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Objective: To determine diagnostic values of serum and urine soluble triggering receptor expressed on myeloid cells-1 (sTREM-1) in 
sepsis including septic shock and their predictive values for clinical prognosis and sepsis-associated acute kidney injury (AKI).
Methods: A multi-center prospective research method was used to enroll patients with sepsis.
Results: A total of 586 cases were studied, including 238 patients with sepsis and 348 healthy individuals. In the sepsis group, 84 
patients (35.3%) were diagnosed with septic shock, and 93 patients (38.1%) were diagnosed with AKI. The area under the Receiver 
Operating Characteristic curve (AUC) for diagnosing sepsis was 0.892 (0.862–0.922). When the cut-off value was 295 pg/mL, the 
sensitivity was 76.8%, and the specificity was 89.1%. The AUC for predicting AKI was 0.803 (0.739–0.866). When the cut-off value 
was 485 pg/mL, the sensitivity was 88.4%, and the specificity was 65.8%.
Conclusion: sTREM-1 is a good indicator for the diagnosis of sepsis and septic shock and significantly correlated with clinical 
prognosis and sepsis-associated AKI in patients with sepsis. Diagnostic and predictive values of sTREM-1 may be related to 
inflammatory storm mediated by TREM-1. Further mechanistic explanation or preliminary evidence in combination with clinical 
study with more patients will benefit for supporting diagnostic and predictive utilities of sTREM-1 in sepsis.
Keywords: acute kidney injury, clinical prognosis, sepsis, septic shock, soluble triggering receptor expressed on myeloid cells-1

Introduction
General understanding of sepsis is that it is an infection-induced systemic disease that leads to pathological and 
physiological abnormalities. Sepsis is commonly encountered and has rapid progression in the intensive care unit; it 
can cause secondary multiorgan dysfunction and threaten the patient’s life in a short time. It is one of the leading causes 
of death. The revised diagnostic criteria for sepsis adopted in 2001 is Sepsis 2.0, which is a detailed diagnostic criteria for 
sepsis and emphasizes the hierarchical diagnostic theory of sepsis. With the deepening of research, it has been found that 
the diagnostic criteria of Sepsis 2.0 lack specificity, and there were many limitations in clinical application. In 2016, 
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a Sepsis Definitions Task Force composed of experts from the Society of Critical Care Medicine (SCCM)/European 
Society of Intensive Care Medicine (ESICM) revised and updated the diagnostic criteria for sepsis. The new major 
criteria for sepsis were confirmed or highly suspicious infection and a Sequential Organ Failure Assessment (SOFA) 
score ≥2.1 Although medical science has made great progress in the recent years, the World Health Organization has 
estimated that the total number of deaths caused by sepsis continues to rise, and 14 million people die of sepsis in the 
world each year, which is more than the number of deaths caused by acute myocardial infarction, lung cancer or breast 
cancer.2 Since sepsis is characterized by rapid progression and high mortality, a relevant research hotspot in clinical 
medicine is the search for clinical biomarkers that can accurately confirm its diagnosis, timely determine its severity, and 
effectively predict its prognosis.

The triggering receptor expressed on myeloid cells-1 (TREM-1) was first reported in 2000. It is a transmembrane 
protein on the surface of neutrophils and monocytes and is involved in inflammatory response. TREM-1 can amplify the 
infection-related inflammatory response, and after its activation, extracellular structures can be shed to form soluble 
triggering receptor expressed on myeloid cells-1 (sTREM-1). It is selectively expressed on the surface of neutrophils and 
monocytes, is a receptor of immunoglobulin superfamily associated with inflammatory response, and has been estimated 
to have a relative molecular weight of 26kD.3 TREM-1 can amplify inflammatory response activated by microorganisms 
and their products. Pathogens, lipoteichoic acid, and lipopolysaccharide (LPS) can all increase TREM-1 expression in 
phagocytes. sTREM-1 is a soluble form of TREM-1; it is a cleavage product of extracellular structure of TREM-1 after 
the cleavage of matrix metalloproteinases.4 When cellular expression of TREM-1 increases, sTREM-1 in body fluids also 
increases. Studies have confirmed that sTREM-1 may be used as a biomarker for early diagnosis of inflammatory 
diseases.5 The purpose of this multi-center prospective clinical study was to determine diagnostic values of serum and 
urine sTREM-1 in sepsis including septic shock and their predictive values for clinical prognosis and sepsis-associated 
acute kidney injury (AKI).

