
Plasma interleukin-6 levels correlate with
survival in patients with bacterial sepsis and
septic shock

MONICA CHAVEZ VIVAS1p ,
HECTOR FABIO VILLAMARIN GUERRERO2,
ANTONIO JOSE TASCON3,5 and
AUGUSTO VALDERRAMA-AGUIRRE4

1 Health Sciences Faculty, Universidad Libre – Seccional Cali, Campus Valle de Lili, Carrera 109
No. 22 -00 – Valle del Lili A.A. 1040, Santiago de Cali, GIMMEIN Research Group, Cali, Colombia
2 Physical Therapy-ICU, Fundacion Valle del Lili Av, Sim�on Bol�ıvar, Cra 98 # 18-49, Cali, Colombia
3 Health Sciences Faculty, Universidad Libre – Seccional Cali, Campus Valle de Lili, Carrera 109
No. 22 -00, Cali, Colombia
4 Biomedical Research Institute, Universidad Santiago de Cali, Campus Pampalinda, Cali, Colombia
5 Intensive Care Unit, Versalles Clinic, Cali, Colombia

Received: May 5, 2019 • Accepted: September 8, 2019
Published online: August 2, 2021

ABSTRACT

In this study, IL-6 levels were assessed as inflammatory biomarker of bacterial sepsis in patients hos-
pitalized at the ICU of the hospital of Colombia.
Materials and methods: Prospective study on 62 patients diagnosed with sepsis and septic shock. An
ELISA assay was used to test serum levels of IL-6 at admission and 48 h after admission. Variables were
analyzed by c2 test (alfa <0.05). Multivariable Cox regression was used to determine the survival with
the statistical program SPSS v23.00. Results: Patient’s median age was 53 years old and 59.7% were
male. Lung was the most common primary site of infection (43.5%), and hypertension comorbidity
with higher prevalence (40%). Infection by Gram negative bacteria were significantly more frequent
among patients than Gram positive (P 5 0.037). Overall, survival analysis showed that 10 (16.1%)
patients died with a survival median of 7.00 þ4.874 (2–3) days. In patients with sepsis we detected
a significant decline in the average of IL-6 serum levels after 48 h of admission [7.50 (SD: 7.00–68.00)
pg/mL vs. 68.00 [SD: 7.00–300.00] pg/mL (P 5 0.000). Only 25% of patients with septic shock
who presented high levels of IL-6 at the time of admission and at 48 h had a survival up to 15 days (P
5 0.005). Conclusion: We found significant differences between the plasma levels of IL-6 during the
first 48 h after admission to the ICU among patients with sepsis and septic shock. Patients with sepsis
had a significant decline in IL-6 levels, whereas in patients who developed septic shock, levels of
this cytokine remained high and have a lower survival compared to those who maintained low levels
of IL-6.
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INTRODUCTION

Sepsis is the most common cause of death among critically ill patients in intensive care units
(ICU) in Colombia, with a mortality rate of almost 33.6% [1–3]. Despite the increasing
standard of care and supportive therapy, the challenging problem of sepsis is growing [1]. In
sepsis, the inflammatory response to the invading pathogen involves inflammatory and anti-
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inflammatory processes, humoral and cellular reactions and
circulatory abnormalities [4]. Cytokines play vital roles in
the regulation of host immune response, and altered
expression of cytokines is proven to be involved the devel-
opment of sepsis [5]. Previous research suggests that the
variations in the genes encoding cytokines are also involved
in the inflammatory responses and are responsible for inter-
individual differences in susceptibility to sepsis and in its
severity [6–9]. These variations influence the plasma levels
of cytokines and are related to severity and mortality in
patients with sepsis [9–13].

Among these cytokines, IL-6 is considered to play an
important role in the evolution of sepsis, especially as an
early indicator of the inflammatory state [14–18]. Several
studies have detected nucleotide changes in the gene that
codes for IL-6, generating polymorphisms that would be
related to risk factors or protectors to develop sepsis, septic
shock and even death due to sepsis [16–18].

The search for new biomarkers of high sensitivity
and specificity in sepsis is one of the main fields of research.
It is clear that the monitoring of the inflammatory
biomarker in each patient would allow to identify the acute
moment of the disease, to proceed to a timely and indi-
vidualized treatment and thus reduce the deterioration of
the inflammatory response and the fatal outcome [11, 12].
In response, the patient can rapidly evolve favorably,
decreasing hospital stays and the negative economic impact
that currently represents patients with sepsis in different
hospitals [19–21].

