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Abstract. The article analyzes current trends in
tuberculosis pharmacotherapy and the availability
of essentiadl medicines. The introduction of short-
term treatment regimens, in particular BPaL
(Bedaquiline, Pretomanid, and Linezolid),
significantly reduces the duration of multidrug-
resistant tuberculosis therapy and increases its
effectiveness. Expanding diagnostic capabilities,
especially the use of artificiad intelligence,
contributes to improving the detection of the
disease. Analysis of legidative initiatives indicates
improved access to treatment, but financing
remains an important challenge, especialy under
conditions of martia law. The dynamics of the
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increase state funding to reduce dependence on
international donors are highlighted.

Additionally, the growing emphasis on patient-
centered care is reshaping programmatic
management of tuberculosis. At the same time,
integration of tuberculosis services with HIV and
diabetes screening is becoming standard practice,
reflecting the high prevalence of comorbidities. To
meet the WHO End Tuberculosis Strategy
milestones for 2030, policymakers must prioritize
sustained domestic investment, ensure
uninterrupted supply chains, and expand
community-based education to address stigma and
the social determinants driving transmission.

incidence demonstrates an increase in the number
of tuberculosis cases, which requires strengthening
preventive measures and screening programs. The
prospects for further research and the need to
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Introduction. Tuberculosis (TB) remains one of the most pressing public health problems,
especialy in countries with a high prevalence, including Ukraine [1-5]. According to the World
Health Organization, in 2022, Ukraine ranked 4" among countries in the European Region in terms
of the rate of spread of drug-resistant tuberculosis [6, 7]. In 2023, 18,510 cases of the disease were
registered in the country, which is 2.5% more than in the previous year [8].

Despite significant progress in the treatment of tuberculosis, barriers remain that limit the
effectiveness of the fight against the disease, in particular, insufficient availability of drug treatment,
the complexity of diagnostics, and financial difficulties of patients. In recent years, legislative
initiatives have been adopted in Ukraine aimed at improving access to treatment, in particular, Law
of Ukraine No. 9147, which provides for expanding the capabilities of diagnosing and treating
tuberculosis through regional phthisiopulmonological centers[9].

The global COVID-19 pandemic has significantly impacted TB programs, disrupting access
to medical, pharmaceutical services, and pharmacotherapy, reducing funding, which has led to an
increase in COVID, post-COVID, and long-COVID disorders, and TB mortality rates of up to 1.5
million in 2020 [10-13]. In addition, the World Health Organization emphasi zes the need to intensify
measures to restore access to TB care and introduce new treatment methods, including short-term
pharmacotherapy regimens, available over-the-counter drugs, and the use of artificial intelligence for
diagnostics [14-17].

The purpose of the study was to analyze current trends in TB pharmacotherapy in Ukraine
and the world, to assess the availability of life-saving drugs and the impact of legislative changes on
the TB care system, and to highlight the prospectsfor the introduction of new diagnostic and treatment
methods.

Materials and methods. The study was conducted by analyzing scientific and regulatory
literature on the problems of tuberculosis pharmacotherapy and access to essential medicines. The
study period is 2020-2025.

Research materials:
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o Officia satistics of the World Health Organization on the prevalence of tuberculosis,
including drug-resistant forms (https:.//moz.gov.ua/article/news/358-ukrainciv-projshli-
bezopl atne-likuvannj a-likarsko-stijkogo-tuberkul ozu-za-novitnoju-shemoju-bpal) [18].

e National regulatory acts regulating the system of diagnostics, treatment and prevention of
tuberculosis in Ukraine (https://moz.gov.ua/article/news/verhovna-rada-uhvalila-zakon-pro-
podolannja-tuberkul ozu-v-ukraini) [19].

e Scientific publications on the latest approaches in tuberculosis pharmacotherapy, including
the use of the BPaL regimen (Bedaquiline, Pretomanid, and Linezolid) and the use of artificial
intelligence for diagnostics [20].

e Data on financing of anti-tuberculosis programs and availability of medicines in different
countries.

Research methods:

0 System anaysis — to summarize modern approaches to the treatment and prevention of
tuberculosis.

o Comparative analysis — to assess changes in legislative regulation and availability of
medicinesin different countries.

