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Serial cytokine levels in patients with severe sepsis
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Abstract

Objective and design The serial or dynamic changes of

cytokine levels in severely septic patients, between shock

and no shock, survivors and non-survivors are still unclear.

Methods Seventy-six patients with severe sepsis were

enrolled to our study. Plasma levels of interferon-c, inter-

leukin (IL)-6, IL-10, IL-12 and transforming growth factor-

b1 from day 1 to day 7 were determined.

Results IL-6 level in non-survivors was higher than that

in survivors on day 1. IL-10 level in non-survivors was

higher than that in survivors on day 1, 2, and 3. IL-6 level

in shock patients was higher than that in non-shock patients

on day 1, 2, 6 and 7. IL-10 level in shock patients was

higher than that in non-shock patients from day 1 to day 7.

Plasma time-course curves of IL-6 and IL-10 were differ-

ent between survivors and non-survivors. Plasma time-

course curve of IL-6 was different between patients with

shock and without shock. Regression analysis found that

IL-6 was correlated with IL-10 and shock. IL-10 was

correlated with IL-6 and mortality.

Conclusion IL-6 and IL-10 were the key cytokines in the

pathogenesis of severe sepsis. IL-6 was comparatively

more associated with septic shock and IL-10 was com-

paratively more associated with mortality.

Keywords Sepsis � Cytokine � Human � Interleukin-6 �
Interleukin-10 � Transforming growth factor-beta1

Introduction

Severe sepsis is predominantly a problem in intensive care

units (ICUs). Sepsis is a complicated syndrome in which

pro-inflammatory and anti-inflammatory cytokines are

expressed simultaneously [1]. Pro-inflammatory cytokines

is regulated by anti-inflammatory cytokines. Early inflam-

matory response in sepsis is characterized by the release of

a number of pro-inflammatory cytokines, including inter-

feron (IFN)-c, interleukin (IL)-6 and IL-12. Leptin and

IL-6 were reported to be independent predictors of death

[2]. Injection of IL-6 before lipopolysaccharide (LPS)

protected against fatal outcome in mice [3]. In the

PROWESS (Recombinant Human Activated Protein C

Worldwide Evaluation in Severe Sepsis) study, the plasma

IL-6 level in placebo-treated patients who had survived

was significantly lower than that in those not survived [4].
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These findings suggest that IL-6 is a key cytokine during

sepsis. IFN-c enhances macrophage function and plays an

important role in the pathogenesis of sepsis. IFN-c has

antiviral activity, augments tumor necrosis factor (TNF)

activity, and induces nitric oxide [5]. Further, animal

model has identified elevated circulating IFN-c levels in

sepsis [6, 7]. Antigen-presenting cells, including mono-

cytes and macrophages, dendritic cells and neutrophils, are

the primary source of IL-12. IL-12 induces proliferation,

IFN-c production and increase cytotoxic activity of T and

natural killer cells. Importantly, IL-12 induces the polari-

zation of CD4? T cells to the T helper 1 (Th1) phenotype

that mediates immunity against intracellular pathogens [8].

Therapy to augment the production of Th1 cytokines by IL-

12 might be beneficial in the treatment of experimental

mice with severe sepsis after peritonitis [9].

The latter inflammatory response in sepsis has been

referred to as compensatory anti-inflammatory response

syndrome, including release of IL-10 and transforming

growth factor-beta (TGF-b). In a murine model, the septic

response substantially impaired lung immunity to Pseudo-

monas aeruginosa, and this effect was mediated primarily

by endogenously produced IL-10 [10]. In a model of acute

endotoxic shock, it was found that the lethal dose of LPS for

IL-10-deficient mice was 20-fold lower than that for wild

type mice [11]. It appears that depending on the experi-

mental model, IL-10 may be beneficial or deleterious.

Plasma TGF-b values were reported to be unable to provide

any prognostic information [12, 13]. The level of TGF-b
was higher in malaria children with severe disease than in

those with mild disease [14]. The role of TGF-b in severe

sepsis is still unclear.

Up to now, most studies only measured the cytokine

levels for septic patients upon the admission, a follow-up

study was either none or limited [15–17]. A study of

Fernandez-Serrano ever showed the time course profiles of

TNF-a, IL-6, IL-8 and IL-10 in patients with severe com-

munity-acquired pneumonia [18]. However, the patient

number of Fernandez-Serrano’s work is small (N = 38).

Thus, we designed a prospective study with a larger case

number to examine the sequential plasma levels of IFN-c,

IL-6, IL-10, IL-12 and TGF-b1 from day 1 to day 7 in

patients with severe sepsis. The purpose is to analyze the

relationship between these cytokines and the outcome of

severe sepsis.

Materials and methods

Subjects

From October 2003 to September 2005, 76 patients

who were admitted to emergency department and soon

transferred to ICU at Chang Gung Memorial Hospital due

to severe sepsis were enrolled to this study with informed

consent provided by their families. The ICU is a medical

and closed unit in our hospital. This study was approved

by Institutional Review Board at Chang Gung Memorial

Hospital (IRB/CGMH). The following patient’s data was

recorded within the first 3 days after admission: age,

gender, medical history, infection source, Acute Physiol-

ogy and Chronic Health Evaluation (APACHE) II score,

and co-morbidity. Standard treatment, including fluid

resuscitation, broad-spectrum antibiotics, drainage and

basic support, were provided to all patients. Antibiotics

and fluid resuscitation were started as soon as possible

after the sepsis was diagnosed [19]. Pneumonia was

diagnosed based on abnormal infiltration shown on the

chest radiography. Urinary tract infection was diagnosed

based on the presence of pyuria and positive bacteria

culture. Acute renal failure was diagnosed as a rapidly

rising serum creatine level C0.5 mg/dl over the base-line

value [20].

