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Abstract
Background The typical history of acute appendicitis is observed in less than 60% of cases. Therefore,
searching for a surrogate marker is mandatory. Our goal was to determine whether the soluble triggering
receptor expressed on myeloid cells (sTREM-1) is an e�cient biomarker for acute appendicitis.

Methods sTREM-1 serum levels were measured in addition to carrying out routine diagnostic tests (urine
dipstick, complete blood count and C- reactive protein) in children admitted to the Emergency Department
with suspected appendicitis. Statistical analysis was performed in order to examine whether sTREM-1
was a signi�cant predictor of appendicitis.

Results Fifty three of 134 children enrolled in the study were diagnosed with appendicitis. There was no
signi�cant difference in serum sTREM-1 levels (p=0.111) between children with or without appendicitis.
Leukocytes, neutrophils and CRP were signi�cantly elevated in the appendicitis group (p<0.001). The
appendix diameter was signi�cantly larger and the Alvarado score signi�cantly higher in the appendicitis
group (p<0.001).

Conclusion serum sTREM-1 is not a good marker for acute appendicitis. Customary tests in addition to a
proper patient history and physical examination are still the most effective methods to diagnose acute
appendicitis.

Introduction
Acute appendicitis (AA) is a common surgical condition among the pediatric population. Patients with AA
usually present with abdominal pain that starts in the periumbilical region and migrates to the right lower
quadrant accompanied by anorexia, vomiting and fever. This classical scenario is observed in less than
two thirds of patients [1]. The differential diagnosis includes several medical and surgical conditions that
can mimic AA. For physicians, it is important to achieve an adequate biomarker that may be helpful to
diagnose or to rule out AA.

White blood cell count and C-reactive protein (CRP) are frequently used in order to con�rm or ruling out
AA. Leukocytosis appears in the majority of the patients with AA. However, the speci�city is low, because
other acute abdominal complaints are also frequently associated with leukocytosis [2, 3]. Elevated CRP is
associated more frequently with appendiceal perforation or abscess formation in patients suspected for
AA [4]. The limited diagnostic accuracy of laboratory testing often leads to an inconclusive diagnosis,
necessitating imaging studies of the abdomen.

The triggering receptor expressed on myeloid cells (TREM-1) belongs to the immunoglobulin superfamily
and is expressed on the surface of myeloid cells. Its expression is upregulated after stimulation by
bacterial infections and so it is hypothesized that it plays a predominant role in the in�ammatory and
bactericidal response to bacterial sepsis [5, 6]. The soluble TREM-1 molecule (sTREM-1), which can be
cleaved from the surface of the activated myelocytes, binds to the natural ligand, thereby preventing the
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ligand from binding to TREM-1 and triggering an in�ammatory process, thus acting as an anti-
in�ammatory molecule.

Studies in recent years have yet to determine whether sTREM-1 may act as a potent in�ammatory marker
or as a marker for infections. In a meta- analysis conducted by Wu et al. the sensitivity of plasma sTREM-
1 for the diagnosis of sepsis as opposed to a systemic in�ammatory response was 79% and the
speci�city was 80% [7]. Other studies concluded that serum sTREM-1 levels re�ected the severity of
sepsis more accurately than CRP and procalcitonin [8–10]. Many studies have been conducted
attempting to determine sTREM-1's ability to diagnose speci�c infectious diseases. sTREM-1 levels in
bronchoalveolar-lavage �uid and spinal �uid were signi�cantly higher in patients with bacterial
pneumonia and meningitis respectively, however not indicative of the speci�c origin of the disease when
examined in peritoneal �uid and urine [11–14]. Current evidence suggests that serum sTREM-1 may
become a useful biomarker for the prediction of neonatal sepsis [15]. But, this promising molecule failed
to help in early diagnosis of early onset sepsis among premature neonates [16].

Serum sTREM-1 has been researched as a biomarker for organ dysfunction due to noninfectious causes
as well and may be useful in diagnosing early rheumatoid arthritis and systemic lupus erythematosus as
well as cardiovascular disease and pancreatitis [17–19].

A few studies regarding the signi�cance of serum sTREM-1 as a biomarker have been conducted in
pediatric patients. Serum sTREM-1 was shown to be insu�ciently accurate in identifying neonatal
bacteremia and serious bacterial infection in children. However, it was signi�cantly higher in neonates
with early sepsis [20–22].

