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ABSTRACT

Aim: This study aimed to prove the role of IL-17 on the clinical outcomes of septic patients.

Materials and Methods: This study used a systematic review and meta-analysis design. Data were obtained by searching articles published between January
2001 and June 2022 in Pubmed, Science Direct, Scopus, and Medline databases to evaluate Interleukin-17 on clinical outcomes in septic patients. Only human
studies were used in this study. Meta-analysis was undertaken using random effects models.

Results: Fourteen published studies were eligible, and four studies were included in the meta-analysis. Meta-analysis of the ratio of means (RoM) IL-17
concentration demonstrated a 5.96-fold higher level in non-survivor septic patients compared with survivors (four studies; n = 194 patients; RoM=5.96; 95%

@,3.51-10.31; p < 0.00001; I*=92%).

Conclusions: IL-17 levels were significantly elevated in non-survivor and predicted mortality of septic patients.

KEY WORDS: (ytokine, Interleukin-17, sepsis

INTRODUCTION

Sepsis is a syndrome that occurs in patients with sys-
temic infection and often happens in critically ill pa-
tients. Thus, it requires appropriate markers and initial
therapy to reduce its mortality rate. The mortality of
sepsis varies between 25-30% of sepsis and 40-50% of
septic shock [1,2]. The incidence of sepsis in the United
States is around 300 cases per 100.000 population, of
which 50% are undergoing treatment in Intensive Care
Units[3]. The epidemiological trend of sepsis in Spain
shows that the incidence of sepsis has increased from
3.3 per 1000 populationin 2000 to 4.45in 2013, with an
increase in mortality from 6.34 to 7.89 per 1,000 popu-
lation [4]. A 2009 study conducted by Phua et al, from
150 intensive care units in 16 countries in Asia, showed
that severe sepsis was diagnosed in 10.9% of intensive
care patients, with a mortality rate of 44.5% [5].

The pathogenesis of sepsis begins with the presence
of infectious agents that enter blood circulation caus-
ing a systemic inflammatory state, but the presence
of pathogens in the systemic circulation is not always
present in cases of sepsis, the presence of inflammato-
ry mediators released systemically can induce sepsis.
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While sepsis can be caused by various infectious agents,
including bacteria, fungi, parasites, and viruses [6]. A
study conducted by Vincent et al, in patients with in-
fections in intensive care units (ICU), found that 70% of
infection cases with positive culture results were 62%
caused by Gram-negative bacteria, 47% by Gram-pos-
itive bacteria, and 19% by fungal infections [7].

Interleukin-17 is a pro-inflammatory cytokine pro-
duced by T helper-17, Natural Killer (NK) cells, CD-8
T cells, and neutrophils. IL-17 increases chemokine
production which plays a major role in the recruit-
ment of monocytes and neutrophils to the site of
inflammation. This shows the important role of IL-17
as a proinflammatory cytokine in infectious condi-
tions. Early studies of sepsis induction in animals
demonstrated a distinct role for IL-17 [8,9]. Several
systematic reviews and meta-analyses of IL-17 have
been conducted on autoimmune diseases [10, 11].
Thus far, the researchers have not been able to find
systematic review studies of IL-17 on sepsis that has
been published, so the researchers want to conduct
a systematic review and meta-analysis of the role of
IL-17 in clinical outcomes in sepsis.
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Table 1. Characteristic data of the study

