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Abstract

Background: The serum soluble triggering receptor expressed on myeloid cells-1 (STREM-1) is a useful biomarker in
differentiating bacterial infections from others. However, the diagnostic value of STREM-1 in bronchoalveolar lavage fluid
(BALF) in lung infections has not been well established. We performed a meta-analysis to assess the accuracy of sTREM-1 in
BALF for diagnosis of bacterial lung infections in intensive care unit (ICU) patients.

Methods: We searched PUBMED, EMBASE and Web of Knowledge (from January 1966 to October 2012) databases for
relevant studies that reported diagnostic accuracy data of BALF sTREM-1 in the diagnosis of bacterial lung infections in ICU
patients. Pooled sensitivity, specificity, and positive and negative likelihood ratios were calculated by a bivariate regression
analysis. Measures of accuracy and Q point value (Q*) were calculated using summary receiver operating characteristic
(SROCQ) curve. The potential between-studies heterogeneity was explored by subgroup analysis.

Results: Nine studies were included in the present meta-analysis. Overall, the prevalence was 50.6%; the sensitivity was 0.87
(95% confidence interval (Cl), 0.72-0.95); the specificity was 0.79 (95% Cl, 0.56-0.92); the positive likelihood ratio (PLR) was
4.18 (95% Cl, 1.78-9.86); the negative likelihood ratio (NLR) was 0.16 (95% Cl, 0.07-0.36), and the diagnostic odds ratio (DOR)
was 25.60 (95% Cl, 7.28-89.93). The area under the SROC curve was 0.91 (95% Cl, 0.88-0.93), with a Q* of 0.83. Subgroup
analysis showed that the assay method and cutoff value influenced the diagnostic accuracy of STREM-1.

Conclusions: BALF sTREM-1 is a useful biomarker of bacterial lung infections in ICU patients. Further studies are needed to
confirm the optimized cutoff value.
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inhibitor-1 [6]) that were used to determine the diagnosis and
prognosis for lung infections. Globally, sSTREM-1 and PCT were
considered to be promising markers for diagnosis of lung
infections. However, a previous study showed PCT (with a cutoff
value of 3.9 ng/ml) had a sensitivity of 41% and a specificity of
100% in diagnosis of VAP [7], and another study showed serum
STREM-1 (with a cutoff value of 3.5 ug/L) had a sensitivity of
82% and a specificity of 40% in diagnosis of bacterial infections
in emergency department [8]. Recently, Ramirez et al. [9]
evaluated the diagnostic accuracy of sSTREM-1 in bronchoalve-
olar lavage fluid (BALF) in ICU patients with lung or abdominal

Introduction

Infection is a common challenge for patients in the intensive
care units (ICU). Lung is the main site of infection (including
ventilator-associated pneumonia (VAP)) and the ICU-acquired
pneumonia increases the risk of ICU death [1]. The best way to
diagnose and appropriately treat lung infection is to identify the
microorganism(s) responsible for the infections, however, the
microorganism culture will delay diagnosis and subsequent
antibiotics use, which is associated with worse outcomes [2].
Obviously, it is necessary to initiate urgent empirical antibiotic

treatment, nevertheless, the presence of underlying diseases such
as congestive heart failure, atelectasis, acute respiratory distress
syndrome and pulmonary hemorrhage may misguide diagnosis.
So it is critical to confirm the existence of lung infection early and
accurately.

Previous studies have reported a number of biomarkers (for
example, C-reactive protein (CRP) [3], procalcitonin (PCT) [3],
soluble triggering receptor expressed on myeloid cells-1 (sTREM-1)
[4], interleukin-lbeta (IL-1B) [5], and plasminogen activation
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infections and showed a sensitivity of 81% and a specificity of
80% (with a cutoff value of 900 pg/ml) in diagnosis of
pneumonia, which implied that BALF sTREM-1 could be more
accurate in diagnosing lung infections.