0 Analysis of regulatory acts and officia reports of the World Health Organization to identify
the main trends in the fight against tuberculosis.

o0 Statistica analysis — to assess the dynamics of morbidity and the effectiveness of the
implementation of new treatment methods.

The use of an integrated approach made it possible to assess the impact of modern
pharmacotherapeutic strategies on tuberculosis control and to determine the prospects for improving
the system of medical care for patients with this pathology.

The research of the article is a fragment of research works of Lviv Medical Institute on the
topic of "Improving the system of circulation of drugs during pharmacotherapy on the basis of
evidentiary and forensic pharmacy, organization, technology, biopharmacy and pharmaceutical law"
(state registration number 0120U105348, implementation period 2021-2026); Private Scientific
Ingtitution "Scientific and Research University of Medical and Pharmaceutical Law™ on the topics
"Multidisciplinary research of post-traumatic stress disorders during war among patients (primarily
combatants)" (state registration number 0124U002540, implementation period 2024-2029) and
«Interdisciplinary scientific and methodological research in the field of pharmaceuticals and
veterinary medicine: innovations, modernization, technol ogies, regulation» (state registration number
0125U000598, implementation period 2025-2031).

Results and discussion.

Modern approaches to the treatment and pharmacotherapy of tuberculosis: a systematic
review

The treatment and pharmacotherapy of tuberculosisisacomplex and multicomponent process
that involves the use of a combination of anti-tuberculosis drugs, the introduction of new treatment
regimens, and ensuring the availability of treatment for all categories of patients.

1. Pharmacotherapy of tuberculosis. main trends. The World Health Organization recommends
the use of both standard and shortened treatment regimens depending on the type of disease.
Traditional therapy for susceptible tuberculosis lasts 6 months and includes 4 main drugs:
isoniazid, rifampicin, pyrazinamide, and ethambutol. In the case of multidrug-resistant
tuberculosis and extensively drug-resistant tuberculosis, long-term combinations of drugs are
used, which can last up to 24 months [21].

The new standard in pharmacotherapy of drug-resistant tuberculosis is the BPal regimen

(Bedaquiline, Pretomanid, and Linezolid), which significantly reduces treatment times from

18-24 months to 6-9 months. This regimen wasintroduced in Ukraine in 2022. According to

theresults of 2023, 1024 patients underwent screening under the BPaL program (Bedaquiline,

Pretomanid, and Linezolid), of which 358 were included in treatment. In 80% of patients who

completed the three-month course, cessation of bacterial excretion was observed, which

indicates high effectiveness of therapy [22].
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2. Therole of artificial intelligence in the diagnosis of tuberculosis. Innovative approaches to
the diagnosis of tuberculosis are being introduced in Ukraine, in particular the use of artificial
intelligence for the analysis of X-ray images. In 2024, such systems were installed in
phthisiopulmonology centers in Lviv, Sumy, and Ivano-Frankivsk regions. Artificial
intelligence analyzes lung images, detecting even minimal pathological changes, which
allows improving the accuracy of diagnostics [23].

3. Legidativeinitiatives and accessibility of treatment. The Law of Ukraine No. 9147, adopted
in 2023, provides for the expansion of diagnostic capabilities, the creation of regional
phthisiopulmonology centers, and ensuring free access to preventive treatment. It also
establishes social guarantees for medical professionals working in the field of phthisiology
[24].

At the same time, global trends indicate a decrease in funding for anti-TB programs: in 2021,

global spending on combating TB decreased to 5.4 billion US dollars, which is less than half

of the required amount. The main source of funding remains government budgets, but low-

income countries are largely dependent on international donors [21].

4. Impact of the COVID-19 pandemic on the fight against tuberculosis. The COVID-19
pandemic has caused a significant reduction in access to tuberculosis services. In 2020, the
number of registered tuberculosis cases worldwide decreased from 7.1 million to 5.8 million,
indicating underreporting of patients. At the same time, tuberculosis mortality increased to
1.5 million cases due to limited access to treatment [21].

Thus, modern approaches to the treatment, pharmacotherapy and prevention of tuberculosis
are based on the introduction of new pharmacotherapy regimens (in particular, BPaL (Bedaquiline,
Pretomanid, and Linezolid)), the use of artificial intelligence in diagnostics and expanding access to
medication. However, the problems of insufficient funding and the impact of the COVID-19
pandemic significantly complicate the fight against the disease, which requires further improvement
of health policy and attraction of additional resources.