Study (years) Countries suTI:;tea:ts Age (years) (Gme :Iz)eor/o
Akin et al. 2015 (18) Turkey 94 63 (19-87) 57 (60.6)
Alietal. 2017 (19) Egypt 100 32 (22-48) 80 (80)
Angurana et al. 2020 (20) India 50 3.4(0.95-7) 30 (60)
Bozza et al. 2007 (21) Brazil 60 64 (51-75) 36 (60)
Chen et al. 2021 (22) China 157 56.2+12.3 94 (59.9)
Dai et al. 2015 (23) China 18 49,5 (28-67) 8(44.4)
Guo et al. 2017(24) China 48 50.6 £11.9 30 (62.5)
Huang et al. 2016 (25) Taiwan 76 713+23 49 (64.5)
Lee et al. 2016 (26) Korea 212 67.5(29-95) 149 (70.3)
Liu et al. 2020 (27) China 210 56.1+12.3 145 (69.0)
Mikacenic et al. 2016 (28) USA 140 54+16 104 (74)
Naetal. 2019 (29) China 219 56.5+10.3 143 (65.3)
Rendon-Ramirez et al. 2015 (30) Mexico 29 37.68 (+11.56) 12 (41.4)
Wang et al. 2022 (31) China 78 56.6+114 49 (62.8)
White et al. 2010 (32) Ireland 59 54 (72-80) 32(54.2)
Wuetal.a2015 (33) Taiwan 52 7231+1.72 28 (54)
Wu et al. b 2011(34) Taiwan 35 73.0£3.2 24 (68.6)

AIM
This study aimed to prove the role of IL-17 on the clinical
outcomes of septic patients.

MATERIALS AND METHODS

This study was a systematic review and meta-analysis,
which evaluated interleukin-17 on the clinical outcomes
of sepsis patients. The researchers referred to the Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-Analysis (PRISMA) flow diagram to search articles [12,
13]. While duplication of the same articles was detected
using the Mendeley desktop software application [14].
The protocol was registered into the PROSPERO Interna-
tional Prospective Register of Systematic Reviews (Pros-
pero) database (Registration number: CRD42022323950).

SEARCH STRATEGY
Literature searches were conducted on several databases:
PubMed, ScienceDirect, Medline, and Scopus. This systematic

review and meta-analysis used articles published from Janu-
ary 2001 to June 2022. Patient, intervention, comparison, and
outcome (PICO) framework was used to facilitate the search
strategy, with P: Sepsis OR Septic patients, |: Interleukin-17 ORIL-
17,C:No comparison, and O: Mortality. Selected keywords such
as”Interleukin-17"OR"IL-17"AND"sepsis"OR"septic”were used.

ELIGIBILITY CRITERIA

The inclusion criteria were 1) Articles written in English
and were available in full-texts, 2) a study design that re-
ported a prospective cohort with outcome assessment
(survivors and non-survivors), and 3) measure serum or
plasma IL-17 levels. The exclusion criteria were articles
with experimental animal studies.

DATA EXTRACTION

Data extraction was made by summarizing the arti-
cles including the names of the researchers (years of
publication of the articles), countries, study designs,
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Table 2. Interleukin-17 level and outcome measurement

Sampling IL-17 IL-17 Non-
. . Total Outcome N N . .
Study (year) Specimen Method collection . . Survivor survivor
sample measurement Survivor Non-survivor
(hours) (pg/ml) (pg/mL)
Akin et al (2015) serum ELISA <12 94 28 days 64 30 0 13
4 (0-611.6)  (0-3289)
Ali et al (2017) serum ELISA 3 100 28 days 84 16 NR NR
Angurana et al 237 400
(2020) serum ELISA 12 50 NR 45 5 (122-318) (333-563)
Bio-plex 0.0 0.0
Bozza et al (2007) plasma system <24 60 28 days 31 29 (0.0-0.0) (0.0-0.2)
Chen et al (2021) serum ELISA <24 157 28 days 125 32 NR NR
. 186.4 308.1
Dai et al (2015) serum ELISA <24 18 28 days 15 3 +110.7 +1753
Guo et al (2017) plasma ELISA 6 48 28 days 36 12 36.0+13.7 54.0+15.3
Huang et al (2016) plasma ELISA <24 76 28 days 54 22 8.1+26 19.3+8.9
Lee et al (2016) serum ELISA <24 212 28 days 155 57 638 >3
4 (18317.1)  (1.991.2)
Liu et al (2020) serum ELISA <24 210 28 days 172 38 NR NR
Mikacenic et al plasma CLIA <24 140 28 days 114 26 NR NR
(2016)
Na et al (2019) plasma ELISA <24 219 28 days 163 56 NR NR
Rendon-Ramirez Milliplex
etal 2015) serum MAP <24 29 28 days 13 16 NR NR
Wang et al (2022) serum ELISA <24 78 28 days 63 15 NR NR
White et al (2010) serum ELISA <24 59 NR 41 18 31 25.7
(20.4-31) (18.2-38.5)
Wu et al a (2015) plasma ELISA <48 52 28 days 38 14 3.12+1.06 4.85+3.01
Wu etal b (2011) lasma ELISA <48 35 28 days 23 12 8.7 144
P Y (0.0-131.6)  (0.0-197.0)