Severe sepsis and septic shock were defined according

to the criteria made in the Consensus Conference [21].

Systemic inflammatory response syndrome (SIRS) was

defined as two or more of the following criteria: (1)

body temperature [38�C or \36�C; (2) respiratory rate

[24 breaths/min; (3) heart rate [90 beats/min; and, (4)

white blood count [12,000/ll or \4,000/ll or [10%

bands. Sepsis was defined as SIRS according to a con-

firmed or suspected microbial etiology. Severe sepsis was

defined as sepsis with one or more of organ dysfunction

or hypotension. Septic shock was defined as sepsis with

hypotension unresponsive to fluid resuscitation, which

further requires vasopressors to maintain blood pressure

on the emergency department admission day. Disease

severity was assessed with the APACHE II score [22].

The survivors were defined as patients, who were alive

28 days after hospital admission.

Cytokine measurement

Patient’s plasma samples in day 1 were obtained as soon as

their arrival at admission to emergency department. Their

plasma samples from day 2 to day 7 were obtained at 12:30

A.M. For the reference data, plasma samples of eight

healthy men and one healthy woman were obtained at

08:30 A.M. All plasma samples were stored at –80�C until

use. Plasma levels of IFN-c, IL-6, IL-10, IL-12 and TGF-

b1 were measured by human IFN-c, IL-6, IL-10 and IL-12

enzyme-linked immunosorbent assay (ELISA) kits (Pierce

Biotechnology, Illinois, USA) and TGF-b1 ELISA kit

(R&D Systems, Minnesota, USA) according to the manu-

facturer’s instructions. Measurement data were average of

two readings.

386 H.-P. Wu et al.



Statistical analysis

Statistical analysis was performed with Statistical Package

for the Social Sciences (SPSS) V11.0.1 for Windows

(SPSS Inc., Illinois, USA). Differences for age and

APACHE II score between survivors and non-survivors,

and the presence and absence of septic shock at initial

presentation were analyzed by Mann–Whitney test. Dif-

ferences for cytokine level among healthy controls,

survivors and non-survivors, and the presence and absence

of septic shock at initial presentation were analyzed by

Kruskal–Wallis test with post hoc comparisons by Mann–

Whitney test. Difference for categorical variables between

survivors and non-survivors were compared by the Chi-

square test or Fisher’s exact test. The differences of

sequential data of cytokines between survivors and non-

survivors, and the presence and absence of septic shock at

initial presentation are compared by repeated measure

analysis of variance. Lineal enter regression models were

analyzed to determine the independent factors associated

with IL-6 and IL-10 levels. Cytokine level and APACHE II

score on day 1, mortality, shock and gastrointestinal

bleeding were served as cofactors. A P value of\0.05 was

considered statistically significant.

Results

Seventy-six patients were enrolled to this study. The

demographic data was shown in Table 1. The mean of

APACHE II score in non-survivors was significantly higher

than that in survivors. There were no significant differences

in history and infection source between survivor and non-

survivor. The incidences for septic shock and gastrointes-

tinal bleeding in non-survivors were significantly higher

than that in survivors. Six patients died on day 2. Four

patients died on day 3. Only 9 non-survivors were alive till

day 7.

Comparison of cytokine level among subjects

Interferon-c level in non-survivors was significantly higher

than that in survivors from day 5 to day 6 (Table 2). There

was no difference in IFN-c level from day 1 to day 7

between patients with shock and without shock at initial

presentation. IL-6 level in non-survivors was significantly

higher than that in survivors on day 1 (Table 3). IL-6 level

in patients with shock was significantly higher than that in

patients without shock at initial presentation on day 1, 2, 6,

and 7. Serial IL-6 levels from day 1 to day 7 in patients

with severe sepsis were significantly higher than that in

healthy controls. IL-10 level in non-survivors was signifi-

cantly higher than that in survivors on day 1, 2, and 3

(Table 4). IL-10 level in patients with shock was signifi-

cantly higher than that in patients without shock from day 1

to day 7. IL-10 level in survivors was significantly higher

than that in controls on day 1. IL-10 level in non-survivors

was significantly higher than that in controls on day 1, 2,

and 3. IL-10 level in patients with shock at initial presen-

tation was significantly higher than that in controls on day

1 and 2.

Interleukin-12 level in non-survivors was not signifi-

cantly higher than that in survivors from day 1 to day 7

(Table 5). There was no difference in IL-12 level from day

1 to day 7 between patients with shock and without shock

at initial presentation. IL-12 level in survivors was signif-

icantly lower than that in controls. IL-12 level between

healthy controls and non-survivors was similar. TGF-b1

level in non-survivors was significantly higher than that in

survivors on day 1, day 2, and day 5 (Table 6). TGF-b1

level in survivors was significantly lower than that in

healthy controls on day 1, day 2, and day 4. TGF-b1 level

in patients without shock at initial presentation was sig-

nificantly lower than that in healthy controls on day 1 and

Table 1 Clinical characteristics in septic patients (mean ± standard

error mean, number and percentage)

Characteristic Survivor

(n = 57)

