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CURRENT STATE AND NOVEL APPROACHES TO THE  

DIAGNOSIS OF SEPSIS CAUSED BY STAPHYLOCOCCUS AUREUS 

 

Abstract. Sepsis caused by Staphylococcus aureus sepsis remains one of the 

leading causes of mortality among infectious diseases and represents a serious 

challenge for modern clinical medicine. Methicillin-resistant strains of S. aureus 

(MRSA) are of particular concern due to their high virulence, antibiotic resistance, and 

ability to spread rapidly in healthcare settings, which significantly complicates 

treatment and worsens the disease prognosis. This study summarizes current scientific 

data regarding the diagnostic possibilities for septic conditions caused by S. aureus, 

with an emphasis on the advantages and limitations of traditional and emerging 

laboratory and molecular diagnostic methods. It has been established that blood 

culture, despite being considered the «gold standard» of diagnosis, demonstrates low 

sensitivity, requires a prolonged time to obtain results, and largely depends on prior 

antibiotic therapy, which may lead to false-negative results and delayed initiation of 

adequate treatment. Considerable attention is paid to the role of laboratory biomarkers 

of systemic inflammatory response, including C-reactive protein, interleukin-6, 

procalcitonin, and presepsin, which make it possible to assess inflammatory activity, 

disease severity, and prognosis. Presepsin has been identified as the most promising 

biomarker for early sepsis diagnosis, as its level closely correlates with the severity of 
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the patient’s clinical condition, the risk of multiple organ failure, and mortality. 

Modern molecular genetic technologies, including polymerase chain reaction (PCR), 

multiplex PCR panels, MALDI-TOF mass spectrometry, and whole-genome 

sequencing, are analyzed as methods that provide rapid pathogen identification and 

detection of antibiotic resistance genes, particularly mecA and mecC, while also 

enabling optimization of antimicrobial therapy at the early stages of the disease. The 

prospects for the use of biosensor platforms, point-of-care rapid diagnostic methods, 

and artificial intelligence algorithms for early sepsis prediction, assessment of 

unfavorable outcomes, and clinical decision support are also highlighted. It has been 

shown that the integration of microbiological, molecular, and digital technologies is a 

key prerequisite for improving the effectiveness of early diagnosis, optimizing 

antimicrobial therapy, and reducing mortality in staphylococcal sepsis. 

Keywords: sepsis, Staphylococcus aureus, MRSA, diagnostics, procalcitonin, 

presepsin, polymerase chain reaction, biomarkers, MALDI-TOF, antibiotic resistance. 
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СУЧАСНИЙ СТАН ТА НОВІТНІ ПІДХОДИ ЩОДО ДІАГНОСТИКИ 

СЕПСИСУ, СПРИЧИНЕНОГО STAPHYLOCOCCUS AUREUS 

 

Анотація. Сепсис, спричинений Staphylococcus aureus, залишається 

однією з провідних причин смертності серед інфекційних захворювань і 

становить серйозну проблему сучасної клінічної медицини. Особливу небезпеку 

становлять метицилін-резистентні штами S. aureus (MRSA), які характе-

ризуються високою вірулентністю, антибіотикорезистентністю та здатністю до 
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швидкого внутрішньолікарняного поширення, що значно ускладнює лікування 

та погіршує прогноз захворювання. У даному дослідженні узагальнено сучасні 

наукові дані щодо можливостей діагностики септичних станів, спричинених S. 

aureus, із акцентом на переваги та обмеження традиційних і новітніх методів 

лабораторної та молекулярної діагностики. Встановлено, що посів крові на 

стерильність, незважаючи на статус «золотого стандарту», має низьку 

чутливість, потребує тривалого часу для отримання результатів і значною мірою 

залежить від попередньої антибактеріальної терапії, що може призводити до 

хибнонегативних результатів та затримки призначення адекватного лікування. 

