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Salivary Cytokine Profiles as Early Diagnostic Biomarkers for Sepsis Severity in 
Emergency Department Patients​
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Abstract:  
Globally, sepsis is one of the deadliest and most expensive diseases, resulting in around 11 
million annual deaths (Rudd et al., 2020). Current blood-based biomarkers are invasive, 
sensitive to time and often do not provide clear results in the early phase of treatment 
(Wacker et al., 2013). This study proposes a potential clinical trial aiming to test the 
hypothesis that salivary levels of interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and 
interleukin-10 (IL-10) at emergency department (ED) admission are associated with 
Sequential Organ Failure Assessment (SOFA) scores and predict early 28‑day death in adults 
with sepsis. This study will use saliva as a non-invasive, rapidly accessible biofluid and 
multiplex cytokine immunoassay technology to provide a proof-of-concept of point-of-care 
salivary diagnostics in sepsis triage. This method could alter early sepsis practice, especially 
in resource‑limited settings. 
Introduction:  
Despite advances, sepsis continues to be a leading cause of death. Recent biomarkers, 
including procalcitonin and serum lactate, are invasive and have serious shortcomings in 
early sensitivity and specificity (Pierrakos & Vincent, 2010). Sepsis pathophysiology occurs 
under the influence of an irregular cytokine storm comprising IL‑6, TNF‑α, and IL‑10 
(Chousterman et al., 2017), but this has not yet been explored in saliva, a non‑invasive 
biofluid that reflects systemic inflammation (Song et al., 2023). Although salivary cytokines 
are useful in chronic inflammatory diseases (Dongiovanni et al., 2023), their use in acute 
sepsis remains understudied. Therefore, this study asks: Do salivary concentrations of IL‑6, 
TNF‑α, and IL‑10 measured at ED admission correlate with SOFA scores and predict 28‑day 
all‑cause mortality in adult patients meeting Sepsis‑3 diagnostic criteria? 
Literature Review:  
Sepsis pathophysiology involves pro-inflammatory and immunosuppressive cytokine 
signaling. Schulte et al. (2013) show that IL-6, TNF-alpha, and IL-10 are important 
regulators of immune cascade during sepsis. High concentrations of the three indicate organ 
dysfunction and mortality. Tanaka et al. (2014) also found IL-6 as a central intermediary of 
the acute-phase response and a biomarker action target. Such cytokines can be found not only 
in blood but also in mucosal secretions due to systemic immune responses and local glandular 
responses (Yoshizawa et al., 2013). 
The diagnostic capability of saliva has received considerable momentum over the last few 
years. Song et al. (2023) compiled a list of diverse systemic diseases for which salivary 
biomarkers are promising participants in the diagnostic process. Likewise, Dongiovanni et al. 
(2023) summarized data regarding salivary cytokines as non-invasive indicators of chronic 
low-grade inflammation and concluded that salivary IL-6 and TNF-α represent an 
inflammatory burden in the system with a moderate-good diagnostic measure. In an acute 
care environment, Tzira et al. (2018) discovered that physiological stress reactions are 
associated with salivary biomarkers in critically ill children, which provides initial evidence 
that saliva could measure changes in the acute system. 
Methodologically, multiplex immunoassays using Luminex bead-based systems allow 
high‑sensitivity detection of multiple cytokines in small samples (Leng et al., 2008; Günther 
et al., 2020). This technology is highly appropriate for salivary matrices and for point‑of‑care 
adaptation. Recent point-of-care diagnostics are, however, based on blood, and few efforts 
have been made to explore salivary testing platforms, even though the latter have ideal 
logistical features compared to blood‑based tests (Moore et al., 2025; Alter, 2021). SOFA 
score, the most tested severity scale in sepsis (Seymour et al., 2016; Vincent et al., 1996), is 
the endpoint of choice in studies of biomarker correlation under the Sepsis-3 consensus 
definitions (Singer et al., 2016). Povoa et al. (2023) noted that future research on sepsis 
biomarkers needs to be framed in clinical terms, with SOFA and 28‑day mortality as the 



appropriate metrics. Taken together, the literature provides a rationale for studying the 
salivary cytokine panel to assess the severity of sepsis and confirms a lack of prospective 
clinical studies in the area. 
