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Abstract

Background. Sepsis is responsible for over 11 million deaths per year, constituting one of the most heterogeneous critical illness 
syndromes. Whilst the implementation of bundle–based care has been demonstrated to be effi  cacious in reducing mortality, 
this eff ect has been shown to plateau in well–resourced settings due to the presence of biological heterogeneity. Systems 
immunology methods have been demonstrated to off er signifi cant potential for the development of precision diagnosis and 
treatment strategies.
Objective. The objective of this study was to undertake a systematic review of the extant evidence on systems immunology 
in the context of sepsis diagnosis and treatment. In addition, the study will involve a critical analysis of the limitations of the 
leading conceptual frameworks in this area, and the delineation of future research priorities. 
Materials and methods. A systematic analysis and synthesis of 43 publications from PubMed/MEDLINE, Cochrane Library, 
and Frontiers (2016–2025) was conducted, with priority given to retrospective analyses of randomized controlled trials (RCTs), 
systematic reviews, and large–cohort studies (n >100). The following keywords were utilised: ‘sepsis endotypes’, ‘phenotypes’, 
‘precision medicine’, and ‘transcriptomics’. The protocol was registered in the international registry of systematic reviews 
PROSPERO (CRD420261347322). Images were created using the Nano Banana 2.0 AI image editor (https://nano–banana2.co/), 
and the resulting data were reviewed, with changes and corrections made by the authors in accordance with the literature 
reviewed in this article.
Results. Hancock et al. (2024) identifi ed fi ve distinct endotypes, each characterised by approximately 200 unique diff erentially 
expressed genes, in transcriptomic data from emergency department patients (before formal diagnosis). The fi ve types of 
infl ammation are as follows: NPS (Neutrophilic–Suppressive): the most deadly type, and a potential target for dexamethasone; 
INF (Infl ammatory): characterised by hyperinfl ammation, opposed to NPS; IFN (Interferon): the predominance of interferon 
pathways; ADA (Adaptive): involving adaptive immunity; and IHD (Innate Host Defence): the activation of natural host defence. 
The SUBSPACE consortium (2025, n=3,380) validated four consensus endotypes and proposed the Hi–DEF two–dimensional 
framework (OR for severe outcomes with system–wide dysregulation=7.1, 95%CI 5.6–8.9). RCTs confi rmed heterogeneity of 
treatment eff ect: corticosteroids, simvastatin, and activated protein C demonstrated diff erential eff ects by subphenotype.
Conclusions. Systems immunology is transforming the management of sepsis, moving away from universal bundle protocols 
towards precision strategies. Key future priorities include prospective endotype–enriched adaptive RCTs, the development of 
bedside–compatible diagnostics, and improvements in global accessibility.
Кeywords: sepsis, systems immunology, endotypes, transcriptomics, precision medicine, machine learning, immunotherapy, 
and Covid–19.
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Materials and methods

Results

Table 1. Comparative characteristics of diagnostic transcriptomic signatures of sepsis  
(Hancock et al. 2024, adapted from [9]) 

Signature Number  
of genes Comparison AUC in sepsis % AUC in other 

diseases 

CR (cell reprogramming) 31 SOFA-classified sepsis 84 54 
SepsetER 6 Abbreviated version of CR 83 52 
IMX-BVN3 29 Bacterial vs viral 81 58 
SMS (Sepsis MetaScore) 11 Sepsis vs non-infectious inflammation 74 50 
Inflammatory 93 Non-specific inflammatory signature 74 52 
Lukaszewski 7 Infection vs SIRS ( ) 74 49 
Sweeney (FAIM3:PLAC8) 2 Relationship between two genes 70 57 
MS1 (Monocyte State 1) 8 Bacterial sepsis (scRNA-Seq) 68 48 
SeptiCyte Rapid 2 Infectious vs non-infectious 63 52 
Note: AUC — area under the ROC curve; higher values for sepsis and values close to 50% for other diseases indicate better 

specificity. The analysis was performed on 7 public datasets (1661 patients). 
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Table 1