Serum sTREM-1 is crucially involved in chronic in�ammatory bowel diseases (IBD). In experimental
mouse models of colitis and in patients with IBD, however, serum sTREM-1 expression in the intestine
was upregulated and correlated with disease activity [23]. Recently, serum sTREM-1 level was found to be
signi�cantly higher in patients with in�ammatory bowel syndrome. Furthermore it was positively
correlated with abdominal pain, indicating the existence of subclinical in�ammation in those patients
[24]. Due the promising evidence in some studies that serum sTREM-1may indicate in�ammatory
intestinal process; we chose serum sTREM-1 as biomarker for diagnosis of AA.

Acute appendicitis is a common emergency situation in the pediatric patient and lacks a speci�c and
sensitive diagnostic marker. Our objective was to examine serum sSTREM-1 as a possible diagnostic
marker for acute appendicitis.

Methods

Study design
The current study followed the instructions of STARD recommendations [25].
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A prospective cohort study was conducted at the pediatric emergency department, Shamir (Assaf
Harofeh) Medical Center. The above Medical Center is an 850-bed teaching hospital in central Israel,
treating an urban and rural population of approximately 1 million people. The Pediatric Division is a
comprehensive 100-bed childcare facility comprising internal and surgical pediatric units. The annual
visits to the pediatric emergency department are around 25000. The study period was between August
2015 and August 2016, executed in accordance with the ethical standards and approved by the hospital
ethics committee. Invasive procedures were not carried out for the sole purpose of the study.

Participants
Patients' ages 3–17 years admitted to our pediatric emergency department with complaints suggestive of
appendicitis and their parents agreed to participate in the study were enrolled. Patients ful�lling the
following criteria were excluded from the study: previous appendectomy, metastatic cancer, bleeding
disorder, an active auto in�ammatory disorder such as Familial Mediterranean Fever, status post
abdominal trauma or invasive abdominal procedures, a previously known infectious disease such as
urinary tract infection or pneumonia, previously known urological/gynecological disorders such as pelvic
in�ammatory disease, legal guardian unwilling or unable to provide consent.

Test methods
AA was suspected according to clinical presentation, physical examination and laboratory and imaging
data. The duration of clinical presentation was obtained from the patients on emergency room arrival.
Clinical presentation mainly presented as nausea vomiting and abdominal pain, located at the right lower
quadrant of the abdomen. Laboratory data supporting AA were high white blood cell count according to
age norms (Leukocytosis was de�ned as over 12,000 for ages 3–9 and over 10,500 for ages 10–
17 years) and or neutrophilia (de�ned as 75% and above), CRP levels above our laboratory norms [26].
Imaging data supported AA was ultrasound imaging of swelling appendix more than 6 mm and typical
CT �nding. Physical examination supported �nding was right lower quadrant tenderness, McBurney's
sign and localized rebound tenderness and or defense or rovsing's sign.

During standard-of-care urine dipstick was obtained from all the participants in order to exclude urinary
tract pathologies. On emergency room arrival blood draw was obtained for complete blood count and
CRP, an additional 1–2 mL of blood was collected in a separate vial for the study (serum sTREM was
obtained after the patient ful�lled the inclusion criteria and done later on). The samples were sent to the
biochemistry lab where they were processed, stored and analyzed. sTREM-1 measurements in plasma
were determined using a commercial enzyme-linked immunosorbent assay (ELISA) kit (DuoSet ELISA kit,
human TREM-1, catalog number: DY1278, R&D Systems, Inc., Minneapolis, USA) as instructed by the
manufacturer, with the single exception that the stop solution was added after 3 minutes. sTREM-1
concentrations were calculated by plotting a 4 parameter logistic regression curve.

As standard of care, values of leukocytes, neutrophils, CRP and abdominal ultrasound/computed
tomography (US/CT) results were collected for each patient during the initial evaluation. The Alvarado
Score was calculated for each patient. Modi�ed Alvarado score was used to evaluate appendicitis. [27]
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Modi�ed Alvarado score is based on three symptoms, three signs, and one laboratory investigation
(leukocytosis) and ranged from 1–9. Alvarado score of 7 or higher was considered positive. According to
the Alvarado score, a high fever was considered as a fever > 37.30c. Patients with a high probability for
AA in terms of clinical, laboratory and radiological signs were operated on or admitted for observation.
Those with a low probability were discharged from the emergency department. The �nal diagnosis of
appendicitis was determined by pathological examination of the appendix.

Analysis
Sample size was calculated using signi�cance level of 5% and power of 80%.

