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Variations in capillary and serum lactates levels based on different etiologies of septic patients in the emergency department
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Introduction: Sepsis is a life-threating and time-depending condition. This study examined the association between sepsis etiology and variations in capillary and serum lactate levels, neutrophil-to-lymphocyte ratio, and diastolic shock index in emergency department patients.

Methods: This study, conducted between 2021 and 2022 at the Emergency Department of Ferrara, included the following criteria: (i) clinical suspect of infectious disease; (ii) qSOFA ≥2; (iii) age ≥18 years; (iv) signed informed consent. Etiologies were: (i) negative cultures (NC); (ii) Gram positive (GP); (iii) Gram negative (GN); (iv) fungal infections (FI).

Results: Among the 200 included patients, 104 (52.0%) had NC, 36 (18.0%) GP, 53 (26.5%) GN and 7 (3.5%) FI. CLs (p = 0.006) and SLs (p < 0.001) were different according to etiology being higher in GP infections. NLR (p = 0.035) was higher in GN infections, while DSI (p = 0.008) increased in FI. Mortality was not influenced by the etiology.

Conclusion: All parameters differed according to sepsis etiology, thus improving early prediction of sepsis etiology and its pharmacological management.
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Introduction

Sepsis is a global health priority with a significant increase of incidence worldwide (1, 2). From a pathogenetic standpoint, this life-threatening and time-dependent organ dysfunction results from an altered host response to a wide range of infections (1). The lack of reliable biomarkers, the limited usefulness of diagnostic scores (e.g., quick Sequential Organ Failure Assessment [qSOFA], and National Early Warning Score-2 [NEWS-2]), and its multifaceted treatment (i.e., antimicrobials, fluid replacement, vasopressors and oxygen) make sepsis a clinical challenge (3, 4). Among various etiologies, pulmonary infections are considered the most prevalent ones followed by urinary tract, abdominal, endocarditis, soft tissue, bone and central nervous system infections (5). However, up to 50% of septic cases shows negative blood cultures despite clinical suspicion of infection (5, 6). This latter aspect requires a careful clinical evaluation to explore alternative sources of infection and guide appropriate antimicrobial therapy (6). Following pathogen infection, the host immune system initiates a cascade of inflammatory mediators, leading to vasodilation, increased vascular permeability, and altered microcirculatory blood flow. These changes contribute to tissue hypoperfusion and cellular hypoxia, prompting anaerobic metabolism and subsequent lactate production. Furthermore, mitochondrial dysfunction exacerbates lactate accumulation by impairing aerobic respiration and oxidative phosphorylation. Therefore, lactate levels can be used to assess sepsis severity and prognosis, reflecting the underlying physiopathological processes of tissue hypoperfusion, cellular dysfunction, and mitochondrial injury (7). In a previous study, we demonstrated that capillary lactates (CLs) can be a reliable tool for the early identification of septic patients at high risk of 48-h and 7-day mortality (7). Furthermore, in the latest years, both neutrophil-to-lymphocyte ratio (NLR) (8) and diastolic shock index (DSI) (9) have been also reported as good predictors of fatal outcome in septic patients.

The main goal of this study was to assess whether variations in CLs and serum lactates (SLs) levels vary according to sepsis etiology in patients admitted to the Emergency Department (ED). The secondary aim is to evaluate whether NLR and DSI could statistically differ depending on etiology.



Materials and methods

This is a monocentric, observational and prospective study performed between October 2021 and May 2022 at the Emergency Department (ED) of the St. Anna University Hospital of Ferrara, Italy. Inclusion criteria were: (i) suspect of infectious disease; (ii) age ≥18 years; (iii) qSOFA ≥ 2; (iv) a signed informed consent obtained from each involved patient (or their relatives in case of severe clinical conditions). Patients found to be non-septic were excluded. This protocol was proposed before the publication of 2021 sepsis guidelines (3), therefore qSOFA has been used as severity screening tool. Before starting the enrollment, specific tests were performed to determine the sample size needed to achieve statistical significance in the proposed outcomes.

The following data were retrieved for each patient: (i) capillary and arterial blood samples to assess lactate levels; (ii) NEWS-2; (iii) laboratory tests (i.e., blood cells count, creatinine, bilirubin, PaO2/FiO2 ratio); (iv) sepsis focus (i.e., respiratory, urinary, abdominal, miscellaneous and undefined); (v) microbiological etiologies defined as negative cultures (NC), Gram positive (GP), Gram negative (GN) and fungal infection (FI); (vi) final diagnosis. Patients’ comorbidities were assessed using the Charlson Comorbidity Index (CCI). To account for the potential influence of age as a confounding factor, we performed an age-adjusted analysis by dividing patients into three age groups: <65 years, 65–80 years, and >80 years.

