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Objective: To explore the clinical signifi-
cance of serum levels of IL-6/10/18 in
sepsis. Methods: Sixty-six patients with
sepsis were selected to be the case
group. Additionally, 42 healthy adults were
selected to be the control group. ELISA
was used to measure the serum levels of
IL-6/10/18, and ROC was utilized to evalu-
ate the diagnostic values of IL-6/10/18 in
sepsis. Results: The heart rate, respira-
tory rate, WBC count and APACHE I
score in the sepsis group were signifi-
cantly higher than those in the control
group, and these indexes were increased
in turn in the mild sepsis group, severe
sepsis group, and septic shock group (all
P < 0.05 after correction). The serum IL-6/
18 levels in sepsis patients were signifi-
cantly higher than those in the control
group, and both of the levels were

increased in turn in the mild sepsis group,
severe sepsis group, and septic shock
group (both P < 0.05). However, no signif-
icant difference was found in serum IL-10
level between groups (P > 0.05). The cut-
off points of IL-6 and IL-18 were 109.19 pg/
ml (sensitivity: 94.4%; specificity: 83.3%)
and 116.01 pg/ml (sensitivity: 77.8%; speci-
ficity: 83.3%), respectively. Serum IL-6
levels were positively correlated with the
APACHE Il score and heart rate (both
P < 0.001). Conclusion: Serum levels of
IL-6/8 are up-regulated in sepsis patients.
Additionally, IL-6 has a greater sensitivity
than IL-18. Serum IL-6 levels were posi-
tively correlated with the APACHE Il score
and heart rate, indicating that IL-6 could
be used as a potential biomarker for
sepsis. J. Clin. Lab. Anal. 30:1037-1043,
2016. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Sepsis is characterized by a systemic inflammatory
response caused by bacterial infections and non-infec-
tious conditions that is mediated by the activation of
various proinflammatory mediators (1). Sepsis is esti-
mated to be responsible for approximately 6 million
victims per year, which represents the major cause of
death in intensive care units (ICU) worldwide (2). In
the US, the hospitalization rate of patients with sep-
sis or even septicemia has increased from 221 to 377
per 100,000, and the prevalence of severe postopera-
tive sepsis has increased from 0.3% to 0.9% (3).
Patients with sepsis are apt to develop an inflamma-
tory response on account of microbes in their blood,
skin, lungs, urine, or other tissues, and severe sepsis
can even contribute to multiple organ failure as a
result of blood clotting in finer blood vessels (4).
Additionally, sepsis is the major (3) cause of acute

© 2016 Wiley Periodicals, Inc.

renal failure related to hypoperfusion, followed by
tissue injury as well as subsequent organ damage (5).
There is an interaction between various pathways
involved in the pathogenesis of sepsis, such as inflam-
mation, coagulation, immunity, and the neuroen-
docrine system (6). As expected, the worldwide
incidence will increase with aging, greater antimicro-
bial resistance, greater access to medical technology
and interventions, and a wider use of immunosup-
pressive therapies (7). Increasing release of systemic
cytokines such as interleukin-6 (IL-6), interleukin-10
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(IL-10), interleukin-18 (IL-18), and tumor necrosis
factor (TNF) has been well documented in the septic
human response and in relevant animal models (6, 8).