Comparative analysis of changes in legidative regulation and availability of medicines in
different countries

The fight against tuberculosis requires an integrated approach, including effective
pharmacotherapy, a developed diagnostic system and appropriate legislative regulation. This section
provides acomparative analysis of the policy to combat tuberculosisin Ukraine, the European Union
and countries with a high burden of the disease (Fig. 1, 2, 3).

In 2023, the Verkhovna Rada adopted Law No. 9147,

Ukraine which provides for improved patient access to
tuberculosis diagnosis, prevention, and treatment [24].
The main provisions of the law include:

« Determining the status of regional phthisiopulmonological centers.

« Implementing athree-tier system of microbiological |aboratories.

« Expanding mechanisms for state provision of medicines for
preventive treatment.

. Strengthening social guarantees for medical workers.

Fig. 1. Legidative changesin the field of tuberculosis prevention in Ukraine.
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In the European Union, legislation on the fight

against tuberculosis is harmonized with the

European recommendations of the World Hedth

Union Organization. The policy is based on the
following principles.

« Universal accessto diagnosis and treatment within national health
systems.

« Useof short-course regimens for drug-resistant tuberculosis.

« Continuous monitoring and control programs for resistance to anti-
TB drugs.

Fig. 2. Legidative changesin the field of tuberculosis prevention in the European Union.

Countrieswith a high burden of
tuberculosis

Thefight against tubercul osisin these countriesisapriority of state policy,
as tubercul osis remains one of the main causes of mortality. As part of the
Global Strategy of the World Health Organization, access to free treatment
has been expanded through international donor programs (the Globa Fund
to Fight AIDS, Tuberculosis and Malaria). For example, in India, in 2022,
the Ni-Kshay Mitra initiative, which means "Friend in the Fight against
Tuberculosis' or "Partner to Eliminate Tuberculosis', was introduced,
which involves public organizations and private companies in supporting
tubercul osis patients by providing them with medicines and food rations.

Fig. 3. Legidative changes in the field of combating tuberculosis in countries with a high burden of
tuberculosis (India, South Africa, Bangladesh).

Figures 4, 5 and 6 illustrate the availability of anti-TB drugs in different regions, namely in
Ukraine, the European Union and countries with a high burden of the disease. The data presented
reflect the availability of life-saving drugs, the features of their regulation, aswell as possible barriers
that affect the timely provision of patients with effective therapy. A comparative analysis of these
regions allows us to assess differences in approaches to tuberculosis pharmacotherapy and identify
key aspects that need improvement.
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Tuberculosis treatment in Ukraineis free and funded by
the state, in particular through the medical guarantees
program. In 2023, the Ministry of Health of Ukraine
introduced the BPaL (Bedaquiline, Pretomanid, and
Linezolid) regimen, which significantly reduces the
duration of treatment for drug-resistant tuberculosis
[25].

Ukraine

At the same time, Ukraine faces the following challenges:
. Limited funding: spending on anti-TB programs in the country is
largely dependent on international donors.

. Shortage of medicinesin some regions, which complicates continuity
of therapy.

Fig. 4. Availability of anti-tuberculosis drugsin Ukraine.

In the European Union countries, access to
medicines is ensured through national health
care programs. Anti-tuberculosis drugs are
included in thelist of essential medicinesand
are funded by the state.

European
Union

Considerable attention is being paid to the treatment of migrants and
people at risk. For example, in Germany and France, mobile clinics are
operating to screen vulnerable populations.

Fig. 5. Availability of anti-tuberculosis drugs in the European Union.
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Fig. 6. Availability of anti-tuberculosis drugs in countries with a high burden of tuberculosis.