As explained in our previous study (10), CLs were assessed on admission at ED with a LactateProTM2®, Arkray Global Business Inc., Kyoto, Japan. The study was approved by the local Ethics Committee (Protocol No. 447/2021/Disp/AOUFe).


Statistical analysis

Continuous data were described using the median and interquartile range (IQR), while categorical data were presented as counts and percentages. For comparisons among at least three independent groups, the Kruskal–Wallis test was used for continuous data, while Fisher’s exact test was used for two-level categorical variables and the chi-square test for independence was used for categorical variables with more than two levels. The significance level was set for p < 0.05. False discovery rate correction was applied for multiple comparisons. Data analysis was conducted using the jamovi project (2024), jamovi (version 2.5) (available at https://www.jamovi.org).




Results

A total of 212 patients were initially considered, of whom 12 were excluded as they did not meet the diagnostic criteria for sepsis. The final analysis included 200 patients (112 females and 88 males) with a median age of 85 years (IQR 74–90) and a median Charlson Comorbidity Index (CCI) of 4 (IQR 1–4). No sex differences were reported (p = 0.33). Patients were classified based on sepsis microbiological etiology into four groups: negative cultures (NC, 52.0%); Gram-positive infections (GP, 18.0%); Gram-negative infections (GN, 26.5%); and fungal infections (FI, 3.5%). Patients with fungal infections were significantly older (median age: 94 years, IQR 90–95) compared to the other groups (p < 0.001). Mean arterial pressure (MAP) was significantly lower in the GP, GN, and FI groups compared to NC (p = 0.003), and diastolic shock index (DSI) was highest in the FI group (p = 0.008). Capillary and serum lactate levels varied significantly between groups (p = 0.006 and p < 0.001, respectively), with the highest values observed in GP and GN infections. Additionally, neutrophil-to-lymphocyte ratio (NLR) was significantly different among groups (p = 0.035), with the highest median NLR in the GN group (12, IQR 7–25). The incidence of respiratory and urinary sepsis foci differed significantly across groups (p < 0.001). Both 48-h (p = 0.72) and in-hospital mortality (IHM) (p = 0.70) were not influenced by microbiological etiologies even if they were higher in the GP group. Other results were summarized in Table 1.



TABLE 1 Main results highlighting the relationship between patients’ clinical/laboratory features and sepsis microbiological etiologies.
[image: Table1]

To further explore the potential influence of age as a confounding factor, we performed an age-adjusted analysis, dividing patients into three age groups: <65 years, 65–80 years, and >80 years. The results, summarized in Table 2, indicated that there were observable trends in the values of CLs, serum SLs, DSI, and CCI across different age groups, although the small sample size limited the statistical significance in some cases. In patients younger than 65 years, the CCI was significantly higher in those with GN infections. For the 65–80 years age group, SL levels were significantly higher in patients with GN infections compared to other groups, and although CL levels were higher in both GP and GN infections, the difference was not statistically significant. In patients older than 80 years, CL levels were significantly higher in those with GP infections, while the CCI was significantly lower in patients with NC. No significant differences in 48-h or in-hospital mortality were observed across the different age groups, a finding consistent with our overall results.



TABLE 2 Age-adjusted analysis of CLs, SLs, DSI, NLR, CCI, and mortality outcomes across three age groups: <65 years, 65–80 years, and >80 years.
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Discussion

This analysis revealed that CLs and SLs were statistically different according to sepsis etiology and resulted higher in patients who underwent GP infections. Such difference may be attributed to variations in the pathophysiological mechanisms underlying these infections (11). Although GN infections often induce a more robust inflammatory response compared to GP, the latter may trigger a host immune response characterized by the release of specific toxins and enzymes, which can affect tissue morpho-functional integrity, impair cellular function, thereby leading to localized tissue injury and necrosis (10). Furthermore, the site of tissue injury is more localized in GP infections compared to the systemic effects seen in GN-related sepsis, thus leading to hyperlactatemia (9). Additionally, some GP bacteria (e.g., Staphylococcus aureus) produce toxins known as superantigens, which can hyperactivate immune response and inflammatory cascade, thus enhancing tissue damage and lactate production (11).

