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Purpose: Previous studies have demonstrated that interleukin-18 (IL-18) levels were elevated in adult patients with sepsis. However,
its role in neonatal sepsis remains unknown. The current research was conducted to assess the clinical value of serum IL-18 level as
a candidate biomarker in neonatal sepsis diagnosis and prediction of mortality.

Patients and Methods: From July 2022 to September 2022, we prospectively enrolled 91 septic neonates and 31 non-sepsis
neonates in the intensive care unit of neonates at Henan Children’s Hospital in Zhengzhou, China. Neonatal peripheral blood serum
was collected at admission and levels of serum IL-18 were assessed. Employing multivariate logistic regression analysis, the
evaluation of the potential of IL-18 as an independent biomarker for sepsis was executed. Furthermore, employing the receiver
operating characteristic (ROC) curve analysis, the diagnostic value of IL-18 in sepsis and the ability of IL-18 in predicting the
mortality of neonatal sepsis was measured. The statistical package SPSS 24.0 was employed to conduct all statistical analyses.
Results: Serum IL-18 levels in neonates in the sepsis group were elevated compared to the control group, reaching the highest levels in the
non-survival sepsis group (P < 0.001). Correlation analysis exhibited a positive relationship between IL-18 levels and age, body temperature,
respiratory rate, and C-reactive protein levels. IL-18 was identified as an independent biomarker in identifying sepsis (OR = 4.747, 95% CI
1.493-15.092, P = 0.008) by multiple logistic regression. ROC curve analysis exhibited that IL-18 was good in identifying neonatal sepsis (area
under curve (AUC) = 0.77, 95% CI = 0.68-0.85, P < 0.001) and predicting neonatal mortality (AUC = 0.80, 95% CI = 0.63-0.96, P = 0.003).
Conclusion: IL-18 was a potential biomarker for identifying neonatal sepsis and neonatal mortality prediction.
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Introduction
Neonatal sepsis is a severe bloodstream infection associated with a systemic inflammatory response that seriously
threatens the health and life of neonates worldwide.! A population-level estimate of neonatal sepsis, with a death rate
in the range of 11% and 19%, was found in an epidemiological study to be 2202 per 100000 live births.” Neonatal sepsis
remains a leading cause of morbidity and mortality in infants worldwide.” > Surviving Sepsis Campaign Physician’s
management guidelines promote early sepsis identification, as well as treatment.® Traditionally, confirmed neonatal sepsis
is diagnosed by isolating pathogens from sterile body fluids, such as blood, cerebrospinal fluid, and urine. However, the
isolation of pathogens from sterile body fluids usually has a long waiting time and the accuracy is easily affected by the
volume of body fluids and the pre-hospital antibiotic use.” Therefore, it is critical to identify new biomarkers for neonatal
sepsis.

Uncontrolled inflammatory response play an important role in sepsis-induced multiple organ dysfunction.® As
a pro-inflammatory cytokine, Interleukin-18 (IL-18) is an important effector during sepsis, which is crucial for host
defense against bacteria, viruses, and fungi.®'® Upon stimulation, several cell types produce IL-18."" Excessive IL-18
can aggravate the body’s inflammatory response and induce myocardial and kidney injury.'*'* Okuhara Y et al'*
demonstrated that deletion of /L-18 could improve cardiac dysfunction and survival during sepsis. Clinical studies
showed that serum IL-18 levels were up-regulated in adult patients with sepsis.'>'® In terms of neonates, only one
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study reported that salivary IL-18 level was not a viable biomarker for the early neonatal sepsis diagnosis,'” while
there has not been any research on the relationship between serum IL-18 levels and neonatal sepsis. Accordingly, we
envisioned in the present research to evaluate the clinical value of serum IL-18 level for its application as a potential
biomarker in neonatal sepsis diagnosis and predicting mortality.

