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sTREM-I as a severity marker in patients with septic

shock with abdominal surgery

Abstract

Background: The triggering receptor 1 expressed on the surface of myeloid cells (TREM-
1) is up- regulated by the interaction of bacterial and fungi products with TLRs; and a
soluble form of TREM-1 (sTREM-1) is released to the circulation. Hence the sSTREM-1
may act as a biological marker of bacterial or fungal infection as has been shown for sepsis,
pneumonia and bacterial meningitis. The aim of the study was to evaluate STREM1 as a
marker of severe infection in patients with abdominal surgery.

Methods: Blood samples were obtained from patients with abdominal surgery without
infection, with sepsis and septic shock. White blood cell (WBC) count, TREM-1 expression
in monocytes and neutrophils, and soluble TREM-1 in sera were measured by flow
cytometry and ELISA respectively. TREM-1 and sSTREM1 sere compared using ANOVA,
and Spearman correlation was used for TREM- 1 cellular expression and sSTREM1 in sera.

Results: The plasma concentration of STREM-1 was higher in the group of septic shock
compared to the other groups (p= 0.009). In addition, the expression of TREM-1 in
neutrophils was lower in patients with septic shock compared to patients with abdominal
surgery without sepsis (p=0.002). Finally, there was a trend to a negative correlation
between STREM-1 and the expression of TREM- 1 in neutrophils.

Conclusion: This study suggests that the plasma concentration of STREM-1 is a good
severity marker in patients with septic shock who had an abdominal surgery. It is possible
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Introduction

Abdominal sepsis is a life-threatening disease with reported
mortality rates ranging from 20 to 30%.' The causes of secondary
peritonitis are anatomical defects of bacteria-containing hollow
organs and a surgical intervention is the basis for the treatment.
Standard surgical care consists of a laparotomy to eliminate the source
of infection, and in most cases a surgical lavage of the abdominal
cavity to minimize the abdominal bacterial load.?> Identification of
patients with secondary peritonitis or recurrent peritonitis after the
initial emergency laparotomy and selection of patients for a second
laparotomy is complex.?

Innate immune cells are key players in the recognition of invading
pathogens during tissue damage, especially in abdominal sepsis.
The magnitude of inflammation relies on the activation of pattern
recognition receptors (PRR). One family of PRRs is the family of Toll-
like receptors (TLRs), which are well-known for their role in innate
immunity during infectious and non infectious diseases. Currently,
10 TLRs have been characterized in humans and can be divided
into two groups; TLR1, TLR2, TLR4, TLRS, TLR6 and TLR11 are
located within the cell membrane and recognize the components of
the microbial cell wall, while TLR3, TLR7, TLR8 and TLR9 are
expressed in compartments such as endosomes and lysosomes where
they bind to nucleic acids of microbial origin.*

Recently, it was described that a member of the immunoglobulin
superfamily receptor interacts with TLRs and influences the
development of the inflammatory response: the Triggering Receptors
Expressed on Myeloid cells.’ The triggering receptor 1 expressed
on myeloid cells (TREM-1) is a cell surface protein expressed
by neutrophils and a subset of monocytes and macrophages.® Its

expression is up-regulated by the interaction of bacterial and fungi
products with TLRs. Together with the up-regulation of a membrane-
bound TREM-1, a soluble form of TREM-1 (sTREM-1) is released
to the circulation and to other body fluids. Hence the sTREM-1
may act as a biological marker of bacterial or fungal infection as
has been shown for sepsis, pneumonia and bacterial meningitis.”
TREM-1 contributes to the pattern recognition of bacterial PAMPs
(especially LPS), and this may represent an important biological role
of TREM-1. This receptor amplifies TLR signalling to promote the
production of proinflammatory cytokines, neutrophil degranulation
and phagocytosis.®!

TREM family receptors recognize bacterial ligands' and it has
been reported that TREM-1 co- localize with the TLR4-LPS receptor
in human neutrophils and LPS primes the effects induced by TREM-
1 engagement in these cells.”’ In the case of abdominal surgical
patients, it could be a severity marker for septic shock. However,
the proinflammatory effect of TREM-1 and its implication in the
pathogenesis of inflammatory diseases and the mechanisms are still
poorly understood. The aim of the study was to determine if sSTREM1
in sera could be a severity marker by comparing the plasma sTREM-1
levels and TREM-1 expression in neutrophils and monocytes in
patients who underwent abdominal surgery without infection, with
abdominal sepsis without septic shock and abdominal sepsis with
septic shock.