We assumed that �nally half of the patients will be diagnosed with acute appendicitis. In order to identify
large effect size (Cohen d = 0.8), 52 patients were needed and in order to identify median effect size
(Cohen d = 0.5), 128 patients were needed. Therefore, the minimal number of patients that we seek to
include in the study was 52, where we tried to achieve 128 in order to also evaluate moderate effect [28].

Categorical variables were described as frequency and percentage. Continuous variables were evaluated
for normal distribution using a histogram and Q-Q plot. Normal distributed continuous variables were
described as mean and standard deviation (SD) and non-normal continuous variables were described as
median and interquartile range (IQR).

Categorical variables were compared between those with a normal appendix and those with appendicitis
using the Chi Square test. Continuous variables were compared using the Mann Whitney test or the
independent t-test.

Pearson Correlation test was used to assess correlation between time from symptoms onset and serum
sTREM-1 level.

Logistic regression was used to evaluate the association between STREM-1 and appendicitis while
controlling for age and gender.

We suggested two potential cut-off values for serum sTREM-1. The �rst cut-off value was set as the
upper quartile and the second cut-off value was determined as the upper 5th percentile.

The area under the receiver operating characteristic (ROC) curve was used to evaluate the ability of serum
sTREM-1 to discriminate between patients with and without appendicitis.

Classi�cation and regression tree analysis [29] was used to identify threshold values and in order to �nd
associations between the study predictors and appendicitis.

All statistical tests were two sided. P < 0.05 was considered as statistical signi�cance. SPSS was used for
all statistical analysis (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0.
Armonk, NY: IBM Corp).
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Results
During the study period, 26399 visits to the pediatric emergency department were recorded, of these 2303
(8.7%) complained of abdominal pain. One hundred and forty-six patients were originally enrolled in the
study. One hundred and thirty-four children ful�lled the inclusion criteria. Five patients were excluded
from the study according to exclusion criteria (no signs suggestive of appendicitis and/or a
gynecological background). Samples from 7 patients were processed in and kept in ambient conditions
and were not analyzed (Fig. 1). One hundred and thirty-four children were divided to 2 groups according
�ndings at surgery, pathology and clinical observation to AA and non AA. Fifty-nine patients were
operated, 53 of them had AA and 6 had normal appendix and therefore included in the non AA group. The
two groups did not differ in age and gender. The mean age of patients in both groups was 12 years.
Overall patient characteristics and results are described in Table 1.

Time from symptoms onset to presentation was 29.39 hours (95% CI 23.36 to 35.42) in patients with
appendicitis and 31.27 hours (95% CI 23.56 to 38.98) in patients without appendicitis. There was no
correlation between serum sTREM-11evels and symptoms duration (p = 0.65).

On admission, a high fever was found in 8 patients with AA (13.6%) and in 11 patients without AA
(13.4%) with no statistical signi�cance between them.

The two potential cut-off values for serum sTREM were 221.5 pg/ml in the upper quartile and 500 pg/ml
in the upper 5th percentile. Serum sTREM-1 levels were undetectable in 37% of the patients, 33 patients
(24.6%) had levels above 221.5 and only 1 patient had a value above 1000 pg/ml. Of the 6 patients
(4.4%) who had serum sTREM-1 levels above 500 pg/ml, only 1 was diagnosed with appendicitis. This
patient's blood work also demonstrated leukocytosis, neutrophilia and mildly elevated CRP. The others
were discharged either from the ED or after observation.

Serum sTREM-1 did not prove to be a signi�cant marker in the differentiation between patients with and
without appendicitis (p = 0.111) (Fig. 2). When adjusted for age and gender the odds ratio was 0.998, 95%
CI 0.996-1, p = 0.108. In multivariate analysis including CRP, WBC, serum sTREM and Alvarado score,
similar results were observed (Table 2).

Forty-six percent of patients with serum sTREM-1values below the median value (60.6 pg/ml) were
diagnosed with AA as opposed to 32.8% of patients with no such diagnosis who had values above the
median value, p = 0.112. When adjusted for age and gender, the odds ratio was 0.597 (95% CI 0.294–
1.212, p = 0.153) (Table 3).

The area under the receiver operating characteristic curve when serum sTREM-1 levels were used to
differentiate between patients with AA and those without was 0.42 (95% CI 0.323–0.518, p = 0.12).
(Fig. 3). We assumed high serum sTREM level to be associated with AA, therefore, we expected that the
area under the curve to be above 0.5. Sensitivity, speci�city, positive and negative predicted values and
likelihood ratio were not calculated since the area under the curve was less than 0.5 (0.42), which
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demonstrate that serum sTREM couldn’t discriminate between patients with or without AA. Moreover, the
value of the area under the curve (0.42) indicates that higher serum sTREM levels are less associated
with AA.

