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Abstract

Brucellosis is a zoonotic infectious disease transmitted by bacteria of the genus Brucella. The disease
can occur in humans and animals in a chronic or acute form. This article discusses the pathogenesis
of brucellosis, that is, the stages of the disease development and the mechanisms of Brucella bacteria

living inside the cell. Also, the innate and adaptive immune response of the body, the activity of T-
lymphocytes and macrophages, and the processes of fighting infection through cytokines are analyzed
in detail. According to the results of the study, the Th1-type immune response is an effective defense
mechanism against the chronic course of the disease, but the intracellular survival strategy and
immune evasion properties of the pathogen contribute to the long-term persistence of the infection.
This article provides a scientific basis for improving the diagnosis, treatment and prevention of
brucellosis.
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Relevance of the topic

Brucellosis is a serious global problem for human and animal health. It is zoonotic in nature and is
transmitted by bacteria of the genus Brucella. The disease is widespread, especially in areas with
developed livestock farming, and causes significant economic damage. For example, chronic
infection of brucellosis in cows, sheep, goats and pigs reduces the productivity of animals, impairs

the quality of milk and meat, worsens reproductive health and increases abortions. At the same time,
the chronic form of brucellosis in humans complicates the treatment of the disease and causes damage
to the liver, heart, lungs and bone systems.

The pathogenesis of brucellosis is complex, and Brucella bacteria are adapted to live inside cells.
They survive after phagocytosis, inhibit the formation of phagolysosomes and use a strategy of
evading immunity. This leads to a long and chronic course of infection. Therefore, scientific research
on the pathogenesis of brucellosis and the mechanisms of the immunological response is relevant.
From an immunological point of view, effective control of brucellosis infection is carried out through
the activity of T-lymphocytes (CD4+, CD8+) and macrophages. Innate immunity responds to

infection through neutrophils, dendritic cells and natural killer cells. Also, cytokines - interleukins,
interferon-gamma (IFN-y) and tumor necrosis factor (TNF-a) - act as intercellular signals against
infection. Studies show that the Thl-type immune response is important in controlling Brucella
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infection, activating macrophages and helping to destroy intracellular pathogens. At the same time,
humoral immunity - a response generated by antibodies - cannot completely eliminate the infection,
but is of diagnostic and prophylactic importance.

The relevance of brucellosis is also associated with its global health and prevention strategies. The
World Health Organization (WHO) and other international organizations have included brucellosis
among the high-risk zoonoses. In particular, the consumption of dairy products without full
pasteurization by the population in rural areas and insufficient sanitary control in livestock farming
increase the risk of disease transmission. Therefore, measures to prevent and control brucellosis are
one of the serious social and scientific problems.

Another relevant aspect of the topic is the chronic nature of brucellosis. Brucella bacteria live inside
cells and evade natural mechanisms of immunity. This makes it difficult to treat the disease and causes
long-term health problems. Therefore, in-depth study of the pathogenesis of the disease and the
immune response is necessary not only for effective diagnostics and treatment, but also for the
development of new vaccines and preventive measures.

Brucellosis also causes significant economic damage. Livestock infected with chronic infection lose
their efficiency in milk and meat production. Abortions increase, and breeding resources decrease.
This directly affects the income sources of the population in rural areas. At the same time, the chronic
form of brucellosis in humans is a significant burden on the health system, increasing the long-term
costs of treatment and diagnosis.

In addition, scientific research against brucellosis is important in solving global health problems. A
deep understanding of pathogenesis and immunological response will pave the way for the
development of new diagnostic tests, effective treatment protocols and vaccines. At the same time,
brucellosis as a zoonosis demonstrates the connection between human and animal health, which
increases the relevance of the One Health concept..In conclusion, brucellosis is a biological,
economic and social problem, and the study of its pathogenesis and immunological response
mechanisms is of not only scientific but also practical importance. Research on this topic serves as
the main scientific resource for early detection of the disease, effective treatment and development of
preventive measures.In conclusion, brucellosis is a biological, economic and social problem, and the
study of its pathogenesis and immunological response mechanisms is of not only scientific but also
practical importance. Research on this topic serves as the main scientific resource for early detection
of the disease, effective treatment and development of preventive measures.

Research Objectives

Brucellosis is a zoonotic infectious disease of global importance for human and animal health. The
relevance of this disease is due to its widespread distribution, chronic course, and economic damage.
Brucellosis is transmitted by bacteria of the genus Brucella and is characterized by its intracellular
nature. Therefore, the pathogenesis of the disease, the mechanisms of the immunological response in
the body, the causes of the transition to chronic infection, and treatment and prevention strategies
require in-depth scientific study.

