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Background: To investigate the potential role and prognostic value of interleukin-15 (IL-15) in predicting 28-day mortality in elderly
patients with sepsis.

Methods: According to the Sepsis-3.0 diagnostic criteria for sepsis, elderly patients with sepsis who were admitted to the emergency
department of the Shi jingshan branch of Beijing Chaoyang Hospital between October 2021 and June 2022 were enrolled in this
retrospective cohort study. After observation for 28 days, patients were divided into a survival group and a nonsurvival group. Samples
for laboratory tests, baseline characteristic data, and SOFA and Acute Physiology and Chronic Health Evaluation (APACHE II) scores
were collected or recorded within 24 h after admission to the emergency department. Quantitative detection of IL-15 was performed
with a Luminex assay. Logistic regression analysis and receiver operating characteristic curve (ROC) analysis were conducted for
comparison.

Results: In total, 220 elderly patients with sepsis were enrolled, 69 of whom were in the survival group and 151 of whom were in the
nonsurvival group at the 28-day interval. Systolic pressure, high-density lipoprotein (HDL), platelets (PLT) and albumin (ALB) were
significantly higher in the survival group (P<0.05), while IL-15, SOFA, and APACHE II were significantly higher in the nonsurvival
group (P<0.05). IL-15 was an independent risk factor associated with 28-day mortality (OR=1.842, 95% CI [1.323, 2.565]). The area
under the receiver operating characteristic curve (AUROC) of IL-15 alone was 0.691 (95% CI [0.618, 0.764]), with a sensitivity of
46.67% and a specificity of 85.81%. The AUROC of the combined IL-15 and SOFA reached 0.880 (95% CI [0.672, 0.812]), for which
the sensitivity and specificity were 80.95% and 85.08%, respectively.

Conclusion: IL-15 possesses the prognostic value for predicting 28-day mortality in elderly patients with sepsis.
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Introduction

According to the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3.0), sepsis is defined as
life-threatening organ dysfunction caused by a dysregulated host response to infection." As the most common cause of
death in patients with infections, sepsis remains a major public health problem worldwide, with a mean mortality rate of
33.2%."2 Increased age has been shown to be an independent predictor of death among sepsis patients, especially those
aged over 65 years.” As the global aging population continues to increase, the incidence of sepsis in elderly patients is
rising. Elderly patients possess low immunity,® reduced organ reserve function, and few specific symptoms during
sepsis,” making it difficult to diagnose. Early diagnosis and treatment of sepsis can improve patient mortality." Although
SOFA and APACHE II scores can be used to predict the outcome of patients with sepsis,®’ little evidence on their
prognostic values for elderly patients with sepsis has been shown.
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As a group of endogenous inflammatory proteins, cytokines act as modulators of the inflammatory response and
mediate the pathophysiology of the systemic inflammatory response syndrome (SIRS) associated with sepsis. Cytokines,
such as tumor necrosis factor alpha (TNF-a), IL-1pB, IL-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12P70, IL-13, IL-17, IL-18,
IL-22, interferon gamma (IFN-y), procalcitonin (PCT) and C-reactive protein (CRP), have been studied in SIRS and
septic patients.®? IL-15 has been shown to play vital roles in the development and homeostasis of naive CD8+ T cells,

memory T cells, and natural killer (NK) cells, which exert functions in pathogen elimination,'*'*

making it an attractive
therapeutic target in sepsis. However, little is known about the role and prognostic value of IL-15, especially in elderly
patients with sepsis. This study aimed to investigate the potential role and prognostic value of IL-15 in predicting 28-day

mortality in elderly patients with sepsis.

Patients and Methods

Ethics
The protocol of this study was approved by the Ethics Committee of Beijing Chaoyang Hospital Affiliated to Capital

Medical University (approval number: 2021-ke-636). This study was in compliance with the Declaration of Helsinki and
informed consent was obtained from all patients or their families before this study.

Patients and Inclusion Criteria
This single-center retrospective study was performed at the Shi jingshan branch of Beijing Chaoyang Hospital Affiliated
to Capital Medical University, with a total of 220 septic patients (132 men and 88 women) enrolled.

Patients who were identified with suspected infection and with an acute change in total SOFA score >2 points were
enrolled according to the Sepsis-3 criteria." Those who were receiving immunosuppressive therapy or with malignant
tumors, connective tissue diseases, hematological diseases were excluded.

The baseline characteristics of the patients (age, sex) were collected and documented at the time of admission to the
emergency department of Shi jingshan branch of Beijing Chaoyang Hospital between October 2021 and June 2022. Vital
signs, such as temperature, mean arterial pressure (MAP), respiratory rate and heart rate, were also collected. SOFA and
APACHE I scores were calculated on admission for all enrolled patients. According to the clinical outcomes at 28 days
after admission, the patients were divided into a nonsurvival group and a survival group.