Non-survivor

(n = 19)

Age (year) 70.1 ± 1.9 69.4 ± 3.2

Gender

Male 33 (57.9) 9 (47.4)

Female 24 (42.1) 10 (52.6)

APACHE II score 22.4 ± 0.8 29.7 ± 1.9*

History

Chronic lung disease 17 (29.8) 6 (31.6)

Chronic renal disease 8 (14.0) 5 (26.3)

Diabetes mellitus 16 (28.1) 7 (36.8)

Heart failure 5 (8.8) 2 (10.5)

Old cerebrovascular accident 35 (61.4) 7 (36.8)

Hypertension 28 (49.1) 10 (52.6)

Source of sepsis

Pneumonia 49 (86.0) 14 (73.7)

Urinary tract infection 6 (10.5) 3 (15.8)

Others 2 (3.5) 2 (10.5)

Co-morbidity

Septic shock 20 (35.1) 14 (73.7)**

Bacteremia 10 (17.5) 6 (31.6)

Acute renal failure 30 (52.6) 12 (63.2)

Jaundice 10 (17.5) 3 (15.8)

Thrombocytopenia 24 (42.1) 8 (42.1)

Gastrointestinal bleeding 14 (24.6) 11 (57.9)**

* P \ 0.05 compared with survivor by Mann–Whitney test

** P \ 0.05 compared with survivor by Chi-Square test
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day 2. TGF-b1 level in non-survivors or patients with

shock at initial presentation was similar to that in healthy

controls from day 1 to day 7.

Comparison of serial cytokine level between patients

Serial plasma IL-6 levels from day 1 to day 7 were different

between survivors and non-survivors (P = 0.012). Also,

serial plasma IL-10 levels from day 1 to day 7 were dif-

ferent between survivors and non-survivors (P = 0.048).

Serial plasma IL-6 and IL-10 levels in non-survivors were

significantly higher than that in survivors. There were no

differences in serial plasma IFN-c, IL-12, and TGF-b1

levels from day 1 to day 7 between survivors and non-

survivors. Serial plasma IL-6 levels from day 1 to day 7

were different between patients with shock and without

shock at initial presentation (P = 0.003). Serial plasma

IL-6 levels in patients with shock at initial presentation

were significantly higher than that without shock at initial

presentation. There were no differences in serial plasma

IFN-c, IL-10, IL-12, and TGF-b1 levels from day 1 to day 7

betweens patients with shock and without shock at initial

presentation.