The median sTREM in patients who were discharged from the emergency room was 95 pg/ml (IQR 0-
259), while in patients who underwent surgery it was signi�cantly lower (median 14 pg/ml, IQR 0-165, P = 
0.03).

Leukocytes, neutrophils and CRP levels were signi�cantly higher in the patients with appendicitis (p < 
0.001). Similarly, the appendix was signi�cantly larger and the Alvarado score was signi�cantly higher in
the AA group (p < 0.001).

The sensitivity and speci�city of leukocytosis was 75% and 74.1% respectively (p < 0.001) with a negative
predictive value (NPV) of 82% and positive predictive value (PPV) of 65.5%. When performing CRT
analysis, a leukocyte count below 10,500 and CRP below 4.6 increased the negative predictive value for
discrimination between AA group and patients with a normal appendix to 95.1%.

Neutrophilia yielded similar results with 67.3% sensitivity and 74.1% speci�city. PPV was 62.5% and NPV
was 71.1%, rising to 92.5% after CRT analysis when the neutrophil percentage was lower than 74.1% and
CRP 3.2 or lower. Adjusted for age and gender, neutrophilia demonstrated an odds ratio of 5.86 (CI 95%
2.715–12.649, p < 0.001).

An Alvarado score of 7 and above demonstrated a rather low sensitivity and speci�city (60.8% and 58%
respectively) with a NPV of 79.7%, PPV 73.8%. This being said, adjusted for age and gender, an Alvarado
score of 7–10 indicated an 11.5 times higher risk of AA as opposed to a score of 4 and under (CI 95%
4.415–29.965, p < 0.001). A score of 5–6 was not signi�cantly related to a diagnosis of AA (OR 1.343, CI
95% 0.478–3.773, p = 0.576). The NPV of a score of 4 and under was 79.6%.

By following the patients who had non AA, 2–4 weeks after discharge in the outpatient clinic, 76 (93.8%)
of the 81 patients were followed, of them 53 patients (including 6 patients with normal appendix by
histology) had no speci�c diagnosis (70.67%), 13 patients had acute gastroenteritis (17.33%), 5 patients
had urinary tract infection (6.67%) and 5 females had gynecologic disorders (5.33%).

Discussion
Pediatricians are frequently confronted with patients who present a clinical picture suggestive of AA.
However, patients can present with atypical symptoms leading to misdiagnosis. Laboratory and
radiological tests are useful tools, however non conclusive in many cases. In this study we examined the
bene�t of both, conventional tests and sTREM-1 levels in the serum of the enrolled patients.

Overall, sTREM-1 values did not assist in differentiating between patients with or without AA or between
patients who underwent appendectomy and patients who were discharged from the emergency room.
Although insigni�cant, the values were surprisingly higher in patients with a normal appendix. This could



Page 8/16

perhaps suggest elevated levels due to a different in�ammatory or infectious condition resulting in
abdominal pain; however, patients who were discharged from the emergency room showed major
improvement in the pain after supportive treatment alone and presented no other higher in�ammatory
markers (leukocytosis, neutrophilia and CRP), suggesting that in the majority of these cases other
in�ammatory/infectious causes were most probably the reason for their nonspeci�c abdominal pain.
Another possibility is that serum sTREM-1 behaves as an anti-in�ammatory mediator, suggesting that
patients with elevated values are battling their in�ammatory source more effectively than patients with
lower sTREM-1 levels. Previous research indicated that although sTREM-1 leads to the secretion of pro-
in�ammatory cytokines (tumor necrosis factor α and Interleukin-1β), elevated sTREM-1 levels are
associated with reduced levels of such cytokines and it was hypothesized that they may even be
protective against bacterial toxins [30]. Elevated levels of serum sTREM-1 were shown to be increased in
systemic in�ammatory response and sepsis, with a better prognosis as opposed to non survivors [31, 32].
Serum sTREM-1 was found to be a new interesting marker for Rheumatoid Arthritis disease activity, not
only re�ecting systemic in�ammation but also clinical joint in�ammation, suggesting a speci�c role of
sTREM-1 in Rheumatoid Arthritis pathophysiology [33]. Serum levels of sTREM-1 were also found to have
prognostic role in oncology patients. Kuemmel el al. found that serum levels of sTREM-1 were associated
with prognostic signi�cance in patients with non-small cell lung cancer [34].

