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ABSTRACT

Background: Sepsis is a condition in systemic infection associated with organ
dysfunction. Interleukin-17 is a pro-inflammatory cytokine produced by Th-17 cells. C-
reactive protein and neutrophil-lymphocyte ratio (NLR) have been widely used as
markers of inflammation.

Objective: This study aims to prove the correlation between IL.-17 with CRP and NLR
in septic patients.

Methods: Analytical observational study with a cross-sectional approach was carried
out on 40 septic patients in July-December 2020. IL-17 levels were obtained by the
ELISA method while CRP levels were obtained using the immunoturbidimetric method.
NLR was the result of dividing the absolute number of neutrophils and lymphocytes
from the automatic hematology analyzer Sysmex XN-1000. Correlation between
variables was performed using Spearman correlation test.

Results: The median levels of IL-17, CPR, and NLR were 363.55 (11.4-1695.80)
pg/mL, 13.25 (0.43-53.87) mg/L, and 12.00 (2.26-48.5), respectively. The Spearman
correlation test between IL-17 levels and CRP obtained p = 0.019, r = 037, and NLR p
=0425,r=0.13.

Conclusion: There is a whk positive correlation between IL-17 levels and CRP in
septic patients. There is no correlation between IL-17 levels and NLR in septic patients.

Keywords: Interleukin-17, CRP, NLR, sepsis
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INTRODUCTION

Sepsis is a collection of symptoms that often occurs in patients with systemic
infections associated with organ dysfunction. The state of sepsis still has a sizable
proportion of the critically ill patient population. Sepsis is@gfined as the presence or
suspicion of infection associated with a systemic response, a life-threatening condition
caused by dysregulation of the body's response to infection. There is no gold standard in
the definition of sepsis, so the diagnosis of sepsis is based on a combination of
physiology and laboratory abnormalities. The definition of sepsis itself changed at
international meetings in 1991, 2001, and, most recently, in 2016. The current
recommendations and definitions of sepsis are based on organ dysfunction where a total
SOFA score of 2 poirfijis an indication of infection'.

The incidence of sepsis in the United Eflites is about 300 cases per 100,000
population, 50% of whom undergo treatment in the Intensive Care Unit (ICU)*. The
epidemiological trend of sepsis in Spain shows that the incidence of sepsis is increasing
from 3.3 per 1,000 population in 2000 to 4.45 in 2013, with an increase in mortality
from 6.34 to 7.89 per 1,000 population®. The pathogenesis of sepsis begins with the
presence of infectious agents that enter a person's blood circulation causing a systemic
inflammatory state, but the presence of pathogens in the systemic circulation is not
always present in cases of sepsis. The presence of inflammatory rgflliators released
systemically can induce sepsis while the cause of sepsis itself can be various infectious
agents, including bacteria, fungi, parasites, and viruses 4

Interleukin-17 is a proinflammatory cytokine produced by T@g@lper-17, Natural
Killer (NK) cells, CD-8 T cells, neutrophils, and several other cells. B} 17 increases the
production of chemokines so that it plays a significant role in the recruitment of
monocytes and neutrophils to the site of inflammation. This shows the vital role of IL-
17 as a proinflammatory cytokine that plays a role in infectious conditions. Early studies
in animal models induced sepsis showed that removing IL-17 was associated with a
higher survival rate, but another §fldy using mice with IL-17 receptor deficiency
showed the opposite result®. Ali et al. reported that serum levels of IL-17 were
associated with sepsis, where, in sepsis, IL-17 levels were 72 pg/mL compared to those
without sepsis, namely 37 pg/mL with p = 0.0001. IL-17 at levels more than 45 pg/mL
is reported to have a 28-day mortality risk in septic patients (p = 0.005), so it can be a
predictor of mortality in sepsis®.

T#1 state of sepsis is characterized by changes in acute phase protein levels. One
of the acute phase proteins is C-reactive protein (CRP). Elevated levels of CRP are
EEpduced in response to tissue damage, infection, inflammation, and malignancy’. Yang
et al. stated that the sensitivity and specificity of CRP in the diagnosis of sepsis were
90.7% and 49.7% while Pradhan et al. in their study using a CRP cut-off value of 50
mg/L. obtained a sensitivity of 84.3% and a specificity of 46.15. %®°. Ranzani et al.
showed that CRP is a prognostic factor for septic patients admitted to the ICU, where a
CRP level of 20 mg/dl has a poor prognosis (p = 0.024)'°.