Materials and Methods
Study Population

During July 2022 to September 2022, the prospective case-control research was performed in the intensive care unit of
neonates at Henan Children’s Hospital in Zhengzhou, China, which included 122 neonates with probable sepsis. The
inclusion criteria for this study were (1) neonates aged < 28 days, and (2) neonates with complete clinical and laboratory
data comprised in this study. The exclusion criteria were neonates with cancers, hematological system diseases, auto-
immune diseases, or major congenital malformations.

Clinical Definition

The systemic inflammatory response syndrome (SIRS) criteria for defining neonatal sepsis include a suspected or
confirmed infection. In neonates, SIRS is characterized as having at least two or more of the subsequent four situations,
one of which must be aberrant body temperature or leukocyte count: (1) core body temperature of > 38.5°C or < 36°C;
(2) tachycardia or bradycardia, (3) average respiratory rate > 2 SD above normal for age or in the presence of mechanical
ventilation, and (4) abnormal leukocyte count or >10% immature neutrophils. Both pneumonia and sepsis were
diagnosed by two research investigators, as per the issued International Pediatric Sepsis Consensus.'®

Laboratory Measurements

Upon hospital admission, blood samples were obtained, and the separation of serum was completed by centrifugation,
which was kept at —80°C until analysis. Utilizing a commercial enzyme-linked immunosorbent assay kit (Human IL-18
Valukine enzyme linked immunosorbent assay Kit, Bio-Techne, China), the assessment of IL-18 serum levels was done
in accordance with the instructions provided by the manufacturer. IL-18 has <3.0% intra-assay and <8.0% inter-assay
coefficients of variation. Using the UPPER analyzer (Ultrasensitive C-reactive protein kit, Upper Bio-Tech, Shanghai,
China), C-reactive protein (CRP) was quantified. A routine clinical analytical method and an automatic biochemistry
analyzer (AU5800 Clinical Chemistry Analyzers, Beckman Coulter, California) were employed to measure the levels of
serum albumin (ALB), aspartate aminotransferase (AST), and alanine aminotransferase (ALT). In this study, CRP levels
<0.8 mg/L were defined as a value of 0.7 mg/L. In this study, all data were obtained from electronic records, except for
IL-18.

Statistical Analysis

Continuous variables were expressed as mean + standard deviation (SD) for variables conforming to the normal
distribution or expressed as medians (interquartile range) for non-normally distributed variables, which were analyzed
using independent f-tests, one-way analysis of variance (ANOVA) or the Mann—Whitney U-test. The normality of the
distribution of variables was tested with the Shapiro—Wilk test. Examination of categorical variables was achieved
utilizing Chi-square tests and articulated as percentages. Employing Spearman correlation test, the associations between
IL-18 levels and other continuous variables were investigated. For neonatal sepsis, to determine whether IL-18 was an
independent risk factor, multiple logistic regression analysis was employed. Previously published literature and uni-
variate P-values below 0.01 served as the basis for prespecified risk aspects. In addition, employing the receiver
operating characteristic (ROC) curve analysis, the diagnostic value of IL-18 in sepsis and the ability of IL-18 in
predicting the mortality of neonatal sepsis were assessed. Youden’s index (sensitivity + specificity — 1) was employed
to discover the optimal cut-off point of IL-18 in the diagnosis of neonatal sepsis and in predicting mortality.'® All data
were analyzed employing SPSS version 24.0 (Chicago, Illinois, USA). Significant results were defined as a two-sided
P-value <0.05.
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Results

Study Population Characteristics

According to the diagnosis criteria for sepsis, the 122 neonates who participated in this study were classified into two
groups. Specifically, 91 of the 122 neonates were identified as having sepsis, and the other 31 neonates without sepsis
were severed as the control group. Of the 91 septic neonates, nine died during hospitalization. For the three groups,
Table 1 provides an overview of the baseline clinical and laboratory information. In comparison with neonates belonging
to the control group, those in the sepsis group had lower body weight and an elevated heart rate, respiratory rate, and
body temperature. Biochemical analysis exhibited that septic neonates had elevated levels of CRP, ALT, and AST and
lower levels of ALB. Furthermore, neonates with sepsis also had elevated levels of IL-18. Further analysis exhibited that

IL-18 level was elevated steadily in the control, survivor sepsis, and non-survivor sepsis groups.

