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Abstract: The timely and accurate diagnosis of ascites is of 
great significance for early treatment and prognostication. 
This study explored the value of soluble myeloid triggering 
receptor expressed on myeloid cell 1 (sTREM-1) and 
C-reactive protein (CRP) for assessing ascites. A total of 133 
patients with ascites who received treatment at the Affiliated 
Hospital of Taishan Medical University between September 
2015 and September 2017 were retrospectively analyzed. 
The ascites in 22, 45, 33 and 33 patients were tuberculous, 
bacterial, tumorous, and transudative, respectively. Healthy 
volunteers (n=30) who received a health examination at 
the same hospital during the same period constituted the 
control group. Before treatment, both ascitic sTREM-1 and 
CRP showed significant differences among the ascites 
subgroups (P<0.001), with the highest levels in the bacterial 
subgroup. Serum sTREM-1 and CRP also showed significant 
differences among the groups. A correlation analysis showed 
a positive correlation between sTREM-1 and CRP. ROC curves 
of the bacterial subgroup showed that when the optimal 
cutoff point was set to 20.2, the sensitivity, specificity, 
positive predictive value, and negative predictive value of 
the serum sTREM-1 index were 0.933, 0.955, 0.914, and 0.965, 
respectively. sTREM-1 may provide more diagnostic value 
than CRP for the diagnosis of bacterial ascites.
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1  Introduction
Under normal conditions, a small amount of liquid exists 
in the human abdominal cavity (<200 ml) and provides 
lubrication for intestinal peristalsis, and the volume of 
intraperitoneal fluid might increase under pathological 
conditions. When the amount surpasses 200 ml, ascites 
occurs. Approximately 38-52% of ascites are malignant [1], 
and according to their etiology and characteristics, ascites 
can be divided into various types, including bacterial, 
tuberculous, tumorous, and transudative ascites. The 
characteristics of a patient’s ascites have a direct influence 
on his/her treatment and prognosis evaluation. However, 
the differentiation of ascites has long been a challenge 
for clinical and laboratory diagnosis, and therefore, the 
identification of biomarkers for ascites differentiation 
remains urgent.

To date, different methods have been proposed for 
the differentiation of ascites. The preferred method of 
diagnosis is exfoliative cytology. However, due to various 
factors, this method has a positive rate of only 30% 
[2]. Conditions of inflammation, infection, myocardial 
infarction and tumorigenesis induce significant changes 
in the plasma concentrations of a certain class of proteins, 
which are collectively referred to as acute-phase reaction 
proteins (APRPs). Among different APRPs, C-reactive 
protein (CRP) has a very low serum concentration in 
the healthy population but a significantly increased 
concentration after bacterial infection and tissue damage. 
For this reason, it has been considered the most valuable 
bioactive indicator for ascites differentiation and has been 
applied in clinical practice [3, 4]. However, under some 
conditions, such as obesity, sleep disorder, depression, 
chronic fatigue, aging, physical activity, radiation therapy 
and smoking, an increase in CRP might also occur, and 
the CRP levels may not accurately reflect the specificity 
of individuals with these conditions. Therefore, the 
identification of a more convenient and more reliable 
bioactive indicator remains necessary.

*Corresponding author: Qiang Guo, Department of Infectious 
Diseases, Affiliated Hospital of Taishan Medical University, Tai’an 
271000, China, E-mail: guoqcn18@163.com
Chuanqin Xu, Chao Sun, Yubao Zhao, Department of Infectious 
Diseases, Affiliated Hospital of Taishan Medical University, Tai’an 
271000, China
Weifu Zhang, Department of Public Health, Affiliated Hospital of 
Taishan Medical University, Tai’an 271000, China

Qiang Guo*, Chuanqin Xu, Chao Sun, Yubao Zhao, Weifu Zhang

Soluble myeloid triggering receptor expressed on 
myeloid cell 1 might have more diagnostic value 
for bacterial ascites than C-reactive protein