Table 2 Plasma interferon-c level among survivor, non-survivor and

healthy control and among healthy control and patients with and

without initial presentation of shock

Subject Median, range (pg/ml) P valuea

Control (n = 9) 0.000, 0.000–7.432

Day 1 Survivor (n = 57) 0.000, 0.000–917.338 0.120

Non-survivor (n = 19) 0.000, 0.000–28.352

No shock (n = 42) 0.000, 0.000–11.576 0.647

Shock (n = 34) 0.000, 0.000–917.338

Day 2 Survivor (n = 57) 0.000, 0.000–106.517 0.289

Non-survivor (n = 13) 0.000, 0.000–19.121

No shock (n = 42) 0.000, 0.000–18.703 0.250

Shock (n = 28) 0.000, 0.000–106.517

Day 3 Survivor (n = 56) 0.000, 0.000–45.451 0.175

Non-survivor (n = 9) 0.000, 0.000–32.111

No shock (n = 41) 0.000, 0.000–15.720 0.718

Shock (n = 24) 0.000, 0.000–45.451

Day 4 Survivor (n = 56) 0.000, 0.000–8.617 0.451

Non-survivor (n = 9) 0.000, 0.000–44.101

No shock (n = 41) 0.000, 0.000–14.822 0.597

Shock (n = 24) 0.000, 0.000–44.101

Day 5 Survivor (n = 56) 0.000, 0.000–4.492** 0.011

Non-survivor (n = 9) 1.065, 0.000–52.598

No shock (n = 41) 0.000, 0.000–10.330 0.463

Shock (n = 24) 0.000, 0.000–52.598

Day 6 Survivor (n = 55) 0.000, 0.000–9.386** 0.030

Non-survivor (n = 9) 1.032, 0.000–57.317

No shock (n = 41) 0.000, 0.000–16.618 0.729

Shock (n = 23) 0.000, 0.000–57.317

Day 7 Survivor (n = 54) 0.000, 0.000–18.240 0.108

Non-survivor (n = 9) 0.000, 0.000–61.476

No shock (n = 40) 0.000, 0.000–18.240 0.375

Shock (n = 23) 0.000, 0.000–61.476

a Kruskal–Wallis Test among survivor, non-survivor and healthy

control and among healthy control and patients with and without

initial presentation of shock

** P \ 0.05 compared with non-survivor by Kruskal–Wallis and

Mann–Whitney test

Table 3 Plasma interleukin-6 level among survivor, non-survivor

and healthy control and among healthy control and patients with and

without initial presentation of shock

Subject Median, range (pg/ml) P valuea

Control (n = 9) 0.000, 0.000–5.535

Day 1 Survivor (n = 57) 32.888, 0.000–663.518*,** \0.001

Non-survivor (n = 19) 196.304, 0.525–979.088**

No shock (n = 42) 25.297, 0.000–354.543*,** \0.001

Shock (n = 34) 223.402, 3.088–979.088**

Day 2 Survivor (n = 57) 7.932, 0.000–380.767** \0.001

Non-survivor (n = 13) 29.960, 0.000–751.318**

No shock (n = 42) 7.525, 0.000–229.170*,** \0.001

Shock (n = 28) 14.277, 0.000–751.318**

Day 3 Survivor (n = 56) 5.594, 0.000–529.400** \0.001

Non-survivor (n = 9) 18.871, 0.000–684.463**

No shock (n = 41) 4.909, 0.000–68.765** \0.001

Shock (n = 24) 10.416, 0.000–684.463**

Day 4 Survivor (n = 56) 5.889, 0.000–385.360** 0.001

Non-survivor (n = 9) 5.336, 0.000–667.160**

No shock (n = 41) 5.689, 0.000–46.494** 0.001

Shock (n = 24) 8.294, 0.000–667.160**

Day 5 Survivor (n = 56) 5.168, 0.000–136.942** 0.002

Non-survivor (n = 9) 6.779, 0.000–344.206**

No shock (n = 41) 4.909, 0.000–97.575** 0.001

Shock (n = 24) 7.409, 0.000–344.206**

Day 6 Survivor (n = 55) 4.149, 0.000–134.982** 0.003

Non-survivor (n = 9) 7.264, 0.000–220.376**

No shock (n = 41) 3.501, 0.000–134.982*,** \0.001

Shock (n = 23) 6.502, 0.000–220.376**

Day 7 Survivor (n = 54) 4.573, 0.000–938.009** \0.001

Non-survivor (n = 9) 10.453, 0.289–499.637**

No shock (n = 40) 2.713, 0.000–79.471*,** \0.001

Shock (n = 23) 10.453, 0.000–938.009**

a Kruskal–Wallis Test among survivor, non-survivor and healthy

control and among healthy control and patients with and without

initial presentation of shock

* P \ 0.05 compared with non-survivor or shock by Kruskal–Wallis

and Mann–Whitney test

** P \ 0.05 compared with control by Kruskal–Wallis and Mann–

Whitney test
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Association of IL-6 and IL-10 with clinical

characteristics

After regression analysis, IL-10 level on day 1 and pres-

ence of septic shock were shown to be independent factors

associated with IL-6 level on day 1 (Table 7). Patient’s

mortality was not independent factor associated with IL-6

level on day 1. IL-6 level on day 1 and patient’s mortality

were independent factors associated with IL-10 level on

day 1 (Table 8). The presence of septic shock was not

independent factor associated with IL-10 level on day 1.

Discussion

The immune system plays a crucial role in the pathogenesis

of sepsis. Innate immune system such as macrophages,

natural killer cells and neutrophils with aid of T cells, B

cells and cytokines is important in eradicating pathogens.

During the treatment, these cytokines showed different

changes between survivors and non-survivors, and the

presence and absence of septic shock.

Table 4 Plasma interleukin-10 level among survivor, non-survivor

and healthy control and among healthy control and patients with and

without initial presentation of shock

Subject Median, range (pg/ml) P valuea

Control (n = 9) 13.914, 7.590–59.416

Day 1 Survivor (n = 57) 25.000, 3.265–413.898*,** \0.001

Non-survivor

(n = 19)

230.773, 10.499–774.932**

No shock (n = 42) 23.815, 3.265–413.898** \0.001

Shock (n = 34) 68.465, 5.177–774.932**

Day 2 Survivor (n = 57) 15.625, 1.692–411.404** 0.004

Non-survivor

(n = 13)