Correlation Between Clinical Parameters and Levels of Serum IL-18

As showed in Table 2, IL-18 was positive correlated with age (r = 0.239, P = 0.008), body temperature (r = 0.214, P =
0.018), respiratory rate (r = 0.301, P < 0.001), and CRP (r = 0.280, P = 0.002). There was no correlation between 1L-18
and heart rate, body weight, neutrophil count, and lymphocyte count.

Table | Basic Characteristics of Study Subjects by Groups

Variables Control (n =31) | Sepsis (n =91) *P Sepsis
Survivors (n = 82) | Non-survivors (n = 9) #p

Age (days) 7.0 (5.0, 14.0) 9.0 (4.0, 16.0) 0.906 10.0 (4.0, 16.3) 5.0 (4.0, 11.5) 0.560
Gestational age (weeks) 39.0 (38.0, 40.0) | 39.0 (37.0, 40.0) | 0.214 39.0 (38.0, 40.0) 38.0 (34.0, 38.0) 0.013
Male, n (%) 22 (71.0%) 54 (59.3%) 0.249 45 (54.9%) 9 (100%) 0.015
Prematurity, n (%) 1 (3.2%) 12 (13.2%) 0.121 10 (12.2%) 2 (22.2%) 0.195
Weight (kg) 3.51 £0.69 3.15+0.76 0.019 3.17 £ 0.74 2.90 £ 0.89 0.032
Temperature (°C) 36.87 £ 0.21 37.10 + 0.68 0.006 37.14 £ 0.66 36.74 + 0.84 0.566
Respiratory (rate/minute) 43.32 £ 7.56 49.81 = 10.84 | <0.00l 50.00 + 10.84 48.11 = 11.36 0.215
Heart rate (bpm) 142.16 + 10.26 148.14 = 19.72 0.033 147.04 = 19.81 158.22 + 16.55 0.018
Early onset sepsis - 35 (38.5%) - 28 (34.1%) 7 (77.8%) <0.001
Late onset sepsis - 56 (61.5%) - 54 (65.9%) 2 (22.2%) <0.001
CRP (mg/L) 0.7 (0.7, 0.7) 6.14 (0.7,286) | <0.001 5.31 (0.7, 23.88) 34.8 (0.80, 100.21) <0.001
ALB (g/L) 35.55 + 3.87 30.92 + 4.95 <0.001 31.31 + 486 2740 + 4.62 <0.001
ALT (U/L) 18.8 (9.9, 28.1) 22.3 (13.6,364) | 0.110 21.4 (135, 33.0) 92.9 (36.6, 181.4) 0.001
AST (U/L) 34.8 (31.5, 42.6) | 38.2 (26.4, 55.6) | 0.832 33.9 (25.5, 50.2) 239.7 (62.6, 491.9) <0.001
Neutrophil (x10° cells/L) 4.11 (2.55,5.01) | 5.66 (4.22,9.07) | <0.001 5.63 (4.19, 9.06) 7.01 (4.02, 12.78) <0.001
Lymphocyte (x10° cells/L) 4.31 (3.25, 5.89) | 3.41 (2.00, 4.56) | 0.005 343 (2.11, 4.76) 2.42 (1.14, 3.99) 0.007
Pre-hospital antibiotic use, n (%) 5 (16.1%) 76 (83.5%) <0.001 67 (81.7%) 9 (100%) <0.001
IL-18 (ng/mL) 0.38 (0.11, 0.83) 1.02 (0.53, 1.70) | <0.001 0.96 (0.50, 1.57) 2.80 (1.02, 3.74) <0.001

Notes: All values are presented as the mean + SD or n (%) or as the median (interquartile range). *P value among the control and sepsis groups. #P value among the control,
survivor, and non-survivor sepsis groups.