Herein, we performed a meta-analysis of eligible clinical studies
to assess the accuracy of BALF sTREM-1 as a diagnostic marker
for bacterial lung infections in ICU patients using a bivariate
regression approach.
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Figure 1. Flow diagram of identification of relevant studies.
doi:10.1371/journal.pone.0065436.g001

Materials and Methods

Data sources

We searched PUBMED, EMBASE and Web of Knowledge
(from January 1966 to October 2012) databases for relevant
studies that reported diagnostic accuracy data of BALF sTREM-1
in the diagnosis of lung infections in ICU patients. The following
search terms were used: STREM-1, soluble triggering receptor
expressed on myeloid cells-1, pneumonia, infection, alveolar,
bronchoalveolar, lavage, BAL (F). The search was restricted to
human subjects. If a study was included in a review and was
indexed in the PUBMED database, the related studies were
further explored using the “Related Articles” option. We also
reviewed the relevant references listed in the searched papers.

Study selection

The studies were included if they fulfilled the fowling criteria: (1)
patients were hospitalized in ICU; (2) original publication; and (3)
true-positive (TP), false-positive (FP), false negative (FN), and true-
negative (T'N) results of the diagnostic tests for the detection of
lung infections were reported or could be calculated. The studies
with populations fewer than 10 were excluded in order to avoid
selection bias.

PLOS ONE | www.plosone.org

Data extraction and quality assessment

Two reviewers (Jia-Xin Shi and Jia-Shu Li) independently
identified the trials and extracted the data to obtain information
on the trials. Each reviewer extracted the data to construct a 2 x2
table. If disagreement occurred, two reviewers discussed and
arrived at consensus.

The Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) [10] and the Standards for Reporting of Diagnostic
Accuracy (STARD) checklist [11] were used to assess the
methodological quality of the included trials.

Statistical analysis

We used a bivariate regression approach to calculate the pooled
sensitivity (SEN) and specificity (SPE), positive and negative
likelihood ratios (PLR and NLR, respectively), and constructed
summary receiver operating characteristic (SROC) curve to
summarize the study results [12]. We also calculated the respective
area under the SROC curve and Q point value (QF), where
sensitivity = specificity, on the SROC curve.

The between-studies heterogeneity was evaluated by the I? test
for the pooled diagnostic odds ratio (DOR) [13]. The DOR is the
ratio of the odds of a positive test result in patients with lung
infections compared with patients without lung infections: (TP/
FN)/(FP/TN). I’=50% indicated substantial heterogeneity.

May 2013 | Volume 8 | Issue 5 | 65436



Diagnostic Value of BALF sTREM-1 in Lung Infection

L00Y9€75900°3u0d [euInol/| £ 1°0L:10p
‘aAebau-ana] ‘N1 ‘oAnebau-asie) ‘N4 ‘@anisod-asie) ‘d4 ‘@Anisod-anil ‘41 ‘Aesse juagiosounwiwl payull-awAzua ‘yS|73 {Ysniq uswidads pa1daloid ‘gsd ‘suun Buiwioy-Auojod ‘n4d ‘pinjy abeae| Jejosajeoysuoiq ‘41vg
‘ejuownaud pasinboe [eydsoy ‘dyH ‘eluownaud pajeidosse J103ejiIusA ‘dyA ‘eluownaud paiinboe Ajlunwiwod ‘dy) ‘s|qejieAe 10u ‘yN “auawiinidal aAndadsold ‘Yd ‘leaibojoiqoidiw ‘| ‘le1bojoiped ‘Y {[eaiul)d ‘D 4iun a1ed sAIsusiul ‘nd)|

