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SUMMARY
OBJECTIVE: Triggering receptor expressed on myeloid cells-1 concentration can be used as a predictive, diagnostic, and prognostic 

marker in patients with sepsis. The objective of this study was to determine the validity of triggering receptor expressed on myeloid 

cells-1 levels as a biomarker of sepsis in pediatric patients.

METHODS: This was an integrative literature review. PubMed, ScienceDirect, LILACS, MEDLINE, and VHL databases were searched 

for papers published between 2015 and 2020, using the keywords triggering receptor expressed on myeloid cells-1, sepsis, and child.

RESULTS: The review included ten studies, of which four used triggering receptor expressed on myeloid cells-1 as a predictive biomarker; 

four, as a diagnostic biomarker; and two, as a prognostic biomarker. A total of 1,409 and 1,628 patients were included in primary and 

review studies, respectively. There was a predominance of significant results for the validity of triggering receptor expressed on myeloid 

cells-1 levels in the prediction, diagnosis, and prognosis of sepsis in pediatric patients.

CONCLUSIONS: Triggering receptor expressed on myeloid cells-1 is a valid predictive, diagnostic, and prognostic biomarker of sepsis 

with good sensitivity and specificity in the pediatric population.
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INTRODUCTION
Triggering receptor expressed on myeloid cells-1 (TREM-1) is a 
member of the immunoglobulin superfamily expressed on the 
surface of neutrophils, monocytes, and macrophages that plays a 
regulatory role in signaling pathways. TREM-1 activation leads to 
the production of pro-inflammatory cytokines and chemokines, 
increases the expression of co-stimulatory molecules, and induces 
neutrophil degranulation and phagocytic activity. Concomitantly, 
the enzymatic cleavage of TREM-1 results in increased plasma 
levels of the soluble form of TREM-1 (sTREM-1)1.

Recently, serum sTREM-1 concentrations were found to be 
promising in the diagnosis of sepsis, pneumonia, meningitis, and 

fungal infections. However, results from different studies are incon-
sistent, especially in the pediatric population2. Sepsis is a com-
mon cause of morbidity and mortality in children. Clinical and 
laboratory signs of systemic inflammation are neither sensitive 
nor specific enough to be used in the diagnosis of sepsis3.

Infectious/inflammatory stimuli lead to an increase in the 
production of this receptor, so it can be a valuable diagnostic 
parameter when monitoring such conditions. Rios-Toro et al.4 
showed that it is possible to consider sTREM-1 as a biomarker 
of sepsis severity, considering the Sepsis-related Organ Failure 
Assessment (SOFA) and the Acute Physiology and Chronic 
Health Disease Classification System II (APACHE II) scores. 
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This aspect is of great interest since many biomarkers are 
described in the literature for the diagnosis and prediction of 
sepsis outcome, but due to their unspecific characteristics and 
insufficient predictive value, their use in clinical practice is still 
a source of disagreement. Given the predictive, diagnostic, and 
prognostic value of TREM-1 levels in patients with sepsis, the 
implementation of routine TREM-1 measurements should be 
considered5, especially in cases of patients with bacterial infec-
tions6. The objective of this study was to determine the valid-
ity of TREM-1 as a biomarker of sepsis in pediatric patients.

METHODS
This was an integrative literature review conducted in six stages: 
theme identification and research question selection, establishment 
of inclusion and exclusion criteria, study search and result extraction, 
study evaluation, result interpretation, and synthesis of knowledge7.

The theme of the research question was based on the PICO 
strategy (P – population: pediatric patients; I – interest: TREM-1 
as a biomarker; CO – co-context: patients with sepsis), which 
resulted in the following question: Is TREM-1 a valid bio-
marker of sepsis in the pediatric population?

The inclusion criteria were as follows: papers on the use of 
TREM-1 as a biomarker of sepsis in a pediatric population, 
clinical and observational studies or systematic reviews, and 
studies published between 2015 and 2020. Papers on adult and/
or older populations, books, monographs, theses, dissertations, 
and editorials were excluded. The following databases were 
used: PubMed, ScienceDirect, Literatura Latino Americana y del 
Caribe em Ciências de La Salud (LILACS), Medical Literature 
Analysis and Retrieval System Online (MEDLINE), and the 
Virtual Health Library (VHL) Portal.

Sampling was conducted by surveying and analyzing publi-
cations using the descriptors selected from the Health Sciences 
Descriptors (DeCS), namely “TREM-1,” “sepsis,” and “child,” 
and their respective Portuguese translations, crossed using the 
Boolean operator “and”.