We conducted the present study to determine the serum
levels of IL-6 in patients with a diagnosis of bacterial sepsis
and septic shock who were in the ICU of a clinic in the city
of Cali and their association was established as a biomarker
of the disease.

MATERIALS AND METHODS

Study design, site, population and sample size

A prospective study was carried out at the ICU facilities of
Clinica Versalles in Cali, Colombia, between March and
November 2017.

Study population

A total of 62 patients (37 men and 25 women) were included
during a period of 9 months, with at least two criteria
considered as organic failure with the SOFA (Sequential
Organ Failure Assessment) scale, at the time of admission
and daily during their stay in ICU according to the current
criteria defined in the third consensus of sepsis [22].

Patients were then stratified according to the sepsis de-
gree and the septic focus (pulmonary, abdominal, urinary,
catheter, skin and soft parts, others unknown [including
neurological, as well as endocarditis of infectious origin]).
Additionally, we included a control group of 20 patients.

The exclusion criteria considered were: age under 18
years old, pregnancy, therapeutic use of cytokines, heparin

or thrombolytics, antibiotics treatment prior to admission,
and patients who did not survive more than 24 h.

Dysfunction of the organ systems were defined as any of
the following criteria: 1) Renal dysfunction: serum creatinine
>2.0mg/dl or urine output <0.5mL/kg per hour despite
adequate fluid resuscitation; 2) Liver dysfunction: serum
bilirubin >2.0 gr/dl, or a threefold increase in serum ami-
notransferases; 3) Disseminated Intravascular Coagulation
(DIC): international normalized ratio (INR)>1.2, elevated d-
dimer, platelet <100.000/mm3); 4) Respiratory insufficiency:
PaO2/FiO2 ratio f200; 5) Hypotension: systolic blood pres-
sure f90mmHg or the mean arterial blood pressure
f70mmHg despite adequate fluid and vasopressor resusci-
tation; 6) Central Nervous System (CNS) dysfunction: acute
alteration of the mental status.

Sociodemographic and clinical variables

Sociodemographic variables included age and gender. Clin-
ical variables included: etiological agent reported, date of
admission, comorbidities, and all parameters included in the
qSOFA scale were analyzed with frequency distribution and
percentages [10, 22].

Determination of IL-6 in plasma

Venous blood samples for the determination of plasma
levels of IL-6 were obtained were obtained at admission and
at 48 h after admission in the ICU.

The blood samples (100mL) were collected in tubes that
contained EDTA (10mmol/L) to prevent activation of the
system of coagulation. The tubes were centrifuged immedi-
ately for 10 min at 3,000 rpm, and the plasma was stored in
aliquots at –70 8C.

The measurement of IL-6 was performed in duplicate in
the blood samples by using an enzyme immunoassay with
Human Il-6 ELISA kit (Elabscience Biotechnology Inc.
USA). The detection range was 7.81–500 pg/mL, with intra
and interassay coefficients of variation below 5%. Readings
were carried out in an automated optical Spectramax reader
at 450 nm. The sensitivity of the assay was <2 pg/mL. The
serum levels of this cytokine are below the detection limit in
healthy subjects. Results were related to a dose-response
curve obtained with recombinant human IL-6 and expressed
as picograms per milliliter, normal values of IL-6 corre-
sponding to<9.7 pg/mL [23].

Statistical analysis

The quantitative variables were: days of hospital stay and
plasma levels of IL-6 at admission and at 48 h after admis-
sion in the ICU, with a view to assessing their evolution
during patient stay in the ICU were analyzed with measures
of central tendency and dispersion as the average and
standard deviation (SD), respectively.

The distributions of all continuous variables for normal
distribution were tested using the Kolmogorov-Smirnov test.
For normally distributed variables, mean and standard de-
viation were used, for non-normally distributed variables
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median and 25th–75th percentiles were used. Comparison of
the quantitative variables was carried out using the Mann-
Whitney U-test, while categorical variables were compared
between groups with the de c2 test, with a P-value <0.05 that
was considered statistically significant. Correlations between
variables were determined by using the Pearson correlation
analysis for normally distributed variables, and by the Wil-
coxon correlation analysis for IL-6 at time admission and
IL-6 at 48 h in patients with sepsis and septic shock.

