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Abstract Sepsis is one of the most serious complications
after major trauma, and may be associated with increased
mortality. We sought to determine whether there is an asso-
ciation between serum levels of interleukin-17 (IL-17) at
the time of admission to the intensive care unit (ICU) and
the development of sepsis. We evaluated 100 adult patients
with major trauma admitted to the surgical ICU over a
6-month period. Serum levels of IL-17, IL-6, and TNF-a
were determined by enzyme-linked immunosorbent assays
(ELISA). The IL-17 rs1974226 genotype was determined by
real-time PCR. In both non-adjusted and adjusted analyses,
IL-17 was the only biomarker significantly associated with
sepsis [median serum IL-17 of 72 pg/mL in sepsis versus
37 pg/mL in those without sepsis, P = 0.0001; adjusted
odds ratio (OR) 3.2, P = 0.02]. No significant association
was found among IL-17 rs1974226 genotypes and related
serum cytokine levels. These data suggest that elevated
serum IL-17 may increase the susceptibility for septic com-
plications in polytrauma patients and so could be a useful
biomarker for trauma patient management.
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Introduction

Trauma is the fourth leading cause of death worldwide [1].
One of the most serious complications following major
trauma is the sequential dysfunction of vital organs, which
in most cases is associated with post-traumatic sepsis [2]. In
adults, major trauma initiates a twofold compromise of the
immune system, with hyper-inflammation during the acute
response to injury and subsequent immunosuppression [3].
Post-traumatic hyper-inflammation is characterized by local
and systemic release of pro-inflammatory cytokines, metab-
olites, and acute phase proteins, leading to systemic inflam-
matory response syndrome (SIRS) [4]. Anti-inflammatory
mediators are then released, inducing immunosuppression
and conferring susceptibility to infection and septic com-
plications during the subsequent clinical course [5]. The
imbalance caused by this dual immune response appears
responsible for organ dysfunction and multiple organ fail-
ure in adults [4].

Interleukin 17 (IL-17) is a glycosylated protein with a
molecular mass of ~35 kDa [6] that plays a key role in host
defense against infection and development of inflamma-
tory diseases [7]. IL-17 has been linked to the severity of
inflammation in tissues by inducing the production of other
pro-inflammatory mediators such as IL-1, TNF, IL-6, IL-8,
CCL20, and G-CSF, collectively resulting in an influx of
neutrophils [8]. IL-17 synergizes with other mediators such
as IL-1, IL-6, and TNF-a to activate tissue-infiltrating neu-
trophils that facilitate the effective elimination of invading
bacteria or fungi [9].

There is growing evidence that the IL-17 gene single-
nucleotide polymorphism (SNP) rs1974226 is associated
with responsiveness to Gram-positive bacteria and suscep-
tibility to infectious and noninfectious diseases [9]. Given
the central role of IL-17 in the pathogenesis of systemic
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inflammatory response to injury, we investigated whether
the level of systemic IL-17 on the day of admission could
predict the occurrence of sepsis in polytrauma patients.

Materials and methods

One hundred consecutive adult patients with major trauma
who were admitted to the surgical intensive care unit (ICU)
over a 6-month period (from August 2014 to February 2015)
were enrolled. All patients had received standard postopera-
tive antibiotics in the form of third-generation cephalospor-
ins and metronidazole, for 48 h after ICU admission. In our
surgical ICU, there is no routine selective gut decontamina-
tion. Oral decontamination is reserved for patients requiring
mechanical ventilation as part of our ventilator-care bundle.
Clinical data including demographics, APACHE II score
within 24 h of admission, injury severity score (ISS), mecha-
nism of injury, duration of mechanical ventilation, length of
ICU stay, and 28-day mortality were recorded. Laboratory,
hemodynamic, and respiratory parameters were monitored.
Diagnoses of SIRS and sepsis were made according to cri-
teria of the Consensus Conference of the American College
of Chest Physicians and Society of Critical Care Medicine
(ACCP/SCCM) on at least 2 consecutive days [10].

