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Abstract. The present study was carried out to investigate 
the effect of cytokine (CK) concentrations on the immune 
phenotype and survival conditions of elderly patients with 
sepsis. A total of 112 elderly patients with sepsis who were 
admitted to The Affiliated Hospital of Medical School, Ningbo 
University for treatment between June 2015 and June 2017 
were enrolled as the subjects. According to each patient's 
condition, they were divided into the mild sepsis group (n=68) 
and the severe sepsis group (n=44). Additionally, a further 
60 patients without sepsis who were admitted to the Intensive 
Care Unit (ICU) of this hospital during the same period 
were recruited as the control group. The levels of CK, tumor 
necrosis factor α (TNF‑α), interleukin (IL)‑6, IL‑8, procalci-
tonin (PCT), endothelin‑1 (ET‑1) and IL‑10 were detected, and 
the assessment system for immune levels was established. The 
levels of TNF‑α, IL‑6, IL‑8, PCT, ET‑1 and IL‑10 in the serum 
of patients in the mild and severe sepsis groups were signifi-
cantly higher than those in the control group (P<0.05), and the 
levels in the severe sepsis group were significantly higher than 
those in the mild sepsis group (P<0.05). Among the 112 sepsis 
patients, there were 30 mortalities (26.79%) within 30 days, of 
which the levels of TNF‑α, IL‑6, IL‑8, PCT, ET‑1 and IL‑10 
were significantly higher than those in the surviving patients 
(P<0.05). Between the mild and severe sepsis groups, as well 
as the number of mortalities and surviving patients, there 
were statistically significant differences when comparing the 
immunological phenotypes (P<0.05). These findings indicated 
that the levels of TNF‑α, IL‑6, IL‑8, PCT, ET‑1 and IL‑10 
were associated with the condition and prognosis of elderly 
patients with sepsis, and the assessment system for immune 
levels based on the levels of these indicators was conducive to 
the stipulation of individualized immune regulation procedure 
and prognostic evaluation of sepsis.

Introduction

Sepsis is a kind of systemic inflammatory response syndrome 
(SIRS) caused by ischemia‑reperfusion, severe trauma, shock, 
burn, infection and surgeries, and, essentially, is considered as 
the stress response of body to the infectious factors (1). Sepsis 
is believed to be the major cause accounting for septic shock, 
multiple organ failure (MOF) and multiple organ dysfunction 
syndrome (MODS) (2). Currently, the exact pathogenesis of 
sepsis remains unclear yet, but the immunological disorder 
is quite critical to the progression of sepsis. Cytokine (CK) 
is a kind of small proteins with extensive biological activities 
secreted by immunological cells or non‑immunological cells, 
and, together with the complement and immune globulin, 
is called as the immune molecules, which are critical to the 
immune responses (3). Previous studies indicated that the level 
of CK and the relevant changes are closely correlated with 
the development, progression and prognosis of sepsis, and 
are considered as the potential indicators for monitoring the 
immunological function of patients with sepsis, and, thus, can 
be used for precise immunological regulation treatment (4). In 
this study, we enrolled the elder patients with sepsis who were 
admitted to this hospital for treatment between June 2015 and 
June 2017 as the subjects to monitor the changes in CK [tumor 
necrosis factor α (TNF‑α), interleukin‑6 (IL‑6), IL‑8, procal-
citonin (PCT), endothelin‑1 (ET‑1) and IL‑10], so as to analyze 
the correlations between CK and prognosis of patients.