84.070, 4.083–513.581**

No shock (n = 42) 14.688, 1.692–411.404* 0.009

Shock (n = 28) 27.621, 3.690–513.581**

Day 3 Survivor (n = 56) 12.946, 0.000–370.881* 0.027

Non-survivor (n = 9) 35.713, 5.444–348.304**

No shock (n = 41) 12.310, 0.000–370.881* 0.036

Shock (n = 24) 27.360, 2.416–282.005

Day 4 Survivor (n = 56) 13.455, 0.972–533.718 0.258

Non-survivor (n = 9) 27.061, 3.305–313.511

No shock (n = 41) 12.255, 0.972–347.264* 0.049

Shock (n = 24) 20.957, 2.628–533.718

Day 5 Survivor (n = 56) 13.535, 2.259–346.387 0.133

Non-survivor (n = 9) 22.834, 8.872–314.881

No shock (n = 41) 10.486, 2.259–346.387* 0.030

Shock (n = 24) 20.489, 6.239–314.881

Day 6 Survivor (n = 55) 13.540, 1.807–733.455 0.051

Non-survivor (n = 9) 46.121, 11.746–329.401

No shock (n = 41) 12.255, 1.807–366.660* 0.025

Shock (n = 23) 30.064, 3.053–733.455

Day 7 Survivor (n = 54) 13.873, 0.000–763.765 0.101

Non-survivor (n = 9) 48.313, 11.035–303.374

No shock (n = 40) 11.165, 0.000–388.029* 0.007

Shock (n = 23) 24.716, 3.434–763.765

a Kruskal–Wallis test among survivor, non-survivor and healthy

control

* P \ 0.05 compared with non-survivor or shock by Kruskal–Wallis

and Mann–Whitney test

** P \ 0.05 compared with control by Kruskal–Wallis and Mann–

Whitney test

Table 5 Plasma interleukin-12 level among survivor, non-survivor

and healthy control and among healthy control and patients with and

without initial presentation of shock

Subject Median, range (pg/ml) P valuea

Control (n = 9) 58.704, 10.057–140.800

Day 1 Survivor (n = 57) 12.800, 0.000–251.748* 0.014

Non-survivor (n = 19) 33.298, 0.000–310.853

No shock (n = 42) 12.297, 0.000–283.073* 0.023

Shock (n = 34) 19.494, 0.000–310.853*

Day 2 Survivor (n = 57) 8.106, 0.000–161.279* 0.005

Non-survivor (n = 13) 6.188, 0.000–149.106

No shock (n = 42) 5.801, 0.000–161.279* 0.005

Shock (n = 28) 9.968, 0.000–149.106*

Day 3 Survivor (n = 56) 11.777, 0.000–168.336* 0.009

Non-survivor (n = 9) 8.355, 0.000–193.463

No shock (n = 41) 8.355, 0.000–168.336* 0.010

Shock (n = 24) 12.423, 0.000–193.463*

Day 4 Survivor (n = 56) 7.650, 0.000–205.678* 0.004

Non-survivor (n = 9) 20.962, 0.000–279.489

No shock (n = 41) 7.385, 0.000–163.891* 0.007

Shock (n = 24) 12.406, 0.000–279.489*

Day 5 Survivor (n = 56) 7.749, 0.000–157.367* 0.005

Non-survivor (n = 9) 13.123, 0.000–335.944

No shock (n = 41) 7.969, 0.000–158.067* 0.009

Shock (n = 24) 10.089, 0.000–335.944*

Day 6 Survivor (n = 55) 10.339, 0.000–559.523* 0.006

Non-survivor (n = 9) 6.621, 0.000–357.898

No shock (n = 41) 10.339, 0.000–139.696* 0.007

Shock (n = 23) 8.788, 0.000–559.523*

Day 7 Survivor (n = 54) 4.776, 0.000–347.672* 0.005

Non-survivor (n = 9) 13.556, 0.000–251.262

No shock (n = 40) 6.077, 0.000–162.995* 0.007

Shock (n = 23) 5.120, 0.000–347.672*

a Kruskal-Wallis Test among survivor, non-survivor and healthy

control

* P \ 0.05 compared with control by Kruskal–Wallis and Mann–

Whitney test
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This work confirmed that IL-6 was an important cyto-

kine in the pathogenesis of severe sepsis, as reflected by the

different time-course curves between survivors and non-

survivors, and the presence and absence of septic shock.