Research Article          

 Open Access. © 2018 Qiang Guo et al., published by De Gruyter.  This work is licensed under the Creative Commons Attribution-NonCommercial-
NoDerivs 4.0 License.



sTREM-1 in ascites type differentiation    457

1) ascites according to B-ultrasound or CT, with a depth≥5 
cm and nonencapsulated effusion; 2) no severe heart, 
liver, lung, or kidney disorders; 3) between 18 years 
and 90 years of age; and 4) informed consent. Patients 
meeting any of the following were excluded from the 
study: 1) intestinal obstruction or abdominal adhesions;  
2) presence of cardiac, liver, kidney, lung or cerebrovascular 
diseases; 3) poor compliance or refusal to cooperate;  
4) hemorrhagic ascites due to trauma; 5) insufficient 
amount of ascites extracted; and 6) tuberculous ascites 
combined with bacterial ascites.

Thirty healthy volunteers who received a health 
examination at the same hospital during the same period 
constituted the control group. These include 17 males and 
13 females and had an average age of 54.1±4.3 years.

After confirmation of the ascites type, the tuberculous 
group was administered isoniazid (0.3 g, qd), rifampicin 
(0.45 g, qd) and pyrazinamide (0.5 g, tid), the bacterial 
group received cefotaxime (4 g, bid) or ofloxacin (500 mg, 
qd), the tumorous group was treated with fluorouracil 
(0.25-0.5 g per day or every two days; 5-10 g within a 
curative course) or carboplatin (300-400 mg/m2), and 
the transudative group was administered human serum 
albumin (10 g, qd). In addition, all four groups received 
furosemide (40 mg, qd). The treatment course was 14 d.

Informed consent: Informed consent has been obtained 
from all individuals included in this study.

Ethical approval: The research related to human use has 
been complied with all the relevant national regulations, 
institutional policies and in accordance the tenets of the 
Helsinki Declaration, and has been approved by the ethics 
committee of the Affiliated Hospital of Taishan Medical 
University.

2.2  Sample collection

At 3 p.m., 10 ml of ascitic fluid was extracted from each 
patient using conventional abdominal paracentesis. The 
sample was placed in an anticoagulation tube containing 
0.1 ml of sodium citrate. At 7:00 a.m., 3 ml of fasting 
venous blood was collected from the patients and the 
controls into an anticoagulation tube containing 0.1 ml 
of sodium citrate. After 10-20 min of mixing, the samples 
were centrifuged at 3000 r/min (R=18 cm) for 10 min. The 
supernatants were then collected and stored at -80°C.

Fourteen days after treatment, fasting venous blood 
samples were obtained from all the treatment groups.

Myeloid triggering receptor expressed on myeloid 
cell 1 (TREM-1) serves as an inflammatory receptor that 
is primarily expressed by myeloid cells (e.g., neutrophils 
and mononuclear macrophages) [5-7]. It exists in two 
forms in organisms: as a membrane protein on the surface 
of mononuclear macrophages and as a soluble myeloid 
triggering receptor expressed on myeloid cell 1 (sTREM-
1) in body fluids. sTREM-1 can activate the expression of 
a variety of inflammatory factors [8] and thus serves as 
an important diagnostic marker of inflammation as well 
as a new early warning indicator of infectious diseases. 
Its upregulation can be detected in pathogen culture 
solution, peritoneal lavage fluid, and tissue samples 
from a site of infection [6]. In bacterial pneumonia, 
the sTREM-1 level in pulmonary tissue is significantly 
higher than that in serum, and sTREM-1 can serve as an 
independent diagnostic marker of bacterial pneumonia 
[9]. As a newly discovered important diagnostic marker of 
inflammatory disease, sTREM-1 holds great potential for 
clinical applications [10], but to the best of our knowledge, 
previous studies have not determined whether sTREM-1 
can serve as a new biomarker for ascites differentiation.