Sample Collection and Laboratory Tests

Blood samples were collected within 24 h of admission to the emergency department and used to measure the following
laboratory results: PCT, CRP, white blood cell (WBC), PLT, lactate (LAC), blood urea nitrogen (BUN), creatinine (CR),
total bilirubin (TRIL), aspartate transaminase (AST), alanine transaminase (ALT), albumin (ALB), high density lipo-
protein (HDL), low density lipoprotein (LDL), myoglobin, lymphocytes, monocytes, and neutrophils. Circulating levels
of IL-15 in plasma samples were quantified by using the Human XL Cytokine Luminex Performance Assay 46-plex
Fixed Panel (LKTMO014B, R&D) according to the manufacturer’s instructions.

Statistical Analysis

All statistical analyses were performed by SPSS software, version 19.0 (SPSS Inc., Chicago, IL, USA). The results are
presented as the prevalence rates, means + SD, or medians and ranges in cases of a skewed distribution. The
Kolmogorov—Smirnov goodness of fit test was performed to check the parametric distribution of the data. The unpaired
Student’s #-test or Mann—Whitney U-test was used accordingly for the data analysis. Categorical data were analyzed by
the * test. P<0.05 was considered significant. Pearson correlation coefficient analysis was performed for the correlation
analysis.

Logistic regression analysis was used to screen the risk factors for 28-day mortality in septic patients. ROC curve
analysis was used to compare the prognostic value of IL-15 alone or together with SOFA or APACHE II for elderly
patients with sepsis, and AUROC was used to evaluate their predictive values. Comparisons of the ROC curves were
analyzed by the Z test, which was carried out by MedCalc software. P<0.05 was considered statistically significant.
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Results

Patient Characteristics

In total, 220 patients (132 male, 88 female) were enrolled in this study, of whom 69 survived and 151 died within a 28-
day period (Table 1). There were no significant differences in sex, age, temperature, diastolic pressure, mean arterial
pressure, or heart rate between the survival group and nonsurvival group. The mean age of the survival group was 70
(60,83), and the mean age of the nonsurvival group was 75 (65,83). There was a significant difference in systolic pressure
between the survival group and the nonsurvival group (P<0.05).

Results of Laboratory Tests and IL-15 Analysis

No significant differences were found in PCT, CRP, Lac, BUN, CR, GLU, TRIL, AST, ALT, LDL, myoglobin, WBCs,
lymphocytes, monocytes, or neutrophils between the survival group and nonsurvival group. The survival group possessed
significantly higher PLT, ALB, and HDL levels than the nonsurvival group (all P<0.05). The SOFA and APACHE II
scores of the nonsurvival group were significantly higher than those of the survival group (all P<0.001). IL-15 was

Table | Comparison of Demographic Data Between the Survival Group and Non-

Survival Group

Demographic Data Survival Group Non-Survival Group P value
(N=69) (N=151)

Sex, n (%)