Traditional biomarkers (elevated white blood cells, CRP), were found to have a moderate diagnostic
accuracy but lower costs in the diagnosis of AA. Conversely, novel markers (pro-calcitonin, Interleukin 6,
and 5-hydroxyindoleacetic acid) were found to have high process related costs including analytical times,
but improved diagnostic accuracy. The ideal diagnostic biomarker would therefore maximize clinical;
utility and minimize procedural cost including analytical time. White blood cells, CRP, bilirubin, pro-
calcitonin, Interleukin 6, and 5-hydroxyindoleacetic acid are easy to test. Bilirubin, pro-calcitonin and
Interleukin 6 are highly predictive of perforation (71%, 83%, 84%) but very expensive and time consuming
(12, 168 and 240 hours process time for the results), precluding them from actual clinical use. So, no
single biomarker known have the desired characteristics for the diagnosis of AA, and the search for new
novel biomarkers should continue [35].

Elevated WBC and CRP levels have been shown to signi�cantly differentiate between patients with and
without appendicitis [36]. Our �ndings support this claim, especially when combined. The Alvarado score
has previously proved to be highly sensitive and speci�c such as in the study conducted by Ohle et al,
which demonstrated a sensitivity of 87% and speci�city of 76% in children [37]. In our study this score
was neither sensitive nor speci�c. The score was not as e�cient in ruling out appendicitis in comparison
to other studies that showed an NPV of over 90% [38]. Nevertheless, a high score did prove to be helpful
in the diagnosis of AA. Due to the fact that the Alvarado score is based mostly on subjective clinical
�ndings, it is possible that examinations by different physicians may yield different scores and thus
change the statistical results.

Appendix diameter via US proved to be an e�cient test in patients in which the appendix was
demonstrated [39]. Nonetheless, the test is operator dependent and therefore less trustworthy, as in over
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half of our patients the appendix was not demonstrated. It is feasible that a very in�amed appendix
would be easier to demonstrate by US and a more preliminary disease would simply be missed. A CT
examination is not as dependent on the operating technician; however it is not an optimal test due to
radiation exposure.

Several methods are usually used in order to diagnose AA in the emergency room. This includes
anamnesis, physical evaluation, laboratory tests and ultrasound. A recent meta-analysis performed in
order to determine the utility of these methods including the use of Pediatric Appendicitis Score (PAS)
revealed that there is no single biomarker that can eliminate the need for further imaging studies [40].

Limitations:

A comparison of the serum sTREM-1 level of suspected AA patients with that of healthy children was not
carried out. Patients were examined solely upon admission to the emergency room. Furthermore, sTREM-
1 levels were taken only once, during admission, and therefore a trend was not exhibited. It is possible
that levels had not yet begun to rise in patients who were examined only shortly after their symptoms
began.

Conclusions: serum sTREM-1 did not prove to be a good marker for AA. Customary combined databased
on tests including WBC, neutrophils, CRP and abdominal US/CT, in addition to a proper anamnesis and
physical examination proved them to be yet the most effective methods to diagnose acute appendicitis.
Further studies need to be carried out in order to determine whether trends of serum sTREM-1 levels can
assist in the diagnosis of such patients.

Declarations
Ethic approval and consent to participate: the study was approved by the local Ethical Committee of
Assaf Harofeh Medical Center (registration number 0117-15).  A written consent was obtained from all
the participants and from parents or guardians on behalf of any participants under the age of 16 years.

Consent to publish:  not applicable.

Funding: not applicable.

Acknowledgment: not applicable.

Competing interest: not applicable.

Authors' contributions: K TT and K E conceptualized and designed the study, and performed data
collection. K B and ZB T participated in data analysis and contributed to the �rst draft of the manuscript.
 K E and B M conceptualized and designed the study. AK I conceptualized the study, supervised data
collection and contributed to the �rst draft of the manuscript. All authors edited and approved the �nal
manuscript.



Page 10/16

Data Availability. The data sets of the current study are available from the corresponding author on
reasonable request.