Based on the aforementioned findings, we explored 
the diagnostic value of sTREM-1 for the differentiation of 
ascites type in this study. The results might provide a new 
method for the accurate diagnosis of ascites and deepen 
the understanding of this disease condition.

2  Materials and methods

2.1  Study subjects

A total of 133 patients with ascites who received treatment 
between September 2015 and September 2017 at the 
Affiliated Hospital of Taishan Medical University were 
consecutively enrolled in this retrospective cohort study. 
The diagnostic criteria were based on the literature [11, 
12], and the patients included 81 males and 52 females. 
Their ages ranged from 33 to 86 years, with an average 
of 54.2±3.8 years, and 22, 45, 33 and 33 patients had 
tuberculous ascites (Mycobacterium tuberculosis based 
on ascitic cultures, typical clinical symptoms, ascites 
absorption after normal antituberculosis treatment), 
bacterial ascites (bacterial culture, bacterial discovery 
according to microscopy, and ascites disappearance 
after antibacterial+dieresis treatment), tumorous ascites 
(ascites cytology, B-ultrasound, and computed tomography 
(CT)), and transudative ascites (hyponatremia transudate 
according ascites routine examination and biochemistry), 
respectively. The following inclusion criteria were used: 
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t-test or analysis of variance was performed; otherwise, 
the Kruskal Wallis test was performed. The correlation 
analysis was performed using Spearman’s correlation 
method. Enumerated data are presented as percentages. 
A chi-square test was used for comparisons between 
groups. Receiver operating characteristic curves were 
plotted to assess the diagnostic precision of the indices. 
The Youden index was used for critical value calculation, 
and the sensitivity, specificity, positive predictive value 
and negative predictive value of each diagnostic index 
were also calculated. P<0.05 was considered to indicate 
statistical significance. 

3  Results

3.1  General data

No significant differences in sex or age were observed 
among the ascites and control groups (P>0.05; Table 1).

Ascitic and serum sTREM-1 and CRP levels of the 
different types of ascites

The ascitic and serum sTREM-1 and CRP levels before 
treatment showed significant differences among the 
different ascites groups (P<0.001). The highest ascitic 
and serum sTREM-1 levels were observed in the bacterial 
group, followed by the tuberculous, timorous, and 
transudative groups. Similarly, the highest serum sTREM-1 
levels were observed in the bacterial group, followed by 
the tuberculous, tumorous, transudative, and control 
groups (Table 1).

3.2  Correlation analysis of ascitic and serum 
sTREM-1 and CRP levels before treatment

Scatter diagrams were plotted (Figure 1). Because ascitic 
and serum sTREM-1 and CRP level data were not normally 

2.3  ELISA

The sTREM-1 level was detected by ELISA. Each sample 
was thawed at room temperature, and after buffer (pH 
7.4) was added, and the solution was shaken at a constant 
temperature for 60 min. The sample solution was then 
centrifuged at 10,000 r/min at 4°C for 10 min to allow 
the precipitation of bacterial and cellular residues to the 
bottom of the tube. The supernatant was separated into 
microcentrifugation tubes. The sTREM-1 level was detected 
in strict accordance with the procedures indicated in the 
kit (R&D, Minneapolis, MN, USA; coefficient of variation: 
within batch, ≤4.0%; batch-to-batch, ≤7.0%).

The detection was performed by experts with clinical 
laboratory qualification based on the single-blind method, 
and thus, the experts were not aware of the grouping 
outcomes.

2.4  Immunoturbidimetry

The ascitic and serum CRP levels were determined 
by immunoturbidimetry. Whole blood or ascites was 
extracted, allowed to coagulate and centrifuged at 3500 
r/min. The serum/supernatant was detected using a 
7600-110E automatic analyzer (HITACHI, Japan) with a kit 
purchased from Leadman (Beijing, China), which had an 
intra-batch coefficient of variation of ≤5.0% and a batch-to-
batch coefficient of variation of ≤8.0%. The experimental 
procedures were performed in accordance with the 
instructions provided by the manufacturer of the kit.