Protocol for blood sampling

Blood samples were taken within 3 h after ICU admission
and always before the first surgical procedure. Blood sam-
ples were immediately centrifuged for 10 min at 500xg, and
plasma was collected and stored in polypropylene vials at
—20 °C until assayed.

Cytokines serum level determination

Serum IL-17 concentration was determined using an
enzyme-linked immunosorbent assay (ELISA) kit supplied
by Boster Immunoleader (Fremont, CA) according to the
manufacturer’s instructions. According to Frangen et al.,
serum IL-17 above 45 pg /mL was considered high [11].
Serum IL-6 and TNF-o were measured by ELISA kits sup-
plied by Euroclone (Wetherby, UK).

IL-17 genotyping

The IL-17 polymorphism rs1974226 genotype was deter-
mined by the StepOne™ Real-Time PCR System using
SYBR® Green PCR Master Mix and SYBR® Green Real
Time-PCR Reagents Kit (Applied Biosystems, Carlsbad,
CA, USA).
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Other measurements

The incidence of pro-inflammatory complications, such as
acute kidney injury (AKI) defined by the RIFLE criteria
[12], acute respiratory distress syndrome (ARDS) defined
according to the Berlin definition [13], and 28-day mortality
was calculated.

Our study was approved by the research ethics committee
of Cairo University and an informed consent was obtained
from the patients’ next of kin.

Statistical analysis

Serum cytokine concentrations were presented as medians
with 25- to 75-interquartile ranges (IQR [25-75]). A priori,
the Kolmogorow—Smirnow test was used to evaluate whether
the variables were normally distributed. Group differences
in continuous variables (age, ISS distribution, length of ICU
stay, and serum IL-17 level) were evaluated by Student’s ¢
test or Mann—Whitney U test, while Pearson’s ;(z—test was
used to compare categorical variables. The Spearman rank
correlation coefficient was used to determine the correlation
strengths between IL-17 and other cytokine serum levels.

Factors independently associated with sepsis develop-
ment were identified by bivariate analysis. Differences were
considered statistically significant with a P value less than
0.1. Serum concentrations of IL-17, IL-6, and TNF-a were
log-transformed for the multiple logistic regression models
to improve linear fitting. All variables in the bivariate analy-
sis with P <0.1 were included in the model.

The associations between rs1974226 polymorphism gen-
otypes and plasma cytokine levels were assessed using the
Kruskal-Wallis rank test. Results were considered signifi-
cant when P <0.05. Al statistical analyses were conducted
using SPSS Version 18.0 (SPSS Inc, Chicago, IL, USA).

Results

Baseline data of the 100 participants are shown in Table 1.
The median (IQR [25-75]) ISS was 32 (29-34). The median
(IQR [25-75]) APACHE II score was 15 (13-17).

Thirty patients developed sepsis. Both age and APACHE
II score were significantly higher in patients who developed
sepsis compared to those who did not develop sepsis. In
contrast, median ISS did not differ between groups.

Forty-three patients (43%) had elevated systemic IL-17
(serum concentration above 45 pg/mL) at the time of ICU
admission. The median (IQR [25-75]) serum IL-17 con-
centration on day 1 was significantly higher in patients
who developed sepsis compared to those who did not [72
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Table 1 Patient demographics and baseline clinical status. Data are
presented as medians (interquartile ranges) or numbers (percentages)

All patients Non-septic,  Septic, N=30
N=70

Age (years) 32 (22-48) 30(22-41) 40 (25-54)* 0.019
Sex (M/F) 80/20 57/15 23/5 0.7
APACHET 15(13-17) 14(13-16) 16 (14-20)*  <0.0001
1SS 32 (29-34) 31.5(30-34) 32(30-34) 0.18
Injured body

Head 71 (71%) 54 (77.1%) 17 (56.7%)

Thorax 37 (37%) 24 (343%) 13 (43.3%)

Abdomen 20 (20%) 8 (11.4%) 12 (40%)

Extremities 67 (67%) 50 (71.4%) 17 (56.7%)

APACHE Acute Physiology and Chronic Health Evaluation
*Statistically significant (P <0.05)