Figures 7, 8 and 9 illustrate the use of modern methods of tuberculosis diagnosis in Ukraine,
the European Union and countries with a high burden of the disease. The data presented reflect the
level of implementation of modern molecular genetic tests, rapid diagnostic methods and imaging
technologies in the indicated regions. Comparative analysis allows to assess the availability of
advanced diagnostic approaches, their effectiveness in early detection of tuberculosis and their role
in reducing the prevalence of the disease.

o G

4 N
« Artificia intelligence for tubercul osis diagnostics has been introduced
in three regions of Ukraine (Lviv, Sumy, Ivano-Frankivsk regions)
since 2024. These technologies allow for improved detection of the
disease through the analysis of X-ray images[23].
N J

Fig. 7. Use of the latest diagnostic methods in Ukraine.
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European Union

« Molecular tests, such as GeneXpert and LAMP tests, are widely used
in the European Union, alowing the diagnosis of tuberculosis within a
few hours.

Fig. 8. Use of the latest diagnostic methods in the European Union.

Countrieswith a high burden of
tuberculosis

« Indiahasintroduced mobile X-ray laboratories to serve remote areas.
« South Africais actively using GeneXpert for rapid diagnosis of drug-
resistant tuberculosis.

Fig. 9. Use of new diagnostic methods in countries with a high burden of tuberculosis.

From the above, we can conclude that:

In Ukraine, there is a positive trend in the legidative regulation of the fight against
tuberculosis, which provides free access to treatment and new diagnostic methods.

In the countries of the European Union, there are more developed mechanisms for early
detection and control of tuberculosis, including molecular tests and mobile clinics.

In countries with a high burden of tuberculosis, such as India and South Africa,
international donors play a significant role in financing, and diagnostics are based on simplified and
cheaper methods.

The main challenges for Ukraine: lack of funding, the need to expand the use of rapid
tests and increase the coverage of prevention programs.

Analysis of regulatory acts and official reports of the World Health Organization on the fight
against tuberculosis

To identify the main trends in the fight against tuberculosis, an analysis of regulatory acts of
Ukraine and official reports of the World Health Organization was conducted. The analysis covers
changes in legidation, treatment strategies, availability of medicines and the impact of the COVID-
19 pandemic on the anti-TB care system.
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World Health Organization Global Strategy " End Tuberculosis'

In 2014, the World Health Organi zation introduced the "End TB"
strategy, which envisages reducing tubercul osis incidence by 80% and
mortality by 90% by 2030. Key provisions:

Use of short-term and effective treatment regimens.

Expanding access to innovative diagnostic methods.

Strengthening the system of financing anti-TB programs.

I mplementation of people-centered approaches to treatment.

I mpact of the COVID-19 pandemic on tuberculosis

According to the World Health Organization, the COVID-19 pandemic
has slowed global progressin the fight against tuberculosis. Key impacts

include:

A decline in the number of reported cases from 7.1 million in 2019 to
5.8 million in 2020, indicating underreporting.

Anincrease in deaths to 1.5 million in 2020 due to limited access to
treatment.

Funding cuts: In 2021, spending on tuberculosis programs decreased
from US$6 billion in 2019 to US$5.4 billion.

New approachesto thetreatment of drug-resistant tuberculosis

In 2022, the World Health Organization recommended the use of short-
course regimens for multidrug-resistant tuberculosis, including BPal
(Bedaquiline, Pretomanid, and Linezolid). By 2023, 109 countries had
switched to oral regimens instead of injectable drugs.

Fig. 10. International approaches to tuberculosis control: analysis of WHO reports.
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¢ Law of Ukraine No. 9147 (2023)
The Verkhovna Rada adopted the Law of Ukraine "On Overcoming Tuberculosis’ No. 9147,
which harmonizes Ukrainian legislation with international standards [24]. Main innovations:
« Expansion of the laboratory network: a three-level system of microbiological |aboratories has
been created.
 Determination of the status of regional phthisiopulmonological centers that will provide
services within the framework of the medical guarantees program.
* Free access to preventive treatment: patients with an increased risk of infection are provided
with medicines.
* Social guarantees for medical workers: provision of additional paid leave to specialists
working in the field of phthisiology.
¢ Implementation of modern diagnostic methods
In 2024, Ukraine began using artificial intelligence for tuberculosis diagnostics. Currently,
these systems are installed in three regions — Lviv, Sumy, and Ivano-Frankivsk regions[23].
¢ Financing of anti-TB programs
According to the Ministry of Health of Ukraine, TB treatment remains free and financed by
public funds. At the same time, Ukraine, like many countries with a high burden of TB, is
largely dependent on international donors, in particular the Global Fund to Fight AIDS,
Tuberculosis and Malaria[22].
Fig. 11. Legidative regulation of tuberculosis control in Ukraine.