Survival was analyzed with Cox regression analysis of
patients with sepsis and shock septic, including the cova-
riates: age, primary site of infection and high levels of IL-6
during the stay in the ICU. Logistic regression analysis was
also used to estimate Odds Ratio (OR), expressed with their
95% confidence intervals (95% CI) for sepsis outcome in
relation to levels of IL-6. These analyzes were performed
using the statistical package SPSS Vs 23.00 (Inc, Chicago,
USA).

Ethical issues

This study and the protocols related were endorsed by the
Ethics Committee of Clinica Versalles (Act No. 05-013). All
patients or legal representatives were sufficiently informed
about goals and procedures. Samples and data were obtained
after written informed consent was signed. The study
complied with the provisions of the Helsinki Declaration
and the technical and administrative scientific standards for
research in health referred to in the “Resolution 8430 of
1993” of the Ministry of Health.

RESULTS

Table 1 shows Patients’ main characteristics. Overall, the
median age was 53 years, 69.4% patients were diagnosed
with sepsis and 30.6% with septic shock. Age and median
ICU stay showed a tendency to be higher in the septic shock
subgroup. The qSOFA>2 score was more prevalent in the
septic shock subgroup. However, none of these variables
showed significant differences.

The most prevalent primary site of infection was lung
(43.5%), 41.9% of patients had hypertension, and the most

common organ dysfunction that developed during sepsis
was respiratory failure (16.1%). Microorganisms were iso-
lated in 45 out of 62 septic patients (72.6%), with a pre-
dominance of Gram-negative bacteria (59.7%). Escherichia
coli (15.9%) and Pseudomonas aeruginosa (11.3%) were the
most common pathogens identified from blood culture.

A total of 52 (83.9% of the total) patients survived and 10
(16.1%) died. Demographic, Coexisting diseases and organ
dysfunction did not differ significantly between survivors
and non-survivors. We only found that infection by Gram
negative bacteria was significant among the patients who
survived with exact P-value of 0.037.

In addition, the degree of sepsis exerted a strong influ-
ence upon mortality; in this context, the patients with septic
shock suffered greater mortality (60%) and showed a higher
probability of death (OR: 4.500; CI% min 5 1.096, max 5
18.474; P 5 0.028).

Serum IL-6 levels for healthy individuals were unde-
tectable or < 8.12 pg/mL. The median level of serum IL-6
was 68.00 [7.00–300.0] pg/mL, whereas that at 48 h after
admission significant decline to 7.50 [7.00–68.00] pg/mL
(P ≤ 0.001).

On admission, patients with sepsis and septic shock have
higher levels of IL-6 in the serum than that did controls, but
the difference was not statistically significant (P>0.05).

We compared IL-6 concentrations among patients with
sepsis and septic shock, and observed that baseline serum
levels of IL-6 remained high in patients who developed
shock during the first 48 h after admission (P 5 0.001), and
a significant decline in serum IL-6 levels, was observed in
patients with sepsis (P 5 0.002) (data no shown).

The median level of serum IL-6 in non-survivors (125.00
[14.00–250.0] rg/mL) was rather higher than that in survi-
vors (68.00 [7.00–300.0] rg/mL) at admission, and decline at
14.00 [7–81.25] rg/mL in non-survivors and at 7.00 [7.00–
63.25] rg/mL at 48 h after admission. However, there were
no significant differences in baseline serum levels of IL- 6
between survivors and non-survivors (P >0.05).