Neutrophil lymphocyte ratio (NLR) is an examination that is easily obtained EBm
routine hematological examinations. Recently increased NLR is promising as a
diagnostic and prognostic marker in patients with sepsis. Ffearch by Marik et al.
showed the role of NLR in sepsis. NLR values > 10 had a sensitivity of 71% and
specificity of 56% with a higher mean NLR value in positive bacterial cultures than in
negative cultures''.
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In sepsis, there is an increase in pro-inflammatory cytokines, one of which is IL-
17 which plays a role in increasing natural, adaptive, and humoral immunity, in
inflammation, an increase in acute-phase protein, namely CRP, and a gfponse from
leukocyte cells in the inflammatory process, so it is necessary to research the correlation
of serum IL-17 levels with CRP levels and NLR values in septic patients.

MATERIALS AND METHODS <« Capitalized, Bold

This research is an analytic (gfervational study with a cross-sectional approach
which was conducted in the ICU of Dr. Kariadi Hospital and Diponegoro National
Hospital Semarang from July to December 2020. The research subjects were patients
with sepsis criteria (SOFA scor@2) with an age range of 18-70 years. Subjects were
taken by consecutive sampling that met the inclusion and ex@Epion criteria. Patients
with a history of liver disease and chronic renal failure were not included in this study.

The research variables consisted of levels of IL-1ZFCRP, and NLR. Examination
of IL-17 levels obtained using the ELISA method was carried out at the GAKI
Laboratory of Faculty of Medicine, Universitas Diponegoro. From the examination of
CRP levels using the @munoturbidimetric method, the calculation of the NLR value
was done manually by dividing the absolute neutrophil count by the absolute
lymphocyte count obtained from the automatic hematology analyzer. Based on the
normality test using the Saphiro Wilk test, IL-17, B8P, and NLR data were not
normally distributed after data transformation. Then, $Farman Rank correlation test
was performed. The p-value is considered significant if pggJ0.05. Ethical clearance was
obtained from the Health Research Ethics Committee of Dr. Kariadi General Hospital,
Semarang No. 484/EC/KEPK/2020.

RESULTS

Forty patients y3h sepsis criteria according to SOFA criteria were included in this
study, consisting of 19 (47.5%) males and 21 (52.5%) females. The mean age of the
patients was 54.18+13.25 years with a normal mean body mass index (23.24+4.82). The
mean hemoglobin level is 11.5 g/dL, the mean leukocyte count is 16.45x103/uL, and the
mean platelet count is 287.42x103/ulL. The results of blood cultures from 40 subjects
obtained positive blood cultures in 15 subjects (37.5%), whereas the results of gram-
EBsitive bacteria were 6 subjects (40%) and gram-negative 9 subjects (60%). The
characteristics of the data are presented in Table 1.

The normality test using Saphiro Wilk found that the three variables were not
normally distributed, so the Spearman Rank correlation test was carried out. The
correlation between IL-17 level@&ith CRP and NLR is presented in Table 2.

There is a weak positive correlation between levels of IL-17 and CRP (p=0.019,
r=0.37). The data distribution of IL-17 and CRP levels is shown in Figure 1. The
correlation between IL-17 and NLR levels showed that the results were not statistically
significant.

DISCUSSION

The results showed that there was a positive correlation between IL-17 Fyvels and
CRP levels. This is in accordance with the study of Akin et al. who reported a positive
correlation between IL-17 and CRP (p =0.014, r =0.225) in patients with polymicrobial
sepsis'2. Comparable results were reported by the study of Zou et al. in patients with
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chronic obstructive pulmonary disghse (COPD) and by Al-Saadani et al. in rheumatoid
arthritis patients where there was a positive correlation between IL-17 levels and CRP
(p < 0.001, r = 0506, and p < 0.001, r = 0.696)*!_ Interleukin-17 is a cytokine
produced by several cells, namely Thl7 cells, T cells, NK cells, group 3 innate
lymphoid cells (ILC3s), CD8+ cells (Tcl7), microglia, and mast cells. The general
function of IL-17 is to stimulate the production of inflammatory molecules,
chemokines, and antimicrobial peptides (AMPs) such as -defensin, calgranulin, and
lipocalin-2. 1L-17 also functions in maintaining mucosal barrier integrity and induces
acute-phase proteins. In sepsis, IL-17 stimulates various immune cells (neutrophils,
lymphocytes, macrophages, monocytes, and B cells) to enhance the role of natural,
adaptive, and humoral immunity. IL-17 signals play a protective role against infections
caused by bacteria, fungi, viruses, and parasites through the body's defense and release
of cytokines, but IL-17 can also induce pathological immune responses and the
occurrence of organ failures such as acute lung injury (ALI), acute respiratory distress
syndrome (ARDS), acute kidney injury (AKI), hepatic dysfunction, immunity, and
cardiomyocytes 7.