Material and methods

Study population and procedures

Aprospective cross sectional study was performed from March 2018
to June 2019 at the Intensive Care Unit (ICU) and the Department of
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Surgery, Hospital General de Mexico “Dr. Eduardo Liceaga” (HGM).
The study was approved by the Ethics and Research Committees
of the HGM and the Facultad de Medicina, Universidad Nacional
Auténoma de México. The patients were invited to participate in
the study or those who were unconscious their relatives or guardians
were invited to have their relative included in the study. Written
informed consent was obtained from all the subjects or their relatives.
The study was conducted following the Good Clinical Practices and
the International Conference of Harmonization standards. Adults
with abdominal surgery without complications (not infected), with
abdominal sepsis and with septic shock were included in the study.
The patients were diagnosed with sepsis or septic shock, according to
the current guidelines.!? The exclusion criteria included: age younger
than 18 years, other infectious process at the day of recruitment,
peritonitis related to dialysis catheter, peritonitis in patients with
cirrhosis and ascites, disseminated malignant disease, pregnancy,
AIDS or immunosuppressive treatment and lack of consent.

Clinical data was recorded in a special format designed for the
study and included age, gender, main diagnosis, admission category,
mortality, the length of mechanical ventilation and ICU stay, outcome.

at discharge, Brussels score, Simplified Acute Physiology Score
version 3 (SAPS-3), sequential organ failure assessment (SOFA)
score, routine blood test and body temperature. Blood samples were
taken at admission, at day 2 in uncomplicated surgical patients and at
days 2 and 5 in sepsis and septic shock. Pheripheral blood was drawn
and centrifuged, sera was stored at —70 °C until analysis, another tube
with EDTA was taken for cell analysis on the same day.

Detection of TREMI in sera and cells

The concentration of sSTREM-1 was measured by duplicate in sera
using a commercially enzyme- linked immunosorbent assay (ELISAs;
Human TREM-1 Quantikine ELISA Kit) and quality control of
ELISA assays was made according to the manufacturer’s instructions.

Table | Demographic and clinical characteristics
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The minimal level of detection of ELISA assay for sSTREM-1 was
4.5 pg/ml. The peripheral blood mononuclear cells (PBMCs) were
isolated by Fycoll-paque; the TREM-1 expressed in the membrane
of monocytes and neutrophils was determined with the fluorescence-
conjugated mouse anti-human antibodies anti-CD64-PeCy7, CD66b-
FITC, CD16-PeCy5S and CD354-PE (Biolegend, San Diego, CA,
USA) and the fluorescence was detected by flow cytometry using the
Attune-NxT cytometer, acquired data was analyzed using the FlowJo
X software (TreeStar) at the Infectious Diseases Research Laboratory,
Facultad de Medicina, UNAM.

Statistical analysis

Univariate analysis was used for descriptive variables. The
comparison of the clinical characteristics, the expression of TREM-1
on the cell surface of neutrophils, monocytes and the concentration of
STREM-1 was made using the ANOVA test. A Spearman correlation
analysis was performed between TREM-1 and sSTREM-1 to determine
a relation between the receptor expressed in the cell membrane and
the one secreted in the patients sera. A p <0.05 value was considered
significant. The analysis was carried out with the statistical package
SPSS 22nd edition.

Results
Demographic characteristics

Twenty-eight patients without infection who underwent elective
surgery, 10 patients with abdominal surgery and sepsis and 21 patients
with abdominal surgery and septic shock were included. The mean age
+ SEM in surgical patients was 45+2 years old, in septic shock 50+3
years old, and sepsis 38+4 years old (p=0.1), a higher percentage of
females was observed in elective surgery patients without infection
(89% female) compared to septic shock (62% female) and sepsis (50%
female) (p=0.02). There were no significant statistical differences in
weight, height and body mass index among groups (Table 1).