Human IL-6 is a type of cytokine that is com-
posed of 184 amino acids with a molecular weight
of 21-26 kDa, and its gene is located on chromo-
some 7 (9). The IL-6 receptor is produced by sev-
eral cell types, such as B and T Ilymphocytes,
monocytes/macrophages, and in turn stimulates T
and B lymphocytes and other cells involved in cell
proliferation and differentiation and enhances their
functionality (10, 11). Additionally, IL-10 is a potent
regulatory cytokine that functions as an anti-inflam-
matory that inhibits the synthesis of a number of
cytokines, such as interferon (IFN)-y, TNF and
other pro-inflammatory cytokines produced by acti-
vated macrophages and by helper T cells (12, 13).
The human IL-10 molecule is composed of 160
amino acids with a molecular weight of 18.5 kDa,
whereas murine IL-10 consists of 157 amino acids
with a molecular weight of 18.5 kDa (14). IL-18,
which belongs to the IL-1 super-family, is a pro-
inflammatory cytokine that induces the synthesis of
TNF-a, IL-1B, IL-13, and other cytokines and is
produced by macrophages as well as other cells (15,
16). In addition, IL-18 has the capability of induc-
ing chemokines such as MIP-1a, MIP-1b, and MCP-
1, which are attributed to the infection of mono-
cytes and macrophages, thus initiating the inflamma-
tory process (17). IL-6 has been reported to be
involved in various physiological and immunological
processes, and it plays an important role in SIRS,
sepsis, and other diseases (18). Cytokines (both pro-
inflammatory and anti-inflammatory) present a dou-
ble-edged sword in sepsis (2): they are critical to
eliminate the infection (2), yet their overproduction
can cause tissue or organ damage (19). Ocuin et al.
(20) found that IL-10 can inhibit the occurrence of
TNF-a, IL-1, IL-6, and IL-8, and that it plays an
important regulatory role in the progression of sep-
sis. Several studies have indicated that IL-18 partici-
pates in the development of sepsis and is involved
in the severity of sepsis (21, 22). A previous study
has identified several important roles of individual
cytokines, and an analysis of the cytokines (e.g., IL-
6 and IL-18) involved in sepsis is essential to under-
stand the mechanisms of sepsis to offer better treat-
ment approaches and may also be helpful for
identifying biomarkers of sepsis (23). As there have
been no studies conducted that compare the effects
of these three inflammatory factors on sepsis, our
study aims to investigate the associations between
the inflammatory factors IL-6, IL-10, and IL-18 and
the development of sepsis.
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MATERIALS AND METHODS

Ethics Statement

The study was reviewed and approved by the Insti-
tutional Review Board of Jining NO.1 People’s Hospi-
tal. All subjects gave their written informed consent,
and the conduct of the study complied with the latest
revision of the Declaration of Helsinki (24).

Study Subjects

Sixty-six patients with sepsis who were admitted to
the intensive care unit (ICU) of Jining NO.1 People’s
Hospital from December 2011 to December 2013 were
selected to be the case group; this group included 39
males and 27 females with ages ranging from 19
to 83 years and had a mean age of 51.18 £+ 16.17 years
old. All of the patients promptly completed the
Acute Physiology and Chronic Health Evaluation II
(APACHE 1II) within 24 hours of being admitted to the
hospital. Additionally, 42 healthy adults who received a
physical examination in the same hospital during the
same period were selected to be in the control group,
including 25 males and 17 females ranging from 22 to
67 years old with a mean of 47.57 + 11.81 years old.
None of the healthy controls had trauma, infections,
burns, pancreatitis, or non-specific inflammatory pro-
cesses resulting from any other disease.

The diagnostic criteria of sepsis referred to the sys-
temic inflammatory response syndrome (SIRS) criteria
formulated by the American College of Chest Physicians
and Society of Critical Care Medicine (ACCP/SCCM)
in 1991 and the diagnostic criteria of the International
Conference on Sepsis constituted in 2001 (1, 25). The
diagnostic criteria of SIRS included meeting two or
more of the following items at the same time: (1) body
temperature >38°C or <36°C; (2) heart rate >90 beats/
min; (3) respiratory rate >20 breaths/min or arterial par-
tial pressure of carbon dioxide (PaCO») < 32 mmHg
(4.3 kPa); and (4) peripheral blood white blood cell
(WBC) count >12,000/mm?>, <4,000/mm?, or immature
granulocyte >10%. The diagnostic criteria for sepsis
included meeting the diagnostic criteria of SIRS and a
clear focus of infection. The diagnostic criteria for sev-
ere sepsis were systemic infection accompanied by organ
dysfunction, poor tissue perfusion, or low blood pres-
sure. The diagnostic criteria for septic shock included:
(1) clear clinical infection, (2) existence of SIRS, (3) sys-
tolic pressure <90 mmHg or decreased more than
40 mmHg compared with a baseline value within at
least 1 hour or blood pressure dependent on infusion or
drug maintenance, and (4) the existence of poor tissue
perfusion, such as less urine (<30 ml/h) for more than



I hour or an acute mental disorder. According to the
severity of the disease, the patients were divided into a
mild sepsis group (n =26), a severe sepsis group
(n = 22), and a septic shock group (n = 18).