Methods
Study Subjects
This study included patients with sepsis who were admitted to the intensive care unit of the First Medical Center of Chinese 
PLA General Hospital, the Fourth Medical Center of Chinese PLA General Hospital, the Eighth Medical Center of Chinese 
PLA General Hospital, the Hainan Hospital of Chinese PLA General Hospital, the Beijing Shijitan Hospital, and the Beijing 
Anzhen Hospital from January 1, 2016, to January 1, 2021, and healthy volunteers from these centers. The inclusion criteria 
were as follows: 1) hospitalized patients ≥18 years of age; 2) meeting the Third International Consensus Definitions for 
Sepsis and Septic Shock (Sepsis 3.0); and 3) agreeing to participate in this study and having signed the informed consent 
forms. The exclusion criteria were as follows: chronic renal insufficiency and renal replacement therapy. According to the 
Sepsis 3.0 criteria, the enrolled patients were divided into a non-septic shock group and a septic shock group. Patients in the 
non-septic shock group had 1) confirmed or highly suspicious infection and 2) a SOFA score ≥2. Patients in the septic shock 
group 1) met the diagnostic criteria for sepsis and 2) needed vasopressor drugs to maintain a mean arterial pressure 
≥65 mmHg and had a serum lactate acid >2 mmol/L after fluid resuscitation. This study was approved by the Clinical Ethics 
Committee of Chinese PLA General Hospital with the approval number S2014-114-02 and was registered on the Clinical 
Trials Website with the registration number NCT02920736. Prior to this study, written informed consent forms were 
required from all participants. This study complies with the Declaration of Helsinki.

Sample Collection
If the inclusion criteria were met and the exclusion criteria were not met, fasting blood and urine samples of patients were 
collected at each research center. Blood samples were collected on day 1, day 7, and day 14 of enrollment (or until death 
or discharge). Urine samples were collected on day 1, day 3, day 5, day 7, and day 14 of enrollment (or until death or 
discharge). Venous blood samples and midstream urine samples were collected on the morning of day 1 (within 24 hours) 
in healthy individuals and treated in the same way that the samples from the patients were treated. A 4-mL venous blood 
sample was centrifuged at 3000 rpm for 15 minutes, and 2 mL of the supernatant was transferred into an Eppendorf tube. 
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A 5-mL urine sample was kept at room temperature for 2 hours and then centrifuged at 3000 rpm for 15 minutes, and 
then the supernatant was transferred into an Eppendorf tube. Blood and urine samples were numbered, centrifuged, 
aliquoted, and then stored in a −80°C refrigerator for subsequent testing. sTREM in human blood and urine samples was 
detected in clinical laboratory of College of Pulmonary and Critical Care Medicine in Chinese PLA General Hospital 
using the Human TREM-1 Quantikine Enzyme-linked Immunosorbent Assay Kit (R&D Systems, Minnesota, USA) 
according to the manufacturer instructions.

Clinical Information
The following information of the enrolled patients were recorded using the developed standard case enrollment 
registration form: 1) sex, age, underlying diseases, admission diagnoses, and hospitalization number; 2) serum creatinine, 
blood urea nitrogen, complete blood count, C-reactive protein, procalcitonin, and interleukin-6; and 3) 28-day prognosis 
including survival or death and AKI. Based on the definition in the 2012 Kidney Disease: Improving Global Outcomes 
(KDIGO) clinical guideline, AKI was diagnosed based on the following criteria: 1) serum creatinine increased >3 times 
baseline; 2) serum creatinine increased to >353 μmol/L; 3) initiation of renal replacement therapy; and 4) urinary output 
<0.3 mL/kg/h during more than 24 hours.