The main objective of this study is to systematically study the pathogenesis of brucellosis, identify
the strategies for survival and reproduction of Brucella bacteria in cells, and study the mechanisms
of the immunological response that occur in the human and animal body. During the study, the
primary stages of infection — the pathogen's entry route, the formation of a primary focus, and spread
via the lymphatic and hematogenous routes — are analyzed in detail. At the same time, the
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mechanisms of the disease's transition to a chronic form, strategies for evading the immune system,
and difficulties in treating the disease are also studied.

The research will focus on the following main areas:

Determination of the stages of brucellosis pathogenesis: The mechanism of survival of Brucella
bacteria inside the cell, strategies for avoiding phagocytosis and localization in organs will be
analyzed in detail. At the same time, the processes of the transition of the disease to the acute and
chronic form, the molecular and cellular basis of the development of infection will be studied.

Study of the immunological response: The role of innate (innate) and acquired (adaptive) immunity
in the effective fight against the disease will be analyzed. Within the framework of innate immunity,
the functions of neutrophils, macrophages, dendritic cells and natural killer cells will be determined.
In terms of adaptive immunity, the humoral response generated by CD4+ and CD8+ T-lymphocytes,
the Th1-type immune response, as well as B-lymphocytes, will be studied. The role of mediators such
as cytokines - IFN-y, TNF-o and IL-12 in the fight against the pathogen will be analyzed in detail.
Identifying mechanisms of transition to chronic infection: The role of low endotoxicity of the
lipopolysaccharide (LPS) content of Brucella bacteria, antigenic variability, and intracellular survival
strategy in the development of chronic infection is determined. At the same time, the inability of the
immune system to respond adequately is analyzed as factors that cause the long-term course of the
disease.

Analysis of the basis of diagnosis and diagnostics: The importance of immunological tests, laboratory
diagnostics, and serological methods for brucellosis in early detection of the disease and the
development of effective treatment strategies is considered.

Development of strategies for prevention and vaccine creation: The aim is to identify the main
scientific foundations of effective vaccines and preventive measures against brucellosis, and to take
into account the mechanisms of the immunological response in their development.

The practical significance of this study is that an in-depth study of the pathogenesis of brucellosis and
the immune response will create the opportunity to diagnose the disease, improve effective treatment,
and prevent it. The causes of the chronic form of the disease and mechanisms of immune evasion
will also be identified, providing a scientific basis for new immunological and biotechnological
studies. The study also reveals the connection between brucellosis as a zoonotic disease and human
and animal health. This demonstrates the relevance of the One Health concept, as an integrated
approach from the veterinary, medical and environmental sectors is required in the development of
disease prevention and control measures.In conclusion, the aim of the research is to systematically
study the pathogenesis and immunological response mechanisms of brucellosis, to identify the
molecular and cellular basis of the development of the disease, and to create opportunities for practical
application of this knowledge in the field of diagnostics, treatment, and prevention. The results of the
research will help to understand the biological, economic, and social aspects of the disease and
provide a scientific basis for effective control of brucellosis.

Research results

The results of this study are obtained as a result of a systematic study of the pathogenesis of
brucellosis and the mechanisms of immunological response. During the study, the strategies of

Brucella bacteria to survive inside the cell, the primary and chronic stages of infection, as well as the
types of immune responses that occur in the human and animal body were determined.
1. Results on the pathogenesis of brucellosis
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Brucellosis infection usually begins with the entry of the pathogen into the body. Studies have shown
that Brucella bacteria enter the body through skin lesions, mucous membranes or through the
alimentary canal. In the area of the primary infection focus, the bacteria are engulfed by macrophages,
but they remain alive even after phagocytosis. The ability of bacteria to live and multiply inside the
phagolysosome creates the basis for the chronic course of the infection. As a result of spread through
the lymph and blood, Brucella is localized in many organs, in particular, in the liver, spleen, bone
marrow and lymph nodes.

Pathogenesis results show that Brucella bacteria evade immunity through low endotoxicity and
antigenic variability of lipopolysaccharide (LPS) content. This causes the transition of the disease
from the acute phase to the chronic phase. At the same time, Brucella infection leads to inflammation,
granuloma formation and tissue damage in organs.

2. Results on the immunological response

During the study, the innate and adaptive immune response mechanisms of the organism against
brucellosis were identified. Within the framework of innate immunity, neutrophils and macrophages
phagocytose Brucella bacteria. Dendritic cells recognize the pathogen and activate T-lymphocytes.
Natural killer cells also fight the disease by destroying infected cells.

In the adaptive immune response, CD4+ T-lymphocytes of the Thl type activate macrophages, and

CD8+ cytotoxic T-lymphocytes destroy infected cells. Cytokines such as IFN-y and TNF-a enhance
the process of intracellular pathogen elimination. Humoral immunity — antibodies produced by B
lymphocytes — is not fully effective in combating Brucella, but it is of diagnostic and prophylactic
importance.