Table 2

Table 2. Comparison of leading classification systems for sepsis endotypes

System Authors, year Number of 
endotypes Data type Key clinical significance 

SRS1/SRS2 Davenport et al., 2016 [15] 2 Blood 
transcriptomics 

Differential response  
to corticosteroids 

MARS1–4 Scicluna et al., 2017 [21] 4 Blood 
transcriptomics Prognostic stratification 

Inflammopathic/ Adaptive/ 
Coagulopathic Sweeney et al., 2018 [22] 3 Transcriptomics  

(3 cohorts) 
Identification of key 

immune mechanisms 

/ / /  Seymour et al., 2019 [23] 4 Clinical variables Differential response  
to EGDT 

NPS/INF/IFN/ADA/IHD Baghela, Hancock,  
2022–2024 [9, 20] 5 RNA-Seq (emergency 

department) 
Prognosis, potential 
therapeutic targets 

Hi-DEF (2D) Moore et al. 
(SUBSPACE)2025 [24] 4 + continuum scRNA-seq, bulk 

(3,380 patients) 
Predictor of mortality 

OR=5.2–7.1 
Note: EGDT — early goal-directed therapy; OR — odds ratio; CI — confidence interval. 
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Table 3

Table 3. Heterogeneity of therapeutic effect depending on sepsis subphenotype (selected examples)

Research Syndrome Subphenotypes Intervention Differential effect 

Antcliffe, 2019 [27] Sepsis SRS1 (im.-suppressive) 
vs SRS2 Hydrocortisone  mortality in SRS2 (OR 4.57) 

Calfee, 2018 [28] ARDS Hyper-  
vs hypoinflammatory Simvastatin  mortality only in hyperin ammatory 

Sinha, 2023 [29] Sepsis Hyper- vs 
hypoinflammatory Activated protein C  in hyperinflammatory;  in 

hypoinflammatory 

Bhatraju, 2019 [31] Sepsis with 
ARDS AKI-SP1 vs AKI-SP2 Vasopressin  90-day mortality in AKI-SP1 

Fish, 2022 [30] COVID-19 Subphenotypes 1, 2, 3 Convalescent plasma Harm in subphenotypes 2 and 3 
Note: HTE — heterogeneity of treatment effect; ARF — acute renal failure; OR — odds ratio. 
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Discussion

Table 4. Summary comparative analysis: Hancock et al. 2024 vs. Contemporary Science 2024–2025

Aspect Hancock et al., 2024 [9] Current research,  
2024–2025 Key sources 

Endotypes 5 discrete (NPS, INF, IFN, 
ADA, IHD) 

4 consensus + two-dimensional Hi-
DEF continuum Moore et al., 2025 [24] 

Technology Bulk RNA-Seq + ML scRNA-seq, scATAC-seq, CITE-
seq, 3D spatial transcriptomics Yang et al., 2025 [11] 

Clinical translation Potential endotype-
specific tests 

FDA-authorised AI test; portable 
bedside test (UBC) 

Bhargava et al., 2024;  
Malic et al., 2025 [17, 18] 

Logic of endotypes Descriptive clustering Causal inference, ‘treatable traits’ Baillie et al., 2024 [12] 

Pathogenesis Predominantly immune 
dysregulation 

Triad: immune + endothelial + 
coagulation dysfunction Girardis et al., 2024 [40] 

Dynamics Longitudinal analysis as  
a prospect 

mHLA-DR trajectory: critical; 30% 
change endotype within 48 hours 

Monneret et al., 2025 [39]; 
Antcliffe et al., 2025 [26] 

Microbiome Not considered Intestinal dysbiosis — key factor in 
severity Klingensmith et al., 2025 [41] 

Global accessibility Not considered 85% of deaths in LMIC; consensus 
for limited resources Thwaites et al., 2025 [25] 

Note: LMIC — low- and middle-income countries; mHLA-DR — expression of the HLA-DR molecule on monocytes. 
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Table 4 Figure

A comparative analysis of studies by Hancock et al. (2024) 
with new studies from 2025
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Table 4.

Conclusions



111

 

http: //hirurgiya.com.ua UJCS. 2026 May/June; 93(3)

   
The Ukrainian Journal of Clinical Surgery

References



112
http: //hirurgiya.com.uaUJCS. 2026 May/June; 93(3)

   
The Ukrainian Journal of Clinical Surgery