Table 2 shows patients stratified according to low and
high serum levels of IL-6 taken at the time of admission to
the ICU. The median in the group High IL-6 was 270.48
[112.5–395.0] pg/mL and in in the group Low IL-6 was 7.50
[7–14.00] pg/mL. The prevalence of soft tissue infections

Table 1. Demographic data and serum levels of IL-6 at admission and 48 h after of admission in patients

All (n 5 62) Sepsis (n 5 43) Septic shock (n 5 19) P-value

Gender M/F 37/25 26/17 11/8 0.849
Age, mean ± SD 53.00þ 19.47 51.93 ± 20.258 52.21 ± 18.109 0.921
Days of ICU stay, median ± SD 7.00 ± 4.874 (2–3) 7.85 ± 3.804 (2–16) 9.53 ± 6.703 (3–33) 0.544
qSOFA≥ 2 (%) 23 (37.1) 15 (34.9) 8 (42.1) 0.587
IL-6 pg/mL Admission
[25th–75th percentile]

68.00 [7.00–300.0] 60.00 [7–300] 70.00 [30–300] 0.247

IL-6 48 h pg/mL
[25th–75th percentiles]

7.50 [7.00–68.00] 7.00 [7–230] 50.00 [7–200] 0.215

Numbers are presented as mean ± standard deviation or median [25%–75%].
M, male; F, female. ICU: intensive care unit.
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was significantly higher in the group high IL-6 (15.8%) than
in the group low IL-6 (2.3%) (P 5 0.047). No correlation
was observed between plasma levels of IL-6 with organic
dysfunction or the type of microorganisms isolated.

Although there is a slightly higher number of individuals
who developed septic shock (33.3%) and non-survivors
(21.1%) with high levels of cytokine, it is not statistically
significant.

Significant correlation was seen between high serum
levels of IL-6 during 48 h after admission and duration of
stay in the ICU in patients with shock septic, including age
and site of infection as covariates. We found that than only
25% of these patients who presented high levels of IL-6 at

the time of admission and at 48 h had a survival up to 15
days (P 5 0.005; Fig. 1).

DISCUSSION

We found a mean age of 53 years equivalent of 52 years
found in the previous nationwide report from Colombia
[1, 3] and other countries [24, 25].

The predominant source of infection was pulmonary
(43.5%) among the infectious sources of sepsis in our pa-
tients, followed by abdominal and urosepsis. Similar results
were found in the Europa [26, 27] and U.S [28]. Mayr et al.,

Table 2. Characteristics of patients with low (n 5 29) and high (n 5 33) plasma levels of interleukin-6 (IL-6) in moment of admission

Characteristic Total High IL-6 n (%) Low IL-6 n (%) P-value

Primary site of infection
Lung 27 (43.5) 16 (48.5) 11 (37.9) 0.403
Urinary tract 12 (19.4) 7 (21.2) 5 (17.2) 0.693
Abdomen 18 (29) 6 (31.6) 12 (27.9) 0.769
Soft tissue infections 4 (6.5) 3 (15.8) 1 (2.3) 0.047p

Multiple sites of infection 3 (4.8) 3 (9.1) 0 0.096
Unknown foci 4 (6.5) 0 4 (13.8) 0.027p

Outcomes
Sepsis 43 (69.4) 22 (66.7) 21 (72.4) 0.624
Shock septic 19 (30.6) 11 (33.3) 8 (27.6)
Survivors 52 (83.9) 15 (78.9) 37 (86.0) 0.484
Non-survivors 10 (16.1) 4 (21.1) 6 (14.0)

Length of ICU stayj

≥7 days 37 (59.7) 18 (54.5) 19 (65.5) 0.380
<7 days 25 (40.3) 15 (45.5) 10 (34.5)

pSignificant difference, P < 0.05.
jOnly in survivors.

Figure 1. Plasma IL-6 levels of patients with shock septic and correlation with mortality. Patients were divided into those with IL-6 levels
greater than 8.12 pg/mL (n 5 11) or less than 8.12 pg/Ll (n 5 8). Patients with higher levels of plasma IL-6 had significantly greater
mortality, only 25% of these patients who presented high levels of IL-6 during the 48 h after admission had a survival up to 15 days.

P 5 0.005 by analysis survival cox regression
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found that respiratory tract infections, particularly pneu-
monia, are the most common site of infection, and associ-
ated with the highest mortality [29]. However, we found a
lower presence of organ dysfunctions among our patients
compared to previous reports [24, 25, 29].

Gram-negative bacteria constituted 59.7% of the positive
cultures, the prevalence of Gram-positive bacteria was lower
(12.9%), these results agree with those obtained by Ort�ız
et al., who found that the main source of infections in pa-
tients with sepsis they were due to Gram negative bacteria
(68%), while Gram positive organisms only constituted 30%.

