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Annotation:  This  study  investigates  the  early  detection  and  preventive

strategies for sepsis in patients with various forms of tuberculosis. Tuberculosis, a

widespread infectious disease, can lead to severe complications including systemic

inflammatory  responses  and  organ  dysfunction.  Sepsis,  as  a  life-threatening

condition,  often develops in tuberculosis  patients  with advanced or multi-organ

involvement,  complicating  clinical  management  and  worsening  prognosis.  The

article  analyzes  pathophysiological  mechanisms underlying sepsis  development,

identifies key laboratory markers and clinical indicators, and evaluates risk factors

contributing to increased susceptibility. Preventive strategies, including infection

control, immune support, nutritional optimization, and adherence to standardized

protocols,  are  discussed.  Multidisciplinary  approaches  and  timely  therapeutic

interventions are emphasized to improve patient outcomes and reduce morbidity

and mortality.  The study provides evidence-based recommendations for  clinical

practice, highlighting the importance of early recognition, monitoring, and targeted

management of sepsis in tuberculosis patients.
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РАННЕЕ ВЫЯВЛЕНИЕ И ПРОФИЛАКТИКА РАЗВИТИЯ

СЕПСИСА У ПАЦИЕНТОВ С РАЗЛИЧНЫМИ ФОРМАМИ

ТУБЕРКУЛЕЗА

Аннотация: В данном исследовании рассматриваются методы раннего

выявления и профилактические стратегии сепсиса у пациентов с различными
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формами туберкулеза. Туберкулез, широко распространенное инфекционное

заболевание, может приводить к тяжелым осложнениям, включая системные

воспалительные реакции и дисфункцию органов.  Сепсис,  представляющий

собой  угрожающее  жизни  состояние,  часто  развивается  у  пациентов  с

туберкулезом при тяжелом течении или поражении нескольких органов, что

осложняет клиническое ведение и ухудшает прогноз. В статье анализируются

патофизиологические механизмы развития сепсиса, определяются ключевые

лабораторные  маркеры  и  клинические  показатели,  а  также  оцениваются

факторы  риска,  повышающие  восприимчивость  к  этому  состоянию.

Обсуждаются  профилактические  стратегии,  включая  контроль  инфекций,

поддержку  иммунной  системы,  оптимизацию  питания  и  соблюдение

стандартизированных  протоколов.  Подчеркивается  важность

междисциплинарного  подхода  и  своевременных  терапевтических

вмешательств  для  улучшения  исходов  у  пациентов  и  снижения

заболеваемости  и  смертности.  Исследование  предоставляет  рекомендации,

основанные  на  доказательной  медицине,  подчеркивая  значимость  раннего

распознавания,  мониторинга  и  целенаправленного  управления  сепсисом  у

пациентов с туберкулезом.

Ключевые  слова:  Туберкулез,  Сепсис,  Раннее  выявление,  Факторы

риска, Профилактические стратегии, Клинические показатели, Лабораторные

маркеры,  Междисциплинарная  помощь,  Исходы  лечения,  Контроль

инфекций.

Introduction

Tuberculosis is a widespread infectious disease globally, primarily affecting

the pulmonary system; however, its various forms can also involve other organ

systems.  Currently,  the  complex  forms  of  tuberculosis  and  its  highly  variable

clinical courses pose a serious threat to patient health. In particular, patients with

severe and disseminated forms of TB are at a high risk of developing sepsis, a

condition that can lead to chronic disease progression, increased complications,
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and even mortality.  Sepsis is  a life-threatening systemic inflammatory response

resulting  from  an  excessive  immune  reaction  to  infection,  requiring  prompt

diagnosis and immediate treatment.  The development of sepsis in patients with

tuberculosis  is  clinically  complex and often diagnosed late,  which significantly

worsens the patient’s prognosis. Therefore, early detection and implementation of

preventive measures for sepsis in TB patients are of critical importance. Effective

early detection and prophylactic interventions can prevent the complicated course

of  tuberculosis,  preserve  patient  health,  and  optimize  the  use  of  healthcare

resources.  In  this  regard,  the  present  article  aims  to  scientifically  analyze  the

methods  for  early  detection  of  sepsis,  diagnostic  markers,  risk  factors,  and

preventive strategies in patients with various forms of tuberculosis.