The exclusion criteria of this study were as follows:
(1) age >83 or <19 years old; (2) a history of autoim-
mune disease, acquired immunodeficiency syndrome
(AIDS), acute cerebral vascular accident, active bleed-
ing, chronic renal failure or cancers, or the use of an
immunosuppressant; (3) presence of any acute or
chronic infectious disease; (4) history of chest compres-
sions, defibrillation, direct current cardioversion, chest
trauma, or left bundle branch block 7 days before being
admitted to the hospital; (5) presence of acute myocar-
dial infarction (AMI) symptoms and/or an atypical elec-
trocardiogram (ECG) when admitted into the hospital;
and (6) discontinuation of systemic therapy.

Measurements of serum levels of IL-6, IL-10, and
IL-18

After sepsis diagnosis based on APACHE II score,
approximately 5 ml samples of venous blood were col-
lected from all subjects in the morning of the first,
third, and seventh day. Additionally, approximately
5 ml samples of venous blood were collected from the
healthy controls. The venous blood samples were pre-
served in the laboratory by ethylene diamine tetraace-
tic acid-k2 (EDTA-K2) anticoagulants for 30 min and
then centrifuged for 10 min at 3,000 rpm/min at 4°C
to separate plasma and blood cells, which were then
stored at —80°C for later use. A double antibody sand-
wich enzyme-linked immunosorbent assay (ELISA)
was used to measure the serum levels of IL-6, IL-10,
and IL-18. The kits were provided by the American
R&D Company, and the device was an ELx800
enzyme-labeled meter (Bio-Tek Instruments, Inc.,
Winooski, VT). The conduct of the experiments
strictly complied with the manufacturers’ instructions,
and all tests were performed by specialists. A receiver
operating characteristic curve (ROC) and the area
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under the curve (AUC) were utilized to evaluate the
clinical values of serum IL-6, IL-10, and IL-18 in the
diagnosis of different severities of sepsis.

Statistical analysis

SPSS 19.0 (Science Chicago, SPSS, Chicago, IL,
USA) software was used for statistical analysis. The
numerical data were presented as mean + standard
deviation (X =+ s), with ¢-tests used for the comparisons
between two groups and one-way analysis of variance
(ANOVA) used for the comparisons between three or
more groups. The categorical data were presented as
the rate or composition ratio, with the chi-squared test
used for comparisons between groups. Pearson’s test
was adopted for correlation analysis. ROC curves were
implemented to evaluate the diagnostic value of IL-6,
IL-10, and IL-18 in determining the severity of sepsis
by comparing the AUC of each factor. All statistical
tests were two-sided. All of the P values were Bonfer-
roni-corrected, and the P values displayed in the table
were corrected P values; a corrected P < 0.05 was con-
sidered statistically significant.

RESULTS

Baseline characteristics of study subjects

The baseline characteristics of the patient groups
with different severities of sepsis and the control group
are presented in Table 1. No statistical significance
between the control group and the sepsis group was
observed in relation to gender, age, or body tempera-
ture (P > 0.05), whereas the heart rate, respiratory
rate, WBC count, and APACHE II score in the sepsis
group were significantly higher than those in the con-
trol group (all P < 0.05 after correction). Gender, age,
and body temperature were not significantly different
between the patients with different severities of sepsis
(all P> 0.05), whereas the heart rate, respiratory rate,
WBC count, and APACHE 1I score of the patients