Male 43(62.3) 89(58.9) 0.659

Female 26(37.7) 62(41.1)
Age, median (range) 70(60, 83) 75(65, 83) 0.186
SOFA 53, 5) 8(6, 10) <0.001
APACHE2 16(11.5, 18.5) 22(17, 27) <0.001
Temperature (°C) 36.3(36.0, 36.5) 36.4(36.2, 36.6) 0.39
Heart rate (beats/min) 87(73, 106) 86(74, 101) 0.618
Systolic pressure (mmHg) 140(128.5, 150) 132(115, 144.5) 0.007
Diastolic pressure (mmHg) 75(68, 85) 74(64, 82) 0.185
MAP (mmHg) 101.04+21.98 102.77+£25.54 0.78
PaO2 (mmHg) 85.5(67, 104.25) 77.1(65.15, 93) 0.358
PaCO2 (mmHg) 36(32, 40.5) 36(33, 44) 0.193
Lac (mmol/L) 1.15(0.9, 1.63) 1.3(1, 1.98) 0.102
BUN (mmol/L) 6.03(4.26, 8.49) 5.94(4.45, 8.75) 0.901
Cr (umol/L) 73(53.1, 86.65) 64.9(48.4, 86.7) 0.194
GLU (mmol/L) 7.21(5.36, 10.81) 8.22(6.4, 11.49) 0.136
TBIL (umol/L) 15(11.08, 21.28) 14.05(9.38, 23.5) 0.474
AST (IU/L) 24.6(18.98, 32.88) 28.25(18.58, 42.03) 0.275
ALT (IU/L) 20(15.53, 27.1) 22.05(16.1, 31.73) 0.359
ALB (g/L) 36.3(30, 41.70) 32.85(24.58, 38) 0.008
Myoglobin (ng/mL) 74.7(55.25, 98.65) 115.55(57.6, 266.43) 0.147
PCT (ng/mL) 0.05(0.05, 1.2) 0.05(0.05, 0.73) 0.864
CRP (mg/L) 23(8, 82) 14(7.75, 68.48) 0.484
Oxygenation index 304.8(189.66, 420.7) 271(181, 344) 0.129
HDL (mmol/L) 1.41(1.06, 1.72) 1.19(0.93, 1.44) 0.021
LDL (mmol/L) 1.99(1.7, 2.7) 2.15(1.52, 2.72) 0.646
WBC (x10%/L) 8.65(7.2, 11.93) 9(7.3, 11.8) 0.895
PLT (x10%/L) 213.5(153.5, 302) 176(136, 247.75) 0.032
Lymphocyte (x107/L) 1.28(0.84, 2.13) 1.27(0.8, 1.8) 0.726
Monocyte (x10°/L) 0.5(0.41, 0.79) 0.52(0.37, 0.65) 0.433
Neutrophil (x10°/L) 6.3(5.1, 11.13) 6.48(4.45, 9.89) 0.529
IL-15 (pg/mL) 1.03(0.7, 1.71) 1.80(1.14, 3.09) <0.001
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significantly higher in the nonsurvival group (mean value=1.80 pg/mL) than in the survival group (mean value=1.03 pg/
mL) (P<0.001).

Results from Logistic Regression and ROC Curve Analysis
As demonstrated in Table 2, the logistic regression analysis found that IL-15 was an independent risk factor associated
with 28-day mortality (OR=1.842, 95% CI [1.323, 2.565]). The 28-day mortality of elderly patients with sepsis was also
independently associated with protective factors, such as PLT (OR=0.996, 95% CI [0.992, 1.000]) and ALB (OR=0.949,
95% CI [0.913, 0.986]). No significant differences were demonstrated between IL-15 and other factors by Pearson
correlation analysis, as shown in Table 3.

ROC curve analysis was performed to evaluate the prognostic values of IL-15 alone and together with SOFA or APACHE
II scores (Figure 1). As shown in Table 4, the cutoff values of IL-15 and SOFA were 1.99 pg/mL and 5.5, respectively. The
AUROC of IL-15 alone was 0.691 (95% CI [0.618, 0.764]), of which the sensitivity and specificity were 46.67% and 85.81%,
respectively. The AUROC of the combination of IL-15 and APACHE II reached 0.828 (95% CI [0.771, 0.885]), for which the
sensitivity and specificity were 77.70% and 80.59%, respectively. The ROC curve of IL-15 and APACHE II could be
significantly distinguished from that of IL-15 (Z=3.606, P=0.0003) or APACHE II (Z=3.187, P=0.0014). The ROC curves of
IL-5 and SOFA were significantly different from those of IL-15 (Z=4.620, P<0.0001), SOFA (Z=2.639, P=0.0083) and
APACHE II (Z=3.172, P=0.0015). The AUROC calculated by combining IL-15 and SOFA reached 0.880 (95% CI [0.829,
0.932]), for which the sensitivity and specificity reached 80.95% and 85.08%, respectively.

Discussion

Sepsis is a life-threatening health crisis, and the number of worldwide incident cases has increased to an estimated
50 million, with approximately 5 million deaths each year.'* '® With the advent of the aging era, more elderly patients
will be confronted with this crisis.'” It is estimated that elderly patients account for 58~65% of all patients with sepsis.'®
Increased age has been shown to be an independent predictor of death among patients with sepsis, especially for those

Table 2 Multivariate Logistic Regression Analysis of Risk Factors for 28-Day Mortality in
Elderly Patients with Sepsis

Factor B SE Wald »> OR 95% CI P-value
IL-15 0611 0.169 13.084 1.842 1.323, 2.565 <0.001
PLT —0.04 0.002 4.821 0.996 0.992, 1.000 0.028
ALB —0.053 0.020 7.137 0.949 0.913, 0.986 0.008
Constant —-3.308 0.603 30.091 0.037 <0.001

Table 3 Pearson Correlation Analysis of IL-
15 and Other Biomarkers

Variable IL-15
r P
Age —-0.025 0.720
SOFA 0.068 0.320
APACHE I 0.007 0915
PLT 0.038 0.595
ALB —0.003 0.965
WBC 0.063 0.374
Lac 0.007 0.923
PCT 0.033 0.66
CRP —0.034 0.641
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Figure | Analysis of the prognostic value of IL-15 together with other factors for 28-day mortality of elderly patients with sepsis by using ROC curve.