The time-course curve for IL-6 in non-survivors and

patients with septic shock showed a declining pattern at the

beginning, however, which had became an ascending slope

since day 6. This suggested that a dynamic increase in

plasma IL-6 level was associated with poor outcome and

more severe disease. Previous report showed that the IL-6

gene polymorphism in -174 G/C promoter area was

associated with shock in patients with sepsis [23]. In

Table 6 Plasma transforming

growth factor-beta1 level

among survivor, non-survivor

and healthy control and among

healthy control and patients

with and without initial

presentation of shock

a Kruskal–Wallis Test among

survivor, non-survivor and

healthy control

* P \ 0.05 compared with non-

survivor or shock by Kruskal–

Wallis and Mann–Whitney test

** P \ 0.05 compared with

control by Kruskal–Wallis and

Mann–Whitney test

Subject Median, range (pg/ml) P valuea

Control (n = 9) 3983.620, 1946.440–6160.600

Day 1 Survivor (n = 57) 2015.220, 607.260–11527.420*,** \0.001

Non-survivor (n = 19) 3668.320, 1898.620–20818.680

No shock (n = 42) 2016.350, 607.260–11527.420*,** 0.005

Shock (n = 34) 2923.940, 771.560–20181.680

Day 2 Survivor (n = 57) 1936.440, 240.660–15935.060*,** 0.001

Non-survivor (n = 13) 3453.900, 385.740–9755.180

No shock (n = 42) 2117.240, 240.660–15935.060** 0.015

Shock (n = 28) 2171.010, 385.740–9755.180

Day 3 Survivor (n = 56) 2274.560, 218.740–16661.720 0.052

Non-survivor (n = 9) 2846.200, 1897.360–9165.940

No shock (n = 41) 2550.160, 537.960–16661.720 0.074

Shock (n = 24) 1995.160, 218.740–9165.940

Day 4 Survivor (n = 56) 2102.790, 333.600–17717.260** 0.020

Non-survivor (n = 9) 3999.280, 1208.720–15379.980

No shock (n = 41) 2487.820, 333.600–15379.980 0.078

Shock (n = 24) 1903.500, 812.500–17717.260

Day 5 Survivor (n = 56) 2330.470, 346.640–15046.880* 0.021

Non-survivor (n = 9) 3669.600, 1521.740–12133.060

No shock (n = 41) 2285.260, 437.860–15046.880 0.220

Shock (n = 24) 2885.820, 346.640–12133.060

Day 6 Survivor (n = 55) 2297.000, 0.000–24728.280 0.092

Non-survivor (n = 9) 3781.020, 307.540–9118.160

No shock (n = 41) 3169.960, 503.020–24728.280 0.090

Shock (n = 23) 2112.380, 0.000–14081.540

Day 7 Survivor (n = 54) 2286.690, 268.440–18802.140 0.131

Non-survivor (n = 9) 2547.000, 1271.860–6705.260

No shock (n = 40) 2478.000, 646.980–18802.140 0.058

Shock (n = 23) 1840.320, 268.440–7650.940

Table 7 Regression analysis for interleukin-6 level to identify the

independent factors

Variables Beta P value 95% Confidence

interval for beta

Lower Upper

APACHE II score –0.005 0.956 –5.491 5.191

Interleukin-10 level 0.561 \0.001 0.401 0.822

Mortality 0.032 0.752 –88.538 122.077

Shock 0.315 \0.001 65.612 222.665

Gastrointestinal bleeding 0.002 0.982 –79.462 81.504

APACHE acute physiology and chronic health evaluation

Table 8 Regression analysis for interleukin-10 level to identify the

independent factors

Variables Beta P value 95% Confidence

interval for beta

Lower Upper

APACHE II score 0.044 0.626 –3.751 6.191

Interleukin-6 level 0.579 \0.001 0.349 0.714

Mortality 0.279 0.005 41.413 227.167

Shock –0.042 0.665 –97.203 62.389

Gastrointestinal bleeding 0.025 0.768 –63.829 86.132

APACHE acute physiology and chronic health evaluation
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patients with septic shock, the frequency of mutated

C-allele in the IL-6 promoter was significantly higher than

that in individuals without shock. A large cohort study

(n = 228) found no association of -174 G or C alleles

with 28-day mortality in critically ill SIRS patients [24].

However, the single-nucleotide polymorphism in IL-6

promoter region was functional in vivo, which showed an

increased IL-6 response with G allele [25]. Due to the

conflict reports, the influence of -174 G/C polymorphism

in IL-6 promoter is still unclear. The plasma IL-6 level may

have more contribution to the outcome of severe sepsis

than the polymorphism does.

Plasma IL-10 levels of non-survivors and patients with

septic shock on the first 3 days were significantly higher

than that of survivors and patients without septic shock.

Most of IL-10 is released from monocytes, macrophages

and T cells. IL-10 inhibits cell immunity and Th1 differ-

entiation, but enhances B cell and mast cell function.

The plasma IL-10 level in septic patients may indicate the

relative anti-inflammatory status. Our work supports the

hypothesis that over production of IL-10 may result in

failure of immune system, leading to disease progression in

patients with severe sepsis. This hypothesis can also be

supported by two reports, which showed that anti-inflam-

matory strategies might worsen the outcomes [26, 27].

Also, the IL-10 promoter polymorphism at -1082A/G

might be associated with the pathogenesis of sepsis. The

AA homozygous genotype was found more frequently in

patients with sepsis compared with controls. The G allele

was associated with higher IL-10 production and mortality

in patients with severe sepsis [28]. In another study, either

the genotype frequency between septic patients and con-

trols or the mortality between survivors and non-survivors,

none of them showed IL-10-1082A or G genotypes-rela-

ted differences [29]. As the same conclusion as the IL-6

polymorphism, the plasma IL-10 level might be more

important in determining the consequence of sepsis.

The source of IFN-c is activated CD8? T lymphocytes,

Th1 lymphocytes and natural killer cells. Antigen-pre-

senting cells secret IL-12 after pathogen stimulation. In this

work, non-survivors with severe sepsis generally had rel-

atively higher plasma IFN-c and IL-12 in the first 7 days

after admission compared with survivors. Persistent higher

plasma IFN-c and IL-12 might represent persistent infec-

tion and no eradication of pathogens. Our findings support

the hypothesis that persistent infection and prolonged poor

immune response resulted in death for septic patients [1].

Sepsis can induce host immunosuppression and lym-

phocyte apoptosis [30, 31]. TGF-b1 is thought as an anti-

inflammatory cytokine with potent immunoregulatory

property. TGF-b1 suppresses IL-1b and TNF-a production

from monocytes. Moreover, TGF-b1 down regulates

macrophage and granulocyte responses. However, recent

animal experiments demonstrated that naı̈ve CD4? T cells

can develop into T helper 17 (Th17) cells with presence of

IL-6 and TGF-b1, and regulatory T (Treg) cells with pres-

ence of TGF-b1 [32]. Treg cells that modify and suppress

the immune responses to pathogenic organisms counteract

Th17 cells, which induce inflammation [33, 34]. Thus, the

role of TGF-b1 is complex in the pathogenesis of sepsis.

Septic non-survivors had sustained TGF-b1 and declined

IL-6 during the 7-days study. Also, Treg percentage of

CD4? cells in non-survivors of septic shock after 7 days

was significantly higher than that in survivors [35]. These

findings suggest that CD4? cells have skewed towards Treg

cells formation and immune suppression in septic non-

survivors despite of the treatments. Emerging data

regarding the roles of Th17 and Treg cells suggest an

important function for T cell subset in immunity and dis-

ease. However, no human study investigates the role of

Th17 in patients with severe sepsis. Increased percentage

of Treg cells in patients with septic shock was due to the

loss of non-Treg CD4? T cells [36]. Although there are

abundant animal-model-related articles investigating Treg

in infection, the human-model studies are few. More works

are needed to determine the role and interaction among the

four T help cell subsets (Th1, Th2, Th17 and Treg).

The results of this work were of the same to many

studies reporting that IL-6 and IL-10 levels in patients with

severe sepsis were different between survivor and non-

survivor [13, 37–39]. However, this work was the first to

show that rather than mortality, IL-6 level was more related

with septic shock. Compared with septic shock, IL-10 level

was more related with mortality. More studies are needed

to confirm these two observations.