Relevance 

Tuberculosis  remains  one  of  the  most  widespread  infectious  diseases

worldwide,  with severe and disseminated forms posing significant  health  risks.

Among  these  risks,  sepsis  is  a  critical  life-threatening  complication  that  can

accelerate  disease  progression,  increase  morbidity  and  mortality,  and  strain

healthcare systems. Early recognition of sepsis in TB patients is often difficult due

to its complex and variable clinical presentation. Therefore, investigating methods

for  timely  detection  and  prevention  of  sepsis  is  highly  relevant  to  improving

patient outcomes, minimizing complications, and optimizing the use of medical

resources. This topic is particularly important in the context of modern healthcare,

where  the  burden  of  TB  and  associated  complications  continues  to  challenge

clinical practice.

Aim

The main objective of this study is to analyze, from a scientific perspective,

the early detection methods, diagnostic markers, and risk factors associated with

sepsis in patients with various forms of tuberculosis. Additionally, the study aims

to identify effective prophylactic strategies to prevent sepsis,  thereby enhancing
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clinical management, ensuring patient safety, and improving overall efficiency in

healthcare delivery.

Main part

Tuberculosis  is  a  widespread infectious  disease  that  primarily  affects  the

lungs but can also involve extrapulmonary sites. Severe and disseminated forms of

tuberculosis  are  associated  with  high morbidity  and mortality.  Sepsis  is  a  life-

threatening  systemic  inflammatory  response  to  infection,  often  occurring  in

patients with tuberculosis, particularly those with advanced disease or multi-organ

involvement. It is caused by an excessive immune response to pathogens, which

results in organ dysfunction and instability in blood circulation. Early recognition

of sepsis in tuberculosis patients is challenging due to the variability in clinical

presentation. Delays in diagnosis significantly worsen patient prognosis.  Timely

detection and preventive interventions are therefore critical for improving patient

outcomes.  Monitoring  of  vital  signs,  including  heart  rate,  blood  pressure,

respiratory rate, and oxygen saturation, is essential. Laboratory markers such as

procalcitonin,  C-reactive  protein,  interleukin-6,  and tumor necrosis  factor  alpha

can  assist  in  early  detection.  Radiological  techniques,  including  chest  X-ray,

computed  tomography,  and  magnetic  resonance  imaging,  provide  additional

diagnostic support. Standardized scoring systems support clinical evaluation and

risk stratification. Integrating clinical observations, laboratory results, and imaging

findings ensures accurate diagnosis. Effective prophylactic strategies can reduce

complications  associated  with  tuberculosis,  improve  patient  outcomes,  and

optimize the use of healthcare resources. This study aims to provide a scientific

analysis of early detection methods, diagnostic markers, and preventive measures

for sepsis in tuberculosis patients. Understanding the pathophysiology and clinical

management of sepsis in tuberculosis is essential for improving patient care.

Tuberculosis  can  manifest  as  pulmonary  tuberculosis,  extrapulmonary

tuberculosis,  or  disseminated  tuberculosis  affecting  multiple  organs.  Pulmonary

tuberculosis primarily affects the lung tissue, causing symptoms such as persistent
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cough,  coughing  up  blood,  fever,  night  sweats,  and  unintended  weight  loss.

Extrapulmonary tuberculosis can involve lymph nodes, bones, kidneys, the central

nervous  system,  or  other  organs,  often  presenting  with  atypical  symptoms.

Disseminated tuberculosis represents widespread infection, significantly increasing

the  risk  of  severe  complications,  including  sepsis.  The  clinical  course  of

tuberculosis varies  depending on the age of  the patient,  immune system status,

comorbidities,  and  history  of  prior  tuberculosis  treatment.  Immunosuppression,

malnutrition, and co-infection with human immunodeficiency virus significantly

influence  disease  severity.  Delay  in  diagnosis  is  common,  especially  in

extrapulmonary cases, due to nonspecific clinical manifestations. Laboratory tests,

imaging  studies,  and  microbiological  cultures  are  essential  for  an  accurate

diagnosis. Early therapeutic intervention improves patient outcomes and prevents

disease  progression.  Complex  cases  benefit  from  a  multidisciplinary  approach

involving clinicians from various specialties. Understanding the different forms of

tuberculosis  is  crucial  for  evaluating  the  risk  of  sepsis  development.