 

References
1.
Rothrock SG, Pagane J. Acute appendicitis in children: emergency department diagnosis and
management. Ann Emerg Med. 2000;36(1):39–51.
2.
Snyder BK, Hayden SR. Accuracy of leukocyte count in the diagnosis of acute appendicitis. Ann Emerg
Med. 1999;33:565–74.
3.
Paulson EK, Kalady MF, Pappas TN. Clinical practice. Suspected appendicitis. N Engl J Med.
2003;348:236–42.
4.
Gronroos JM, Gronroos P. Leucocyte count and C-reactive protein in the diagnosis of acute appendicitis.
Br J Surg. 1999;86:501–4.
5.
Bouchon A, Dietrich J, Colonna M. Cutting Edge: In�ammatory response can be triggered by TREM-1, a
novel receptor expressed on neutrophils and monocytes. J Immunol. 2000;15(10):164. 4991–5.
6.
Van Bremen T, Dromann D, Luitjens K, Dodt C, Dalhoff K, Goldmann T, Schaaf B. Triggering receptor
expressed on myeloid cells-1 (TREM-1) on blood neutrophils is associated with cytokine inducibility in
human E. coli sepsis. Diagn Pathol. 2013;8:24–31.
7.
Wu y, Wanf F, Fan X, Bao R, Bo L, Li J, Deng X. Accuracy of plasma sTREM-1 for sepsis diagnosis in
systemic in�ammatory patients: A systematic review and meta-analysis. Crit Care. 2012;16:R229.
8.
Zhang J, She D, Fend, Jia Y, Xie L. Dynamic changes of serum soluble triggering receptor expressed on
myeloid cells-1 (sTREM-1) re�ect sepsis severity and can predict prognosis: A prospective study. BMC
Infect Dis. 2011;11:53–9.
9.
Jeong SJ, Song YG, Kim CO, Kim HW, Ku NS, Han SH, Choi JY, Kim JM. Measurement of plasma sTREM-1
in patients with severe sepsis receiving early goal-directed therapy and evaluation of its usefulness.
Shock. 2012;37(6):574–8.
10.



Page 11/16

Dai X, Zeng Z, Fu C, Zhang S, Cai Y, Chen Z. Diagnostic value of neutrophil gelatinase-associated
lipocalin, cystatin C, and soluble triggering receptor expressed on the myeloid cells-1 in critically ill
patients with sepsis-associated acute kidney injury. Crit Care. 2015;6(19(1):223–33.
11.
Gibot S, Cravoisy A, Levy B, Bene MC, Faure G, Bollaert PE. Soluble triggering receptor expressed on
myeloid cells and the diagnosis of pneumonia. N Engl J Med. 2004;29(350(5):451–8.
12.
Ramirez P, Kot P, Marti V, Gomez MD, Martinez, Saiz V, Catala F, Bonastre J, Menendez R.. Diagnostic
implications of soluble triggering receptor expressed on myeloid cells-1 in patients with acute respiratory
distress syndrome and abdominal diseases: A preliminary observational study. Crit Care. 2011;15(1):R50.
13.
Determann RM, Schultz MJ, Geerlings SE. Soluble triggering receptor expressed on myeloid cells-1 is not
a su�cient biological marker for infection of the urinary tract. J Infect. 2007;54(6):e249-50.
14.
Determann RM, Weisfelt M, de Gans J, van der Ende A, Schultz MJ, van de Beek D. Soluble triggering
receptor expressed on myeloid cells 1: a biomarker for bacterial meningitis. Intensive Care Med.
2006;32(8):1243–7.
15.
Bellos I, Fitrou G, Daskalakis G, Thomakos N, Papantoniou N, Pergialiotis V. Soluble TREM-1 as a
predictive factor of neonatal sepsis: a meta-analysis. In�amm Res. 2018;67(7):571–8.
16.
Tunç T, Polat A, Özdemir R, Kiliçaslan B, Can E, Çelik HT, Arsan S, Kader Ş, Erol S, Uslu S, Özdemir ÖMA,
neonatal sepsis study group Neonatal sepsis study group: B. Özcan, Hanta D, Dilli D, Narter F, Gültekin N,
Güzoğlu N, Aydemir Ö. Assessment of novel biomarkers: sTREM-1, pentraxin-3 and pro-adrenomedullin in
the early diagnosis of neonatal early onset sepsis. J Neonatal Perinatal Med. 2019. doi:10.3233/NPM-
180131. [Epub ahead of print]. Sep 28.
17.
Molad Y, Pokroy-Shapira E, Kaptzan T, Monselise A, Shalita-Chesner M, Monselise Y. Serum soluble
triggering receptor on myeloid cells-1 (sTREM-1) is elevated in systemic lupus erythematosus but does
not distinguish between lupus alone and concurrent infection. In�ammation. 2013;36(6):1519–24.
18.
Dewan S, Varma A, Talegaokar M. Increased levels of soluble triggering receptor expressed on myeloid
cells sTREM1 in ICU patients with cardiovascular disease and associated organ dysfunction. Crit Care.
2011;15(Suppl1):P280.
19.
Yasuda T, Takeyama Y, Ueda T, Shinzeki M, Sawa H, Takahiro N, Kamei K, Ku Y, Kuroda Y, Ohyanagi H.
Increased levels of soluble triggering receptor expressed on myeloid cells-1 in patients with acute
pancreatitis. Crit Care Med. 2008;36(7):2048–53.
20.