Abbreviations: CRP, C-reactive protein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IL-18, interleukin 18.
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Table 2 Correlations Between the IL-18 and Clinical

Parameters

Variables r P

Age (day) 0.239 0.008
Temperature (°C) 0.214 0.018
Respiratory (rate/minute) 0.301 0.001
Heart rate (bpm) 0.174 0.055
Weight (kg) 0.105 0.251
CRP (mg/L) 0.280 0.002
Neutrophil (x107 cells/L) 0.094 0.305
Lymphocyte (x107 cells/L) -0.028 0.760

Abbreviations: IL-18, interleukin 18; CRP, C-reactive protein.

Independence of IL-18 in Identifying Neonatal Sepsis

The multiple logistic regression analysis incorporated variables with a P-value <0.01 from the univariate logistic analysis,
including respiratory rate, ALB, total neutrophil count, ALT, and IL-18. In addition, age, gestational age, body weight,
body temperature and heart rate, as traditional risk factors for neonatal sepsis, were also incorporated in the multiple
logistic regression analysis. After adjusting these variables, IL-18 still served as an independent indicator for neonatal
sepsis (OR = 4.747, 95% CI 1.493-15.092, P = 0.008). Furthermore, our data also showed that ALB (OR = 0.724, 95%
CI 0.607-0.865, P < 0.001) and neutrophil count (OR = 1.791, 95% CI 1.299-2.470, P < 0.001) were independent

biomarkers for neonatal sepsis (Table 3).

Clinical Value of IL-18 in Neonatal Sepsis Diagnosis and Predicting Mortality

Employing the ROC curve analysis, the diagnostic value of IL-18 in sepsis and the ability of IL-18 in anticipating the
mortality of neonatal sepsis were measured. Figure 1A depicts the area under curve (AUC) for IL-18 in identifying
neonatal sepsis was 0.77 (95% CI, 0.68-0.85, P < 0.001). The optimal cut-off value of IL-18 was 0.85 ng/mL with 60%
sensitivity and 84% specificity, in neonatal sepsis diagnosis. Based on the cutoff value of IL-18 in neonatal sepsis
diagnosis, neonates were classified into the following two groups: the group with low IL-18 (IL-18 < 0.85) and the group
with high IL-18 (IL-18 > 0.85). As shown in Table 4, there were 55 (91.7%) neonates with sepsis and 5 (8.3%) neonates
without sepsis in the group with high IL-18. As depicted in Figure 2, the prevalence of neonatal sepsis in the group with
high IL-18 was substantially higher in comparison with the group with low IL-18 (91.7% vs 58.1%, P < 0.001)
(Figure 2). Meanwhile, the AUC for IL-18 in predicting neonatal mortality was 0.80 (95% CI, 0.63-0.96, P < 0.001).

Table 3 Relative Risk of IL-18 for Neonatal Sepsis

Variables Univariate Multivariate*

OR (95% CI) P OR (95% CI) P
ALB 0.817 (0.740-0.902) < 0.001 0.724 (0.607-0.865) < 0.001
Neutrophil count 1.388 (1.138-1.691) 0.001 1.791 (1.299-2.470) < 0.001
IL-18 6.366 (2.377—-17.048) < 0.001 4.747 (1.493-15.092) 0.008

Notes: *Adjusted for age, gestational age, body weight, respiratory rate, body temperature, heart rate, ALB, neutrophil count,
and IL-18.
Abbreviations: ALB, albumin; IL-18, interleukin 18.
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Figure 1 ROC curve of IL-18 in neonatal sepsis diagnosis and mortality prediction. (A) The ROC curve for IL-18 in neonatal sepsis diagnosis; (B) The ROC curve for IL-18
in predicting neonatal mortality prediction.

The optimal cut-off value of IL-18 was 1.49 ng/mL with 78% sensitivity and 79% specificity, in predicting neonatal
mortality (Figure 1B).