An exf@rimental study by Marchesi et al. showed that sepsis caused by Klebsiella
pneumonia increased the production of IL-17 (p = 0.002), and the highest level was
reached at 48 hours after infection'®. Ogiku et al. reported that mice with IL-17
deficiency sfwed a significant increase in mortality associated with bacteremia at 12
hours after the cecal ligation and puncture (CLP) procedure. This shows a partial
protective role of IL-17 in sepsis, resulting in the positive control mice having a hiffer
survival rate, compared to model mice that were knocked out of the IL-17 gene'’. CRP
is an acute-phase protein tha@@n be used as a marker of inflammation. Li et al.'s study
reported higher CRP levels in septic patients than in non-septic patients (p < 0.05).
Patients with poor clinical outcomes (non-survivors) also had higher CRP levels (p =
0.047).".

The results of this study showed that there was no correlation between IL-17
levels and NLR. This is not following previous studies where the NLR value can be
used as a marker for sepsis although, in this study, a high NLR value (> 5) was not
associated with IL-17 levels'®. The results of this study are similar to those of Sag et al.
which showed that there was no correlation between IL-17 levels and NLR in
rheumatoid arthritis patien@(p > 0.05,r = 0.135)". In sepsis, there can be a failure of
recruitment and migration of neutrophils to the site of infection, which is related to the
severity of the disease. Interleukin-17 plays a role in the migration and microbicidal
activity of neutrophils, and the mobilization of T lymphocytes *°. The increase in NLR
indicates the presence of an inflammation that, in addition to sepsis, can occur in other
inflammatory conditions.

Positive blood culture results in study subjects were obtained in 37.5% of patients,
which is almost similar to the study by Liestiadi et al. where positive culture results
were obtained in 32.6% of patients, and the prevalence of gram-negative bacteria was
higher than gggm-positive 2 In the study, the results showed that there were
differences in the levels of IL-17, CRP, and NLR in the subjects between the cultures of
gram-positive bacteria and gram-negative bacteria.

The limitation of this study was that it did not take into account comorbid factors
from the patient that could affect IL-17, CRP, and NLR levels. Patients on
immunosuppressant therapy and the presence of hematological abnormalities were not
excluded from the study as it could affect the results of complete blood counts.
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CONCLUSION

In this study, there was a statistically wealjpositive correlation between IL-17
levels and CRP in septic patients. There was no correlation between IL-17 levels and
NLR in septic patients. Further research needs to be done by paying attention to the
factors that affect the levels of IL-17, CRP, and NLR values, as well as to the comorbid
factors of the patient.

ACKNOWLEDGMENTS

The authors would like to thank to Universitas DiponegordgflPr. Kariadi General
Hospital, Diponegoro National Hospital, and GAKI laboratory for their support and
assistance throughout this study. This study was financially supported by Faculty of
Medicine Universitas Diponegoro, Research Grant No. 85/UN7.5.4.2/HK/2020.

e
REFERENCES
1. Gul F, Arslantas MK, Cinel I, Kumar A. Changing Definitions of Sepsis. Turk J
Anesth Reanim. 2017;45:1290-38.

2. Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis. Virulence.
2014;5(1):1-11.

3. Alvaro-Meca A, Jiménez-Sousa MA, Micheloud D, Sdnchez-Lopez A, Heredia-
Rodriguez M, Tamayo E, et al. Epidemiological trends of sepsis in the twenty-
first century (m0-2013): An analysis of incidence, mortality, and associated
costs in Spain. Popul Health Metr. 2018;16(1):1-11.

4.  Burkovskiy I, Sardinha J, Zhou J, Lehmann C. Cytokine release in sepsis. Adv

Biosci Biotechnol. 2013;2013(September):860-5.

5. Flierl MA, Rittirsch D, Gao H, Hoesel LM, Nadeau BA, Day DE, et al. Adverse

functions of IL-17A in experimental sepﬁ. FASEB J. 2008;22(July):2199-205.
15
6. Ali MA, Abdelkader ESMA, El LMR. Interleukin-17 as a predictor of sepsis in
polytraumﬁlatients : a prospective cohort study. Eur J Trauma Emerg Surg. 2017

7.  Faraj M, Salem N. C-Reactive Protein. In: Blood Cell- An Overview of Studies
in Hematology. 2012. p. 89-100.

8. Yang Y, XieJ, Guo F, Longhini F, Gao Z, Huang Y, et al. Combination of C -
reactive protein , procalcitonin and sepsis - related organ failure score for the
diagnosis of sepsis in critical patients. Ann Intensive Care. 2016;6(51). a

51

9. Pradhan S, Ghimire A, Bhattarai B, Khanal B, Pokharel K. The role of C -
reactive protein as a diagnostic predictor of sepsis in a multidisciplinary Intensive
Care Unit of a tertiary care center in Nepal. Indian J Crit Care Med.
2016;(41):417-20.

(9]

10. Ranzani OT, Zampieri FG, Forte DN, Azevedo LCP, Park M. C-Reactive
Protein/Albumin Ratio Predicts 90-Day Mortality of Septic Patients. PLoS One.

