinren
MEAMIMHA — TEHOTHIITEY JKHE XKEeKe eMCY PeKUMAEp] apKbliIbl 9pOip MaUEHTTIH HAKThl KaXXETTIJIIKTEepiHe OarbITTanFan
JKaHa Ke3kapac. TyOepkymesni eMaeyiH Ooiamarsl jKeKe Tocuiaepre OalmaHBICTBI 0OMybl MYMKiH. Bysn makamama ocwl
TaKBIPBINT OOWBIHIIIA MBICAJIIAP HETI31HACTI 9IcONEeTTEepre MOy jKacalaibl.

Kinm ce3o0ep: mybeprynes (TA), wunaosicainap, usonuaszuo, eaxyuna, YCIKTH.

Kongpnuxkm unmepecos. Asmop 3asensiem 06 omcymcmeuu nomeHyuaibHo20 KOHGAUKmMa unmepecos, mpebyouje2o pac-
Kpolmusi 6 OaHHOU cmamnve.
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