TABLE 1. Comparison of the baseline characteristics of the control group and the patients with different severities of sepsis

Respiratory

Gender  Temperature Heart rate rate WBC count APACHE
Age (years) (M/F) (°C) (time/min) (time/min) (x10° L) IT score
Control group (n = 42) 47.57 + 11.81 25/17 36.9 + 7.62 89.12 £+ 14.06 17.22 + 7.42 11.99 + 3.78 10.2 + 7.75
Sepsis group (n = 606) 5118 + 16.17  39/27° 3897 + 591  111.18 + 11.46* 24.01 & 7.00* 14.80 + 4.73*  21.15 + 7.75°
Mild sepsis group (n = 26) 53.58 £+ 21.30 14/12 38.6 £ 547 103.02 + 10.42  20.21 + 6.34 12.12 + 3.22 18.7 + 5.70
Severe sepsis group (n = 22)  50.55 + 17.99 13/9 39.1 + 6.44  112.54 + 10.32° 2435 +£ 7.01°  14.89 + 4.80° 20.7 + 6.50
Septic shock group (n = 18)  51.06 + 17.89 10/8 39.8 + 6.06 118.06 + 11.33°  26.78 + 7.19° 16.13 + 5.67° 26.20 + 9.70°

M, male; F, female; WBC, while blood cell; APACHE II, Acute Physiology and Chronic Health Evaluation II.
aRefers to P < 0.05 when compared with the control group; Prefers to P < 0.05 when compared with the mild sepsis group.
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TABLE 2. Association between serum levels of 1L-6, IL-10, and IL-18 and sepsis and severity of sepsis

IL-6 (pg/ml)

IL-10 (pg/ml) IL-18 (pg/ml)

Control group (n = 42) 23.65 £ 19.32
Sepsis group (n = 66) 102.69 + 29.69*
Mild sepsis group (n = 26) 84.15 £ 15.82

105.83 £ 13.44%*
131.42 + 20.01%****

Severe sepsis group (n = 22)
Septic shock group (n = 18)

96.68 £+ 19.32 32.51 £ 16.21
106.32 £+ 30.68 119.30 + 29.33*
96.67 + 28.66 89.96 + 10.58

101.51 + 24.281
113.24 + 32.62

109.30 + 13.35%*
122.21 + 14.34%%%%x

*Refers to P < 0.05 when compared with the control group.
**Refers to P < 0.05 when compared with the mild sepsis group.
***Refers to P < 0.05 when compared with the severe sepsis group.

were increased in turn in the mild sepsis group, severe
sepsis group, and septic shock group; there were signif-
icant differences between the mild sepsis group and the
severe sepsis group as well as between the mild sepsis
group and the septic shock group (all P < 0.05 after
correction).

Associations between serum levels of IL-6, IL-10,
and IL-18 and sepsis and severity of sepsis

The serum IL-6, IL-10, and IL-18 levels in the con-
trol group and the case groups with different severities
of sepsis are presented in Table 2. Serum IL-6 and IL-
18 levels in the sepsis group were significantly higher
than those in the control group (both P < 0.05 after
correction), but there was no statistical significance in
the serum level of IL-10 between the two groups
(P > 0.05). The serum levels of IL-6 and IL-18 in
patients in the mild sepsis group, the severe sepsis
group, and the septic shock group showed an increas-
ing trend, and there were significant differences
between the groups (both P < 0.05 after correction);
the serum levels of IL-10 in the patients in these three
groups had no significant difference (P > 0.05).