Methodology:  
The present research will use a prospective observational cohort with a minimum duration of 
18 months in two tertiary urban hospital EDs. Patients meeting Sepsis‑3 criteria (adults older 
or equal to 18 years with suspected sepsis and an acute SOFA increase of more than or equal 
to 2 points) are eligible (Singer et al., 2016). Exclusion criteria include: oral surgery or oral 
infection, autoimmune disease, immunosuppressive treatment, or inability to consent. 
Unstimulated whole saliva will be obtained via the passive drool method. It will be collected 
within 60 minutes of ED triage, before the administration of antibiotics. The samples will 
then be immediately centrifuged, aliquoted, and stored at −80 °C until batch analysis. At the 
same time, conventional clinical information will be gathered, including vital signs, 
laboratory values, and the components of the SOFA score at 0, 24, and 72 hours. 
Comparators will include blood cultures, serum procalcitonin, serum IL-6, lactate, and CRP. 
A Luminex-based multiplex bead immunoassay panel for IL-6, TNF-α, and IL-10 will be 
used (Leng et al., 2008; Günther et al., 2020) because it can simultaneously analyze several 
analytes in micro-volume samples with a femtogram‑level sensitivity limit. The statistical 
tests to be conducted are Spearman rank correlation between salivary levels of cytokines and 
SOFA scores, receiver operating curve analysis with the determination of the area under the 
curve (AUC) to predict 28‑day mortality, and multivariate logistic regression, which will 
control the effects of age, sex, and infection source. The preliminary results of the cytokine 
correlation evidence of similar studies provide an approximation of 200 as a target number of 
patients, estimated to reach 80% power at α = 0.05 (Slavish et al., 2015; Tzira et al., 2018). 
This research will be submitted to the Institutional Review Board (IRB), and all participants 
will sign the informed consent form. 
Expected Results:  
The hypothesis is based on the fact that salivary IL-6 will show the most statistically 
significant and strongest correlation with SOFA score at admission. Specifically, the 
Spearman ρ is expected to be 0.55 or greater due to the proven role of IL-6 as the leading 
acute-phase cytokine in sepsis (Tanaka et al., 2014; Schulte et al., 2013). Salivary TNF-α 
should correlate with early organ dysfunction, and salivary IL-10, as an anti-inflammatory 
mediator, is likely to demonstrate the likelihood of an anti‑inflammatory shift and 
immunosuppressive immune paralysis in non‑survivors. ROC analysis should yield AUC 
values of 0.75 or above for salivary IL-6, which would be similar to the performance 
thresholds that serum procalcitonin can achieve in 28‑day mortality prediction as reported by 
Wacker et al. (2013). Subgroup analyses will consider that the release of salivary cytokines 
may differ depending on the source of infection (e.g., pulmonary vs. abdominal sepsis) and 
that combinations of cytokine signatures may be more effective than single markers. These 
numerical data will be reported with 95 % confidence intervals, and forest plots will be used 
to visualize subgroup effects. 
Conclusion:  
This study proposes a non‑invasive salivary cytokine panel to address the critical gap in early 
sepsis stratification. If successful, this approach could eliminate needle‑based collection and 
enable rapid point‑of‑care testing (Moore et al., 2025; Alter, 2021). Beyond clinical use, this 
study would establish a methodological archetype for the urgent field of salivary diagnostics 
in acute infectious disease (Póvoa et al., 2023). Saliva‑based testing is low in cold‑chain 
requirements and does not need phlebotomy infrastructure, allowing applications in low‑ and 
middle‑income countries where sepsis burden is highest (Rudd et al., 2020). 
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