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Abstract 

When the immune system overreacts to a viral invader, the resulting cytokine storm can cause more 

damage than the pathogen itself. This research measured serum concentrations of six pro- and anti-

inflammatory cytokines—IL-6, TNF-alpha, IL-1-beta, IFN-gamma, IL-10, and IL-8—in 122 adults 

hospitalised with severe viral respiratory infections at collaborating hospitals in Port Blair and Chennai, 

India, between May and December 2023. Patients were stratified by clinical severity: mild (n=48), 

moderate (n=36), severe (n=24), and critical (n=14). IL-6 showed the strongest association with disease 

severity, rising from 34.2 pg/mL in mild cases to 1,842.7 pg/mL in critical cases (54-fold increase, 

p<0.001). TNF-alpha and IL-1-beta followed similar but less steep gradients. A composite cytokine 

storm score (CSS) incorporating all six cytokines discriminated critical from non-critical patients with 

an AUC of 0.94 (95% CI: 0.89-0.98). IL-10, an anti-inflammatory cytokine, rose paradoxically 

alongside pro-inflammatory markers in severe and critical cases, suggesting a dysregulated rather than 

absent counter-regulatory response. These findings support IL-6 as the single best biomarker for 

cytokine storm severity and validate a multi-cytokine scoring approach for early identification of 

patients at risk of clinical deterioration. 

 
Keywords: Cytokine storm, biomarkers, immune dysregulation, IL-6, TNF-alpha, viral respiratory 

infections, severity stratification, inflammatory response, cytokine storm score, immunopathology 

 

Introduction 

There is a practical dilemma that confronts every clinician managing severe respiratory 

infections: how do you tell, early enough to intervene, which patients will spiral into multi-

organ failure driven by their own immune system? The cytokine storm—a cascade of 

excessive pro-inflammatory mediator release—has been implicated in fatalities from 

influenza, SARS-CoV-2, RSV, and other respiratory viruses [1, 2]. But the term itself is poorly 

defined, and no consensus exists on which cytokines to measure, at what thresholds, or how 

to combine them into a clinically actionable score [3]. 

IL-6 has emerged as the leading candidate biomarker because it rises early, correlates with 

disease severity across multiple viral infections, and serves as the target of the monoclonal 

antibody tocilizumab [4]. Yet IL-6 alone may miss patients whose storm is driven primarily 

by TNF-alpha or IFN-gamma pathways. A multi-cytokine panel that captures the breadth of 

the inflammatory response might perform better as a prognostic tool [5]. 

This research measured six cytokines across four severity strata in hospitalised adults with 

virologically confirmed respiratory infections in Port Blair and Chennai, India. The 

objectives were to (i) quantify cytokine concentrations across severity groups, (ii) construct 

and validate a composite cytokine storm score, and (iii) determine which individual cytokine 

best predicts clinical deterioration [6]. 

 

Clinical Implications 

The practical translation of these data is straightforward: a single IL-6 measurement above 

200 pg/mL at hospital admission identified patients who subsequently required ICU transfer 

with 87.5% sensitivity and 82.1% specificity. Adding TNF-alpha and IL-10 to the panel in 

the composite CSS raised the AUC from 0.89 (IL-6 alone) to 0.94. These thresholds can be 

implemented on standard clinical immunoassay platforms available in most Indian tertiary  
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hospitals, enabling early triage of high-risk patients for 

closer monitoring, early corticosteroid initiation, or 

consideration of IL-6 receptor blockade. 

 

Limitations 

The sample size of 122 patients, while sufficient for the 

primary analysis, limits subgroup comparisons by specific 

viral aetiology (influenza A, RSV, adenovirus, SARS-CoV-

2). Cytokines were measured at a single time point 

(admission), so temporal dynamics of the storm could not be 

captured. The CSS has not been externally validated in an 

independent cohort, and the severity-dependent IL-10 rise—
though consistent with published reports—complicates the 

interpretation of anti-inflammatory balance. 

 

Materials and Methods 

Materials 

Serum samples were collected from 122 adults (age >=18) 

hospitalised with RT-PCR-confirmed viral respiratory 

infections at the Andaman Institute of Marine Biology 

Hospital, Port Blair (n=47), and the Madras Institute of 

Biological Research Teaching Hospital, Chennai (n=75), 

between May and December 2023. Viral aetiologies 

included influenza A/H3N2 (n=41), SARS-CoV-2 (n=34), 

RSV (n=28), and adenovirus (n=19). Severity was classified 

by WHO criteria: mild (no oxygen), moderate (oxygen by 

nasal cannula), severe (high-flow or non-invasive 

ventilation), and critical (mechanical ventilation or 

vasopressors) [7]. 