Not infected Sepsis Septic shock
n=28 n=10 n=21 p
Demographic characteristics
Age (years),x + EE 45 +2 38+4 50+3 0.1
Female, n (%) 25 (89) 5 (50) 13 (62)
0.021

Male, n (%) 3(I) 5 (50) 8 (38)
Weight (kg), x + EE 69 +2 8l +6 72+ 4 0.1
Height (m), x + EE 1.55 + 0.0l .61 +0.03 1.59 + 0.0l 0.1
BMI, x + EE 28 +0.9 31 +£22 29+ 1.6 0.5
External consult, n (%) 28 (100)
Emergency department, n (%) 10 (100) 7 (33) <0.001
Surgery ward, n (%) 14 (67)
Clinical characteristics
Leucocytes (Hospital admission), x +

76+03 178+ 1.6 16.6 +2.4 <0.001

EE
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Table continued...
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Not infected Sepsis Septic shock
n=28 n=10 n=21
Leucocytes (day 2),x + EE 11.7+14 16.3 +2.5 0.13
Leucocytes (day 5),x + EE 87+ 1.6 87+22 0.29
Hemoglobin (Hospital admission), x
14.1 +0.2 14.3 +0.8 9.8+0.3 <0.001
+ EE
Lactate, x + EE 44+ 0.6
SAPS Ill, x + EE 59+33
NEMS, x + EE 286 + 54
SOFA (ICU admission), x + EE I +0.8 86+ | 0.002
Brussels (ICU admission), x + EE I +0.8 6+0.8 0.003
Days of ICU stay,x + EE 8+6
Type of surgery
Laparoscopic colecystectomy, n (%) 28 (100) 2 (20)
Appendectomy, n (%) 7 (70) 4 (19)
Dehiscence repair, n (%) 209
<0.001
Closure of primary peforation, n (%) 5(24)
Intestinal resection, n (%) I (10) 9 (43)
Biliperitoneum, n (%) I (5)
Complications
None, n (%) 28 (100) 10 (100) 14 (67)
Massive bleeding, n (%) 4 (19)
. 0.006
Trans-surgical cardiorespiratory
I (4.7)
arrest, n (%)
Deaths, n (%) 5(24)

Clinical characteristics

All the patients with elective surgery without infection had a
laparoscopic cholecystectomy; septic shock patients had appendectomy
in 19%, dehiscence repair in 9%, primary perforation closure in 24%,
intestinal resection in 43% and biliperitoneum in 5%; and sepsis
patients had laparoscopic cholecystectomy in 20%, appendectomy in
70% and intestinal resection in 10%. At hospital admission, leukocyte
count was higher in the septic shock group (16.6 + 2.4 x 103) and
sepsis (17.8+ 1.6 x 103) compared to patients who underwent elective
surgery without infection who had normal leukocyte count (7.6 +
0.3 x 103), p <0.001. After 5 days, the leukocyte count decreased
to normal levels in sepsis and septic shock. The hemoglobin in g/dL
at admission was normal in elective surgery patients (14.1+0.2) and
sepsis (14.3+0.8), but was low in the septic shock group (9.8+0.3)
<0.001. SOFA (8.6+1 vs 1+0.8, p=0.002) and Brussels (6+0.8 vs
1+0.8, p=0.003) scores were higher in the Septic shock group
compared to the sepsis group, respectively. Lactate of admission
day (mean+SEM) was 4.4 + 0.6, SAPS III 59 + 3.3 and NEMS 286 +

54 in patients with septic shock (Table 1). No complications were
described in the elective surgery uninfected patients and the septic
patients, in septic shock patients massive hemorrhage (bleediing more
than 500 ml. during surgical procedure) presented in four patients
(19%) and cardiorespiratory arrest during surgery presented in one
patient (4.7%). Five of the septic shock patients died (Table 1).

Sera s-TREMI and TREMI expression in cells

Asslightly higher expression of TREM1 in monocytes was observed
in surgical patients (79+11) compared to septic patients (60+11)
p=0.03, no differences were observed in TREMI1 expression with
septic shock patients (82+18) in monocytes. On the contrary, a lower
level of TREMI1 expression was observed in septic shock patients
(30+27, p=0.002) and septic patients (15+13, p=0.002) compared to
uninfected surgical patients (81+14) in neutrophils (Figure 1A).