a1nynd
4Sd J0 |W/N4D 0L=

9 v 0T Sl 0T L RE| Jo ‘lw/n4d OL= 41ve dVA [4%4 St 8lL< Hd W+H+D vSn  [92] 710z ‘|e 19 ozzejed
14 € L €l 006 LN RE| lw/Ndd Ol=  JIva-luiw dVH/dVA 9/ 1z VN dd W+HH+D uteds [6] LLOT ‘[ 19 Zadiwey
6l Ll 4 8 00T vsin3 jw/N4D O0L< 41ve dVA 8 o Inpy Hd WHY+D vsn [Sz] 600Z ‘Ie 32 pueuy
S9WOIPUAS
uonesidse
143 €l € 14 0S¢ vsSin3 lw/ndd ,0l< 41vd Kreuow|nd LS SL VN dd W+H4+D vsn [2] 800T ‘Ie 3@ y|oS |3
ejuownaud
jebun4
514 14 S 14 8l vsin3 jw/N4d ,01< 41ve 10 |eusldeg 9€ 08 8lL= Hd WHY+D €310y [€2] 800T ‘Ie 3@ ynH
[e]
L 0 6 14! L vsin3 lw/N4D O0L< 41ve dvA 85 24 glL= dd W+Y+D vsn £00T ‘|e 39 0jusuoIoH
anbiuyday
Ll 4 [4 6C S 1ojqounwiwi lw/n4d OL= 41ve dvA [4°) 0S VN Hd W+D sduel4 [L2] £00Z ‘|e 39 10Q1D
[oz]
9l L € L 00¢ vSin3 lw/n4d ,0L= 41ve dvVA (013 x4 Inpy dd W+4+D SpuepsyisN S00C ‘|e 19 uuewuslsq
anbiuyd9l
85 C 9 4} S lojqounwiwi jw/ndd OL=  J1vg-luiw dVA/dVYD LS 8L 8l= dd WHE+D scuely [¥] ¥00€ ‘e 13 10q1D
NL Nd dd dlL (1w/6d) poyiaw (24myynd a|dweg uondajul (%) (u) (A) ubisa@ piepuers Anuno> Apms
3oind Kessy 417v4) e jo adAL adudjenald sjuaned aby ploo

wisjuebi1001A

‘sisk[eue-e3aw 3y} Ul PapNdUL SAIPNIS JO SOfIsIIRRIEY) *L dqel

May 2013 | Volume 8 | Issue 5 | e65436

PLOS ONE | www.plosone.org



100%

90%

80%

70%

60%

50%

40%

30%

20%

Diagnostic Value of BALF sTREM-1 in Lung Infection

BNo (low quality)
B Unclear

B Yes (high quality)

Figure 2. Methodological quality assessment of the included studies. Data are presented as a percentages bar across all included studies.

doi:10.1371/journal.pone.0065436.9g002

We performed subgroup analysis to explore the sources of
potential heterogeneity among studies using univariate meta-
regression analysis. The covariates included: Prevalence (=50%
(High) vs. <50%), Sample (BALF vs. mini-BALF), Culture
Threshold (=10*/CFU vs. others), Assay Method (ELISA vs.
others), Cutoff (=200 pg/ml vs. others), and Gold Standard
(“clinical+radiological+microbiological” vs. “clinical+microbiolo-
gical”). Publication bias were inspected by Deek’s funnel plot [14].
The Fagan’s nomogram was used to calculate the posttest
probability (PTP) [15]. We used the STATA software, version
11 (Stata Corporation, College Station, TX) with the “Midas”
module and Meta-Disc 1.4 (XI Cochrane Colloquium, Barcelona,
Spain) to perform all the analysis. A P value < 0.05 was
considered to be statistically significant.

Results

1. Study characteristics

Of 103 searched English articles and 23 Chinese articles, we
excluded 117 that were not relevant to our study question on the
basis of title and abstract. Four studies [16—19] were excluded after
the full-text assessment: two [16,18] of them compared the mean
levels of BALF sTREM-1 between the pneumonia and non-
pneumonia groups, however, the data could not be extracted to
construct a 2 X2 table; one [17] of them compared the mean levels
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of BALF sTREM-1 between the survivors and non-survivors;
another study [19] evaluated the BALF sTREM-1 levels in
children with VAP. Nine studies [4,9,20-26] with 510 patients met
the inclusion criteria and were selected for the meta-analysis
(Fig. 1).