Materials and methods

Clinical materials. In this study, we enrolled 112 elderly 
patients with sepsis who were admitted to The Affiliated 
Hospital of Medical School, Ningbo University (Ningbo, 
China) for treatment between June 2015 and June 2017 as 
the subjects. Inclusion criteria: i) patients with diagnosis of 
sepsis in accordance with the diagnostic criteria of SIRS 
in Guidelines for Management of Severe Sepsis and Septic 
Shock (2012 Edition); ii) patients aged not lower than 60 
years; iii) patients received no treatment before admission; 
and iv) patients whose family singed the written informed 
consent. Exclusion criteria: i) patients whose length of stay 
(LOS) in hospital was shorter than 24 h; and ii)  patients 
who were complicated with dysfunctions in liver or kidney, 
malignant tumors, severe hematological system diseases, or 
immune deficiency. Diagnostic criteria for sepsis: i) With 
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confirmed infection or highly suspected infection and with 
more than 2/3 of those items: body temperature >38˚C or 
<36˚C; heart rate >90 beats/min; breathing >25 beats/min. 
ii)  With more than 2/6 of those biochemical indexes of 
inflammatory reaction: White blood cell count >12x109 or 
<4x109 or immature rate >10%, lymphocyte count decreased; 
serum lactate >3 mmol/l; CRP >2 standard deviations of 
normal; PCT >2 standard deviations of normal; serum 
endotoxin >2 standard deviations of normal; blood glucose 
>7.7 mmol/l or >110 mg/dl (no diabetes). iii) with more than 
1/9 of those organ dysfunction indicators: systolic blood pres-
sure <80 mmHg, mean arterial pressure <70 mmHg or adult 
systolic blood pressure drop >40 mmHg; acute oliguria (urine 
output <0.5 ml/kg/h for more than 2 h), significant edema or 
fluid positive balance >20 m1/kg >24 h; increases of creatinine 
≥0.5 mg/dl (oxygenation index <<300 mmHg); hyperbilirubi-
nemia; thrombocytopenia, <10x1012/l; bloating (reduction of 
bowel sounds) for more than 24 h; coagulation abnormalities: 
APTT >60 sec, INR >1.5; Glasgow score <14. Patients with 
more than 2 items in 1 and 2 were diagnosed as sepsis. Those 
patients combined with 1 or more items in 3 were diagnosed 
as severe sepsis. Patients who did not meet the criteria of 
septic shock and severe sepsis were diagnosed as mild sepsis. 
Based on the disease condition, 112 patients were divided into 
two groups, i.e., the mild sepsis group (n=68) and the severe 
sepsis group (n=44). Additionally, 60 patients without sepsis 
who were admitted to the Intensive Care Unit (ICU) in this 
hospital in the same period were recruited, and those patients 
had no infection during hospitalization or SIRS manifesta-
tions. The study was approved by the ethics committee of The 
Affiliated Hospital of Medical School, Ningbo University and 
written informed consents were signed by the patients and/or 
guardians.

CK detection. We collected 5 ml fasting venous blood in next 
morning after admitting to the hospital before treatment from 
all subjects, and samples, where ethylene diamine tetraacetic 
acid (EDTA) was added for anti‑coagulation, were prepared 
for detection of levels of TNF‑α, IL‑6, IL‑8, PCT, ET‑1 and 
IL‑10 through enzyme‑linked immunosorbent assay (ELISA) 
using the automatic biochemical analyzer (AU680; Beckman 
Coulter, Inc., Brea, CA, USA). The procedures were carried 
out in strict accordance with the instructions of relevant 
kit (Shanghai Jingkang Biological Engineering Co., Ltd., 
Shanghai, China).

Immunological phenotypes. The median levels of TNF‑α, 
IL‑6, IL‑8, PCT, ET‑1 and IL‑10 were 15.85 pg/ml, 33.25 pg/ml, 
35.85 pg/ml, 815.35 ug/l, 35.85 ng/l and 10.15 pg/ml, respec-
tively. The results above the median level were set as positive, 
while those below the median level were set as negative. 
According to the number of positive results of CKs above, we 
divided the status of patients into three degrees: mild inflam-
matory response/anti‑inflammatory responses [compensatory 
anti‑inflammatory response syndrome (CARS), 0‑2 inflam-
matory factors with positive results/IL‑10 positive], severe 
inflammatory responses/anti‑inflammatory responses [mixed 
antagonist response syndrome (MARS), 0‑4  inflamma-
tory factors with positive results/IL‑10 positive], and SIRS 
(0‑6 inflammatory factors with positive results/IL‑10 positive).