A higher level of serum sTREM1 was observed in the patients
with septic shock (Md 129.5 pg/ml), compared to elective surgery
uninfected patients (Md 14.5pg/ml) and sepsis patients (Md 17 pg/ml)
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p=0.009 (Figure 1B). In the Spearman correlation analysis, although
not satistically significant, a trend for an inverse relationship between
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the expression of TREMI1 on the surface of neutrophils and the
STREMI serum levels was observed (Figure 2).
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Figure | TREMI and sTREMI detection. Expression of TREM | (%) in the surface of monocytes and neutrophils (A) and detection of sSTREMI (pg/ml) in sera
(B) in patients who had abdominal surgery without infection, with sepsis and with septic shock (% of TREMI is expressed in medians).

Discussion

The patient survival is determined by a proper diagnosis,
administration of adequate antibiotic therapy and supportive
measures; but in clinical practice, there are many limitations.
The identification of severity markers of infection could help to
implement an earlier and more aggressive intervention in order to
reduce the mortality in this patient population. sSTREM-1 has been
proposed as a useful diagnostic tool to predict infectious pneumonia
and sepsis.” In response to sepsis, TREM-1 amplifies the infection-
induced inflammatory response signals; sTREM-1 is the soluble
form of TREM- 1 that lacks the transmembrane and intracellular

domains. These two domains probably are cleaved from TREM-1 on
the membrane surface by proteolysis.'* This study shows that serum
STREM-1 levels are increased in patients with abdominal surgery
with septic shock compared to patients with abdominal sepsis without
septic shock and with patients with abdominal surgery without sepsis.
This observation as shown in other infectious diseases, suggests that
the serum level of sSTREM-1 is a good marker of severity in patients
who underwent abdominal surgery and develops an infection, as
reported by Song et al.'® It is not known the source of the sSTREM-1
in sera; the finding in this study that STREM-1 increases in serum
while TREM-1 decreases in neutrophils and the inverse correlation in
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neutrophils in abdominal surgical patients with septic shock, suggests
that the protein could be cleaved from the neutrophils as a source
for the soluble form in sera, as suggested previously'* or that the
elevated serum concentration of sSTREM-1 in these patients produces
a down-regulation in the expression of TREM-1 in the neutrophils.
Another finding was that the serum levels of sSTREM-1 matched with
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high scores of SOFA and Brussells severity scores in the group of
abdominal surgery with septic shock, which indicates that the higher
the level of serum sTREM-1 the greater the risk of multiple organ
failure and therefore the greater the risk of death, as was observed in
this group with a 24% mortality. However, the sample size for this
study was small and more studies are needed.
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Figure 2 Correlation of sTREMI (pg/ml) in blood with the percentage of TREMI in the cellular membrane of monocytes (left column) and neutrophils (right
column) in patients with abdominal surgery not infected (A), with sepsis (B) and with septic shock (C).

Conclusion

This study suggest that the serum level of sSTREM-1 is a good
marker of severity in patients with infection who underwent abdominal
surgery. In addition, the inverse correlation in neutrophils with a high
level of sSTREMI1 in sera and a low expression in neutrophils suggest
that STREM-1 might be cleaved from the neutrophils as a source for
the protein in sera. Finally, the high level of STREM-1 in the sera of
patients with acute abdominal sepsis matched with the severity scales,
as previously reported.!¢1#

Funding

This work was supported by Federal Funds from the Research
Division, Hospital General de México “Dr. Eduardo Liceaga”, and
Federal Funds from the Faculty of Medicine, Universidad Nacional
Auténoma de México.

References

1. Determann RM, van Till JW, van Ruler O, et al. sSTREM- 1 is a potential
useful biomarker for exclusion of ongoing infection in patients with
secondary peritonitis. Cytokine. 2009;46(1):36-42.