Methods 

Serum cytokines (IL-6, TNF-alpha, IL-1-beta, IFN-gamma, 

IL-10, IL-8) were measured by Luminex multiplex 

immunoassay (Bio-Plex 200, Bio-Rad, Hercules, CA, USA) 

using the Bio-Plex Pro Human Cytokine 8-plex panel [8]. 

The composite cytokine storm score was calculated as the 

weighted sum of log-transformed concentrations, with 

weights derived from logistic regression coefficients 

predicting critical illness. ROC curve analysis assessed 

discriminative performance. Kruskal-Wallis tests compared 

cytokine levels across severity groups; Dunn post-hoc with 

Bonferroni correction identified pairwise differences. 

Spearman correlations linked cytokine levels to clinical 

outcomes (ICU admission, mechanical ventilation, 

mortality). Analyses used R v4.3.1 and MedCalc v22 (p < 

0.05). 

 

Safety Considerations 

Blood draws (10 mL venous) were performed during routine 

clinical sampling to minimise additional venipuncture 

burden. Patients with coagulopathy (INR >2.0 or platelets 

<50,000/uL) were excluded to reduce bleeding risk. All 

samples were handled following BSL-2 protocols given the 

potential for viable respiratory virus in serum. Research 

staff wore full PPE during sample processing. No adverse 

events related to sample collection were recorded. 

 

Results 

 
Table 1: Serum cytokine concentrations (pg/mL) across severity groups in 122 patients with viral respiratory infections 

 

Cytokine Mild (48) Mod (36) Severe (24) Critical (14) p-value Fold (crit/mild) 

IL-6 34.2 127.8 486.3 1842.7 <0.001 53.9 

TNF-alpha 8.7 24.3 67.8 189.4 <0.001 21.8 

IL-1-beta 4.3 14.7 42.6 118.3 <0.001 27.5 

IFN-gamma 12.8 38.4 84.2 167.3 <0.001 13.1 

IL-10 6.1 18.3 52.7 143.8 <0.001 23.6 

IL-8 87.4 213.6 478.2 892.1 <0.001 10.2 

Median values. Kruskal-Wallis test with Dunn post-hoc correction. All pairwise comparisons between critical and mild groups were 

significant (p<0.001). 

 

All six cytokines rose significantly with increasing severity. 

IL-6 showed the steepest gradient, increasing 54-fold from 

mild to critical. The composite CSS achieved an AUC of 

0.94 for discriminating critical from non-critical patients, 

compared with 0.89 for IL-6 alone, 0.83 for TNF-alpha 

alone, and 0.81 for IL-10 alone. IL-10's parallel rise with 

pro-inflammatory cytokines in severe and critical groups 

suggests a failing counter-regulatory mechanism rather than 

an absent one. 

 

 
 

Fig 1: Donut chart showing the relative contribution of six cytokines to the composite cytokine storm score (CSS). IL-6 contributed the 

largest weight (28.4%), followed by TNF-alpha (19.7%) 
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Fig 2: IL-6 and TNF-alpha concentrations across four severity groups (log scale). Both cytokines showed exponential increases from mild to 

critical disease 

 

Discussion 

The 54-fold IL-6 gradient from mild to critical illness is 

among the steepest reported in any respiratory infection 

cohort and reinforces IL-6 as the leading cytokine storm 

biomarker [9, 10]. The composite CSS outperformed any 

single cytokine, which is expected given the multi-pathway 

nature of immune dysregulation in severe infections. The 

paradoxical IL-10 elevation in critical patients has been 

reported in influenza and SARS-CoV-2 cohorts and likely 

reflects a compensatory anti-inflammatory response that is 

overwhelmed by the magnitude of pro-inflammatory 

signaling [11, 12]. 

From a practical standpoint, the IL-6 threshold of 200 

pg/mL for ICU prediction is achievable on rapid-turnaround 

platforms like the Roche Elecsys or Abbott Alinity, both 

available at tertiary centres in India. The CSS adds 

incremental value but requires a multiplex assay, which may 

limit its adoption in resource-constrained settings [13, 14]. 

 

Conclusion 

This research demonstrates that a six-cytokine panel can 

stratify patients with severe viral respiratory infections by 

clinical severity with high discriminative accuracy (AUC 

0.94). IL-6 alone is a strong predictor of critical illness, but 

the composite CSS incorporating TNF-alpha, IL-1-beta, 

IFN-gamma, IL-10, and IL-8 adds meaningful prognostic 

value. The paradoxical IL-10 elevation in critical patients 

highlights the importance of measuring both pro- and anti-

inflammatory arms of the response. Prospective validation 

of these thresholds in larger, multi-centre cohorts is needed 

before clinical implementation, along with assessment of 

whether early cytokine-guided intervention (corticosteroids, 

tocilizumab) improves outcomes when triggered by CSS 

values above defined cutoffs [15-21]. 
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