Statistical Methods
Statistical Package for Social Science and GraphPad Prism were used for statistical analysis. The Receiver Operating 
Characteristic (ROC) curve was used to analyze the area under the curve (AUC) of diagnostic indices. The Youden’s 
J index (sensitivity+specificity-1) was used to calculate the best diagnostic cut-off values of diagnostic indices. Logistic 
regression models were used to adjust for confounding variables. P<0.05 was considered to be statistically significant.

Results
Basic Information of Each Group
A total of 586 cases were studied, including 238 patients with sepsis (the sepsis group, 165 males and 73 females with 
a median age of 64 years) and 348 healthy individuals (the control group, 240 males and 108 females with a median age 
of 51 years). Clinical characteristics of the enrolled patients and healthy individuals are shown in Table 1. In the sepsis 
group, 84 patients were diagnosed with septic shock, and 79 patients with sepsis died within 28 days, for a mortality of 
33.2% (79/238).

Serum and Urine sTREM-1
All of the enrolled patients and healthy individuals completed venous blood and urine sample collection at least once and 
had data regarding sTREM-1 detection in blood and urine samples. A total of 348 healthy individuals in the control 

Table 1 Clinical Characteristics of All Participants

Basic Information Sepsis Healthy Individuals (n=348)

All (n=238) Non-Septic Shock (n=154) Septic Shock (n=84)

Males (composition ratio) 165 (0.693) 109 (0.708) 56 (0.667) 240 (0.690)

Age [M(P25-P75)] 64 (50–72) 62 (41–70) 67 (58–78) 51 (40–62)

Infection site (composition ratio)

Lung 103 (0.433) 66 (0.429) 37 (0.440) –

Gastrointestinal tract 23 (0.097) 17 (0.110) 6 (0.071) –

Urinary tract 31 (0.130) 20 (0.130) 11 (0.131) –

Wound 27 (0.113) 16 (0.104) 11 (0.131) –

Blood stream 17 (0.071) 13 (0.084) 4 (0.048) –

Others 37 (0.155) 22 (0.143) 15 (0.179) –

(Continued)
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group underwent the detection of serum sTREM-1. Ages of healthy individuals were 19–91 years, and the Spearman 
Correlation coefficient between age and serum sTREM-1 was 0.439 (P<0.001; Figure 1A). The Mann–Whitney U-test 
indicated a significant difference in serum sTREM-1 between males and females (U=9908.500, P<0.001; Figure 1B). The 
medians of serum sTREM-1 were 175.04 (121.56–238.94) pg/mL in males, 137.55 (82.22–204.38) pg/mL in females, 
and 160.68 (109.84–229.27) pg/mL in the control group. The detection of sTREM-1 was performed in urine samples of 
172 healthy individuals, with sTREM-1 undetectable in others, and the remaining 176 patients in the control group did 
not undergo further detection and analysis of urine sTREM-1.

Values of Serum and Urine sTREM-1 for Diagnosing Sepsis
The Spearman Correlation analysis showed a significant correlation between serum and urine sTREM-1 in 238 patients 
who had sepsis at the time of enrollment (r=0.778, P<0.001). The Pearson’s Chi-square test showed no significant 
difference in sex between 238 patients in the sepsis group and 348 healthy individuals in the control group (χ2=0.009, 
P=0.926). The Mann–Whitney U-test showed a significant difference in age between the sepsis group and the control 
group (U=26394.00, P<0.001). Serum sTREM-1 of 238 patients with sepsis and 348 healthy individuals were subjected 
to the ROC curve. The AUC for diagnosing sepsis was 0.892 (0.862–0.922; Figure 1C). When the cut-off value was 295 
pg/mL, the sensitivity was 76.8%, and the specificity was 89.1%. The detailed results are shown in Table 2. Serum 
sTREM-1 had a significant association with sepsis among all participants in Logistic regression model (P<0.001; 
Table 3). Urine sTREM-1 can be detected in the most patients with sepsis but not in the most healthy individuals, 
indicating that urine sTREM-1 is a specific indicator for patients with sepsis compared with healthy individuals.