Citation: Chavez-Pérez |P, Bautista-Carbajal P, Garcia-Leon ML, et al. sSTREM-I as a severity marker in patients with septic shock with abdominal surgery. |
Anesth Crit Care Open Access. 2020;12(5):193—198. DOI: 10.15406/jaccoa.2020.12.00459


https://doi.org/10.15406/jaccoa.2020.12.00459
https://pubmed.ncbi.nlm.nih.gov/19251433/
https://pubmed.ncbi.nlm.nih.gov/19251433/
https://pubmed.ncbi.nlm.nih.gov/19251433/

STREM-1 as a severity marker in patients with septic shock with abdominal surgery

Sartelli M, Catena F, Abu-Zidan FM, et al. Management of intra—
abdominal infections: recommendations by the WSES 2016 consensus
conference. World J Emerg Surg. 2017;12:22.

Lamme B, Boermeester MA, Belt EJ, et al. Mortality and morbidity of
planned relaparotomy versus relaparotomy on demand for secondary
peritonitis. BrJ Surg. 2004;91(8):1046-1054.

Blasius AL, Beutler B. Intracellular toll-like receptors. Immunity.
2010;32(3):305-315.

Tammaro A, Derive M, Gibot S, et al. TREM-1 and its potential ligands
in non-infectious diseases: from biology to clinical perspectives.
Pharmacol Ther. 2017;177:81-95.

Bouchon A, Dietrich J, Colonna M. Cutting edge: inflammatory
responses can be triggered by TREM—1, a novel receptor expressed on
neutrophils and monocytes. J Immunol. 2000;164(10):4991-4995.

Jiyong J, Tiancha H, Wei C, et al. Diagnostic value of the soluble
triggering receptor expressed on myeloid cells—1 in bacterial infection: a
meta—analysis. Intensive Care Med. 2009;35(4):587-595.

Gibot S, Cravoisy A, Levy B, et al. Soluble triggering receptor
expressed on myeloid cells and the diagnosis of pneumonia. N Engl J
Med. 2004;350(5):451-458.

Determann RM, Weisfelt M, de Gans J, et al. Soluble triggering receptor
expressed on myeloid cells 1: a biomarker for bacterial meningitis.
Intensive Care Med. 2006;32(8):1243—1247.

. Fortin CF, Lesur O, Fulop T. Effects of TREM~-1 activation in human

neutrophils: activation of signaling pathways, recruitment into lipid rafts
and association with TLR4. Int Immunol. 2007;19(1):41-50.

Copyright:

©2020 Chévez-Pérez etal. 198

. Daws MR, Sullam PM, Niemi EC, et al. Pattern recognition by TREM—

2: binding of anionic ligands. J Immunol. 2003;171(2):594-599.

. Shankar—Hari M, Phillips GS, Levy ML, et al. Developing a New

Definition and Assessing New Clinical Criteria for Septic Shock: For the
Third International Consensus Definitions for Sepsis and Septic Shock
(Sepsis—3). JAMA. 2016;315(8):775-787.

. Klesney—Tait J, Turnbull IR, Colonna M. The TREM receptor family

and signal integration. Nat Immunol. 2006;7(12):1266-1273.

. Sharif O, Knapp S. From expression to signaling: roles of TREM-1 and

TREM-2 in innate immunity and bacterial infection. /mmunobiology.
2008;213(9-10):701-713.

. Song X, Song Y, Zhang X, et al. Soluble Triggering Receptor Expressed

on Myeloid Cells—1 as a Novel Marker for Abdominal Sepsis. Surg
Infect (Larchmy). 2017;18(5):577-581.

. Gibot S, Kolopp—Sarda MN, Bene MC, et al. Plasma level of a triggering

receptor expressed on myeloid cells—1: its diagnostic accuracy in
patients with suspected sepsis. Ann Intern Med. 2004;141(1):9-15.

. Zhang J, She D, Feng D, et al. Dynamic changes of serum soluble

triggering receptor expressed on myeloid cells—1 (STREM-1) reflect
sepsis severity and can predict prognosis: a prospective study. BMC
Infect Dis. 2011;11:53.

. SuL, Liu C, Li C, et al. Dynamic changes in serum soluble triggering

receptor expressed on myeloid cells—1 (STREM-1) and its gene
polymorphisms are associated with sepsis prognosis. Inflammation.
2012;35(6):1833-1843.