The characteristics and results of the included trials were shown
in Table 1. The diagnosis of bacterial lung infection was based on
the clinical and radiological findings, laboratory results, Gram-
stain results, and culture results. One study used “clinical+micro-
biological” results as gold standard for the diagnosis of bacterial
lung infection, and the others used “clinical+radiological+micro-
biological” findings as gold standard. Mini-BALF was collected in
two studies [4,9], and BALF was collected in the other seven
studies. Culture results (bacteria or fungi) were considered to be
critical in the diagnosis of lung infections in all studies. Two
studies used the immunoblot technique method for sTREM-1
measurements [4,21], and the ELISA assay method was used in
the other seven studies. The cutoff values ranged from 5 pg/ml to
900 pg/ml.

2. Quality assessment of the included studies

The methodological quality assessment for the included nine
studies was shown in Table 2 and Fig. 2. All the studies included in
our meta-analysis met on average 10 of the 14 QUADAS criteria,
which showed high quality.
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Figure 3. Forest plot of the sensitivity (A) and specificity (B) of BALF sTREM-1 in the diagnosis of bacterial lung infections in ICU
patients. The results were as follows: sensitivity, 0.87 (95% Cl, 0.72-0.95); specificity, 0.79 (95% Cl, 0.56-0.92).

doi:10.1371/journal.pone.0065436.g003

3. Data synthesis and meta-analysis

The pooled SEN of BALF sTREM-1 was 0.87 (95% confidence
mterval (CI), 0.72-0.95) (Fig. 3A) and the pooled SPE was 0.79
(95% CI, 0.56-0.92) (Fig. 3B). The PLR was 4.18 (95% CI, 1.78—
9.86) (Fig. 4), the NLR was 0.16 (95% CI, 0.07-0.36) (Fig. 4), and
the DOR was 25.60 (95% CI, 7.28-89.93).

The SROC curve shows an overall summary of tests, which
illustrates the relationship between SEN and SPE. As shown in
Fig. 5, the area under the SROC curve was 0.91 (95% CI, 0.88—
0.93) and the Q* was 0.83, indicating a high diagnostic accuracy.

Fig. 6 shows the Fagan’s nomogram for likelihood ratios, and
the results indicated that the BALF sTREM-1 for detection lung
infections increased the post-probability to 81% when the results
were positive and reduced the post-probability to 14% when the
results were negative.

Likelihood Ratio Scattergram

4. Heterogeneity assessment and meta-regression
analysis

The 12 test for the pooled DOR indicated the I was 78%, and
that was 84% and 90% for SEN and SPE, respectively, which
showed substantial heterogeneity among studies.

We chose to investigate whether the prevalence, sample, culture
threshold, assay method, cutoff value and the gold standard were
responsible for the heterogeneity. The meta-regression analysis
showed that the assay method and cutoff value influenced the
SEN, however, these covariates did not affect the SPE (Fig. 7).

5. Evaluation of publication bias
The Deek’s funnel plot asymmetry test showed there was no

publication bias (P=0.06) (Fig. 8) [14].

[
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~ LRP>10, LRN<0.1
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LRP=10, LRN=>0.1

LLQ: Exclusion Only

RLQ: No Exclusion or Confirmation
LRP<10, LRN>0.1

Summary LRP & LRN for Index Test
With % Confidence Intervals
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Figure 4. Scattergram of the positive likelihood ratio (PLR) and negative likelihood ratio (NLR). The results were as follows: PLR 4.18

(95% Cl, 1.78-9.86), NLR 0.16 (95% Cl, 0.07-0.36).
doi:10.1371/journal.pone.0065436.9004
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Figure 5. Summary receiver operating characteristic (SROC) curve for BALF sTREM-1 tests (9 studies). AUC=0.91 (95% Cl, 0.88-0.93), Q*=0.83.
doi:10.1371/journal.pone.0065436.g005
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Discussion

Lung infection is a common challenge for patients in the ICU.
Earlier identification of lung infection and earlier treatment are
very important for ICU patients. Although great advances have
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Figure 7. Forest plot of subgroup analysis for sensitivity and
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Figure 8. The Deek’s funnel plot for the assessment of potential publication bias. There was no significant publication bias (P=0.06).

doi:10.1371/journal.pone.0065436.g008

been made in the diagnosis and treatment of lung infection in
critically ill patients, it is still necessary to find more accurate
biomarker to diagnose lung infection in order to reduce the
morbidity and mortality.