over 65 years.'” The mortality rate for patients aged 60—64 years is 26% and is 38% for patients aged over 85 years.'®*

In this study, the mean ages of the survival group and nonsurvival group reached 70 and 75, respectively. Most elderly
patients with sepsis are prone to respiratory failure, acute renal failure, and multiple organ dysfunction syndrome
(MODS) as a result of the deterioration in their physical function and poor organ compensatory function.” Thus, it is
vital to perform early diagnosis as well as predict the clinical severity and outcomes in an accurate manner for patients
with sepsis, especially for elderly individuals. However, it is difficult to diagnose elderly patients with sepsis due to their
relatively few specific symptoms and signs. The roles of more potential biological markers and their prognostic values in
predicting mortality for elderly patients with sepsis need to be investigated.

Recent studies have reported that one of the main reasons for high mortality in elderly septic patients is persistent
T cell exhaustion and a decline in the immune response against new pathogens, resulting in secondary infections.*'**
This is characterized by reduced immunocompetent T cells, persistent lymphopenia, increased circulating regulatory
T cells (Tregs) and expression of programmed death-1 (PD-1).>* Notably, T cell exhaustion in sepsis can be improved by
IL-15, which plays a vital role in the development and homeostasis of naive CD8+ T cells, memory T cells, and NK cells
and enhances innate and adaptive immunity.'""'> This characteristic makes IL-15 an attractive therapeutic target in sepsis.

IL-15 is a pleiotropic cytokine belonging to the four a-helix bundle family of cytokines, together with IL-2, IL-4, IL-
7, IL-9, and IL-21. In contrast to IL-2, which is generated by activated T cells,>**> IL-15 is secreted primarily by
dendritic cells, monocytes, and epithelial cells during infection. IL-15 can interact with the IL-15R complex through
a mechanism known as trans-presentation and induce the activation of diverse signaling pathways dependent on the cell
type.?® IL-15 can act on both the innate and adaptive immune systems. For the innate immune system, IL-15 is
responsible for the development and homeostatic maintenance of NK cells, maturation of macrophages and DCs in
response to microbial infection, induction and enhancement of neutrophils, and support of mast cells for proliferation.
For the adaptive immune system, the roles of IL-15 include the promotion of memory CD8+ T cell proliferation,
induction of Tregs, and enhanced proliferation of Th17 cells and Th1/Th17 cells. It has been found that upregulation of
IL-15 plays a central role in the development of several autoimmune or chronic inflammatory diseases, such as celiac
disease, inflammatory bowel disease, multiple sclerosis, systemic sclerosis, and rheumatoid arthritis. Additionally, studies
on the relationship between IL-15 and infectious diseases, including infection with retroviruses, hepatitis viruses,
bacteria, or parasites, have revealed an association between defects in IL-15 and infectious disorders.?’

Table 4 Receiver Operating Characteristic Curve (ROC) Analysis of the Prognostic Value of
IL-15 Together with Other Factors for 28-Day Mortality of Elderly Patients with Sepsis

AUC Sensitivity | Specificity | Cut-off 95% CI P-value
IL-15 0.691 46.67% 85.81% 1.99 0.618,0.764 | <0.001
SOFA 0.842 80.82% 78.88% 5.5 0.786, 0.898 | <0.001
APACHE I 0.750 53.38% 91.31% 21.5 0.684, 0.817 | <0.001
IL-I15+APACHE I 0.828 77.70% 80.59% 0.5829 | 0.771,0.885 | <0.00l
IL-15+SOFA 0.880 80.95% 85.08% 0.6603 0.829, 0.932 | <0.001
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Several studies have been carried out on septic mouse models to demonstrate the role of IL-15 in sepsis. IL-15 has
been shown to prevent CD8+ T cell apoptosis and improve the survival rate in mouse models of sepsis.?® Overproduction
of IL-15 improves resistance to live Escherichia coli challenge in mice via inhibition of apoptosis in host cells.” In an
aged mouse model of sepsis, IL-15 reinvigorated the immune response against pathogens and improved sepsis-induced
persistent T cell exhaustion by inhibiting the aging-induced increase in PD-1 on CD4+ T cells and Tregs in peripheral
blood. IL-15 can increase the frequency of naive CD4+ and CD8+ T cell distribution and downregulate the expression of
PD-1 on T cell and Treg populations, with increasing NK cells and macrophages and phagocytosis activity in aged septic
mice.>® The above results indicated that aging was associated with increased susceptibility to infection and severity of
sepsis, in which IL-15 clearly exerts a positive effect on improving the immune response and eliminating pathogens.