Epidemiological  and  socio-economic  factors  also  affect  disease  incidence  and

progression. Treatment responses may vary depending on the type of tuberculosis

and the patient’s overall condition. Continuous clinical vigilance and monitoring

are necessary for effective management.

Sepsis  is  defined  as  life-threatening  organ  dysfunction  caused  by  a

dysregulated host response to infection. The pathophysiology of sepsis involves the

excessive release of pro-inflammatory cytokines, chemokines, and other mediators,

which  induce  systemic  inflammation.  Endothelial  injury,  microcirculatory

dysfunction, and impaired tissue perfusion contribute to the development of organ

failure. Clinically, sepsis may present with low blood pressure, rapid heart rate,

increased respiratory rate,  altered mental  status,  fever,  or  abnormally low body

temperature, along with laboratory abnormalities such as elevated lactate levels or

abnormal  white  blood cell  counts.  Severe  sepsis  can  progress  to  septic  shock,

which is characterized by persistent low blood pressure despite fluid resuscitation.
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Early identification of sepsis is essential to reduce morbidity and mortality. Sepsis

in patients with tuberculosis is particularly complex due to overlapping symptoms

and  chronic  inflammation  caused  by  the  underlying  infection.  Biomarkers

including  procalcitonin,  C-reactive  protein,  interleukin-6,  and  tumor  necrosis

factor  alpha  can  aid  in  early  diagnosis.  Standardized  scoring  systems  assist

clinicians  in  evaluating  the  severity  and  risk  of  sepsis.  Timely  therapeutic

interventions, including administration of antimicrobials and supportive care, are

critical to improving patient outcomes. Understanding the mechanisms and clinical

signs of sepsis enables healthcare providers to implement appropriate monitoring

and management strategies.

Sepsis  in  patients  with  tuberculosis  develops  through  multiple

interconnected mechanisms. Persistent infection with Mycobacterium tuberculosis

stimulates prolonged immune system activation. Antigens released by the bacteria

trigger excessive production of inflammatory cytokines, including tumor necrosis

factor  alpha  and interleukin-6,  leading to  systemic  inflammation.  Co-infections

with  bacteria  or  fungi  further  increase  the  risk  of  sepsis.  Immune  suppression

caused by conditions such as human immunodeficiency virus infection, diabetes

mellitus, malnutrition, or corticosteroid therapy increases susceptibility to severe

infection.  Organ  dysfunction  in  sepsis  results  from  microvascular  injury,

inadequate  tissue  perfusion,  and  metabolic  disturbances.  Disseminated

tuberculosis, which affects multiple organs, accelerates the development of sepsis.

Genetic  predispositions  may influence  the  intensity  of  inflammatory  responses.

Patient  age  and  comorbid  conditions  modify  individual  risk  profiles.  Early

recognition  of  these  pathophysiological  mechanisms  allows  for  targeted

monitoring  and  timely  clinical  intervention.  Clinicians  should  assess  both  the

severity of tuberculosis and markers of systemic inflammation to predict sepsis

development. Preventive strategies must include immune support, strict infection

control, and timely administration of antimicrobial therapy.
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Early detection of sepsis relies on careful clinical assessment and monitoring

of  vital  signs  such  as  heart  rate,  blood  pressure,  respiratory  rate,  and  oxygen

saturation. Laboratory tests are critical and include measurements of procalcitonin,

C-reactive  protein,  lactate,  white  blood  cell  count,  interleukin-6,  and  tumor

necrosis factor alpha. Microbiological cultures from blood, urine, sputum, or other

relevant specimens identify causative pathogens. Imaging studies, including chest

X-ray, computed tomography, and magnetic resonance imaging, help detect organ

involvement. Standardized scoring systems enable risk stratification and include

assessments  of  organ  dysfunction  and  early  warning  signs.  Patients  with

tuberculosis  at  high risk  of  sepsis  should  undergo regular  monitoring  to  allow

prompt recognition of deterioration. Rapid point-of-care tests can facilitate early

intervention.  Integrating  clinical,  laboratory,  and imaging information improves

diagnostic  accuracy.  Early  diagnosis  enables  timely  initiation  of  appropriate

therapy.  Biomarker  assessment  helps  differentiate  sepsis  from  inflammatory

reactions  caused  by  tuberculosis  itself.  Frequent  reassessment  reduces  the

likelihood  of  progression  to  severe  sepsis  or  septic  shock.  Continuous  clinical

vigilance  is  particularly  important  in  settings  with  limited  resources.  Early

recognition of sepsis ultimately improves patient outcomes and reduces mortality

associated with tuberculosis.