2.5  Statistical analysis

The data were processed using SAS 8.2 statistical software. 
Measurement data are presented as x ±s. According to the 
normality of the data and homogeneity of variance, a paired 

Table 1. General data and monitoring indices of the different ascites groups.

Index Bacterial Tuberculous Tumorous Transudative Healthy control F/χ2 P

Gender Male 27 (27.6%) 13 (13.3%) 20 (20.4%) 21 (21.4%) 17 (17.3%) 0.333 0.988a

Female 18 (27.7%) 9 (13.8%) 13 (20.0%) 12 (18.5%) 13 (20.0%)

Age (years) 54.56±4.2 55.9±3.4 53.1±4.1 53.7±3.2 54.1±4.3 7.239 0.124b

Pretreatment 
ascitic fluid

sTREM-1 468.3±61.4 310.1±39.3 425.9±40.8 163.2±34.5 - 103.5 <.001b

CRP 2.6±1.4 2.2±1.6 1.1±0.8 0.9±0.6 - 43.4 <.001b

Pre-treatment 
serum

sTREM-1 38.2±11.4 15.6±6.4 14.8±2.7 12.1±4.6 11.8±3.2 98.2 <.001b

CRP 15.1±4.4 12.6±3.1 3.6±1.4 2.1±1.2 1.8±1.1 127.0 <.001b

Notes: a, χ2 test; b, Kruskal Wallis test.



sTREM-1 in ascites type differentiation    459

and those with regard to serum sTREM-1 and CRP were 
above 0.9 (all P<0.001). Pairwise comparisons showed that 
the AUC of serum sTREM-1 was significantly greater than 
any of the other three AUCs (Figure 2). When the optimal 
cutoff point was set to 20.2, the sensitivity, specificity, 
positive predictive value, and negative predictive value 
of the serum sTREM-1 index were 0.933, 0.955, 0.914, and 
0.965, respectively. Serum sTREM-1 was found to be more 
accurate for diagnosing bacterial ascites than any of the 
other indices (Table 2).

In the other groups, CRP did not exhibit a higher 
diagnostic value than sTREM-1 (Table 3).

distributed, Spearman’s correlation analysis was 
performed. The outcomes showed that before treatment, 
the ascitic sTREM-1 level was positively correlated with the 
ascitic CRP the (r=0.666, P<0.001), and the serum sTREM-1 
levels was positively correlated with the ascitic CRP level 
(r=0.802, P<0.001).

3.3  ROC curve analysis

For the bacterial group, the areas under the ascitic sTREM-1 
and CRP ROC curves (AUC) were both between 0.7 and 0.9, 

Figure 1. Scatter diagrams of ascitic and serum sTREM-1 and CRP levels before treatment. A, ascitic fluid. B, serum. 

Figure 2. ROC curves of sTREM-1 and CRP in ascitic fluid and serum for the diagnosis of bacterial ascites.
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4  Discussion
CRP is an APRP that is primarily synthesized and secreted 
by hepatic cells and regulated and induced by a variety of 
factors, such as IL-6, IL-1 and TNF-α. Because CRP can be 
secreted in high quantities by hepatic cells and enters the 
circulation within 12-48 h after its induction by damage 
and various inflammatory stimuli, it has a certain degree 
of reference value for differentiating the nature of ascites 

3.4  Serum sTREM-1 and CRP levels before 
and after treatment

The serum sTREM-1 and CRP levels in the bacterial group 
after treatment were significantly decreased compared 
with those before treatment (P<0.001; Table 4). However, 
in the other groups, no significant differences in the 
sTREM-1 and CRP levels were observed between before 
and after treatment.

Table 2. Characteristic analysis of sTREM-1 and CRP in ascitic fluid and serum samples from the bacterial group.