Table 2 Serum IL-17, TNF-q, and IL-6 concentrations on day 1

Non-septic (n="70) Septic (n=30) P value
1L-17 37 [28-53] 72 [45-176]* <0.0001
TNF-a 14 [14-16] 14.5 [14-17] 0.4
1L-6 31.7 [20-50] 23 [17-57] 0.5

Data are presented as median [IQR]
*Statistically significant (P <0.05)

Table 3 Multivariate logistic regression analysis of variables associ-
ated with sepsis

Number QOdds ratio 95% CI P value
Age 100 1.1 (0.9-1.06) 0.15
APACHE I 100 1.4 (1.18-1.7)* 0.001
Ln-IL-17 100 5.4 (1.3-23)* 0.002

*Statistically significant (P <0.05)

(45-176) pg /mL vs. 37 [28-53] pg/ mL, P <0.0001]. Nei-
ther serum TNF-a, nor IL-6 differed significantly between
groups (Table 2).

We found no correlation between serum IL-17 concen-
tration and either IL-6 or TNF-a concentrations. However,
there was a significant positive correlation between IL-17
and APACHE II score (r=0.228, P=0.022). Multivari-
able logistic regression analysis revealed that APACHE II
score and log-IL-17 were independent predictors of sepsis
susceptibility. The association between IL-17 and sepsis
persisted in a logistic regression model controlling for age
and APACHE 11 score [odds ratio (OR) 5.4, 95% confi-
dence interval (CI) 1.3-23, P=0.02] (Table 3). Given the
log transformation, this implies that a doubling of serum
IL-17 results in a 3.2-fold greater chance of sepsis (95% CI

Table 4 Pro-inflammatory complications

IL-17 level P value
<45 pg/mL, n=57 > 45 pg/mL, n=43
AKI 44 (77.2%) 36 (38.7%) 0.4
ARDS 14 (24.6%) 13 (30.2%) 0.5
28-day mortality 4 (7%) 12 (27.9%)* 0.005

AKI acute Kidney injury, ARDS acute respiratory distress syndrome
*Statistically significant (P <0.05)

1.2-8.8). Serum levels of IL-17 were also higher in patients
who died within 28 days of ICU admission than in those
who survived.

Association of IL-17 promoter polymorphism
rs1974226 with serum IL-17

Ninety-nine subjects were successfully genotyped for the
IL-17 rs1974226 SNP, of which sixty-nine (69.7%) were
GG, 27 (27.3%) GA, and 3 (3%) AA carriers. Serum IL-17
levels did not differ significantly between the GG and GA
genotypes. The median (IQR [25-75]) was 48.6 (28.1-73.9)
pg/mL vs. 35.8 (29.8-73.7) pg/mL, P=0.197. The AA
genotype was excluded from the statistical analysis, since it
included only three cases. The serum IL-17 serum concen-
trations of these three cases were 19.6, 20.9, and 28.2 pg/
mL, respectively.

ICU morbidity and mortality was classified according to
the serum level of IL-17. There was no statistically signifi-
cant difference in the incidence of AKI and ARDS among
patients with serum IL-17 level above the cut-off value of
45 pg/mL compared to the other group with levels below that
value (Table 4). The 28-day mortality rate was 16 patients
among our cohort. The main cause of death of these patients
was the development of septic shock and multiple organ fail-
ure. The mortality rate was significantly higher in patients
with high serum IL-17 compared to the other group (27%,
7%, respectively, P=0.005).

Discussion

The main finding of the present study is that among three
serological markers of inflammation, only IL-17 has a
unique and independent association with susceptibility to
sepsis in polytrauma patients. This association persisted
even after adjustment for confounding factors.