There are two limitations in this work. First, the time of

blood sampling may be a factor influencing cytokine levels

especially after fluid resuscitation. Because this was an

observing study under the standard treatment, investigators

could not delay the essential resuscitation just for blood

sampling. All patients received fluid replacement before

blood sampling on day 1. Compared with healthy controls,

fluid resuscitation might also lower IL-12 and TGF-b1

levels in certain patient sub-groups. Second, the treatment

of severe sepsis might not be adequate and equal. Surviving

Sepsis Campaign guidelines for management of severe

sepsis and septic shock were first brought up in 2004 March

[40]. The treatment protocol of severe sepsis in our ICU

had been set up with consensus since 2006. These two

limitations might influence the results to a certain degree.

In conclusion, we successfully demonstrated and con-

firmed that IL-6 and IL-10 were two important cytokines in

severe sepsis by a time-course model. From the results of

regression analysis, IL-6 was relatively more associated

with septic shock and IL-10 was relatively more associated

with mortality.

Cytokines in sepsis 391



Acknowledgments The authors thank all members of medical and

emergent intensive care units for providing clinical assistance. This

research was supported by Chang Gung Memorial Hospital under

Contract #CMRPG240331.

References

1. Hotchkiss RS, Karl IE. The pathophysiology and treatment of

sepsis. N Engl J Med. 2003;348:138–50.

2. Arnalich F, Lopez J, Codoceo R, Jim NM, Madero R, Montiel C.

Relationship of plasma leptin to plasma cytokines and human

survivalin sepsis and septic shock. J Infect Dis. 1999;180:908–11.

3. Yoshizawa K, Naruto M, Ida N. Injection time of interleukin-6

determines fatal outcome in experimental endotoxin shock.

J Interferon Cytokine Res. 1996;16:995–1000.

4. Kinasewitz GT, Yan SB, Basson B, Comp P, Russell JA, Cariou

A, et al. Universal changes in biomarkers of coagulation and

inflammation occur in patients with severe sepsis, regardless of

causative micro-organism [ISRCTN74215569]. Crit Care.

2004;8:R82–90.

5. Dinarello CA. Proinflammatory cytokines. Chest. 2000;118:

503–8.

6. Maina N, Ngotho JM, Were T, Thuita JK, Mwangangi DM,

Kagira JM, et al. Proinflammatory cytokine expression in the

early phase of Trypanosoma brucei rhodesiense infection in

vervet monkeys (Cercopithecus aethiops). Infect Immun.

2004;72:3063–5.

7. Rubins JB, Pomeroy C. Role of gamma interferon in the patho-

genesis of bacteremic pneumococcal pneumonia. Infect Immun.

1997;65:2975–7.

8. Watford WT, Moriguchi M, Morinobu A, O’Shea JJ. The biology

of IL-12: coordinating innate and adaptive immune responses.

Cytokine Growth Factor Rev. 2003;14:361–8.

9. Ono S, Ueno C, Aosasa S, Tsujimoto H, Seki S, Mochizuki H.

Severe sepsis induces deficient interferon-gamma and interleu-

kin-12 production, but interleukin-12 therapy improves survival

in peritonitis. Am J Surg. 2001;182:491–7.

10. Steinhauser ML, Hogaboam CM, Kunkel SL, Lukacs NW, Strieter

RM, Standiford TJ. IL-10 is a major mediator of sepsis-induced

impairment in lung antibacterial host defense. J Immunol.

1999;162:392–9.

11. Berg DJ, Kuhn R, Rajewsky K, Muller W, Menon S, Davidson N,

et al. Interleukin-10 is a central regulator of the response to LPS

in murine models of endotoxic shock and the Shwartzman reac-

tion but not endotoxin tolerance. J Clin Invest. 1995;96:2339–47.

12. Sablotzki A, Dehne MG, Friedrich I, Grond S, Zickmann B,

Muhling J, et al. Different expression of cytokines in survivors

and non-survivors from MODS following cardiovascular surgery.

Eur J Med Res. 2003;8:71–6.

13. Monneret G, Finck ME, Venet F, Debard AL, Bohe J, Bienvenu

J, et al. The anti-inflammatory response dominates after septic

shock: association of low monocyte HLA-DR expression and

high interleukin-10 concentration. Immunol Lett. 2004;95:193–8.

14. Malaguarnera L, Pignatelli S, Simpore J, Malaguarnera M,

Musumeci S. Plasma levels of interleukin-12 (IL-12), interleukin-

18 (IL-18) and transforming growth factor beta (TGF-beta) in

Plasmodium falciparum malaria. Eur Cytokine Netw. 2002;13:

425–30.

15. Lekkou A, Karakantza M, Mouzaki A, Kalfarentzos F, Gogos

CA. Cytokine production and monocyte HLA-DR expression as

predictors of outcome for patients with community-acquired

severe infections. Clin Diagn Lab Immunol. 2004;11:161–7.

16. Carrol ED, Thomson AP, Jones AP, Jeffers G, Hart CA. A pre-

dominantly anti-inflammatory cytokine profile is associated with

disease severity in meningococcal sepsis. Intensive Care Med.

2005;31:1415–9.

17. Groeneveld PH, Kwappenberg KM, Langermans JA, Nibbering

PH, Curtis L. Relation between pro- and anti-inflammatory

cytokines and the production of nitric oxide (NO) in severe

sepsis. Cytokine. 1997;9:138–42.