The NLR is used as a marker of systemic inflammation and immune response and its variations can reflect differences in the host immune response to different pathogens (8). In GN infections, the host immune response typically involves a robust activation of the innate immune system, particularly neutrophils. Conversely, lymphocytes are key components of the adaptive immune system, responsible for orchestrating specific immune responses to pathogens. In the early stages of infection, lymphocyte counts may temporarily decrease due to migration of lymphocytes from the bloodstream to sites of infection or lymphoid tissues. However, in the case of prolonged or severe infection, lymphocyte depletion may occur as a result of immune dysregulation and apoptosis (8, 10). The combination of increased neutrophils and possible decrease in lymphocytes in GN infections may lead to a high NLR ratio (10). In contrast, GP infections may elicit a different immune response characterized by a less pronounced neutrophilic response and a relative preservation of lymphocyte counts. Therefore, the NLR in GP infections may not be as elevated as that in GN infections (10).

The DSI, calculated as the ratio of heart rate to diastolic blood pressure, is used to assess the hemodynamic instability in critically ill patients (8, 11). Differences in DSI levels may reflect variations in the underlying pathophysiological mechanisms and clinical presentation. In this study, the DSI resulted higher in FI. Usually, FI manifest with a gradual onset and a chronic course, allowing for compensatory mechanisms to maintain an initial (“early phase”) hemodynamic stability. However, as the infection progresses, fungal pathogens can invade blood vessels, leading to endothelial damage, vasculitis, and thrombosis. This vascular involvement, reflected by changes in the DSI, can cause an impaired tissue perfusion and a compromised hemodynamic balance (10). On the other hand, compared to FI, bacterial infections typically present with more acute and often fulminant clinical courses, characterized by rapid onset of symptoms and hemodynamic instability. Bacterial pathogens can produce toxins and trigger systemic inflammatory responses, leading to vasodilation, capillary leakage and distributive shock. In bacterial infections, changes in the DSI may be driven by heart rate and vascular tone abnormalities, rather than being solely attributable to changes in diastolic blood pressure (10). Therefore, in the context of FI, where vascular involvement and tissue ischemia play a prominent role in disease pathogenesis, the DSI may be higher due to elevated heart rate and decreased blood pressure, a combination of effects that also explains the significantly reduced MAP level observed in our study. Conversely, in bacterial infections characterized by distributive shock and systemic inflammatory response, the DSI may not be necessarily elevated (9, 10).

Age is a well-known factor influencing both immune response and metabolic parameters in sepsis (12, 13). Our age-adjusted analysis revealed significant variations in CLs, SLs, DSI, and CCI across different age groups, highlighting the potential influence of age on these biomarkers. Specifically, younger patients (<65 years) with GN infections exhibited significantly higher CCI, while in the 65–80 years age group, SL levels were significantly elevated in GN infections. In patients older than 80 years, CL levels were notably higher in GP infections, and CCI was significantly lower in those with NC. These findings align with previous studies that have demonstrated age-related differences in sepsis outcomes and biomarker levels. For instance, a study reported that older patients tend to exhibit altered lactate kinetics and a dysregulated inflammatory response, which can affect biomarker interpretation (14). Similarly, Ko et al. (15) highlighted the impact of age on sepsis mortality, emphasizing the need for age-specific treatment strategies.

Our results suggested that while age is a significant factor influencing sepsis biomarkers, the observed differences across sepsis etiologies are not solely attributable to age-related changes. This underscores the importance of considering age as a confounding factor in sepsis research and clinical practice. Further studies with larger cohorts are warranted to validate these findings and explore the interplay between age and sepsis-related biomarkers in greater detail.


Limitations

We acknowledge limitations, specifically: (1) a small sample size from a single-center which hampers the statistical power; (2) the assessment of each tool (in particular CLs and SLs) was performed only once for each patient, precluding lactate clearance measurement possibly useful for further prognostic information; (3) since increased lactate levels may be due to many different conditions with peripheral hypoperfusion, a thorough clinical definition of the underlying disease is necessary before applying a diagnosis of sepsis; (4) age variability among groups may represent a confounding factor influencing biomarker levels. Prior studies have demonstrated that lactate clearance and immune response differ with age (12, 13). However, our statistical analysis adjusted for age-related differences, minimized its potential bias.

In conclusion, CLs and SLs significantly differed according to sepsis etiology and resulted higher in patients with GP infections. Both NLR and DSI vary according to the underlying microbiological etiology of septic patients. Our analysis supports the involved tools to early predict etiology and improve pharmacological management of sepsis. Indeed, they might be clinically useful to tailor antimicrobial treatment options (e.g., empiric addition of anti-fungal treatment) in relation to the various pathogenetic mechanisms. Although our findings highlighted statistically significant differences in lactate levels, NLR, and DSI among different sepsis etiologies, their direct impact on clinical decision-making remains uncertain. Different papers indicated the importance of biomarkers in sepsis (16–19), even though they do not correlate them with specific septic etiologies. Future prospective studies should assess whether these variations influence treatment adjustments, resuscitation strategies, and overall patient outcomes.




Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Comitato Etico Area Vasta Emilia Centro (No. 447/2021/Disp/AOUFe). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

MG: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. BP: Methodology, Supervision, Writing – original draft. GM: Data curation, Investigation, Writing – review & editing. PB: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. CD: Data curation, Visualization, Writing – review & editing. FL: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. ACe: Data curation, Formal analysis, Visualization, Writing – review & editing. CP: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. ACo: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft. MM: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. PC: Validation, Visualization, Writing – review & editing. CC: Writing – review & editing. RG: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. MS: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the 2024 5×1000 grant from the Department of Translational Medicine at the University of Ferrara.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Singer, M, Deutschman, CS, Seymour, CW, Shankar-Hari, M, Annane, D, Bauer, M , et al. The third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA. (2016) 315:801–10. doi: 10.1001/jama.2016.0287 

 2. Reinhart, K, Daniels, R, Kissoon, N, Machado, FR, Schachter, RD, and Finfer, S. Recognizing sepsis as a global health priority—a WHO resolution. N Engl J Med. (2017) 377:414–7. doi: 10.1056/NEJMp1707170 

 3. Evans, L, Rhodes, A, Alhazzani, W, Antonelli, M, Coopersmith, CM, French, C , et al. Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021. Intensive Care Med. (2021) 47:1181–247. doi: 10.1007/s00134-021-06506-y 

 4. Guarino, M, Perna, B, Cesaro, AE, Maritati, M, Spampinato, MD, Contini, C , et al. 2023 update on sepsis and septic shock in adult patients: management in the emergency department. J Clin Med. (2023) 12:3188. doi: 10.3390/jcm12093188 

 5. Vakkalanka, JP, Harland, KK, Swanson, MB, and Mohr, NM. Clinical and epidemiological variability in severe sepsis: an ecological study. J Epidemiol Community Health. (2018) 72:741–5. doi: 10.1136/jech-2018-210501

 6. Thorndike, J, and Kollef, MH. Culture-negative sepsis. Curr Opin Crit Care. (2020) 26:473–7. doi: 10.1097/MCC.0000000000000751 

 7. Guarino, M, Perna, B, Cesaro, AE, Spampinato, MD, Previati, R, Costanzini, A , et al. Comparison between capillary and serum lactate levels in predicting short-term mortality of septic patients at the emergency department. Int J Mol Sci. (2023) 24:9121. doi: 10.3390/ijms24119121 

 8. Huang, Z, Fu, Z, Huang, W, and Huang, K. Prognostic value of neutrophil-to-lymphocyte ratio in sepsis: a meta-analysis. Am J Emerg Med. (2020) 38:641–7. doi: 10.1016/j.ajem.2019.10.023

 9. Jeon, Y, Kim, S, Ahn, S, Park, JH, Cho, H, Moon, S , et al. Predicting septic shock in patients with sepsis at emergency department triage using systolic and diastolic shock index. Am J Emerg Med. (2024) 78:196–201. doi: 10.1016/j.ajem.2024.01.029 

 10. Jarczak, D, Kluge, S, and Nierhaus, A. Sepsis-pathophysiology and therapeutic concepts. Front Med. (2021) 8:628302. doi: 10.3389/fmed.2021.628302 

 11. Bone, RC. Gram-positive organisms and sepsis. Arch Intern Med. (1994) 154:26–34. doi: 10.1001/archinte.1994.00420010044006 

 12. Ibarz, M, Haas, LEM, Ceccato, A, and Artigas, A. The critically ill older patient with sepsis: a narrative review. Ann Intensive Care. (2024) 14:6. doi: 10.1186/s13613-023-01233-7 

 13. Martin-Loeches, I, Guia, MC, Vallecoccia, MS, Suarez, D, Ibarz, M, Irazabal, M , et al. Risk factors for mortality in elderly and very elderly critically ill patients with sepsis: a prospective, observational, multicenter cohort study. Ann Intensive Care. (2019) 9:26. doi: 10.1186/s13613-019-0495-x 

 14. Verhaeghe, M, and Hachimi-Idrissi, S. Blood lactate and lactate kinetics as treatment and prognosis markers for tissue hypoperfusion. Acta Clin Belg. (2020) 75:1–8. doi: 10.1080/17843286.2018.1560612 

