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Abstract 
The mortality burden attributable to severe viral respiratory infections has prompted urgent 

investigation into mechanisms underlying cytokine storm syndrome and identification of reliable 

prognostic biomarkers. This prospective observational research evaluated temporal dynamics of 

interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-alpha (TNF-α) in 186 
hospitalized patients with severe viral respiratory infections between August 2022 and December 2023. 

Patients were stratified by disease severity into mild (n=52), moderate (n=48), severe (n=47), and 

critical (n=39) groups based on respiratory support requirements. Serial cytokine measurements 

revealed distinct temporal patterns with IL-6 demonstrating earliest and highest peak elevation (24.7-

fold increase at day 3 in severe cases), followed by IL-1β (15.4-fold at day 5) and TNF-α (14.2-fold at 

day 3). Cumulative cytokine burden calculated as area under the curve showed progressive increases 

across severity categories, with critical patients demonstrating 10.8-fold higher IL-6 burden compared 

to mild cases (p<0.001). Receiver operating characteristic analysis identified IL-6 concentration above 

87 pg/mL on day 3 as optimal predictor of progression to mechanical ventilation (AUC 0.894, 

sensitivity 91%, specificity 82%). Mortality was significantly associated with sustained IL-6 elevation 

beyond day 7, with non-survivors maintaining levels 4.2-fold higher than survivors at day 10 

(p<0.001). These findings establish IL-6 as the predominant cytokine storm biomarker with superior 

prognostic utility for identifying patients requiring escalated care. Early cytokine profiling may guide 

therapeutic decisions regarding immunomodulatory interventions in severe viral respiratory infections. 
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Introduction 
Nearly 290,000 deaths annually worldwide result from severe complications of respiratory 

viral infections, with mortality rates reaching 40% among patients requiring mechanical 

ventilation according to global surveillance data [1]. The clinical trajectory from initial viral 

insult to life-threatening respiratory failure involves complex immunopathological cascades 

that remain incompletely characterized. Central among these is cytokine storm syndrome, 

wherein dysregulated inflammatory cytokine release paradoxically damages host tissues 

while failing to adequately control viral replication. 

Interleukin-6 has emerged as a pivotal mediator of systemic inflammation during severe 

respiratory infections [2]. This pleiotropic cytokine orchestrates acute phase responses, 

promotes T-cell differentiation, and stimulates antibody production. However, excessive IL-6 

signaling drives pathological inflammation including vascular permeability increases, 

coagulation cascade activation, and cardiomyocyte dysfunction. Therapeutic targeting of IL-

6 pathways has demonstrated clinical benefit in selected patient populations, though optimal 

patient selection criteria remain undefined [3]. 

Interleukin-1β represents another critical inflammatory mediator processed through 
inflammasome activation in response to danger signals [4]. This cytokine promotes fever, 

enhances leukocyte recruitment, and amplifies inflammatory cascades through positive 

feedback mechanisms. The contribution of IL-1β to respiratory failure during viral infections  
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The gathered Nauclea latifolia leaves were washed 

thoroughly in clean water, rinsed with distilled water, and 

drained. The leaves were then dried for seven (7) days away 

from direct sunshine before being processed into powder 

with a hand blender. The pulverized leaves were weighed 

and treated with distilled water until the powder is fully 

immersed. The flask was shaken every hour for the first 6 

hrs and then it was kep involves both direct alveolar 

epithelial damage and indirect effects through neutrophil 

activation and reactive oxygen species generation. 

Tumor necrosis factor-alpha, primarily produced by 

activated macrophages, exerts both protective antiviral 

effects and pathological tissue-damaging consequences 

depending on concentration and context [5]. While TNF-α 
signaling is essential for coordinating immune responses 

and promoting viral clearance, sustained elevation 

contributes to endothelial dysfunction, capillary leak 

syndrome, and multi-organ failure. The balance between 

protective and pathological TNF-α effects during respiratory 

infections remains challenging to characterize clinically. 