Discussion

Newborns’ underdeveloped immune systems make them more vulnerable to pathogenic infections. Uncontrolled initia-
tion of inflammatory cascades induced by the infections aids in the progression of neonatal sepsis.?’ In the neonatal
period, neonatal sepsis is linked to severe morbidity and mortality." A timely and accurate neonatal sepsis diagnosis is
essential for an appropriate treatment, which can avoid the occurrence of severe and life-threatening complications and
death. Presently, blood culture. which is a gold standard of neonatal sepsis diagnosis, goes through an extended waiting
time as well as a low positive pathogenic detection rate.?' Furthermore, the clinical manifestations of neonatal sepsis are
non-specific. Thus, the early identification of pathogenic organisms causing sepsis is difficult and identifying new
biomarkers for neonatal sepsis diagnosis and mortality prediction is critical.

IL-18 was a member of the IL-1 superfamily and has an important role in inflammatory processes.”> Sun et al*®
reported that serum IL-18 level is elevated in adult patients with sepsis and had a positively correlate with disease
severity. Neutralization of IL-18 or deletion in /L-18 can protect against sepsis-induced injuries, including myocardial
dysfunction, and acute kidney and lung injury.'>'***2® Wynn et al*’ demonstrated that IL-18 administration could
enhance the murine neonatal systemic inflammatory response to sepsis and increase the mortality of neonatal sepsis mice.
In contrast, /L-18 deletion has been shown to significantly improve the survival rate of septic mice.*’ To date, only one
research has presented that the serum IL-18 levels were substantially improved in premature neonates with infection.*®
However, a few studies have evaluated the clinical value of IL-18 as a candidate biomarker for neonatal sepsis diagnosis

and mortality prediction.

Table 4 Distribution of Neonates With/Without Sepsis Based on the Optimal
Cutoff Point of IL-18

Variables IL-18 <0.85 (n =62) | IL-18 > 0.85 (n = 60) P
Control, n (%) 26 (41.9%) 5 (8.3%) <0.001
Sepsis, n (%) 36 (58.1%) 55 (91.7%) <0.001

Abbreviation: IL-18, interleukin 18.

Journal of Inflammation Research 2022:15 hetps: 6927

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

100% | e
S 80% |
£~
2
S 60%
5]
&
S 40%
(&}
&
20%
0% —s

IL-18 < Seps.‘s

0.85 IL-18 - 0.85 Co“\(o\

Figure 2 Distribution of neonates in high or low IL-18 groups.

The link between neonatal sepsis and the levels of serum IL-18 was first explored in this study, and we discovered
that neonates with sepsis had elevated levels of IL-18. Furthermore, compared with the survivor septic neonates, serum
IL-18 level was further elevated in non-survivor septic neonates. Multivariate analysis exhibited that IL-18 served as
a risk variable for neonatal sepsis. ROC curve analysis confirmed that IL-18 with a good discriminatory capability in
neonatal sepsis diagnosis. The optimal cutoff value of IL-18 in neonatal sepsis diagnosis was 0.85 ng/mL, with 60%
sensitivity and 84% specificity. Based on the IL-18 cutoff value, neonates were divided into the groups with high or low
IL-18 groups and the majority of neonates (91.7%) that had sepsis were in the group with high IL-18 group. Furthermore,
it was also found that IL-18 has a good value for mortality prediction.

This research has several limitations. First, the current study population size was limited, and to confirm the findings,
its necessities more research with a larger sample size. Second, based on clinical features, neonatal sepsis was diagnosed
rather than a positive blood culture test result. Consequently, the manifestation rate of neonatal sepsis could be
overestimated or underestimated. Lastly, we did not follow the clinical course of the survivor septic neonates.
Therefore, we cannot use the serum IL-18 levels to anticipate future events.

Conclusions
In conclusion, our research revealed that serum IL-18 is an independent risk factor for the presence of neonatal sepsis and
may be a potential early biomarker for identifying neonatal sepsis and neonatal mortality prediction.
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