Значну увагу приділено ролі лабораторних біомаркерів системної запальної 

відповіді, зокрема С-реактивного білка, інтерлейкіну-6, прокальцитоніну та 

пресепсину, які дозволяють оцінити активність запального процесу, тяжкість 

перебігу сепсису та прогноз захворювання. Найбільш перспективним маркером 

ранньої діагностики сепсису визначено пресепсин, рівень якого тісно корелює з 

тяжкістю клінічного стану пацієнта, ризиком розвитку поліорганної недос-

татності та летальністю. Проаналізовано сучасні молекулярно-генетичні 

технології, зокрема полімеразну ланцюгову реакцію, мультиплексні ПЛР-панелі, 

MALDI-TOF мас-спектрометрію та секвенування повного геному, які забез-

печують швидку ідентифікацію збудника, виявлення генів антибіотикорезис-

тентності, зокрема mecA і mecC, а також дозволяють оптимізувати антимікробну 

терапію вже на ранніх етапах захворювання. Окремо висвітлено перспективи 

використання біосенсорних платформ, експрес-методів point-of-care та 

алгоритмів штучного інтелекту для раннього прогнозування сепсису, оцінки 

ризику несприятливого перебігу та підтримки клінічних рішень. Показано, що 

інтеграція мікробіологічних, молекулярних та цифрових технологій є ключовою 

умовою підвищення ефективності ранньої діагностики, оптимізації антимікроб-

ної терапії та зниження летальності при стафілококовому сепсисі. 

Ключові слова: сепсис, Staphylococcus aureus, MRSA, діагностика, 

прокальцитонін, пресепсин, полімеразна ланцюгова реакція, біомаркери, 

MALDI-TOF, антибіотикорезистентність. 

 

Problem statement. Sepsis remains one of the most actual issues in modern 

medicine. This was due to high prevalence, the complexity of early diagnosis and 

significant mortality rates. Sepsis develops as a result of a dysregulated host response 

to an infectious process, leading to organ and system dysfunction and posing a direct 

threat to the patient’s life. Despite substantial progress in the diagnosis and treatment 

of infectious diseases this pathology continues to be associated with a high risk of 

adverse outcomes. Among bacterial pathogens Staphylococcus aureus infection 

occupies a special place, as it is one of the leading causes of bacteremia and septic 

conditions worldwide [1]. 

The aim of the article is to summarize current scientific data on the diagnostic 

features of septic conditions caused by S. aureus infection, with an emphasis on the 
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limitations of traditional diagnostic methods, the assessment of the diagnostic value of 

laboratory biomarkers, and the analysis of the potential of novel molecular genetic and 

innovative technologies for early pathogen verification. 

Analysis of recent studies and publications. According to contemporary 

researches infections caused by S. aureus are often characterized by a severe clinical 

course, accompanied by a high rate of complications and mortality reaching 30–40%, 

particularly in cases associated with methicillin-resistant strains (MRSA) [2]. The 

relevance of this issue is further emphasized by the fact that staphylococcal infection 

is one of the leading etiological agents of nosocomial, bloodstream infections, as well 

as sepsis and septic shock [1, 3]. In this context, timely and accurate diagnosis becomes 

crucial for improving treatment effectiveness and reducing the incidence of 

complications. The incidence of staphylococcal bacteremia is approximately 20–50 

cases per 100000 population, while mortality rates remain high even under modern 

treatment approaches [3]. 

The clinical course of staphylococcal sepsis is often complicated by the 

formation of metastatic infectious foci, including infective endocarditis, osteomyelitis, 

and abscesses of internal organs [4]. 

The clinical symptom complex of the disease is characterized by considerable 

nonspecificity and includes manifestations such as fever, tachycardia, arterial 

hypotension, and signs of multiple organ dysfunction, which significantly complicates 

the early establishment of an etiological diagnosis and timely identification of the 

pathogen [5]. 

Presentation of the main article material. Blood culture for sterility remains 

the «gold standard» for diagnosis of sepsis; however, its sensitivity does not exceed 

35%. This method has several significant limitations, including a prolonged time to 

obtain results (24–72 hours), reduced sensitivity following prior antibiotic therapy, and 

the risk of contamination. In addition, delays in pathogen detection lead to untimely 

initiation of adequate therapy, which negatively affects the clinical prognosis. At the 

same time, a negative result does not exclude the presence of a pathogen in the 

bloodstream, which may be associated either with previous antibiotic administration 

(false-negative results) or with the presence of non-cultivable microorganisms [6]. In 

this connection considerable attention is paid to laboratory biomarkers that allow 

indirect confirmation of the presence of an infectious process. These biomarkers 

include C-reactive protein (CRP), interleukin-6 (IL-6), procalcitonin (PCT), presepsin 

(P-SEP) [7]. 