Current prognostic models for severe respiratory infections 

rely predominantly on clinical parameters and basic 

laboratory markers that provide limited insight into 

underlying immunopathology [6]. Biomarkers capable of 

identifying incipient cytokine storm before clinical 

deterioration could enable preemptive therapeutic 

interventions. This research aimed to characterize temporal 

cytokine dynamics across disease severity categories and 

identify optimal biomarker thresholds for predicting clinical 

outcomes in severe viral respiratory infections. 

 
Material and Methods 

Patient enrolment 
This prospective observational research enrolled 186 

consecutive patients hospitalized with laboratory-confirmed 

viral respiratory infections at National Institute of 

Respiratory Diseases, Mexico City, between August 2022 

and December 2023. Inclusion criteria required age ≥18 
years, positive molecular testing for respiratory viruses, and 

oxygen saturation <94% on room air at presentation. 

Exclusion criteria encompassed immunosuppressive 

therapy, active malignancy, chronic inflammatory 

conditions, and pregnancy. Disease severity was classified 

according to World Health Organization criteria based on 

respiratory support requirements. 

 

Cytokine measurements 

Venous blood samples were collected at admission (day 0) 

and days 1, 3, 5, 7, 10, and 14 following symptom onset. 

Serum was separated within 2 hours and stored at -80°C 

until batch analysis. IL-6, IL-1β, and TNF-α concentrations 
were measured using Luminex xMAP multiplex 

immunoassay (Bio-Rad Laboratories, Hercules, USA) with 

detection limits of 0.8 pg/mL, 0.4 pg/mL, and 1.2 pg/mL 

respectively. Intra-assay and inter-assay coefficients of 

variation were maintained below 8% for all analytes. 

 

Statistical analysis 
Cytokine concentrations were expressed as fold-change 

from healthy reference values. Area under the curve was 

calculated using trapezoidal integration to represent 

cumulative cytokine burden. Group comparisons employed 

Kruskal-Wallis test with Dunn post-hoc correction. Receiver 

operating characteristic analysis determined optimal cutoff 

values for predicting clinical outcomes. Survival analysis 

used Kaplan-Meier method with log-rank testing. Statistical 

significance was defined as p<0.05 using SPSS version 28. 

 

Ethical considerations 

This research received approval from the Institutional 

Review Board of National Institute of Respiratory Diseases 

(protocol IRB-INER-2022-0156) and adhered to Declaration 

of Helsinki principles. Written informed consent was 

obtained from patients or legally authorized representatives 

for incapacitated individuals. Data were de-identified and 

stored on password-protected institutional servers. The 

research was registered prospectively in the Mexican 

Clinical Trials Registry. 

 

Quality control and calibration 

Multiplex immunoassay performance was verified daily 

using manufacturer-supplied quality control materials at 

three concentration levels (low, medium, high). Calibration 

curves were generated using seven-point serial dilutions of 

recombinant cytokine standards. Sample dilution linearity 

was confirmed for specimens exceeding upper detection 

limits. Replicate analysis of blinded quality assessment 

samples demonstrated inter-laboratory agreement within 

15% of consensus values. 

 

Results 

The cohort comprised 112 males and 74 females with 

median age 54 years (IQR 42-67). Viral etiology included 

influenza (38%), respiratory syncytial virus (24%), and 

other respiratory viruses (38%). Comorbidities were present 

in 68% of patients, with diabetes (34%), hypertension 

(42%), and obesity (28%) most prevalent. Overall mortality 

was 18.8% (35/186), with deaths concentrated in severe and 

critical categories. 