Page 12/16

Stein M, Schachter-Davidov A, Babai I, Tasher D, Somekh E. The accuracy of C-reactive protein,
procalcitonin, and s-TREM-1 in the prediction of serious bacterial infection in neonates. Clin Pediatr.
2015;54(5):439–44.
21.
Adly AA, Ismail EA, Andrawes NG, El-Saadany MA. Circulating soluble triggering receptor expressed on
myeloid cells-1 (sTREM-1) as a diagnostic and prognostic marker in neonatal sepsis. Cytokine.
2014;65(2):184–91.
22.
Kevan EN, Simmons JR, Kocoshis SA, Cohen MB, Rudolph JA. sTREM-1 and LBP in central venous
catheter-associated bloodstream infections in pediatric intestinal failure. J Pediatr Gastroenterol Nutr.
2011;53(6):627–33.
23.
Schenk M, Bouchon A, Seibold F, Mueller C. TREM-1–expressing intestinal macrophages crucially amplify
chronic in�ammation in experimental colitis and in�ammatory bowel diseases. J Clin Invest.
2007;117(10):3097–106.
24.
Du C, Peng L, Kou G, Wang P, Lu L, Li Y. Assessment of Serum sTREM-1 as a Marker of Subclinical
In�ammation in Diarrhea-Predominant Patients with Irritable Bowel Syndrome. Dig Dis Sci.
2018;63(5):1182–91.
25.
https://www.equator-network.org/reporting-guidelines/stard/. Accessed November 26,2019.
26.
The Harriet Lane Handbook. 2012, 19th edition, Philadephia, Elssevier Mosby.
27.
Kalan M, Talbot D, Cunliffe WJ, Rich AJ. Evaluation of the modi�ed Alvarado score in the diagnosis of
acute appendicitis a prospective study. Ann R Coll Surg Engl. 1994;76:418–9.
28.
Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hillsdale: Lawrence Earlbaum
Associates; 1988.
29.
Breiman L, Friedman J, Olshen RA, Stone CJ. Classi�cation and Regression Trees. Monterey: Wadsworth
and Brooks/Cole Advanced Books and Software; 1984.
30.
Bouchon A, Facchetti F, Weigand MA, Colonna M. trem-1 ampli�es in�ammation and is crucial mediator
of septic shock. Nature. 2001;26:410:1103–7.
31.
Gibot S, Cravoisy A, Kolopp-Sarda MN, Bene MC, Faure G, Bollaert PE, Levy B. Evidence for the
participation of soluble triggering receptor expressed on myeloid cells-1 in the systemic in�ammatory
response syndrome after multiple trauma. Trauma. 2008;65:1385–90.
32.



Page 13/16

Gibot S, Cravoisy A, Kolopp-Sarda MN, Bene MC, Faure G, Bollaert PE, Levy B. Time-course of sTREM
(soluble triggering receptor expressed on myeloid cells)-1, procalcitonin, and C-reactive protein plasma
concentrations during sepsis. Crit Care Med. 2005;33:792–6.
33.
Gorlier C, Gottenberg JE, Laurans L, Simon T, Ait-Oufella H, Sellam J. Serum level of soluble triggering
receptor expressed on myeloid cells-1 (sTREM-1) is a biomarker of synovitis in rheumatoid arthritis. Int J
Rheum Dis. 2019;Sep;22(9):1616–8.
34.
Kuemmel A, Al�en A, Schmidt LH, Sebastian M, Wiewrodt R, Schulze AB, Buhl R, Radsak M. Soluble
Triggering Receptor Expressed on Myeloid Cells 1 in lung cancer. Sci Rep. 2018;Jul 17(1):10766. 8(.
35.
Acharya A, Markar SR, Ni M, Hanna GB. Biomarkers of acute appendicitis: systematic review and cost-
bene�t trade-off analysis. Surg Endosc. 2017;31:1022–31.
36.
Beltran MA, Almonacid J, Vicencio A, Gutierrez J, Cruces KS, Cumsille MA. Predictive value of white blood
cell count and C-reactive protein in children with appendicitis. J Pediatr Surg. 2007;42:1208–14.
37.
Ohle R, O'Reilly F, O'Brien KK, Fahey T, Dimitrov BD. The Alvarado score for predicting acute appendicitis: a
systematic review. BMC Med. 2011;9:139–52.
38.
Macco S, Vrouenraets BC, de Castro SMM. Evaluation of scoring systems in predicting acute appendicitis
in children. Surgery. 2016;160:1599–604.
39.
Ravichandran Y, Harrison P, Garrow E, Chao JH. Point-of-care ultrasound in pediatric appendicitis. Pediatr
Emerg Care. 2016;Nov;32(11):815–6.
40.
Benabbas R, Hanna M, Shah J, Sinert R. Diagnostic Accuracy of History, Physical Examination,
Laboratory Tests, and Point-of-care Ultrasound for Pediatric Acute Appendicitis in the Emergency
Department: A Systematic Review and Meta-analysis. Acad Emerg Med. 2017;May;24(5):523–51.