Triggering Receptors Expressed on Myeloid cells-1 (TREM-1)
belongs to the immunoglobulin super family. TREM-1 expression
is increased in the presence of extracellular bacteria, fungi or
inflammatory mediators stimulation [27,28]. In normal lung
tissues, TREM-1 is selectively expressed on alveolar macrophages
[27]. Soluble TREM-1 (sTREM-1) will be either secreted or shed
under the condition of infection [29], and then sSTREM-1 can be
detected in BALF [26].

A previous study has evaluated the serum sTREM-1 in
diagnosing bacterial infections in emergency department with a
sensitivity of 82% and a specificity of 40% (with a cutoff value of
3.5 ng/L) [8]. It is obvious that the specificity in that study was
very low. Ramirez et al. [9] recently reported that the BALF
STREM-1 seemed more accurate in diagnosing lung infections for
ICU patients with a sensitivity of 81% and a specificity of 80%
(with a cutoff value of 900 pg/ml). In this regard, we performed
the meta-analysis to evaluate the accuracy of BALF sSTREM-1 for
diagnosing lung infections in ICU patients.

The present study revealed that the BALF sTREM-1 had a
good diagnostic accuracy for bacterial lung infections in ICU
patients. The area under the SROC curve was 0.91 and the Q¥
was 0.83. The pooled SEN of BALF sTREM-1 in diagnosing lung
infections was 87% and the SPE was 79%. We also investigated
LR and the results indicated that pooled PLR was 4.18 and the
NLR was 0.16. With a pre-test probability of 51% the BALF
STREM-1 raised the post-test probability to 81% when the results
were positive and reduced the post-probability to 14% when the

PLOS ONE | www.plosone.org

results were negative, which showed the application of BALF
STREM-1 could be helpful in discriminating the bacterial lung
infections. The DOR represents a single indicator of test accuracy
[30]. The pooled DOR in the present meta-analysis was 25.60,
which further confirmed BALF sTREM-1 was useful in discrim-
inating the lung infections.

The I? test for the pooled DOR, SEN and SPE showed there
was marked heterogeneity between the studies. And then we
undertook a meta-regression analysis to explore the possible
reasons for the heterogeneity [31]. The subgroup analysis showed
that assay method and cutoff value affected the diagnostic SEN of
BALF sTREM-1 but had no effect on SPE. The pooled SEN of
BALF sTREM-1 for the diagnosis of lung infection was higher in
the studies using immunoblot technique assay method than that in
the studies using ELISA. The immunoblot technique assay
method was used in two studies by Gibot et al., although this
method resulted a higher SEN, the test procedure seemed more
complicated than ELISA, which might make it difficult to be
applied widely. We also found that higher cutoff values led to
lower SEN. We could not evaluate the optimized cutoff value of
BALF sTREM-1 for diagnosing bacterial lung infection in ICU
patients due to different cutoff values were used in the included
studies. The subgroup analysis indicated the SEN and SPE of
“clinical+radiological+microbiological” standard were compara-
ble to that of “clinical+microbiological” standard, which implied
that both standards were similar for the diagnosis of bacterial lung
infection in ICU patients.

It should be noted that, there are some limitations in our meta-
analysis. First, since the BALF quantitative culture was chosen as
the diagnostic criteria, the use of antibiotics in some patients could
probably influence the culture results, which would increase the

May 2013 | Volume 8 | Issue 5 | e65436



number of false-negative patients. The SPE was 79% in this study,
which indicated a 21% of false positive. As we know, the ICU
patients could have different kinds of organs infections, central
venous, urethral, or other catheters infections, which may
influence the BALF sTREM-1 levels and lead to false positive.
Nevertheless, most of the studies did not describe details about
these factors. Second, most included studies did not describe the
details of culture procedure, for example, whether anaerobic
culture was performed. This would omit some infected patients.
Third, different BALF samples and different cutoff values of BALF
STREM-1 were used in the included studies, which made it
difficult to determine the optimized cutoff value. In order to
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