Values of Serum and Urine sTREM-1 for Distinguishing Septic Shock
Among 238 patients with sepsis who were enrolled in this study, 84 patients were diagnosed with septic shock, and there 
were 154 patients without septic shock. The Mann–Whitney U-test showed a significant difference in serum sTREM-1 
between the non-septic shock group and the septic shock group (U=3217.00, P<0.001). The ROC curve was obtained in 
Figure 1D. Serum sTREM-1 had a significant association with septic shock among patients with sepsis in Logistic 

Table 1 (Continued). 

Basic Information Sepsis Healthy Individuals (n=348)

All (n=238) Non-Septic Shock (n=154) Septic Shock (n=84)

Renal function

Creatinine (μmol/L) [M(P25-P75)] 75.5 (53.00–157.00) 71.6 (49.70–145.52) 92.7 (54.70–174.00) –

BUN (mmol/L) [M(P25-P75)] 7.93 (5.31–15.07) 7.19 (4.81–13.03) 11.17 (6.36–16.26) –

AKI (composition ratio) 93 (0.390) 57 (0.370) 36 (0.428)

Disease score [M(P25-P75)]

SOFA 9 (6–12) 7 (4–10) 10 (9–14)

APACHE II 17 (11–24) 12 (9–16) 23 (16–29)

Inflammatory marker [M(P25-P75)]

WBC (×109/L) 9.93 (7.14–14.11) 8.7 (6.3–12.94) 12.30 (10.26–14.32) –

Neutrophil (%) 83 (73.9–89.2) 79.9 (70.3–87.6) 86.3 (81.5–91.5) –

CRP (mg/dl) 5.97 (2.30–10.98) 4.76 (2.07–8.55) 9.98 (3.68–16.50) –

Procalcitonin (ng/mL) 1.78 (0.20–5.13) 0.64 (0.18–3.73) 1.84 (0.33–6.91) –

Interleukin-6 (pg/mL) 61.25 (25.89–189.85) 39.60 (18.46–138.35) 110.8 (45.31–308.25) –

Assay (pg/mL)

Serum sTREM-1 586.00 (305.72–969.51) 481.25 (268.41–778.61) 819.05 (397.63–1284.85) 160.68 (109.84–229.27)

Urine sTREM-1 73.15 (0–453.79) 36.92 (0–357.62) 87.00 (0–595.60) 0

Death (composition ratio) 79 (0.332) 10 (0.065) 69 (0.821) –

Abbreviations: APACHE, acute physiology and chronic health evaluation; BUN, blood urea nitrogen; AKI, acute kidney injury; WBC, white blood cell; CRP, C-reactive 
protein; SOFA, Sequential Organ Failure Assessment; sTREM-1, soluble triggering receptor expressed on myeloid cells-1.
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regression model (P=0.001). The Mann–Whitney U-test showed no significant difference in urine sTREM-1 between the 
non-septic shock group and the septic shock group (U=3464.5, P=0.062).

Values of Serum and Urine sTREM-1 for Predicting Death
Among 238 patients in the sepsis group, 79 patients (the death group) died, and 159 patients (the survival group) did not 
die within 28 days. The Mann–Whitney U-test indicated a significant difference in serum sTREM-1 at the time of 
enrollment between the death group and the survival group (U=3003.00, P<0.001). The AUC of serum sTREM-1 for 
predicting death was 0.685 (0.608–0.763; Figure 1E). The ROC curve was obtained in Figure 1F. Serum sTREM-1 had 
a significant association with death among patients with sepsis in Logistic regression model (P<0.001). The Mann– 