The sensitivity and specificity of serum IL-6 and
IL-18 levels in diagnosing the severity of sepsis

As shown in Figure 1, the AUC of IL-6 was 0.935,
which was significantly higher than the AUC of IL-18
(0.881). At the upper left corner of the curve, the sensi-
tivity and the specificity of IL-6 were 94.4% and
83.3%, respectively, and the corresponding optimal
cut-off point of IL-6 that achieved the highest values
of sensitivity and specificity was 109.19 pg/ml. Simi-
larly, at the upper left corner of the curve, the sensitiv-
ity and the specificity of IL-18 were 77.8% and 83.3%,
respectively, and the corresponding optimal cut-off
point of IL-18 that achieved the highest values of sen-
sitivity and specificity was 116.01 pg/ml. The results
indicated that 1L.-6 was more promising than IL-18 in
the diagnosis of sepsis.
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Correlation analysis

Correlation analysis values between the serum levels
of IL-6 and IL-18 in sepsis patients and body tempera-
ture, heart rate, respiratory rate, WBC count, and
APACHE 1II score are displayed in Table 3. The
results showed that there was a strong positive correla-
tion between IL-6 and APACHE Il score as well as
heart rate (APACHE II score: r = 0.454; heart rate:
r=0.551; both P < 0.001, Fig. 2), but no correlation
was found for WBC count, respiratory rate, or body
temperature (all P > 0.05). Furthermore, no significant
correlation was detected between IL-18 and any of the
other indices (all P > 0.05).

DISCUSSION

Our results indicated that IL-6 and IL-18 were
highly expressed in the serum of sepsis patients, sug-
gesting that serum levels of IL-6 and IL-18 may play a

ROC Curve
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Fig. 1. The receiver operating characteristic curve of serum levels of
IL-6 and IL-18 in diagnosing the severity of sepsis.



TABLE 3. Correlation analysis of serum levels of IL-6 and
IL-18 with body temperature, heart rate, respiratory rate,
WBC count, and APACHE II score

IL-6 (pg/ml) IL-18 (pg/ml)
Body temperature —0.009 —0.046
Heart rate 0.551* 0.211
Respiratory rate 0.192 —0.058
WBC count 0.167 0.142
APACHE II score 0.454%* 0.151

WBC, while blood cell; APACHE II, Acute Physiology and Chronic
Health Evaluation II.

*Refers to P < 0.05 for the correlation between serum IL-6 level and
heart rate.

**Refers to P < 0.05 for the correlation between serum IL-6 level
and APACHE II score.

vital role in the development of sepsis. As a multifunc-
tional cytokine involved in pro-inflammatory and anti-
inflammatory processes, IL-6 can regulate the immune
response, hematopoiesis, and the involvement of
inflammation (26, 27). The importance of IL-6 is its
presence in the early stages of the host response to
infection, and IL-6 stimulation has been related to the
increased migration of activated T cells in vitro, as IL-
6 has a significant function in stimulating the produc-
tion of C-reactive protein but is known to precede this
increase (28, 29). Essentially, the concentration of IL-6
clearly increases after exposure to bacterial products in
the early stages of infection (30). It is well known that
IL-18 plays a central role in regulating immune and
inflammatory responses to infections and sterile tissue
damage (10). IL-18 has the ability to induce the pro-
duction of IFN-y in the presence of I1L-12 and also to
induce chemokines attracting monocytes and macro-
phages to the sites of infection, thereby initiating the
inflammatory process linked to the development of
sepsis (31). Moreover, IL-18 may induce IL-2 and
granulocyte-macrocyte colony-stimulating factor pro-
duced by antigenically stimulated T cells and may
enhance natural killer cell activity as well as Fas ligand
expression in Thl cells (32). Notably, specific blockade
of IL-6 or IL-18 can alleviate the effects of sepsis on
organ damage or improve host survival, and their con-
centrations fall abruptly with specific treatment, thus
supporting the idea that serum IL-6 and IL-18 levels
participate in the pathologic processes of sepsis and
that both of them may be helpful for the early diagno-
sis of sepsis (18, 33). Additionally, in our study, the
septic shock group had the highest serum IL-6 and IL-
18 levels, followed by the severe sepsis group, the mild
sepsis group, and the control group, which can be
explained by the fact that serum IL-6 levels in patients
with septic shock are higher when compared to those
in patients without septic shock as well as in patients
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Fig. 2. Correlation analysis results. Correlation between (A) serum
IL-6 level and heart rate, and (B) serum IL-6 level and APACHE II
score.

who have died from severe sepsis (34). In addition, an
elevated level of I1L-6 has been suggested to be related
to the highest risk of mortality in patients with sepsis,
which suggests that IL-6 may constitute a candidate
biomarker for sepsis (35). A previous study has shown
that elevated plasma IL-18 concentrations are associ-
ated with poor clinical outcomes in severe inflamma-
tory and septic conditions, and thus IL-18 may also
constitute a candidate biomarker for sepsis (23).