CRP is synthesized in the liver under the influence of proinflammatory 

cytokines, particularly interleukins. During inflammation, its level may increase 

hundreds of times and correlates with the severity of clinical manifestations; however, 

this biomarker is nonspecific and does not allow determination of the etiology of the 

infection. Interleukin-6 (IL-6) is produced by macrophages and T lymphocytes. Іts 

elevation is associated with a severe course of the inflammatory process, including 

cases without clearly confirmed bacterial complications [8]. 
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PCT is a precursor of calcitonin. Its level increases in systemic bacterial and 

fungal infections under the influence of cytokines (IL-6, tumor necrosis factor) and 

endotoxins, where as calcitonin level remains relatively stable. At the same time, 

elevated PCT level may also occur in noninfectious conditions, such as trauma or 

surgical interventions; however, in the absence of infection, its concentration usually 

returns to normal within 3–5 days. It should also be taken into account that the increase 

in PCT may lag behind the onset of systemic dissemination of the process, which can 

sometimes limit its diagnostic accuracy in the early stages [9, 10]. 

P-SEP is considered one of the most sensitive and specific biomarkers of sepsis. 

Its plasma level is significantly elevated in patients with sepsis compared to non-

infected individuals, and it also correlates with disease severity and prognosis [11]. 

Comparing estimates of diagnostic effectiveness research data have shown that 

the sensitivity of sepsis biomarkers is as follows: P-SEP — 91,9%, PCT — 81,9%, IL-

6 — 88,9%, whereas blood culture for sterility reaches only 35,4%. Thus, these 

findings indicate the promising potential of presepsin for sepsis identification [12]. 

Additional difficulties in detecting septic conditions caused by S. aureus 

infection are largely due to the widespread occurrence of methicillin-resistant strains 

(MRSA), which are characterized by a high level of antimicrobial resistance and the 

ability for rapid nosocomial transmission. The presence of MRSA significantly 

complicates both etiological verification of the infectious process and the selection of 

effective empirical and targeted antibacterial therapy, often necessitating the use of 

reserve drugs with potentially higher toxicity and treatment costs [13]. 

A key role in the development of resistance is played by the mecA gene, which 

encodes an altered penicillin-binding protein PBP2a. This protein has a low affinity for 

β-lactam antibiotics, rendering standard drugs of this class ineffective. Detection of 

mecA is an important molecular marker for confirming MRSA and is of significant 

importance both for microbiological diagnostics and for clinical decision-making [14]. 

Besides, the diagnostic challenges are further complicated by phenotypic 

variability of resistance, the possibility of heteroresistant populations, and the 

emergence of strains with alternative resistance mechanisms (for example, those 

associated with the mecC gene). This reduces the reliability of phenotypic methods 

alone and substantiates the need for molecular genetic approaches, particularly PCR-

based diagnostics, for rapid and accurate detection of resistant strains [15]. Thus, 

timely detection of mecA and other genetic determinants of resistance is a critically 

important component of modern diagnostics of MRSA-associated septic conditions 

and enables optimization of antibacterial therapy at the early stages of the disease. 

For this there are special modern molecular genetic methods are used, 

significantly expanding the diagnostic capabilities for bloodstream infections. 

Polymerase chain reaction (PCR) enables rapid detection (within a few hours) of 

S. aureus infection and resistance genes (in particular mecA), with high sensitivity and 

specificity. The use of multiplex PCR panels allows simultaneous identification of a 

broad spectrum of pathogens and antimicrobial resistance markers without the need for 
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prior culture, which substantially reduces the time to etiological diagnosis and 

facilitates early initiation of targeted antimicrobial therapy [16]. 

At the same time, despite their clear advantages, these methods have several 

limitations. First and foremost is the high cost of equipment, reagents, and test systems, 

which restricts their widespread implementation, especially in resource-limited 

healthcare settings. In addition, PCR does not allow assessment of microbial viability 

or phenotypic antibiotic susceptibility, and it may yield false-positive results due to 

detection of DNA fragments from non-viable bacteria. Equally important are the 

requirements for highly qualified personnel and strict standardization of laboratory 

procedures. Thus, despite their high diagnostic value, molecular genetic methods 

should be considered as an adjunct to conventional bacteriological studies. 