The mean length of ICU stay in our study was 7.00
(2–16) days and of patients with septic shock of 10.00 (3–33)
days. The duration of ICU stay in our study was comparable
to Ortiz et al. study of 10 (5–25) days in patients with severe
sepsis [1].

The mortality observed in our study was of 16.1%. This is
in sharp contrast with mortality in others colombian studies
rate ranging from 22% (3) to 33% [1], which increased to 46%
for patients in the ICU with septic shock [3]. However,
consistent with other similar recent international studies,
hospital mortality for sepsis admissions was 19.4% in Norway
[27], 8.9% in the U.S [30]. In addition, we found that a sig-
nificant number of patients who survived and died were
infected with Gram-negative bacteria (P<0.05). Evidence
suggests that a patient respond differently to lipopolysac-
charide (LPS) of Gram-negative bacteria and lipoteichoic acid
(LTA) of Gram-positive bacteria what induces what induces
in a differential inflammatory pattern during sepsis [31–33].

As pointed out above, serum levels of IL-6 are well
known to be involved in sepsis pathogenesis and take part in
the systemic response to infection [11–17].

This study was aimed at assessing the levels of IL-6 in the
blood serum of patients with sepsis and septic shock. The
results demonstrated significant decline of IL-6 at 48 h after
the pharmacotherapy of systemic infection compared with
their initially high levels at the at the time of admission to
the intensive care unit (Table 1). These observations may be
confirmed with other reports [15, 17, 34–38]. In the case of
patients with septic shock, the levels of IL-6 in blood serum
remained high during the first 48 h after admission to the
ICU (70.0 pg/mL at admission; 50.0 pg/mL at 48 h),
compared to septic patients (60.0 pg/mL at admission;
7.0 pg/mL at 48 h), this may indicate additional anti-in-
flammatory mechanisms involved in the course of infection,
perhaps due to increased damage of the endothelium in
patients with septic shock. Increased levels of IL6 have also
been found by other investigators in septic shock [36, 37].
Gentile et al., suggest that serum levels of IL-6 in sepsis are
elevated early, identifying patients at a risk of developing
severe sepsis, indicating that the main role of IL-6 in sepsis is
prognostic, not diagnostic [36].

We found that serum levels of IL-6 discriminated early
between non-survivors and survivors, with cut-off values of
125.0 pg/mL and 68.0 pg/mL at admittance, respectively. In
the patients who survived, IL-6 concentration decreased
steadily, and at day 2, they reached 89.7% reduction from
baseline levels. Mortality rate was higher for patients with

high levels of IL-6 (21.1%) at 0 h in comparison to patients
with Low levels (14.0%) although not statistically significant
(P 5 0.484).

Studies suggest that serum levels of IL-6 in patients with
sepsis are elevated in non-survivors and are associated with
early mortality [35–38]. In our study we did not find a
significant correlation between serum levels of IL-6 and
sepsis outcome in terms of mortality.

As shown in Table 2, levels of IL-6 were not associated
with common coexisting diseases, organ dysfunction or
Length of ICU stay. Although patients with soft tissue in-
fections presented significantly higher levels of IL-6, it is
necessary to increase the number of patients to confirm this
result.

We found that 68.4% of patients infected with Gram-
negative bacteria had high levels of IL-6. The pattern pro-
duction of IL-6 can be different in Gram-positive and Gram-
negative infections. The levels of IL-6 are higher in the
plasma of patients with sepsis induced by Gram-positive
bacteria than in patients with sepsis induced by Gram-
negative bacteria as some studies have shown [38, 39].
Contradictory results have been obtained in other studies,
which have established an increase in the levels of IL-6
induced by the LPS [39].

In this study it was possible to demonstrate that patients
with septic shock who presented high levels of IL-6 have a
lower survival compared to those who maintained low levels
of IL-6.

In conclusion, we found significant differences between
the plasma levels of IL-6 during the first 48 h after admission
to the ICU among patients with sepsis and septic shock.
Patients with sepsis had a significant decline in IL-6 levels,
whereas in patients who developed septic shock, levels of
this cytokine remained high and have a lower survival
However, more studies are needed, including a larger
number of patients with septic shock to establish whether
IL-6 concentrations can discriminate early between survivor
and non-survivor septic shock patients, and might be used as
prognostic parameters in the future.
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