Severa important trends are observed in the fight against tuberculosis, which are aimed at
improving the effectiveness of treatment, diagnosis and prevention of this disease. One of the main
changes isthe transition to short-term treatment regimens, in particular the use of new drugs, such as
BPaL (Bedaguiline, Pretomanid, and Linezolid), and oral regimens for multidrug-resistant
tuberculosis. In addition, the expansion of diagnostic capabilities, in particular through the
introduction of artificial intelligence technologies, alows for faster and more accurate detection of
the disease. An important aspect is the harmonization of national legidation with international
standards, which contributes to the integration of Ukraine into international initiatives to combat
tuberculosis. However, there is a dependence on international funding to ensure the availability of
necessary medicines, which remains a significant challenge. In addition, there is a growing need to
strengthen preventive measures and expand screening programs for the detection of tuberculosis at
early stages (Fig. 12).

Switching to short-term treatment regimens
BPalL (Bedaguiline, Pretomanid, and Linezolid), ora regimens for multidrug-resistant
tuberculosis
Expanding diagnostic capabilities
including the use of artificial intelligence
Harmonization of Ukrainian legidation
with international standards
Dependence on inter national funding
to ensure the availability of medicines
The need to strengthen preventive measures
and screening programs
Fig. 12. Main trends in the fight against tuberculosis.

Given these trends, further steps should include increasing public funding, expanding
coverage of prevention programs, and actively introducing new technologies in the diagnosis and
treatment of tuberculosis.



SSP Modern Pharmacy and Medicine (ISSN 2733-368X), Volume 5 Issue 2, Apr-Jun 2025

Satistical analysis of the dynamics of morbidity and the effectiveness of the implementation
of new treatment methods

The statistical analysis was conducted based on data from the World Health Organization, the
Ministry of Health of Ukraine, and the Center for Public Health on the prevalence of tuberculosis, the
dynamics of morbidity, mortality, and the effectiveness of new treatment regimens (Fig. 13, 14, 15.
16).

¢ Global situation

According to the World Health Organization, 6.4 million new cases of tuberculosis were
registered worldwide in 2022, slightly higher than the 2020 figure (5.8 million), but still below
the pre-pandemic level (7.1 million in 2019). Key trends:

o Decreasein TB cases detected in 2020 due to the COVID-19 pandemic.

e Gradua recovery in the number of diagnosed patients in 2021-2022.

e Thehighest incidence rates were recorded in India, China, Indonesiaand the Philippines.

¢ Ukraine

Ukraine ranks 4" among the countries of the European Region of the World Health Organization
in terms of the rate of spread of drug-resistant tuberculosis [22].

e 2022 - 18,510 cases of tuberculosis (+2.5% compared to 2021).

e 2023 - amost 20,000 cases, of which about 600 are among children.

e The main problem is the prevalence of multidrug-resistant tuberculosis — about 30% of

New Cases.

Fig. 13. Dynamics of tuberculosisincidence in the world and in Ukraine.

¢+ World trend
e 2020 - 1.5 million deaths (the highest figure in the last decade due to COVID-19).
e 2021 - adlight decrease in mortality, but the figures remain high (1.4 million).
o 2022 — an expected gradual restoration of the level of control over the incidence.
¢ Ukraine
e In2020-2021, TB mortality increased by 10% due to reduced access to treatment.
e In 2023, mortality among patients with multidrug-resistant tuberculosis decreased due
to the introduction of new treatment regimens [22].
Fig. 14. Dynamics of mortality from tuberculosis.