Prognosis. According to the worst value of patients within 24 h 
after admission, patients were scored via Acute Physiology and 
Chronic Health Evaluation II (APACHE II), and the survival 
of patients within 30 days was recorded.

Statistical analysis. Statistical analysis of all materials 
was performed with SPSS v18.0 (SPSS, Inc., Chicago, IL, 
USA). Analysis of variance with Tukey's post hoc test were 
performed for multiple comparisons. Measurement data were 
expressed as mean ± standard deviation and compared with 
t-test. Qualitative data were compared with χ2 test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

General material. Comparisons of age and gender among 
the mild sepsis group, the severe sepsis group and the control 
group showed that the differences had no statistical signifi-
cance (P>0.05), while the differences in the admission time 
of ICU, APACHE II scores and qSOFA scores among three 
groups had statistical significance (P<0.05; Table I).

CK levels in serum of patients in varying disease conditions. 
In the mild and severe sepsis groups, the levels of TNF‑α, 
IL‑6, IL‑8, PCT, ET‑1 and IL‑10 in serum of patients were 
significantly higher than those in the control group (P<0.05), 
and the levels in the severe sepsis group were significantly 
higher than those in the mild sepsis group (P<0.05; Table II).

CK levels in serum of alive and dead patients. Among 
112 sepsis patients, there were 30 death cases (26.79%) within 
30 d, of which the levels of TNF‑α, IL‑6, IL‑8, PCT, ET‑1 and 
IL‑10 were significantly higher than those in the alive patients 
(P<0.05; Table III).

Immunological phenotypes. Between the mild and severe 
sepsis groups, as well as the survival and death patients, there 
were statistically significant differences in comparison of the 
immunological phenotypes (P<0.05; Tables IV and V).

Discussion

Most of the sepsis is the SIRS caused by infection of pathogen, 
resulting in damage to the organ functions of the body. 
According to the American thoracic society and the Society 
of Critical Care Medicine, it is defined as infection and 
SIRS, and diagnosis should be made based on the existence 
of highly‑suspicious infectious lesion or bacteria, while the 
remaining indicators are the same as those of SIRS (5). It is 
reported that the development of sepsis is also accompanied 
with the pro‑inflammatory and anti‑inflammatory responses, 
which are commonly dependent on many factors, like bacte-
rial load, toxicity of pathogen, complications and host genetic 
factors (6,7). In clinical research of sepsis, CK has been the 
major part in its pathophysiological process (8).

The results of this study showed that the levels of TNF‑α, 
IL‑6, IL‑8, PCT, ET‑1 and IL‑10 in serum of patients in the 
mild and severe sepsis groups were significantly higher than 
those in the control group (P<0.05), and the levels in the severe 
sepsis group were significantly higher than those in the mild 
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sepsis group (P<0.05), suggesting that the levels of TNF‑α, 
IL‑6, IL‑8, PCT, ET‑1 and IL‑10 are correlated with the 
disease condition of sepsis patients, and with the progression 
of sepsis, the CK level in serum will be increased. TNF‑α, 
IL‑6, IL‑8, PCT and ET‑1 are the pro‑inflammatory factors, 
and TNF‑α, a kind of small molecule protein secreted by 
macrophages with various biological effects, can act on a 
variety of cells, thereby inducing a series of inflammatory 
responses; under the circumstance of excessive inflamma-
tory responses, TNF‑α can stimulate the vascular endothelial 
cells to constrict, thus increasing the permeability of vessels, 
which will permit the massive macromolecules to pass into 
the interstitial fluid; thus, the intercellular adhesion molecule‑1 
(ICAM‑1) and endothelial cell adhesion molecule‑1 (ECAM‑1) 

are excessively expressed, which can damage the microcircu-
lation and tissues (9,10). Furthermore, TNF‑α can also induce 
the massive release of IL‑6 and IL‑8, thereby activating the 
chain reactions of inflammation, and further facilitating the 
progression of inflammation (11,12).