Index Cutoff point Sensitivity Specificity Youden 
index

PPV NPV AUC 95% CI P

Ascitic sTREM1 385.4 1 0.693 0.693 0.625 1 0.877 (0.821,0.933) <0.001
Ascitic CRP 1.45 0.778 0.739 0.517 0.604 0.867 0.787 (0.700,0.873) <0.001
Serum sTREM1 20.2 0.933 0.955 0.888 0.914 0.965 0.981 (0.962,0.999) <0.001
Serum CRP 8.9 0.956 0.784 0.74 0.694 0.972 0.914 (0.869,0.959) <0.001

Notes: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; CI, confidence interval

Table 3. Characteristics of ascitic and serum sTREM-1 and CRP in the samples from the four groups.

Group Index AUC 95% CI P

Bacterial Ascitic sTREM1 0.877 (0.821,0.933) <0.001
Ascitic CRP 0.787 (0.700,0.873) <0.001
Serum sTREM1 0.981 (0.962,0.999) <0.001
Serum CRP 0.914 (0.869,0.959) <0.001

Tuberculous Ascitic sTREM1 0.309 (0.224,0.394) 0.005
Ascitic CRP 0.618 (0.496,0.741) 0.080
Serum sTREM1 0.322 (0.219,0.424) 0.008
Serum CRP 0.728 (0.648,0.808) 0.001

Tumorous Ascitic sTREM1 0.689 (0.603,0.775) 0.001
Ascitic CRP 0.326 (0.229,0.424) 0.003
Serum sTREM1 0.351 (0.262,0.440) 0.011
Serum CRP 0.265 (0.184,0.347) 0.000

Transudative Ascitic sTREM1 0.000 (0.000,0.000) <0.001
Ascitic CRP 0.242 (0.159,0.325) <0.001
Serum sTREM1 0.204 (0.123,0.284) <0.001
Serum CRP 0.069 (0.028,0.111) <0.001

Notes: AUC, area under the curve; CI, confidence interval.

Table 4. Serum sTREM-1 (pg/ml) and CRP (mg/dl) levels before treatment and after the 14-d treatment.

Group
Bacterial (n=45) Tuberculous (n=22) Tumorous (n=33) Transudative (n=33)

sTREM-1 CRP sTREM-1 CRP sTREM-1 CRP sTREM-1 CRP

Pretreatment 38.2±11.4 15.1±4.4 15.6±6.4 12.6±3.1 14.8±2.7 3.6±1.4 12.1±4.6 2.1±1.2

Post-treatment 13.6±7.2 3.5±1.3 15.4±6.3 12.1±3.8 14.5±3.6 3.6±2.0 11.9±4.6 2.0±1.1

t/Z 30.973 24.538 -1.007 1.142 0.812 0.350 1.463 1.466

P <0.001c <0.001c 0.314d 0.266c 0.423c 0.729c 0.153c 0.152c

Notes: c, pairwise t test; d, Wilcoxon signed rank test.
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sTREM-1 could be used as a rapid, convenient and safe 
method for differentiating parapneumonic pleural and 
tuberculous effusion in clinical practice, but our results 
contradict their findings [18]. The underlying reasons for 
this difference are presumably the inclusion of diseases 
with different complexity, sample sizes, inclusion and 
exclusion criteria between the studies. In addition, our 
finding may also confirm that each method for ascites 
differentiation has its own limitations and that the use of 
one method alone likely does not meet the requirements 
of clinical practice [19].

This study has the following limitations: it was 
conducted in a single center with a relatively small sample 
size. To overcome these drawbacks, multicentric studies 
with larger sample sizes need to be conducted.

In conclusion, sTREM-1 may be more valuable for the 
diagnosis and differentiation of ascites in clinical practice 
than CRP and shows higher sensitivity and specificity, 
particularly in the diagnosis and prognostication of 
bacterial ascites.

Conflict of interest: Authors state no conflict of interest .
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