Figure 1 (A) Distribution of age and serum sTREM-1 in healthy individuals. (B) Difference of serum sTREM-1 among different sex in healthy individuals. (C) The Receiver 
Operating Characteristic (ROC) curve of serum sTREM-1 in diagnosing sepsis. (D) The ROC curve of serum sTREM-1 in diagnosing septic shock. (E) The ROC curve of 
serum sTREM-1 in predicting death. (F) The ROC curve of urine sTREM-1 in predicting death. (G) The ROC curve of serum sTREM-1 in predicting AKI. (H) The ROC 
curve of urine sTREM-1 in predicting AKI. (I) Trend of serum sTREM-1 over time in 19 death patients. 
Notes: The Spearman Correlation analysis was done for age and serum sTREM-1 (r=0.439, P<0.001). The Mann–Whitney U-test was done in serum sTREM-1 between 
males (M) and females (F, U=9908.500, P<0.001). The area under the ROC curve (AUC) of serum sTREM-1 for diagnosing sepsis was 0.892 (0.862–0.922, P<0.001). The 
AUC of serum sTREM-1 for diagnosing septic shock was 0.665 (0.586–0.744, P<0.001). The AUC of serum sTREM-1 for predicting death was 0.685 (0.608–0.763, P<0.001). 
The AUC of urine sTREM-1 for predicting death was 0.628 (0.545–0.711, P=0.004). The AUC of serum sTREM-1 for predicting AKI was 0.803 (0.739–0.866, P<0.001). The 
AUC of urine sTREM-1 for predicting AKI was 0.721 (0.645–0.798, P<0.001). Serum sTREM-1 of 19 death patients showed an increased trend.
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Whitney U-test showed a significant difference in urine sTREM-1 between the death group and the survival group 
(U=3020.00, P=0.004).

Values of Serum and Urine sTREM-1 for Predicting AKI
The Spearman Correlation analysis indicated a significant correlation between serum sTREM-1 and serum creatinine during the 
same period in 238 patients with sepsis (r=0.542, P<0.001). Among 238 patients with sepsis, 93 patients were diagnosed with 
AKI, and 145 patients were not diagnosed with AKI. The Mann–Whitney U-test showed a significant difference in serum 
sTREM-1 between patients with AKI and patients without AKI (U=1985.50, P<0.001). The AUC for predicting AKI was 0.803 
(0.739–0.866; Figure 1G). The ROC curve was obtained in Figure 1H. When the cut-off value was 485 pg/mL, the sensitivity 
was 88.4%, and the specificity was 65.8%. Serum sTREM-1 had a significant association with AKI among patients with sepsis in 
Logistic regression model (P<0.001).

Trend in Serum and Urine sTREM-1 with Disease Progression
Dynamic monitoring of serum and urine sTREM-1 in patients with sepsis showed no significant trend in patients in the 
survival group. Among 79 patients in the death group, 19 patients took blood and urine samples and completed the 
detection of sTREM-1 at all time points within 2 weeks after enrollment. Serum sTREM-1 of these 19 patients showed 
an increased trend (Figure 1I), while urine sTREM-1 showed no significant trend.

Discussion
TREM-1 upregulates the LPS-induced inflammatory response and plays an important role in inflammatory response. In 
addition to LPS, extracellular bacteria, fungi, viruses, and parasites can all increase TREM-1 expression in phagocytes.6–8 

Table 2 Diagnostic and Predictive Values of sTREM-1

Diagnosis/Prediction AUC (95% CI) Cut-off (pg/mL) Sensitivity Specificity Youden’s J PPV NPV PLR NLR DOR

Serum sTREM-1 for diagnosing sepsis 0.892 (0.862–0.922) 295 0.768 0.891 0.659 0.7493 0.9005 7.046 0.260 27.06

318 0.744 0.914 0.658 0.7924 0.9051 9.000 0.247 36.40

349 0.724 0.934 0.658 0.8231 0.8886 10.970 0.296 37.12

Serum sTREM-1 for diagnosing septic shock 0.665 (0.586–0.744) 587 0.693 0.663 0.326 0.4659 0.8358 2.056 0.463 4.44

673 0.627 0.703 0.330 0.4724 0.8162 2.111 0.531 3.98

Serum sTREM-1 for predicting death 0.685 (0.608–0.763) 587 0.703 0.636 0.338 0.4504 0.8346 1.931 0.467 4.13