Tables
Table-1 Patient characteristics
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Appendicitis by
pathology

 

Non
appendicitis*

Overall number of included
patients

P
Value

mber (%) 53 (39.6) 81 (60.4) 134  

e in years 12 (9-15) 12 (9-15) 134 0.969

nder, male (%) 32 (45.1) 39 (48.1) 134 0.165

rforated appendicitis 5 (9.4) 0 (0) 134  

eukocytosis (5) 39 (75) 21 (25.9) 133 0.001

utrophils (%) 80.2 (70.8-86.5) 67.6 (58.1-
77.4)

133 0.001

Neutrophilia (%) 35 (67.3) 21 (25.9) 133 0.001

RP (mg/dl) 11.2 (4.5-37.3) 1.6 (0.4-12.3) 134 0.001

pendix in US or CT
m)

7.79 ±2.11 4.7 ±1.29 ® 61 0.001

Alvarado score 7 (5-8) 4 (3-6) 134 0.001

REM-1 (pg/ml) 17.2 (0-165.8) 80 (0-241) 134 0.111

 

* Six patients had normal appendix at surgery and pathology.

Continuous variables are expressed as median (interquartile range) or mean (±SD) and categorical variables as
number (percentage).

US= Ultrasound, CT= Computed Tomography.

ϰ Leukocytosis was defined as over 12,000 for ages 3-9 and over 10,500 for ages 10-17.

¥ Neutrophilia was defined as 75% and above.

€ CRP levels of above 5 mg/dL were considered elevated as accepted (customary range in our laboratory).

®72 patients underwent an ultrasound/CT exam in which the appendix was not identified. 1 patient did not
undergo any radiological test. An appendix of over 6mm diameter was considered suggestive of appendicitis.

 An Alvarado Score of 5-6 was considered suggestive of appendicitis.

Table-2 Multivariate analysis between biomarkers and acute appendicitis 
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P value OR  

0.201 1.09 (0.955-1.244) Age (years)

0.267 1.67 (0.674-4.141) Gender (male)

0.011 1.217(1.046-1.417) Leukocytosis

0.720 0.997(0.983-1.012) CRP (mg/dl)

0.028 1.413(1.039-1.922) Alvarado score

0.143 0.998(0.995-1.001) sTREM (pg/ml)

     

 

CRP levels of above 5 mg/dL were considered elevated as accepted (customary range in our laboratory).

Leukocytosis was defined as over 12,000 for ages 3-9 and over 10,500 for ages 10-17.

 

Table-3- Comparison of sTREM-1 values between the groups

Univariate analysis Multivariate analysis

REM-1

/ml)

Normal appendix (%) Appendicitis   (%) P Value OR (95% Cl)*

 

P Value

27 (33.3) 23 (43.4)  

 

 

 

0.468

1  

 

 

 

0.559

1-60.6 9 (11.1) 8 (15.1) 0.968 (0.317-2.955)

61-221.5 23 (28.4) 11 (20.8) 0.569 (0.228-1.422)

1.51 22 (27.2) 11 (20.8) 0.616 (0.245-1.549)

al 81 (100) 53 (100)  

         

* adjusted to age and gender

 

 

Figures
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Figure 1

Flowchart of the study.

Figure 2

sTREM-1 levels in patients with a normal appendix and with appendicitis.

Figure 3

Area under the receiver operating characteristic curve for sTREM-1 levels.