Initially, the titles and abstracts of the studies were read by 
two independent researchers and each researcher decided whether 
to include the evaluated study (first stage). Discordant cases were 
evaluated by a third researcher (second stage). Subsequently, 
the papers included by the three researchers were read in full 
to answer the review question (third stage).

The search resulted in 34 studies, which were evaluated 
according to the eligibility criteria, resulting in a sample of ten 
papers (Figure 1). The evaluation of level of evidence (LE) was 
guided by the determinations of the Oxford Center Evidence 
Based Medicine8. The extracted information was descriptive 
and directly related to the review question (Table 1).

RESULTS
Of the studies included, four used TREM-1 as a predictive bio-
marker9,11,14,15, four used it for diagnosis purposes6,10,12,13, and 
two, as a prognostic marker16,17 of sepsis in pediatric patients. 
As for the type of study, eight were primary surveys9-13,15-17 and 
two were systematic reviews6,14. As for the LE, five papers were 
classified as 2C9,10,12,13,17, three as 3B11,15,16, and two as 2A6,14. 
As for the number of patients involved, there were 1,409 in 
the primary studies9-13,15-17 and 1,6286,14 in the review studies.

As for the interpretative analysis of primary study results, 
only one15 suggested that TREM-1 levels are not appropriate for 
detecting infections. The others9-13,16,17 showed significant results 
that validated the use of TREM-1 levels in the prediction, diag-
nosis, and prognosis of sepsis in children. The reviews concluded 
that TREM-1 is useful for predicting14 and diagnosing6 sepsis.

DISCUSSION
Sepsis is defined as a multisystemic failure with a significant 
risk of mortality. In recent years, several studies have been con-
ducted to determine ways in which sepsis can be diagnosed 
and treated, using early interventions to reduce mortality in 
children. Increased survival can be a result of early recognition 
associated with adequate and targeted treatment18.

Biomarkers can be used to predict, diagnose, and prog-
nose sepsis, in addition to monitoring therapeutic responses. 
The use of biomarkers must be based on critical analysis, and 
results should be interpreted according to the clinical status 
of the patients18.

Cordeiro et al.11 developed a mathematical model with 27 
biomarkers for predicting adverse neonatal outcomes in prema-
ture infants. They found that TREM-1 levels was able to predict 
the incidence of sepsis (OR 0.99, 95%CI 0.063–1.36). In seri-
ous situations, TREM-1 levels were found to be useful. Arızaga-
Ballesteros et al.9 found that TREM-1 levels were a significant 
predictor of septic shock or death (p<0.0001), corroborating 
the findings of Şen et al.17. They showed that TREM-1 values 
were significantly higher in patients with septic shock (129 pg/
mL; min. 9.85; max. 494.90) than in those with severe sepsis 
(105 pg/mL; min. 8.21; max. 289.17) (p=0.048).

Bellos et al.14 showed that TREM-1 levels were a useful bio-
marker of neonatal sepsis; however, due to the variations found, 
they suggest using it with caution (sensitivity 0.95, 95%CI 
0.81–0.99; specificity 0.87, 95%CI 0.56–0.97).

Pontrelli et al.6 presented preliminary evidence on the role 
of TREM-1 in the diagnostic investigation of sepsis in new-
borns and children. However, it was not possible to obtain 
quantitative results due to the small number of studies, which 
included heterogeneous populations.
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Özdemir et al.15 found no significant difference in TREM-1 
levels at days 1, 2, and 7 between patients with positive or neg-
ative blood culture results. The results suggest that TREM-1 
is present at measurable levels on admission in children with 
febrile neutropenia, but it may not be appropriate to predict 
bloodstream infections. The expression of TREM-1 increased 
markedly in patients infected with Gram-positive and Gram-
negative bacteria and fungi. Some studies in the literature 
showed that patients with septic shock have negative blood 
cultures, although they present with high TREM-1 values and 
progress to septic shock9.

The use of predictive biomarkers in children with sepsis is 
promising but surrounded by challenges. To date, no single 
biomarker with predictive power in terms of patient outcome 
has been found. Based on the complexity of each patient’s 
immune responses and genetic variations, it is unlikely that 
one biomarker alone can identify and stratify sepsis in a pedi-
atric population19.

Saldir et al.10 showed that mean TREM-1 concentrations 
were significantly higher at the time of sepsis diagnosis in the 
septic group than in the non-septic group (median 985, IQR 
576–1,400 pg/mL versus median 836.6, IQR 702.2–944.8 pg/
mL, p=0.028). Receiver operating characteristic curve analyses 
showed that TREM-1 levels had a significant area under the curve 
for the early identification of septic neonates (OR 0.97, 95%CI 
0.931–0.998, p<0.001). Univariate logistic regression analysis 
showed that increased TREM-1 levels was a strong predictor 
of neonatal sepsis (OR 126, 95%CI 16.26–976.27, p<0.001).