However, few clinical studies have investigated the expression pattern and role of IL-15 in elderly septic patients. For
this purpose, our study demonstrated that the serum level of endogenous IL-15 was significantly higher (1.80 vs 1.03 pg/
mL) in the nonsurvival group than in the survival group of elderly septic patients. A previous clinical study, which enrolled
92 elderly patients with sepsis, indicated that patients in the severe lymphopenia group (0.3 vs 1.1x10°/uL) possessed
elevated plasma IL-15 levels (12.2 vs 6.4 pg/mL) and increased mortality during severe sepsis.>' Our study showed that
there were no significant differences in the numbers of lymphocytes between the survival and nonsurvival groups. The
serum levels of IL-15 for both groups of elderly patients were lower than those in the above study, which may be related to
our patients’ average levels of lymphocytes, and the underlying reasons need to be further investigated. Similarly,
upregulation of IL-15 was associated with increased mortality in elderly septic patients in both studies. Considering the
boosting effect of IL-15 on the immune system and elimination of the pathogen, we conclude that the upregulation of IL-15
in the nonsurvival group of elderly patients with sepsis reflects a more severe dysfunction of the immune cells and a worse
state of infection accompanied by a worsened clinical outcome. This is consistent with previous findings about the roles of
IL-15. Thus, IL-15 may potentially be used as an independent indicator of the severity or clinical outcomes for elderly
patients with sepsis, which helps with early judgment as well as proper treatment for emergency physicians. Administration
of exogenous IL-15 may be a possible strategy to intervene in the immune functions of elderly patients in the future.

The logistic analysis also showed that IL-15 can be an independent risk factor associated with 28-day mortality in elderly
septic patients. In this study, we also examined routine indices, such as platelets and albumin, in elderly patients with sepsis.
Changes in platelet function and impairment of blood rheology might play a role in the pathogenesis of MODS by reducing
microvascular blood flow followed by hypoperfusion.>* Albumin plays vital regulatory roles in acid—base physiology and fluid
distribution,*® and lower plasma albumin levels were found in septic patients than in nonseptic patients.** Our results showed
a significantly lower number of PLTs as well as a lowered level of albumin in elderly patients with sepsis in the nonsurvival group
compared with the survival group. Similar to IL-15, PLT and albumin were also independent risk factors for 28-day mortality in
elderly patients with sepsis, which can help physicians comprehensively understand the conditions of septic patients.

Next, we examined the prognostic value of IL-15 for 28-day mortality in elderly patients with sepsis. The SOFA score
has been widely used for the prediction of short-term mortality in patients with sepsis*>~® and is regarded as a better tool
for predicting in-hospital mortality than quick SOFA, SIRS and APACHE II scores.’’*® SOFA and APACHE II scores
were also analyzed and compared with IL-15 in terms of their prognostic value for 28-day mortality in elderly patients
with sepsis. Our results demonstrated that the AUROC of IL-15 for predicting 28-day mortality in elderly patients with
sepsis was 0.691, while the AUROCs of APACHE II and SOFA were 0.750 and 0.842, respectively. Consistent with
previous reports, the sensitivity of APACHE II was relatively low in our study. The SOFA score possesses a better
balance between sensitivity and specificity and is easier to obtain and handle than the APACHE II score. As the
specificity of IL-15 (85.81%) was superior to that of SOFA (78.88%), we conducted a combined analysis of IL-15
and SOFA, and the combination resulted in an AUROC of 0.880 with increased sensitivity (80.95%) and specificity
(85.08%). This combination had a comparative advantage in predicting 28-day mortality for elderly patients with sepsis
considering that it would be more convenient to collect IL-15 and SOFA data than APACHE II data in the clinical setting.
The cutoff values of IL-15 and SOFA in this study were 1.99 pg/mL and 5.5, respectively. Based on these data, earlier
and more accurate judgment on the severity of illness can be made, and proper interventions can be conducted to reduce

the mortality for elderly patients with sepsis.
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This study also has limitations, such as the small sample size, lack of healthy and elderly controls and the fact that it
was a single-center study. Further multicenter studies with larger sample sizes as well as determination of the baseline
levels of serum IL-15 in healthy controls are still needed. Future studies should focus more on the exact roles of IL-15 in
elderly patients with sepsis as well as its prognostic value for long-term mortality.

Conclusion
IL-15 possesses the prognostic value for predicting 28-day mortality in elderly patients with sepsis.
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