High serum IL-17 at the time of admission to the ICU
was associated with an increased risk for the development
of septic complications in polytrauma patients. The precise
mechanism of high serum IL-17 in patients at risk of sep-
sis is not clear. IL-17 is an important cytokine for defense
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against bacteria produced by T cells, neutrophils, and intesti-
nal Paneth cells. Several animal studies have found that sus-
ceptibility to sepsis increases with IL-17 deficiency. How-
ever, in the present study, participants who developed sepsis
showed higher plasma IL-17 concentrations than those
without sepsis. The elevated IL-17 may be explained by
increased intestinal bacterial colonization in trauma patients,
which stimulates Paneth cells to secrete IL-17. Indeed, a
previous study found that patients with severe trauma had
high incidence of bacterial colonization which is implicated
in postoperative infection [14]. In the current study, the inci-
dence of sepsis in our cohort is relatively high approaching
30%. However, this high incidence could be attributed to
both high APACHE II and ISS scores that where observed
in our subjects. Consistent with our findings Tranca et al.;
found that a threshold of 22 points for the ISS is associated
with a 28%incidence of sepsis in multiple trauma patients
[15].

The incidence of elevated serum IL-17 in our cohort was
relatively high at 43%. In contrast, Frangen et al. found that
only 6% of polytrauma patients had elevated level of IL-17
[11]. Serum IL-17 concentration was not correlated with
either TNF-« or IL-6.

IL-17 plays a central role in tissue inflammation by induc-
ing the release of pro-inflammatory and neutrophil-mobiliz-
ing cytokines. It also plays an essential role in host defense
against microbial infections, and is implicated in various
inflammatory conditions such as autoimmune diseases,
metabolic disorders, and cancer [16]. In a study by Nakada
et al., they found a positive association between IL-17 and
the occurrence of severe sepsis with Gram-positive infec-
tions [17]. Several studies have found positive correlations
between IL-17 and both IL-6 and TNF-« [18, 19]; however,
another study could not find such a relationship [11].

In this study, both IL-6 and TNF-a are comparable in
both groups on the day of admission; which indicates their
poor predictive ability for sepsis in polytrauma patients. This
finding comes in accordance with the results of studies on
the predictive value of IL-6 for post-traumatic sepsis that are
still controversial [20]. Some studies have found that IL-6 is
able to discriminate trauma patients prone to sepsis [21, 22],
while others have shown no correlation between the IL-6
levels and sepsis development [23-28].

Human IL17A-producing cells increase IL17A produc-
tion against bacteria or their toxins [29, 30]. Serum IL17A
levels were elevated in bacterial sepsis patients with acute
respiratory distress syndrome (ARDS) [31]. IL17 deficiency
in mice impairs microbial clearance, delays recovery from
infection [32, 33], and increases susceptibility to infec-
tion including S. aureus [34] and C. albicans [35-37]. In
accord with the observations in IL17-deficient mice, low
birth weight infants who had blood stream infections had
decreased blood IL17 levels compared to those without
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blood stream infections [38]. These results were in accord
with the observations in a study by Nakada et al. that severe
sepsis patients who had the IL17A rs1974226 GG genotype
had increased susceptibility to Gram-positive infection [17].
Given the functional significance of the rs1974226 polymor-
phism, we hypothesized that genotype would be an impor-
tant influence on the individual increase in IL-17 production.
However, we found no association among 7488T/C carriers
with cytokine production in our cohort. Consistent with our
findings, Palumbo et al. found no significant associations
among IL-17 genotypes and serum IL-17 levels in a group
of burn patient [39].

The primary clinical implication of our findings is that
adopting novel therapeutic strategies for polytrauma patients
with high serum IL-17 could minimize the incidence of
delayed sepsis. For example, the use of selective digestive
decontamination in patients with high IL-17 may reduce the
burden of intestinal pathogens and decrease the incidence of
nosocomial infection. However, this assumption needs to be
proven in well-designed randomized controlled trials.

There are some limitations to the present study. First,
as an observational study, we cannot infer a cause—effect
relationship between serum IL-17 concentration at presen-
tation and sepsis development. Thus, serum IL-17 may be
a marker of other processes contributing to post-traumatic
sepsis rather than a causal factor. Second, we measured
serum IL-17 at baseline only and did not follow the pattern
of IL-17 changes during the course of ICU stay.

Conclusion

Our data suggest that elevated IL-17 production may be
associated with an increased risk for the development of
septic complications in polytrauma patients.
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