Al-Asy et al.12, despite not studying sepsis specifically, 
reported that children with diarrhea due to acute bacterial 
infection had significantly increased levels of serum TREM-1 
on admission compared to patients with diarrhea due to 
non-bacterial infection and controls (26.3667±16.8184 
ng/mL versus 7.2267±6.4174 ng/mL vs. 6.7367±5.6479 ng/
mL and 39.9933±22.5260 ng/mL vs. 1.8533±1.7123 ver-
sus 0.2840±0.1208 ng/mL, respectively, p<0.05). TREM-1 

Figure 1. Flow diagram of the research strategy results and study selection.
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Table 1. Summary of studies by author, year, level of evidence, number of patients, and main results.

Author and year/Level of  
evidence/Number of patients

Main results

Arízaga-Ballesteros et al., 20159/2C/71
In neonates with late-onset sepsis, sTREM-1 showed excellent predictive value 
(p<0.0001) for septic shock/death, with a specificity and sensitivity of 0.97 
and 0.78, respectively.

Saldir et al., 201510/2C/50
sTREM-1 levels were significantly higher (p<0.001) in neonates with sepsis 
than in neonates who did not have sepsis.

Cordeiro et al., 201611/3B/926
TREM-1 had a strong influence on building a model that showed significant 
predictive value (p<0.05) for sepsis.

Pontrelli et al., 20166/2A/961
sTREM-1 can be used as a diagnostic tool for pediatric sepsis, but the results 
cannot be considered conclusive due to heterogeneity of the samples.

Al-Asy et al., 201712/2C/80
Children with acute bacterial infection showed significantly increased (p<0.05) 
sTREM-1 levels as compared to patients who had diarrhea without bacterial 
infection, showing a specificity and sensitivity of 93.7 and 94.3%, respectively. 

Özdemir et al., 201813/2C/62

Neonates with confirmed sepsis had significantly higher urine sTREM-1 
values (p<0.05) than those in the suspected sepsis group. The measurement 
of this marker in the urine showed a sensitivity and specificity of 0.90 and 
0.78, respectively.

Bellos et al., 201814/2A/667
sTREM-1 can be a useful biomarker for the prediction of neonatal sepsis, but 
the small number of studies and the variation in the limit values negatively 
impact its use in clinical practice.

Özdemir et al., 201915/3B/57
There was no significant difference (p>0.05) in blood sTREM-1 levels on days 
1, 2, and 7 between patients with positive and negative blood culture results, 
suggesting that this marker is not appropriate for predicting blood infections.

Zhang et al., 202016/3B/76
The severe pneumonia group had significantly higher serum sTREM-1 levels 
than the non-severe pneumonia and the control groups (p<0.05).

Şen et al., 202017/2C/87
TREM-1 values were significantly higher (p=0.048) in patients with septic 
shock than in those with severe sepsis.

levels showed significantly high sensitivity (93.7%) and spec-
ificity (94.3%, 0.84–0.99) in predicting bacterial infection 
as a cause of acute diarrhea in children (95%CI) at a cutoff 
value of 12.4 ng/mL. Acute diarrhea is an important cause of 
mortality in children aged under five years20. Although rare, 
abdominal sepsis in children is potentially fatal.

Özdemir et al.13 reported that newborns in the positive cul-
ture group had significantly higher urine TREM-1 levels than 
those in the suspected sepsis group (sensitivity, 0.90; specific-
ity, 0.78; positive predictive value, 0.68; negative predictive, 
value, 0.94).

Zhang et al.16 showed that the severe pneumonia group had 
significantly higher serum TREM-1 levels, APACHE II scores, 
and SOFA scores than the non-severe pneumonia group and 
the control group (p<0.05). Regarding children with severe 
pneumonia, the unresponsive group had significantly increased 
serum TREM-1 levels and SOFA scores at day 7 after admis-
sion, while the response group showed reduction in these values, 
with significant differences between the two groups (p<0.05). 

A positive correlation was observed between TREM-1 levels 
and SOFA score (p<0.05).

CONCLUSIONS
Sepsis is a common condition in hospital settings that is espe-
cially severe in the pediatric population. Biomarkers can be 
used as important tools in the search for new management 
strategies. This review showed that TREM-1 levels are a valid 
predictive, diagnostic, and prognostic biomarker of sepsis, with 
good sensitivity and specificity in the pediatric population.
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