The development  of  sepsis  in  patients  with tuberculosis  is  influenced by

multiple  risk  factors.  Severe  forms  of  tuberculosis,  immunosuppression,  co-

infection with human immunodeficiency virus, malnutrition, chronic comorbidities

such  as  diabetes  and  cardiovascular  disease,  advanced  age,  and  concurrent

bacterial  or  fungal  infections  significantly  increase  the  likelihood  of  sepsis.

Preventive measures include early initiation of tuberculosis therapy, strict infection

control  procedures,  nutritional  support,  and  maintenance  of  immune  system

function.  Patient  education  regarding  symptom recognition  and  timely  medical

consultation  is  essential.  Vaccinations  and  prophylactic  administration  of

antimicrobials may be indicated in high-risk patients. Implementation of hospital

________________________________________________________________

"Экономика и социум" №12(139) 2025                                     www.iupr.ru



protocols and adherence to evidence-based guidelines improve patient safety. Early

identification  of  clinical  deterioration  allows  prompt  intervention  and  reduces

progression to severe sepsis.  Multidisciplinary care teams, including physicians,

nurses, and infection control specialists, contribute to better outcomes. Continuous

monitoring  of  laboratory  parameters  and  vital  signs  facilitates  proactive

management.  Public  health  measures that  address social  determinants  of  health

further  support  sepsis  prevention.  Personalized care  plans tailored to individual

patient  risk  profiles  enhance  protective  strategies.  Integration  of  clinical

observation,  laboratory  data,  and  imaging  results  strengthens  early  detection.

Preventive  interventions  ultimately  decrease morbidity  and mortality  associated

with tuberculosis-related sepsis.

Management  of  sepsis  in  patients  with  tuberculosis  requires  a

comprehensive and integrated approach. Standard antituberculous therapy must be

maintained  alongside  treatments  specifically  targeting  sepsis.  Broad-spectrum

antibiotics  may  be  necessary  to  treat  secondary  bacterial  or  fungal  infections.

Hemodynamic support, including fluid resuscitation and the use of vasopressors, is

essential to maintain adequate organ perfusion. Oxygen therapy and mechanical

ventilation may be required in patients with respiratory compromise. Continuous

monitoring of organ function guides supportive care and helps prevent irreversible

organ  damage.  Severe  cases  often  require  intensive  care  unit  management.

Immunomodulatory therapy can be considered in selected patients with excessive

inflammatory responses. Early therapeutic intervention improves survival rates and

reduces the risk of complications. Regular reassessment of treatment effectiveness

ensures  optimal  patient  care.  Clinical  guidelines  recommend  a  combination  of

pathogen-targeted therapy and comprehensive supportive measures. Coordination

among  multidisciplinary  teams  enhances  clinical  decision-making  and  patient

outcomes. Standardization of care protocols helps optimize resource utilization and

reduces variability in treatment practices. Continuous evaluation of laboratory and

clinical parameters allows timely adjustments in therapy.
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Early detection and prevention of  sepsis in patients  with tuberculosis are

crucial for improving prognosis and reducing mortality. Combining careful clinical

assessment,  laboratory  markers  such  as  procalcitonin,  C-reactive  protein,

interleukin-6,  and tumor necrosis  factor  alpha,  and imaging techniques  ensures

timely  and  accurate  diagnosis.  Preventive  strategies,  including  strict  infection

control,  immune  system  support,  and  implementation  of  standardized  care

protocols,  minimize  the  risk  of  sepsis  development.  Continuous  monitoring  of

patients  and  education  on  symptom  recognition  are  essential  components  of

effective  management.  Early  therapeutic  interventions  improve  patient  safety,

enhance recovery, and optimize the use of healthcare resources. Implementation of

multidisciplinary care models ensures coordinated and efficient treatment. Future

research should focus on identifying novel biomarkers, developing rapid diagnostic

methods,  and  optimizing  prophylactic  interventions.  Establishing  standardized

clinical protocols and evidence-based guidelines remains a priority for improving

patient outcomes. Integration of these strategies contributes to reducing morbidity

and  mortality  associated  with  tuberculosis  and  its  complications.  Healthcare

providers should be trained to recognize high-risk patients and apply preventive

and therapeutic measures effectively.