NR: not reported.

patient demographics, and IL-17 levels. The summary of
the research articles was tabulated alphabetically. The
article summary was analyzed for IL-17 measurements
and patient clinical outcomes (survivors versus non-sur-
vivors) in the study objectives and results.

Nominal variable data were presented as a proportion
by percentage, whereas continuous data were presented
as mean = SD (standard deviation), median interquartile
range (IQR), or range (minimum-maximum). The results were
described in quantitative and qualitative summaries. In this
study, the heterogeneity test was found to be less than 0.05
orlarge I so the analysis model used was the random effects
model (REM). Continuous data were calculated as a ratio of
means (RoM) for each study and a meta-analysis was carried
outusing the genericinverse variance method (DerSimonian
and Laird) to produce pooled measures of association, with
95% confidence interval (95% Cl) and forest plots[15].

STATISTICAL ANALYSIS
Statistics with a significance of 0.05 and a confidence in-
terval, and statistical heterogeneity used the I° statistic.
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Data analysis used Microsoft Excel and Review Manager
version 5.4 [16]. Risk of bias assessment was performed
using Quality in Prognostic Studies (QUIPS) to assess
cohort studies for the association of IL-17 levels with
clinical outcome (survivor vs non-survivor)[17].

RESULTS

The flow of research selection is presented in Fig. 1.
The articles that belong to the inclusion and exclusion
criteria for qualitative synthesis were 17 articles, and 4
articles were followed by meta-analysis.

The characteristics of each study are presented in
Table 1. The results of the qualitative analysis of the 17
studies showed that the number of subjects was 1637
sepsis patients. One study (Angurana et al) was a study
with the subject of sepsis in children, while the others
had adult sepsis patients as their subjects. The IL-17
examination carried out in the research method of each
study mostly used the Enzyme-linked immunosorbent
assay (ELISA) method in 14 studies. One study with the
Chemiluminescence immunoassay (CLIA) method (28)
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Fig.1. The PRISMA flow di-
agram.

Fig. 2. Forest plot of IL-17 in
SUrVivor vs non-survivor.

Fig. 3. Assessment risk of
bias with QUIPS.
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acute respiratory distress syndrome 1, two studies used
the multiplex immunoassay system (21,30). Fifteen of
the 17 sampling studies were undertaken for less than
24 hours during the treatment period, while 2 studies
less than 48 hours. Survivor and non-survivor status
for the majority of the study were followed within 28
days of treatment (88.2%). Seven studies did not obtain
data on IL-17 levels between survivors and non-survi-
vors, and 6 studies did not present the mean + SD so
13 studies could not be continued to be quantitatively
analyzed by meta-analysis (Table 2).

Based on the clinical outcome of patients with sepsis
after 28 days of treatment, it was found that patients
with 28 days of death (non-survivors) had higher IL-17
levels of 5.96 times compared to patients who were
alive (survivors) (4 studies; n=194 patients; RoM = 5.96;
95% Cl, 3.51-10.13; p <0.00001; 12 = 92%). The results
were presented on the Forest plot (Fig. 2) as the result
of a combined line when each study was plotted in
one axis, the results of the log Ratio of Means (RoM),
standard error (SE), and weight of each study were
described. After a meta-analysis of the heterogeneity
test, it was found that the p-value was <0.00001 with I?
92% which indicates that there was large heterogeneity
between studies (subgroups).

Assessment of risk of bias was carried out using
Quiality in Prognostic Studies (QUIPS) to assess cohort
studies for the association of IL-17 levels with clinical
outcomes (survivors and non-survivors)[17]. Based on
the assessment of the risk of bias in each study, it was
found that 6 studies had a high risk of bias, 6 studies
had moderate bias and 5 studies had a low risk. The risk
analysis for bias is shown in Fig. 3.