For c‘avlele information author guidelines please check:
http: //ejournal2 undip.ac.id/index.php/jbtr/about/submissions #authorGuidelines




Submissions Template for Authors

Original Research Article
Instructions/Template for Preparing Manuscript for Journal of Biomedicine and Translational Research

IT.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2013;8(3):e59321.

Li Q. Gong X. Clinical significance of the detection of procalcitonin and C-
reactive protein in the intensive care unit. Exp Ther Med. 2018;15(5):4265-70.

Akin H, Akalin H, Budak F, Ener B, Ocakoglu G, Giirciioglu E, et al. Alterations
of serum cytokine levels and their relation with inflammatory markers in
candidemia. Med Myco. 2015;53(3):258-68.

6]
Zou Y,Chen X, Liu J, Zhou D bo, Kuang X, Xiao J, et al. Serum IL-1p and I1L-17

levels in patients with COPD: association with clinical parameter. Int J COPD.

2017;12:1247-54.

Al-Saadany HM, Hussein MS, Gaber RA, Zaytoun HA. Th-17 cells and serum
IL-17 in rheumatoid arthritis patients: Correlation with disease activity and

severity. Egypt Rheumatol. 2016;38(1):1-7.

Ge Y, Huang M, Yao YM. Biology of Interleukin-17 and Its Pathophysiological
Significance in Sepsis. Front Immunol. 2020;11(July):1-13.

Marchesi V V, Rukavina T. Interleukin-17 in experimental Klebsiella sepsis.
Period Biol. 2011;113(1):99-102.

Ogiku M, Kono H, Hara M, Tsuchiya M, Fujii H. Interleukin-17A Plays a Pivotal
Role in Polymicrobial Sepsis According to Studies Using IL-17A Knockout
Mice. J Surg Res. 2012;174(1):142-9.

Martins EC, Da Fe Silveira L, Viegas K, Beck AD, Jiinior GF, Cremonese RV, et

al. Neutrophil-lymphocyte ratio in the early diagnosis of sepsis in an intensive
care unit: A case-control study. Rev Bras Ter Intensiva. 2019:31(1):63-70.

(1]
Sag S, Sag MS, Tekeoglu I, Kamanll A, Nas K, Acar BA. Relationship of

hematologic markers with [L-17 and IL-1 beta in patients with rheumatoid

arthritis. ] Back Musculoskelet Rehabil. 2018;31(4):703-7.
7

Delano MJ, Ward PA. Sepsis-induced immune dysfunction: Can immune
therapies reduce mortality? J Clin Invest. 2016:126(1):23-31.

Liestiadi DEF, Azlin E, Nafianti S. A hematologic scoring system and C-reactive
protein compared to blood cultures for diagnosing bacterial neonatal sepsis.
Paediatr Indones. 2017;57(2):70-5.

For c‘a:rlele information author guidelines please check:

http: //ejournal2 undip.ac.id/index.php/jbtr/about/submissions #authorGuidelines




Submissions Template for Authors

Original Research Article

Instructions/Template for Preparing Manuscript for Journal of Biomedicine and Translational Research

FIGURE CAPTIONS

Figure 1. Correlation between IL-17 and CRP in Sepsis
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Table 1. Subjects Characteristic Data
Parameter Mean+SD Median (min;max) p*
Age (year) 54.18+£13.25 56 (19;70) 0.316
BMI 23.2444 82 228 (12.8;34.52) 0.244
Hemoglobin (g/dL) 11.01+£2.97 11.5(2.9:14.9) 0.006
Leukocytw():‘/uL) 16.4549.08 14.75 (2:38) 0.304
Platelets (10°/uL) 287.42+166.5 277 (35:626) 0.186
Neutrophil absolute count (10*/ul.) 13.7+7 85 12.2(1.34;:32.97) 0.087
h}:)rjr}ﬁiﬁ(;cytc absolute count 1394129 109 (0.08:5 48) 0.001
NLR 16.57+13.70 13.51 (2.26:46.5) 0.001
IL-17 (pg/mL) 549.60+489.84 33795 (11.4;1695.80) 0.001
CRP (mg/L) 17.6+14.97 13.25 (0.43;53.87) 0.001
SOFA score 9744310 9 (4;17) 0.318

Note: BMI: Body Mass Index. SD: Standard Deviation. NLR: Neutrophil Lymphocyte
Ratio. CRP: C-Reactive Protein. SOFA: Sequential Organ Failure Assessment. *

Saphiro Wilk
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Table 2. Correlation between IL-17 with CRP and NLR

Variable ;L' 17 (pg/mL)
CRP (mg/L) 0019 0.37
NLR 0425 0.13

IL-17: Interleukin-17, CRP: C-Reactive Protein, NLR: Neutrophil Lymphocyte Ratio;
ISpearman Rank correlation test; *p <0.05
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