Temporal cytokine profiles demonstrated distinct kinetic 

patterns across severity groups (Figure 1). IL-6 showed 

earliest and most pronounced elevation, peaking at day 3 in 

severe cases with 24.7-fold increase from baseline. IL-1β 
demonstrated delayed peak at day 5, while TNF-α followed 
intermediate kinetics with peak at day 3. All cytokines 

returned toward baseline by day 14 in survivors
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Fig 1: Temporal kinetics of IL-6, IL-1β, and TNF-α in patients with severe viral respiratory infections. Values represent mean fold-change 

from baseline in severe cases (n=47) 

 
Cumulative cytokine burden showed progressive increases 

with disease severity (Figure 2). Critical patients 

demonstrated IL-6 area under curve 10.8-fold higher than 

mild cases (486 vs 45 pg/mL·days, p<0.001). Similar 

severity-dependent gradients were observed for IL-1β (10.7-

fold) and TNF-α (9.9-fold). 

 

 

 
 

Fig 2. Cumulative cytokine burden (area under curve) stratified by disease severity classification. Stacked bars represent individual cytokine 

contributions to total inflammatory burden 

 

ROC analysis identified IL-6 >87 pg/mL at day 3 as optimal 

predictor of mechanical ventilation requirement (AUC 

0.894, 95% CI: 0.841-0.947, sensitivity 91%, specificity 

82%). This threshold outperformed IL-1β (AUC 0.812) and 
TNF-α (AUC 0.784) for predicting respiratory deterioration. 

 
Discussion 

This comprehensive temporal analysis establishes IL-6 as 

the predominant cytokine storm biomarker with superior 

prognostic utility in severe viral respiratory infections. The 

earlier and more pronounced elevation of IL-6 compared to 

IL-1β and TNF-α suggests this cytokine occupies an 
upstream position in inflammatory cascades, making it 

particularly suitable for early risk stratification [7]. The day 3 

timepoint emerges as critical for prognostic assessment  

when cytokine elevation reaches maximum discriminatory 

capacity. 
The cumulative cytokine burden analysis provides 
additional prognostic information beyond single timepoint 
measurements by capturing total inflammatory exposure 
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 over the disease course. Critical patients demonstrated 
approximately 10-fold higher integrated cytokine levels, 
reflecting sustained dysregulated inflammation rather than 
transient elevations [8]. This finding supports concepts of 
cytokine storm as a prolonged rather than momentary 
phenomenon. 
The IL-6 threshold of 87 pg/mL for predicting mechanical 
ventilation demonstrates excellent diagnostic performance 
suitable for clinical implementation. This value aligns with 
thresholds identified in previous investigations, though 
methodological differences in assay platforms necessitate 
local validation [9]. Integration of IL-6 monitoring with 
clinical assessment may enable earlier identification of 
patients requiring escalated care or immunomodulatory 
interventions. 
The observation that non-survivors maintained elevated IL-6 
beyond day 7 while survivors showed declining trajectories 
highlights the importance of serial monitoring rather than 
single measurements [10]. Failure of cytokine resolution may 
indicate persistent viral replication, secondary bacterial 
infection, or autonomous inflammatory perpetuation 
requiring targeted investigation and intervention. 
 
Conclusion 
This research demonstrates that IL-6, IL-1β, and TNF-α 
exhibit distinct temporal kinetics during severe viral 
respiratory infections, with IL-6 showing earliest elevation 
and strongest association with clinical outcomes. The 
identification of IL-6 >87 pg/mL at day 3 as a robust 
predictor of mechanical ventilation requirement provides a 
practical prognostic tool for clinical decision-making. 
Cumulative cytokine burden analysis reveals progressive 
inflammatory dysregulation across severity categories, 
supporting the concept of cytokine storm as sustained rather 
than transient immunopathology. 
These findings support implementation of systematic 
cytokine monitoring in hospitalized patients with severe 
respiratory infections, particularly IL-6 measurement at day 
3 post-symptom onset. Early identification of cytokine 
storm may guide therapeutic decisions regarding 
tocilizumab and other immunomodulatory agents. Future 
research should evaluate whether cytokine-guided treatment 
algorithms improve clinical outcomes compared to standard 
care protocols. 
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