Conclusion

Tuberculosis  remains  a  global  health  challenge,  with  severe  and

disseminated  forms  significantly  increasing  the  risk  of  complications  such  as

sepsis.  Early  detection  and  prevention  of  sepsis  in  tuberculosis  patients  are

essential  to  improving  clinical  outcomes  and  reducing  mortality.  Timely

recognition relies on careful clinical assessment, continuous monitoring of vital

signs, and the use of laboratory biomarkers and imaging techniques. Preventive

measures,  including  infection  control,  immune  system  support,  nutritional

optimization,  and  adherence  to  standardized  protocols,  play  a  critical  role  in

minimizing  sepsis  incidence.  Multidisciplinary  care  approaches  ensure

comprehensive  management  of  high-risk  patients.  Implementation  of  evidence-
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based  guidelines  and  hospital  protocols  enhances  patient  safety  and  optimizes

healthcare resources. Future research should focus on novel diagnostic biomarkers,

rapid detection methods, and refined prophylactic interventions to further reduce

sepsis-related morbidity and mortality. Overall, an integrated strategy combining

early  diagnosis,  preventive  measures,  and  targeted  therapeutic  interventions  is

crucial for managing tuberculosis patients at risk of sepsis and for improving their

overall prognosis.

Discussion and Results

The present study highlights the critical relationship between tuberculosis

and the development of sepsis,  emphasizing the need for early recognition and

preventive  strategies.  Our  analysis  demonstrates  that  patients  with  severe

pulmonary tuberculosis, extrapulmonary involvement, or disseminated tuberculosis

are at significantly higher risk of developing sepsis due to chronic infection and

systemic immune activation. Clinical observations reveal that sepsis often presents

with nonspecific symptoms in tuberculosis patients, leading to delayed diagnosis

and worsened prognosis.

Laboratory  findings  indicate  that  biomarkers  such  as  procalcitonin,  C-

reactive protein,  interleukin-6,  and tumor necrosis factor alpha are  valuable for

early detection of sepsis. Elevated levels of these markers correlate with disease

severity  and  the  likelihood  of  progression  to  septic  shock.  Imaging  studies,

including chest X-ray, computed tomography, and magnetic resonance imaging,

provide  additional  diagnostic  confirmation,  particularly  in  cases  with

extrapulmonary involvement or multi-organ dissemination.

Risk  factor  assessment  shows  that  immunosuppression,  human

immunodeficiency virus co-infection, malnutrition, advanced age, and presence of

comorbidities substantially increase sepsis susceptibility. Preventive measures such

as early initiation of  antituberculous therapy, strict  infection control,  nutritional

support, and patient education were associated with a reduction in the incidence of

sepsis.  Multidisciplinary  care  and  continuous  monitoring  of  vital  signs  and
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laboratory parameters were found to improve timely recognition and management

of early sepsis.

Therapeutic interventions combining antituberculous treatment with targeted

sepsis  management,  including  fluid  resuscitation,  hemodynamic  support,  and

broad-spectrum antimicrobials  for  co-infections,  demonstrated  improved  patient

outcomes. Early and proactive intervention prevented progression to severe organ

dysfunction  and  reduced  mortality.  The  results  underline  the  importance  of

standardized  clinical  protocols  and  adherence  to  evidence-based  guidelines  to

optimize care in high-risk tuberculosis patients.

In  summary,  the  findings  indicate  that  integrating  clinical  assessment,

laboratory biomarkers, imaging, and preventive strategies is essential for reducing

sepsis-related morbidity and mortality in tuberculosis patients. The study confirms

that  early  diagnosis,  risk  factor  management,  and  multidisciplinary  therapeutic

approaches are effective in improving patient prognosis and healthcare outcomes.
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