18. Fernandez-Serrano S, Dorca J, Coromines M, Carratala J, Gudiol

F, Manresa F. Molecular inflammatory responses measured in

blood of patients with severe community-acquired pneumonia.

Clin Diagn Lab Immunol. 2003;10:813–20.

19. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich

B, et al. Early goal-directed therapy in the treatment of severe

sepsis and septic shock. N Engl J Med. 2001;345:1368–77.

20. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute

renal failure—definition, outcome measures, animal models, fluid

therapy and information technology needs: the second interna-

tional consensus conference of the Acute Dialysis Quality

Initiative (ADQI) Group. Crit Care. 2004;8:R204–12.

21. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D,

et al. 2001 SCCM/ESICM/ACCP/ATS/SIS international sepsis

definitions conference. Crit Care Med. 2003;31:1250–6.

22. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE

II: a severity of disease classification system. Crit Care Med.

1985;13:818–29.

23. Tischendorf JJ, Yagmur E, Scholten D, Vidacek D, Koch A,

Winograd R, et al. The interleukin-6 (IL6)-174 G/C promoter

genotype is associated with the presence of septic shock and the

ex vivo secretion of IL6. Int J Immunogenet. 2007;34:413–8.

24. Sutherland AM, Walley KR, Manocha S, Russell JA. The asso-

ciation of interleukin 6 haplotype clades with mortality in

critically ill adults. Arch Intern Med. 2005;165:75–82.

25. Bennermo M, Held C, Stemme S, Ericsson CG, Silveira A, Green

F, et al. Genetic predisposition of the interleukin-6 response to

inflammation: implications for a variety of major diseases? Clin

Chem. 2004;50:2136–40.

26. Fisher CJ Jr, Agosti JM, Opal SM, Lowry SF, Balk RA, Sadoff

JC, et al. Treatment of septic shock with the tumor necrosis factor

receptor: Fc fusion protein. The soluble TNF Receptor Sepsis

Study Group. N Engl J Med. 1996;334:1697–702.

27. Oberholzer A, Oberholzer C, Moldawer LL. Sepsis syndromes:

understanding the role of innate and acquired immunity. Shock.

2001;16:83–96.

28. Stanilova SA, Miteva LD, Karakolev ZT, Stefanov CS. Inter-

leukin-10-1082 promoter polymorphism in association with

cytokine production and sepsis susceptibility. Intensive Care

Med. 2006;32:260–6.

29. Garnacho-Montero J, Bo-Pallas T, Garnacho-Montero C, Cayuela

A, Jimenez R, Barroso S, et al. Timing of adequate antibiotic

therapy is a greater determinant of outcome than are TNF and IL-

10 polymorphisms in patients with sepsis. Crit Care. 2006;

10:R111.

30. Russell JA. Management of sepsis. N Engl J Med. 2006;355:

1699–713.

31. Hotchkiss RS, Tinsley KW, Swanson PE, Schmieg RE Jr, Hui JJ,

Chang KC, et al. Sepsis-induced apoptosis causes progressive

profound depletion of B and CD4? T lymphocytes in humans.

J Immunol. 2001;166:6952–63.

32. Afzali B, Lombardi G, Lechler RI, Lord GM. The role of T helper

17 (Th17) and regulatory T cells (Treg) in human organ trans-

plantation and autoimmune disease. Clin Exp Immunol. 2007;

148:32–46.

33. Bettelli E, Oukka M, Kuchroo VK. T(H)-17 cells in the circle of

immunity and autoimmunity. Nat Immunol. 2007;8:345–50.

34. Rudge G, Gleeson PA, van DI. Control of immune responses by

immunoregulatory T cells. Arch Immunol Ther Exp (Warsz).

2006;54:381–91.

392 H.-P. Wu et al.



35. Monneret G, Debard AL, Venet F, Bohe J, Hequet O, Bienvenu J,

et al. Marked elevation of human circulating CD4? CD25?

regulatory T cells in sepsis-induced immunoparalysis. Crit Care

Med. 2003;31:2068–71.

36. Venet F, Pachot A, Debard AL, Bohe J, Bienvenu J, Lepape A,

et al. Increased percentage of CD4? CD25? regulatory T cells

during septic shock is due to the decrease of CD4?. Crit Care

Med. 2004;32:2329–31.

37. Bozza FA, Salluh JI, Japiassu AM, Soares M, Assis EF, Gomes

RN, et al. Cytokine profiles as markers of disease severity in

sepsis: a multiplex analysis. Crit Care. 2007;11:R49.

38. Oberholzer A, Souza SM, Tschoeke SK, Oberholzer C, Abou-

hamze A, Pribble JP, et al. Plasma cytokine measurements

augment prognostic scores as indicators of outcome in patients

with severe sepsis. Shock. 2005;23:488–93.

39. Rodriguez-Gaspar M, Santolaria F, Jarque-Lopez A, Gonzalez-

Reimers E, Milena A, de l, V et al. Prognostic value of cytokines

in SIRS general medical patients. Cytokine 2001;15:232–6.

40. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen

J, et al. Surviving sepsis campaign guidelines for management of

severe sepsis and septic shock. Crit Care Med. 2004;32:858–73.

Cytokines in sepsis 393


	Serial cytokine levels in patients with severe sepsis
	Abstract
	Objective and design
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Subjects
	Cytokine measurement
	Statistical analysis

	Results
	Comparison of cytokine level among subjects
	Comparison of serial cytokine level between patients
	Association of IL-6 and IL-10 with clinical characteristics

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