550 0.716 0.612 0.329 0.4391 0.8355 1.845 0.464 3.97

Urine sTREM-1 for predicting death 0.628 (0.545–0.711) 41 0.712 0.525 0.241 0.3887 0.8112 1.499 0.549 2.73

37 0.712 0.52 0.232 0.3862 0.8097 1.483 0.554 2.67

Serum sTREM-1 for predicting AKI 0.803 (0.739–0.866) 485 0.884 0.658 0.542 0.523 0.9304 2.585 0.176 14.66

490 0.872 0.667 0.539 0.5263 0.9247 2.619 0.192 13.65

517 0.826 0.709 0.535 0.5463 0.9057 2.838 0.245 11.57

Urine sTREM-1 for predicting AKI 0.721 (0.645–0.798) 77 0.746 0.669 0.416 0.4888 0.8613 2.254 0.38 5.94

81 0.718 0.686 0.405 0.4924 0.8515 2.287 0.411 5.56

Abbreviations: sTREM-1, soluble triggering receptor expressed on myeloid cells-1; AUC, area under the Receiver Operating Characteristic curve; CI, confidence interval; 
PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AKI, acute kidney 
injury.

Table 3 Associations with Serum sTREM-1 in Logistic Regression Models

β SE z value P value OR (95% CI)

Sepsis among all participants (n=586) 0.0092 0.0010 9.535 <0.001 1.10 (1.08, 1.12)

Septic shock among patients with sepsis (n=238) 0.0009 0.0003 3.264 0.001 1.01 (1.00, 1.01)
Death among patients with sepsis (n=238) 0.0012 0.0003 4.062 <0.001 1.01 (1.01, 1.02)

AKI among patients with sepsis (n=238) 0.0208 0.0038 5.450 <0.001 1.02 (1.01, 1.03)

Abbreviations: sTREM-1, soluble triggering receptor expressed on myeloid cells-1; OR, odds ratio; CI, confidence interval; AKI, 
acute kidney injury.
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However, TREM-1 expression does not depend on the neutrophils. In non-infectious inflammation such as vasculitis, 
psoriasis, and ulcerative colitis, although neutrophils are increased, TREM-1 expression is almost undetectable, indicating 
that TREM-1 is more closely correlated with infectious diseases.9,10

Sepsis is a systemic inflammatory response secondary to infection. To determine diagnostic and predictive values of 
TREM-1 in sepsis was the main objective of this multi-center prospective clinical study. However, TREM-1 expression is 
difficult to detect. Fortunately, its soluble product sTREM-1, which is generated and activated after TREM-1 binds to its 
receptor, can be detected in body fluids. This study included diagnostic and prognostic values of serum and urine 
sTREM-1 in sepsis and septic shock and their predictive values for clinical prognosis and sepsis-associated AKI.

Serum sTREM-1 detection results were compared between healthy individuals and patients with sepsis. The ROC 
curve showed an AUC of 0.892 and a specificity of >90%, indicating that serum sTREM-1 distinguishes patients with 
sepsis from healthy individuals and is a good indicator for sepsis screening. Urine sTREM-1 is almost undetectable in 
healthy individuals and can only be detected in patients with sepsis, indicating that urine sTREM-1 can also be used as an 
indicator for sepsis screening. A meta-analysis by Bellos et al, which included 667 neonates in 8 clinical trials, revealed 
that sTREM-1 can predict neonatal sepsis with a sensitivity of 0.95 and a specificity of 0.87, similar to the results of this 
study.11

Jedynak et al found in a prospective observational study12 that the AUC of serum sTREM-1 for the diagnosis of 
septic shock was 0.705. This study showed a significant difference in serum sTREM-1 between the non-septic shock 
group and the septic shock group, indicating that serum sTREM-1 can reflect the severity of sepsis. In addition, sTREM- 
1 may be a driving factor in the aggravation of sepsis, and inflammatory storm may be one factor leading to septic shock. 
At present, the most clinical studies on the diagnostic value of sTREM-1 were based on the Sepsis 2.0 criteria. This study 
was based on the Sepsis 3.0 criteria. The diagnostic criteria may cause different results, a possibility that requires clinical 
attention.