IL‑6 can directly activate the inflammatory cells and 
vascular endothelial cells, and is also toxic to them; besides, 
it can intensify the toxicity and inflammatory responses, 
which can harm the tissues and cells (13). As a key member in 
pro‑inflammatory transmitters, IL‑6 can induce the differentia-
tion of lymphocyte B, activate the lymphocyte T, and act on the 
tissues and cells through autocrine or paracrine, thus promoting 
the hyperplasia of extracellular matrix, promoting cell growth 
and being involved in the inflammatory responses (14). The level 

Table II. Comparisons of the levels of TNF‑α, IL‑6, ‑8 and ‑10, PCT and ET‑1 in the serum of patients.

Factors	 Control group (n=60)	 Mild sepsis group (n=68)	 Severe sepsis group (n=44)

TNF‑α (pg/ml)	 10.35±2.12	 12.96±3.19a	 16.38±4.33a,b

IL‑6 (pg/ml)	 16.35±5.35	 30.25±8.89a	 39.78±12.52a,b

IL‑8 (pg/ml)	 17.35±4.83	 29.78±6.31a	 36.15±7.22a,b

PCT (µg/l)	 736.56±112.35	 1,238.75±135.73a	 1,678.96±102.56a,b

ET‑1 (ng/l)	 22.26±6.35	 38.79±7.35a	 45.33±9.58a,b

IL‑10 (pg/ml)	 4.36±1.12	 9.35±2.08a	 13.96±3.25a,b

Data are presented as the mean ± standard deviation. aP<0.05 vs. control group; bP<0.05 vs. mild sepsis group. TNF‑α, tumor necrosis factor α; 
IL, interleukin; PCT, procalcitonin; ET‑1, endothelin‑1.

Table III. Comparisons of the TNF‑α, IL‑6, ‑8 and ‑10, PCT and ET‑1 levels in the serum of the surviving patients and mortalities. 

Factors	 Surviving patients (n=82)	 Mortalities (n=30)	 t-test	 P‑value

TNF‑α (pg/m)	 10.36±3.12	 25.08±5.65	 3.105	 <0.01
IL‑6 (pg/ml)	 26.15±4.38	 55.43±8.52	 2.963	 <0.01
IL‑8 (pg/ml)	 26.35±3.59	 48.50±5.78	 3.751	 <0.01
PCT (µg/l)	 1,302.35±159.59	 1,710.55±251.07	 3.535	 <0.01
ET‑1 (ng/l)	 35.12±3.35	 58.41±5.33	 4.159	 <0.01
IL‑10 (pg/m)	 8.63±1.20	 18.08±3.75	 3.251	 <0.01

Data are presented as the mean ± standard deviation. TNF‑α, tumor necrosis factor α; IL, interleukin; PCT, procalcitonin; ET‑1, endothelin‑1.

Table I. Patient characteristics across the three groups.

Characteristics	 Control group (n=60)	 Mild sepsis group (n=68)	 Severe sepsis group (n=44)

Gender (male/female)	 34/26	 36/22	 28/16
Age (years)	 66.6±3.5	 65.2±3.2	 67.6±4.5
Admission time in ICU (days)	 10.6±3.5	  13.5±5.6a	    18.9±6.8a,b

APACHE II score	 10.5±3.9	  14.3±3.3a	    18.5±4.6a,b

qSOFA scores	 2 (1,3)	 4 (2,5)	 6 (5,8)