 15. Ko, RE, Kang, D, Cho, J, Na, SJ, Chung, CR, Lim, SY , et al. Influence of gender on age-associated in-hospital mortality in patients with sepsis and septic shock: a prospective nationwide multicenter cohort study. Crit Care. (2023) 27:229. doi: 10.1186/s13054-023-04515-5 

 16. Long, B, and Gottlieb, M. Emergency medicine updates: evaluation and diagnosis of sepsis and septic shock. Am J Emerg Med. (2025) 90:169–78. doi: 10.1016/j.ajem.2025.01.055 

 17. Zimmermann, T, Brealey, D, and Singer, M. The search for sepsis biomarkers: a tale of promises, pitfalls, and potential. Crit Care Med. (2025) 53:e543–7. doi: 10.1097/CCM.0000000000006560 

 18. Zhao, D, Li, H, Lin, Y, Liu, L, Xu, L, Zhang, D , et al. Beyond first-day biomarkers: the critical role of peak cardiac troponin I in sepsis prognosis. Heart Lung. (2025) 71:14–9. doi: 10.1016/j.hrtlng.2025.01.013 

 19. Golcuk, Y. Refining mortality prediction in the transfer of sepsis patients: biomarkers and frailty assessment. Am J Emerg Med. (2025) 90:236. doi: 10.1016/j.ajem.2025.02.004 



‘Glossary

ABG - Arterial blood gas analysis

CCI - Charlson Comorbidity Index

CLs - Capillary lactates

DBP - Diastolic blood pressure

DSI - Diastolic shock index

ED - Emergency department

FI - Fungal infection

FiO2 - Fraction of inspired oxygen

GCS - Glasgow Coma Scale

GN - Gram negative

GP - Gram positive

HR - Heart rate

IHM - In-hospital mortality

IQR - Interquartile range

MAP - Mean arterial pressure

NC - Negative culture

NEWS-2 - National Early Warning Score-2

NLR - Neutrophil-to-lymphocyte ratio

P/F - PaO2/FiO2 ratio

RR - Respiratory rate

SBP - Systolic blood pressure

SLs - Serum lactates

SOFA - Sequential Organ Failure Assessment

SpO2 - Saturation of peripheral oxygen

WHO - World Health Organization
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48-h Mortality, % 9(8.7%) 5(14%) 5(9.4%) 0(0%) 072
HM, % 30 (29%) 12(33%) 12/(23%) 2(29%) 070

Continuous data were described using the median and interquartile range (IQR), while categorical data were presented as counts and percentages (%). CC, Charlson Comorbidity Index; CLs,
capillary lactates; DB, diastolic blood pressure; DS, diastolic shock index; ED, emergency department; FI, fungal infection; FiO,, fraction of inspired oxygen; GCS, Glasgow Coma Scale; GN,
Gram negative: GP, Gram positive; HR, heart rate; IHM, in-hospital mortality; IQR, interquartile range: MAP, mean arterial pressure; NC, negative culture; NEWS-2, National Early Warning
Score-2; NLR, neutrophil-to-lymphocyte ratio; P/F, PaO,/FiO; ratios RR, respiratory rate; SBP, systolic blood pressures SLs, serum lactates; SOFA, Sequential Organ Failure Assessment; SpOs.
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DSt 25(234,325)  213(2,225) 0840 0233 15(1.2,1.83) 0.663
1.63) 1.75) 1.91) 212) 1.93) 1.6) 1.75) 3.25)
NLR 5(2,9) 7.9 70,9 0.531 8(5.12) 9(4,14) 10(7,23) 1062 o 8(5,12) 10(6,18) 12(7,25) 1622 0080
car 3(1,4) 2(1,2) 60,8 0.03 2(1,4) 2(1,2) 325) 10,0 0519 2(1,4) 329 32.4) 325) 0035
48
00) 1333) 0(0) 0459 3058) 10143) 3167) 0(0) 0976 6(7.2) 3(115) 2(61) 0(0) 075
mortality
IHM 00 2(66.7) 000) 0.155 5(263) 2(286) 7(38.9) 00 0.757 25 (30.1) 8(30.8) 5(152) 2(33.3) 038

Continuous data were described using the median and interquartile range (IQR), while categorical data were presented as counts and percentages (%). CLs, capillary lactates; DSI, diastolic shock index; F, fungal ifection; GN, Gram negative; G, Gram positive; IHM,
in-hospital mortality; IQR, interquartile range; NC, negative culture; NLR, neutrophil-to-lymphocyte ratio. The p-values indicate the statstical significance of differences observed among the groups.
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