A special place in modern microbiological diagnostics is occupied by MALDI-

TOF mass spectrometry, which enables rapid (within several minutes after obtaining a 

positive blood culture) and highly accurate identification of microorganisms based on 

analysis of the cellular protein profile. The method has already been widely integrated 

into routine clinical practice, allowing a significant reduction in the time required to 

establish an etiological diagnosis and optimization of antimicrobial therapy. An 

additional advantage is the relatively low cost per test after implementation of the 

technology. At the same time, the method has certain limitations: it requires prior 

isolation of a culture (or a positive blood culture), does not always allow determination 

of antimicrobial resistance (except for certain approaches), and depends on the quality 

and completeness of reference databases [17]. 

A promising research direction is whole-genome sequencing of microorganisms, 

which opens additional opportunities in the study of pathogens. This method enables 

identification of virulence genes, detailed characterization of antimicrobial resistance 

mechanisms, determination of genetic relatedness between strains, and tracking of their 

spread within hospitals and the population. Whole-genome sequencing is an extremely 

valuable tool for epidemiological surveillance and outbreak investigation. However, its 

widespread use is limited by high cost, the need for specialized equipment, 

bioinformatic support and significant time required for data processing and 

interpretation [18]. 

Immunological methods, including latex agglutination reactions and rapid 

antigen tests, are characterized by simplicity of performance and rapid result 

availability, which makes them suitable for primary screening or use in resource-

limited settings. However, their diagnostic accuracy, sensitivity, and specificity are 

inferior to modern molecular technologies, which limit their use as standalone methods 

for diagnostic confirmation [19]. 

On the background of the development of classical and molecular approaches, 

innovative technological solutions are being actively introduced. In particular, 

biosensors demonstrate significant potential for rapid and direct detection of S. aureus 

infection in blood samples without the need for prolonged culturing. They are based 

on electrochemical, optical, or nanotechnology platforms and can provide results 
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within an extremely short time frame, which is critically important in cases of sepsis 

[20]. Particular attention is drawn to the use of artificial intelligence algorithms, which 

enable the integration and analysis of large volumes of clinical, laboratory, and 

instrumental data. Such systems are capable of identifying hidden patterns, predicting 

the risk of sepsis development, assessing patient condition severity, and supporting 

clinical decision-making. The use of digital technologies in combination with 

laboratory diagnostics opens new possibilities for a personalized approach to patient 

management and improves the effectiveness of early detection of septic conditions 

[21]. 

Thus, diagnostic speed is a key factor in the management of patients with sepsis. 

Early pathogen identification allows reduction of mortality, optimization of 

antimicrobial therapy and shortening of hospital stay. Prospects for the development 

of diagnostics are associated with the improvement of point-of-care rapid tests, 

integration of molecular technologies into routine clinical practice, implementation of 

genomic approaches and expanded use of artificial intelligence. 

Conclusions. Therefore, the diagnosis of septic conditions caused by S. aureus 

infection remains a complex multifactorial problem, driven by the nonspecificity of 

clinical manifestations, the limited sensitivity of conventional microbiological 

methods, delays in pathogen verification, and the growing problem of antimicrobial 

resistance, particularly the spread of MRSA. The combination of these factors 

complicates timely diagnosis and leads to delays in the initiation of adequate etiological 

therapy, which directly affects disease prognosis. 

The use of modern molecular genetic technologies, biomarkers of systemic 

inflammatory response, and high-precision methods of microorganism identification 

significantly improves the speed and accuracy of the diagnostic process. However, 

their widespread implementation in clinical practice is limited by considerable 

economic costs, the need for specialized equipment, and highly qualified personnel. In 

addition, none of the existing methods is universal, which substantiates the 

appropriateness of a comprehensive diagnostic approach combining classical, 

molecular and immunological methods. 

Further development of this field is associated with the implementation of 

innovative technologies, including multiplex diagnostic platforms, biosensor systems, 

genomic research, and digital tools based on artificial intelligence. The integration of 

these approaches into clinical practice will contribute not only to improving the 

effectiveness of early diagnosis but also to treatment personalization, optimization of 

antimicrobial therapy, and, consequently, reduction of mortality among patients with 

sepsis. 
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