¢ Implementation of short-term therapy regimens
e Since 2022, WHO has been recommending shortened treatment regimens and
pharmacotherapy for multidrug-resistant tuberculosis, in particular the BPal regimen
(Bedaquiline, Pretomanid, and Linezolid).
¢ BPaL (Bedaquiline, Pretomanid, and Linezolid) — resultsin Ukraine:
o Treatment isreduced from 18-24 months to 6-9 months.
o 2023: 1024 patients were screened with this regimen, of whom 358 started treatments.
« Efficacy: 80% of patients who completed the three-month course achieved cessation of
bacterial shedding [22].
¢ Useof artificial intelligence to diagnose tuber culosis
Since 2024, an artificial intelligence system for analyzing X-ray images has been operating in
three regions of Ukraine (Lviv, Sumy, lvano-Frankivsk regions). It is expected that it will:
e Increase tubercul osis detection by 20-30%.
e Reduce misdiagnosis and improve the quality of early diagnosis.
Fig. 15. Evauation of the effectiveness of new treatment regimens and pharmacotherapy.
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¢ Global situation

o Expenditures on TB programsin 2021 amounted to US$5.4 billion, less than half of
the required US$13 billion.

e Themain funding comes from national budgets (79%), but low-income countries
depend on international donors.

¢ Ukraine

e Treatment was financed by the state budget and international partners (Global Fund,
USAID).

e Themedica guarantee program provides free provision of medicinesto patients [22].

o At the same time, due to martia law, there are difficulties in supplying medicines to
some regions.

Fig. 16. Financing and accessibility of treatment.

Thus, a dtatistical analysis of the dynamics of morbidity and the effectiveness of the
implementation of new treatment methods showed that:

« Incidence dynamics: the number of new cases of tuberculosis in Ukraine is gradually
increasing, which is associated with both improved diagnostics and the real spread of the disease.

¢ Mortality: an increase in 2020-2021 due to COVID-19, but since 2023 there has been a
downward trend due to new treatment methods.

 Effectiveness of new treatment regimens: BPalL (Bedaguiline, Pretomanid, and Linezolid)
demonstrates high effectiveness (80% successful treatment), which can significantly reduce the
spread of drug-resistant tuberculosis.

# Diagnostics: the implementation of artificial intelligence has the potential to improve the
detection of tuberculosis cases by 20-30%.

« Financing: remains a major challenge, as Ukraine depends on international assistance.

Further research should be aimed a expanding access to new treatment regimens,
strengthening diagnostic capabilities, and ensuring stable financing of anti-TB programs.

Conclusions. The study of current trends in tuberculosis pharmacotherapy and access to
essential medicines showed that:

1. Current trends in tuberculosis treatment and prevention. The introduction of short-term
trestment regimens, in particular BPaL (Bedaquiline, Pretomanid, and Linezolid), allows to
significantly reduce the duration of treatment for multidrug-resi stant tubercul osis from 18-24 months
to 6-9 months, which increases the effectiveness of treatment. In Ukraine, this regimen has shown
80% success among patients who completed a three-month course of therapy.

2. Expanding diagnostic capabilities. Theintroduction of artificial intelligencefor the analysis
of X-ray images in 2024 allows to improve the accuracy of tuberculosis detection and can increase
the diagnostic rate by 20-30%.

3. Legidative initiatives and accessibility of treatment. The adoption of Law of Ukraine No.
9147 in 2023 contributes to improving access to treatment, developing a three-tiered diagnostic
system, and providing social guarantees to medical workers. However, Ukraine’s dependence on
international donors remains a significant challenge in ensuring uninterrupted financing of anti-TB
programs.

4. Morbidity and mortality dynamics.

0 In 2023, amost 20,000 cases of tuberculosis were registered in Ukraine, which is 7.3% more
than in 2022.

0 Duetothe COVID-19 pandemic, global mortality from tuberculosis increased to 1.5 million
cases in 2020, but the latest data from the World Health Organization indicate a gradua
restoration of control over the disease [26].

5. Financing and availability of medicines. Global funding for TB remains inadequate: in
2021, TB programs spent $5.4 billion, less than half of what is needed. Treatment is free in Ukraine,
but martial law ismaking it difficult to deliver drugs to some regions.
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Prospects for further research and action:

@ It is necessary to expand the use of short-term treatment regimens that have shown high
efficacy.

< Artificia intelligence in diagnostics should be scaled up to all regions of Ukraine.

¢ Increasing public funding will reduce dependence on international donors.

«# It isimportant to strengthen preventive measures and coverage of screening programs for
early detection of the disease.

Tuberculosis remains aglobal challenge, but modern pharmacotherapeutic and technological
solutions create the prerequisites for effective control and gradual overcoming of the disease[27-35].
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