The results showed that the Thl-type cellular immune response plays a key role in controlling the
disease. However, the intracellular survival strategy of Brucella bacteria and immune evasion
mechanisms allow the infection to develop chronically.

3. Results of the transition to chronic infection
Studies have shown that Brucella bacteria can survive for a long time inside the cell and evade natural
immune mechanisms. During chronic infection, the bacteria form granulomas, multiply latently in
the liver, spleen, bone marrow and lymph nodes. This condition makes the disease difficult to treat
and causes long-term health problems.

4. Diagnosis and diagnostic results
Serological tests, PCR, culture and immunological diagnostic methods have been found to be
effective in detecting brucellosis. The presence of cytokines and antibodies allows for an assessment
of the severity of the disease and early diagnosis. At the same time, laboratory monitoring plays an
important role in monitoring the transition of the disease to a chronic form.

5. Practical significance of the results
The results of the study create a scientific basis for the development of effective control and
preventive measures for brucellosis. A deep understanding of the pathogenesis and mechanisms of
the immune response will allow the development of new vaccines and immunotherapy methods. Also,
the need for joint control of human and animal health increases within the framework of the One
Health concept.In conclusion, the results of the study contribute to a deeper understanding of the
pathogenesis of brucellosis and the mechanisms of the immune response. The results serve as a
scientific basis for the development of early diagnosis, effective treatment and preventive measures.
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The mechanisms of the transition of brucellosis to the chronic form, immune evasion strategies and
directions for disease control are described in detail.

Conclusion

This study aims to systematically study the pathogenesis and immunological response mechanisms
of brucellosis, and its results are of significant scientific importance in understanding the disease,
diagnosing, treating and developing preventive measures. Brucellosis is a zoonotic infectious disease
transmitted by bacteria of the genus Brucella and poses a serious threat to human and animal health.
The results of the study showed that Brucella bacteria are adapted to live inside cells, survive after
phagocytosis, and also lead to chronic infection through mechanisms of evasion from the immune
system.

The pathogenesis process includes a complex system from the primary stage of infection to the
transition to the chronic stage. After Brucella enters the body, it forms a primary focus, spreads
through the lymph and blood, and is localized in various organs such as the liver, spleen, bone marrow,
and lymph nodes. At the same time, the bacteria evade immunity through the low endotoxicity,
antigenic variability, and phagolysosome-inhibiting properties of their lipopolysaccharide (LPS)
content. This leads to a long course of the disease and complicates treatment.

Studies on the mechanisms of the immunological response have shown that innate immunity responds
to Brucella infection through neutrophils, macrophages, dendritic cells, and natural killer cells.
Adaptive immunity is mediated by the activity of T lymphocytes (CD4+ and CD8+) and B
lymphocytes. CD4+ T lymphocytes of the Thl type activate macrophages, while CD8+ cytotoxic
lymphocytes destroy infected cells. Cytokines such as IFN-y and TNF-a enhance the process of
eliminating intracellular pathogens. Although humoral immunity plays a supporting role against
infection through antibodies, it cannot completely eliminate Brucella due to its intracellular nature.
During chronic infection, Brucella bacteria form granulomas, multiply latently in organs, and induce
immunosuppressive factors. This makes the disease difficult to treat and causes long-term health
problems. The study also found that the transition to a chronic form of the disease is associated with
the inability of the immune system to respond adequately and the pathogen's immune evasion
strategies.

Serological tests, PCR, and laboratory methods have been shown to be effective in diagnosing and
diagnosing brucellosis. Antibodies and cytokines allow for the assessment of the severity of the
disease and monitoring the transition of the infection to a chronic form. At the same time, a deep
understanding of the pathogenesis and mechanisms of the immunological response creates a scientific
basis for the development of new vaccines, immunotherapy, and preventive measures.

The results show that the study of the pathogenesis of brucellosis and the immune response is relevant
not only biologically, but also economically and socially. The disease reduces the efficiency of milk
and meat production in animals, causes abortions, and the loss of breeding resources. In humans,
chronic infection increases long-term treatment and healthcare costs. Therefore, it is important to
develop disease prevention and control measures, implementing them through an integrated approach
between the veterinary and medical sectors. In conclusion, this study systematically sheds light on
the pathogenesis of brucellosis and the mechanisms of the immune response. The results serve as a
scientific basis for early diagnosis of the disease, the development of effective treatment and
prevention measures, as well as the creation of new vaccines and immunotherapy methods. The
mechanisms of the transition to the chronic form of brucellosis, immune evasion strategies, and
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molecular and cellular aspects of the disease development were elucidated in detail. This knowledge
will increase the possibility of joint monitoring of human and animal health within the framework of
the One Health concept.
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