DISCUSSION

Most of the patients in each study were males. This was
consistent with several other studies which showed
a higher percentage of sepsis in males, 55% in the
Shankar-Hari et al, 63% in the Lie et al, and 60.1% in
the Sakr et al[18-20]. Most studies with adult sepsis
patients occur at an older age because more comor-
bidities increased morbidity and mortality in sepsis.
Alvaro-Meca et al, reported in an epidemiological study
of sepsis in Spain that the incidence and mortality of
sepsis increased in old age (50-59 years), increased at
the age of 65 years, and was highest in the elderly over
85 years. The case fatality rate (CFR) in children was
7.2%, increasing to 20% at the age of 45-49 years and
30% at the age of 65 years[4].

The IL-17 levels from the meta-analysis found that
non-survivor patients were 5.96 times higher than in
survivors. The mechanism of high IL-17 in septic patients

1138

remained unknown. Interleukin-17 plays an important
role in defense against bacteria produced by T cells, neu-
trophils, and some other cells by increasing the produc-
tion of chemokines which play arole in the recruitment of
neutrophils and monocytes to the tissue of the infection
site. In addition, IL-17 plays a role in the production of
other proinflammatory cytokines. Several animal stud-
ies have shown susceptibility to sepsis in states of IL-17
deficiency. However, this systematic review shows that
elevated levels of IL-17 were associated with mortality in
septic patients. The important role of IL-17 in the inflam-
matory response is the mobilization of neutrophils to the
site of infection and the induction of the release of other
proinflammatory cytokines.This is an important defense
against infection with microorganisms [21].

Neutrophils are considered part of the first line of the
immune system. Neutrophils can be found in the blood-
stream, with a lifespan of 6-8 hours, and in tissues, that
can last up to 7 days. The mechanisms that neutrophils
use for host defense are phagocytosis, degranulation,
cytokine production, and, most recently described, the
production of neutrophil extracellular trap (NET). NETs
are DNA structures that are released due to the decon-
densation and dispersal of chromatin, and thus occupy
three to five times the volume of condensed chromatin.
Several proteins attach to the NET, including histones
and more than 30 primary and secondary granular
components, including components with bactericidal
activity such as elastase, myeloperoxidase, cathepsin
G, lactoferrin, pentraxin 3, gelatinase, proteinase 3,
LL37, peptidoglycan-binding protein, and others with
bactericidal activity capable of destroying virulence
factors [21]. Mobilization of neutrophils to the site of
infection causes NETosis which can affect the clinical
outcome of sepsis.

Increased levels of IL-17 as a proinflammatory cyto-
kine excess caused hyperinflammatory conditions and
a poor prognosis in the survival of patients with sepsis.
Akin et al study reported an association of IL-17 with
other markers of inflammation, IL-17 was associated
with TNFa (p <0.001, r = 0.39), C-reactive protein (p =
0.014), and procalcitonin levels (p = 0.011)[18]. High
levels of IL-17 in sepsis and there are research results
showing that non-survivors had high levels of IL-17 in
less than 48 hours of the initial examination of patients
with sepsis provided an overview as a prognostic factor
in patients with sepsis to the stage of severe sepsis or
the occurrence of MODS. Examination of IL-17 levels in
septic patients was expected to assist in determining
therapeutic management to reduce patient morbidity
to severe conditions or mortality in septic patients.

There were several limitations to this systematic
review and meta-analysis study. The research was
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obtained only from the database of international pub-
lications in English, while the unpublished studies or
gray literature were not searched for data sources. The
method of IL-17 examination was not entirely the same
so it could cause examination bias. The etiology and
severity of sepsis were not the same and might affect
clinical outcomes.

CONCLUSIONS

Interleukin-17 was significantly higher in non-survivor
sepsis patients than in survivor patients. Further re-
search is needed to include the gray literature and in
various languages. Measurement of IL-17 with a stan-
dardized method and the severity of sepsis should be
considered in future studies.
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