Although serum and urine sTREM-1 differed significantly between the death group and the survival group, their 
predictive values were low, with the AUC of 0.685 and 0.628, respectively. Arízaga et al found in the study on neonatal 
sepsis that serum sTREM-1 had predictive value for neonatal death from sepsis.13 This study showed that sTREM-1 had 
a low predictive value for death within 28 days, mainly because the most patients were older and there were factors 
affecting death. Predicting clinical prognosis solely based on a single indicator proves to be considerably challenging. 
Consequently, while plasma or urine sTREM-1 may serve as prognostic predictors, their effectiveness is limited and 
should be interpreted with caution. It is difficult for a single indicator to have a high predictive value for death.

A number of clinical studies have shown that urine sTREM-1 has a high value for the diagnosis of sepsis-associated 
AKI.14–16 A study conducted by Dai et al suggested that both serum and urine sTREM-1 have diagnostic values for 
sepsis-associated AKI.14 In this study, the correlation between serum sTREM-1 and sepsis-associated AKI was greater 
than that between urine sTREM-1 and sepsis-associated AKI; the AUC of serum sTREM-1 was 0.803, which was higher 
than that of urine sTREM-1 (0.721). This finding is different from that of the existing studies. Serum sTREM-1 and 
sepsis-associated AKI are correlated for the following reasons: 1) serum sTREM-1 reflects the severity of sepsis- 
associated inflammatory storm, indicating that inflammatory storm may be a leading cause of AKI; 2) sTREM-1 may 
be catabolized by kidney, and AKI causes reduced elimination of serum sTREM-1, resulting in the increased serum 
sTREM-1. Urine sTREM-1 and sepsis-associated AKI are correlated for the following reasons: 1) in addition to the 
systemic inflammatory response, the local inflammatory and immune responses in kidney may also participate in the AKI 
process. During the AKI-induced acute tubular necrosis, TREM-1 can be locally produced by inflammatory cells, 
immune molecules, and oxidative stress recruited by glomerular endothelial cells and tubular epithelial cells, which 
damages charge barrier of glomerular filtration membrane. This effect leads to the changes in other related downstream 
pathways and molecular mechanisms, causing further damage to renal tubules;17 2) an increase in serum sTREM-1 
results in urine excretion of sTREM-1, and there is a moderate correlation between serum sTREM-1 and urine sTREM-1. 
In this study, serum sTREM-1 showed an increased trend in 19 death patients, again indicating that it had some 
correlation with disease prognosis.

High-dose nangibotide (a TREM-1 inhibitor) led to a clinically relevant improvement in SOFA scores over placebo in 
those with higher sTREM-1 at baseline (≥532 pg/mL).18 The study by Weber et al on TREM-1 knockout mice found that 
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body’s ability to clear virus did not change, but inflammatory cytokines and mortality decreased in knockout mice.19 

However, Zhong et al found that injecting mTREM-1/IgG fusion protein to antagonize TREM-1 expression can reduce 
the severity of fungal keratitis.20

Limitation should be mentioned in this study. The AUC of serum sTREM-1 for diagnosing sepsis was 0.892, for 
predicting death was 0.685, and for predicting AKI was 0.803. Predictive value for death was relatively low, and more 
patients will be re-enrolled in the future studies. Increased number of patients will be studied longitudinally to improve 
the validity of conclusions about sTREM-1 trends over time.

Conclusions
This multi-center prospective clinical study demonstrated that sTREM-1 is a good indicator for the diagnosis of sepsis 
and septic shock and significantly correlated with clinical prognosis and sepsis-associated AKI in patients with sepsis. 
Diagnostic and predictive values of sTREM-1 may be related to inflammatory storm mediated by TREM-1. Further 
mechanism explanation in combination with more clinical studies will benefit for supporting diagnostic and predictive 
utilities of sTREM-1 in sepsis.
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