Data are presented as the mean ± standard devaition. aP<0.05 vs. control group; bP<0.05 vs. mild sepsis group. qSOFA, quick Sepsis Related 
Organ Failure Assessment; ICU, Intenstive Care Unit; APACHE, Acute Physiology And Chronic Health Evaluation.
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of IL‑6 in serum has been confirmed to be positively corre-
lated with the sepsis condition and its mortality rate. With the 
activating and chemotactic activities on neutrophils, IL‑8 can 
induce the migration of neutrophils to the infectious site and 
simultaneously the massive release of inflammatory mediators. 
A study has indicated that in patients with severe sepsis, an 
acute increase in IL‑8 level in the early stage usually suggests 
a poor prognosis (15). ET has three subtypes, ET‑1, ET‑2 and 
ET‑3, in which ET‑1, as the sole ET secreted by vascular endo-
thelial cells, has a potent effect on vasoconstriction. Once the 
vascular endothelium is injured, the secretion of ET‑1 is acutely 
increased, inducing the thrombosis, thereby being involved in 
the dysfunction of vascular endothelium, which can reflect the 
damage to vascular endothelial cells. It has been confirmed that 
damaged vascular endothelial cells are involved in the devel-
opment and progression of sepsis (16). Thus, the level of ET‑1 
in serum can reflect the severity of sepsis to a certain degree. 
PCT, a kind of propeptide of PCT consisting of 116 amino 
acids, usually serves as an indicator for diagnosis of infection. 
Normally, PCT is mainly secreted by the thyroid C cells, but 
when it comes to the pathological status, it can also be secreted 
by cells of liver, kidney and muscle under the stimulation of 
endotoxin CKs (17). In serum of healthy people, PCT usually 
sustains at a low level; however, under the disease condition, 
massive release of PCT can be attained rapidly.

IL‑10, as a major anti‑inf lammatory CK, mainly 
inhibits the immune responses to inflammation. Secreted 
by T helper 2 (TH2) cells, IL‑10 can suppress the release of 
TNF‑α, IL‑6 and IL‑8, thus decreasing the inflammatory 
responses, and terminating the progression of sepsis as well 
as damage to the distant organs (18). In this study, the results 
confirmed that the level of IL‑10 in serum of sepsis patients 
was abnormally increased, suggesting that the immune 
responses were obviously inhibited; especially in patients with 
severe sepsis, the inhibitory effect on immune responses is 
more significant. Additionally, the study also confirmed that 
the levels of CK in serum (TNF‑α, IL‑6, IL‑8, PCT, ET‑1 and 

IL‑10) were correlated with the prognosis of sepsis patients, 
and a high level of CK might suggest a poor prognosis.

Furthermore, in this study, we also performed the immu-
nological phenotyping for sepsis according to the CK above. 
Data showed that between the mild and severe sepsis groups, as 
well as the survival and death patients, there were statistically 
significant differences in comparison of the immunological 
phenotypes (P<0.05); in the patients with mild sepsis, or those 
alive sepsis patients, sepsis mainly exhibited as SIRS, while 
in patients with severe sepsis, or those dead sepsis patients, it 
turns into MARS with significant disorders in immunological 
function, which is coincident with the results of literature. 
Thus, this method can efficiently evaluate the immunological 
status of sepsis patients, and is conducive to the clinical evalu-
ation and stipulation of immunotherapy.

In conclusion, the levels of TNF‑α, IL‑6, IL‑8, PCT, ET‑1 
and IL‑10 are correlated with the condition and prognosis 
of elder patients with sepsis, and the assessment system for 
immune level based on the levels of these indicators is condu-
cive to the stipulation of individualized immune regulation 
procedure and prognostic evaluation of sepsis. However, due 
to the limitations in selecting CK and insufficient time for 
observation, further validation and analysis are required.
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Table IV. Comparisons of the immunological phenotypes between the mild and severe sepsis groups.

Group	 Cases (n)	 CARS, n (%)	 MARS, n (%)	 SIRS, n (%)	 χ2 test	 P‑value

Mild sepsis 	 68	 12 (17.65)	 7 (10.29)	 49 (72.06)	 5.963	 0.015
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CARS, compensatory anti‑inflammatory response syndrome; MARS, mixed antagonist response syndrome; SIRS, systemic inflammatory 
response syndrome.
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CARS, compensatory anti‑inflammatory response syndrome; MARS, mixed antagonist response syndrome; SIRS, systemic inflammatory 
response syndrome.
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