Citation: Chavez-Pérez |P, Bautista-Carbajal P, Garcia-Leon ML, et al. sSTREM-I as a severity marker in patients with septic shock with abdominal surgery. |

Anesth Crit Care Open Access. 2020;12(5):193—198. DOI: 10.15406/jaccoa.2020.12.00459


https://doi.org/10.15406/jaccoa.2020.12.00459
https://pubmed.ncbi.nlm.nih.gov/28484510/
https://pubmed.ncbi.nlm.nih.gov/28484510/
https://pubmed.ncbi.nlm.nih.gov/28484510/
https://pubmed.ncbi.nlm.nih.gov/15286969/
https://pubmed.ncbi.nlm.nih.gov/15286969/
https://pubmed.ncbi.nlm.nih.gov/15286969/
https://pubmed.ncbi.nlm.nih.gov/20346772/
https://pubmed.ncbi.nlm.nih.gov/20346772/
https://pubmed.ncbi.nlm.nih.gov/28245991/
https://pubmed.ncbi.nlm.nih.gov/28245991/
https://pubmed.ncbi.nlm.nih.gov/28245991/
https://pubmed.ncbi.nlm.nih.gov/10799849/
https://pubmed.ncbi.nlm.nih.gov/10799849/
https://pubmed.ncbi.nlm.nih.gov/10799849/
https://pubmed.ncbi.nlm.nih.gov/18936908/
https://pubmed.ncbi.nlm.nih.gov/18936908/
https://pubmed.ncbi.nlm.nih.gov/18936908/
https://pubmed.ncbi.nlm.nih.gov/14749453/
https://pubmed.ncbi.nlm.nih.gov/14749453/
https://pubmed.ncbi.nlm.nih.gov/14749453/
https://pubmed.ncbi.nlm.nih.gov/16786330/
https://pubmed.ncbi.nlm.nih.gov/16786330/
https://pubmed.ncbi.nlm.nih.gov/16786330/
https://pubmed.ncbi.nlm.nih.gov/17098818/
https://pubmed.ncbi.nlm.nih.gov/17098818/
https://pubmed.ncbi.nlm.nih.gov/17098818/
https://pubmed.ncbi.nlm.nih.gov/12847223/
https://pubmed.ncbi.nlm.nih.gov/12847223/
https://pubmed.ncbi.nlm.nih.gov/26903336/
https://pubmed.ncbi.nlm.nih.gov/26903336/
https://pubmed.ncbi.nlm.nih.gov/26903336/
https://pubmed.ncbi.nlm.nih.gov/26903336/
https://pubmed.ncbi.nlm.nih.gov/17110943/
https://pubmed.ncbi.nlm.nih.gov/17110943/
https://pubmed.ncbi.nlm.nih.gov/18926286/
https://pubmed.ncbi.nlm.nih.gov/18926286/
https://pubmed.ncbi.nlm.nih.gov/18926286/
https://pubmed.ncbi.nlm.nih.gov/28266902/
https://pubmed.ncbi.nlm.nih.gov/28266902/
https://pubmed.ncbi.nlm.nih.gov/28266902/
https://pubmed.ncbi.nlm.nih.gov/15238365/
https://pubmed.ncbi.nlm.nih.gov/15238365/
https://pubmed.ncbi.nlm.nih.gov/15238365/
https://pubmed.ncbi.nlm.nih.gov/21356122/
https://pubmed.ncbi.nlm.nih.gov/21356122/
https://pubmed.ncbi.nlm.nih.gov/21356122/
https://pubmed.ncbi.nlm.nih.gov/21356122/
https://pubmed.ncbi.nlm.nih.gov/22798017/
https://pubmed.ncbi.nlm.nih.gov/22798017/
https://pubmed.ncbi.nlm.nih.gov/22798017/
https://pubmed.ncbi.nlm.nih.gov/22798017/

	Title
	Abstract
	Introduction
	Material and methods 
	Study population and procedures 
	Detection of TREM1 in sera and cells 
	Statistical analysis 

	Results
	Demographic characteristics  
	Clinical characteristics 
	Sera s-TREM1 and TREM1 expression in cells 

	Discussion
	Conclusion
	Funding
	References
	Table 1
	Figure 1
	Figure 2