Our study also indicated that IL-6 had a higher sen-
sitivity and specificity than IL-18, which suggests that
IL-6 can be used as a potential diagnostic indicator of
sepsis. To date, many researchers have attempted to
associate cytokine levels with the development of sep-
sis, but no single biological or clinical indicator of sep-
sis has gained unanimous acceptance (36, 37). High
levels of inflammation parameters, such as 1L-6, IL-8,
procalcitonin (PCT), and C-reactive protein (CRP),
have been recognized as the most promising candidates
of the potential sepsis markers (38). Of these, as the
most well-known marker, IL-6 has been reported to
act as an early indicator of sepsis due to its rapid
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increase after endotoxin challenge; IL-6 is a potent
inflammatory mediator, and its plasma concentrations
have typically been tested as prognostic factors in sev-
ere infections and septic shock (39). 1L-6 can induce
the differentiation of T and B cells, stimulate synthesis
of the acute phase reaction protein in liver cells, and
catalyze and amplify the inflammatory reaction and
toxic effects, which results in damage to the tissue
cells, thus reflecting severity of the disease (30). Basu
et al. found that when compared to sepsis patients in
the recovery period controls, there were significantly
elevated IL-6 levels at the onset of sepsis in septic pre-
term newborns (40). In another study, Cernada et al.
proposed that plasma IL-6 detection was an ideal indi-
cator to diagnose the early onset of sepsis, and the
combination of IL-6 and CRP detection may have the
same result (41). The results of our study also suggest
that IL-6 is positively correlated with heart rate and
APACHE 1I score, which further confirms the diag-
nostic value of IL-6. Thus, persistently high IL-6 is a
very sensitive marker of inflammation and is likely to
be of prognostic value in determining the severity of
sepsis.

There were also some limitations to our study. First,
due to the restrictions on the number of cases and
funds, the sample size of the study was one of the limi-
tations of this paper. Second, this paper only explored
the associations of serum IL-6, IL-10, and IL-18 levels
with different degrees of sepsis and concluded that IL-
6 had a better diagnostic value for patients with sepsis;
the other factors related to sepsis diagnosis require fur-
ther investigation. Finally, the relationship between
serum levels of IL-6, IL-10, and IL-18 in patients with
sepsis and the efficacy of the treatment remains to be
seen.

In conclusion, serum levels of IL-6 and IL-18 are up-
regulated in sepsis patients. The ROC curve is a com-
monly used measure to assess the functions of a diag-
nostic biomarker in predicting a binary disease
outcome. Generally, the ROC curve displays the sensi-
tivity and specificity for different cut-off values that
classify an individual as healthy or diseased (42). In our
study, IL-6 had a higher sensitivity and specificity than
IL-18, and IL-6 level was positively correlated with
APACHE 1I score and heart rate; this indicates that
IL-6 can be used as a potential diagnostic biomarker
for sepsis. A reliable biomarker for the diagnosis and
prognosis of sepsis is critical; for one, the inhibition of
excessive cytokine production or removal of cytokines
may suppress systemic inflammation during sepsis
and improve patient outcomes. Furthermore, clinical
trials have demonstrated that treatment with long
courses of low doses of corticosteroids significantly
reduces mortality in patients with severe sepsis and
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septic shock (43). Therefore, the measurement of IL-6
in patients with suspected sepsis could increase the pre-
cision of diagnosis and improve patient management.
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