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Background: We aim to synthesize the up-to-date studies to investigate the diagnostic value of serum soluble
triggering expressed receptor on myeloid cells 1 (STREM-1) in suspected sepsis.

Results: A total of 19 studies with 2418 patients were finally enrolled in the meta-analysis. The pooled sensitivity
was 0.82 (95% Cl 0.73 to 0.89), specificity 0.81 (95% Cl 0.75 to 0.86), positive likelihood ratio 4.3 (95% Cl 3.02 to 6.12),
negative likelihood ratio 0.22 (95% Cl 0.24 to 0.35), diagnostic odds ratio 20 (95% Cl 9 to 41) and AuROC 0.88 (95%
Cl 0.85 to 0.91). The meta-regression analysis revealed that the sample size, reference standard description,
prevalence of sepsis in the trials and consecution of patient recruitment might be the source of heterogeneity.
Conclusions: The serum sTREM-1 had a moderate ability in diagnosis in suspected sepsis based on the current
studies. However, more large-scale studies were needed to further evaluate the diagnostic accuracy of STREM-1.
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Background

Sepsis is defined as life-threatening organ dysfunction
caused by a dysregulated host response to infections, which
causes high mortality in the intensive care unit (ICU) and is
a grave burden to the public health [1] . Early recognition
and diagnosis of sepsis in the high-risk patients with sus-
pected infection is essential for the prompt management
and empirical antibiotics therapy, which could potentially
improve the mortality in septic patients [2].

The utility of biomarkers in the early recognition, risk
stratification, antibiotic stewardship and outcome predic-
tion in septic patients has long been applied in the clinical
practice [3]. A myriad of molecules has been under inves-
tigation in the early discrimination of sepsis, including C-
reactive protein, procalcitonin, cytokines and surface
markers of circulating leukocytes [4], which could be
promising biomarkers in the diagnosis of sepsis.
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Triggering receptor expressed on myeloid cells 1
(TREM-1), a member of immunoglobulin family pre-
dominantly expressed on the neutrophils and mono-
cytes, was first identified by Bouchon A. et al in 2000
[5], which is upregulated in response of bacterial and
fungal infections but poorly expressed in non-infectious
inflammation [6, 7] . The soluble form of TREM-1
(STREM-1) is shed from cell surface and released into
body fluids including plasma, pleural effusion, sputum
and urine during the process of infections through pro-
teolytic cleavage by metalloproteinases triggered by lipo-
polysaccharide [8, 9].

The elevated STREM-1 in the body fluids during infec-
tion could be measured directly by immunosorbent as-
says and used as a tool in discriminating infection from
non-infectious inflammation, which makes it a promis-
ing candidate in the diagnosis of sepsis. A plethora of
studies have been conducted to investigate the value of
sSTREM-1 as an early biomarker in patients with
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suspected infections since its discovery [10], however, its
diagnostic accuracy remains undetermined.

Previous meta-analyses has evaluate the diagnostic
ability of sSTREM-1 in suspected infections [11-13],
however with the burgeoning clinical studies of sSTREM-
1 as a diagnostic toolkit in suspected sepsis in recent
years, we thought it quite necessary to conduct an up-
to-date meta-analysis to assess the diagnostic value of
serum sSTREM-1 in patients with suspected sepsis.

Results

Study selection

A total of 514 abstracts were recruited from the search,
31 duplicates were excluded and the remaining 483 were
left for screen, within which 98 abstracts were not eli-
gible. In the remaining 385 abstracts, full manuscripts
were recruited for further assessment, and 366 articles
were excluded with reasons. A final of 19 studies were
included in this meta-analysis [14—32] (Fig. 1).

Study characteristics

A total of 2418 patients was finally enrolled in this
meta-analysis, with the average sepsis prevalence of
60.3%. Among the 19 studies included, 17 were pro-
spective [14, 15, 17, 19-32] and two were cross-sectional
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[16, 18]; in five studies traumatic or post-operative pa-
tients were enrolled exclusively [16, 19, 22, 28, 29]. Pul-
monary infection was the leading cause of infection in
14 studies. Two studies focused on pulmonary [32] or ab-
dominal infections [28] exclusively. The cut-off values
ranged from 30 pg/mL to 60 ng/mL, sensitivity from 49 to
98.3%, specificity from 40 to 91.7% and AuROC from 0.61
to 0.978. Three articles were written in Chinese [17, 26, 32].
(Table 1) The quality assessments of the included studies
(Additional file 3) were summarized in Fig. 2.

Syntheses of results

The synthesis of the 19 studies by the bivariate model
yielded a pooled sensitivity of 0.82 (95% CI 0.73 to 0.89),
specificity of 0.81 (95% CI 0.74 to 0.86), PLR of 4.3 (95%
CI 3.0 to 6.1), NLR of 0.22 (95% CI 0.14 to 0.35) and
DOR of 20 (95% CI 9 to 41) (Fig. 3), with AuROC of
0.88 (95% CI 0.85 to 0.91) (Fig. 4). The proportion of
heterogeneity likely due to threshold effect was 0.20. We
assumed the pre-test probability of 60% as the overall
average sepsis prevalence concluded from the trials en-
rolled and yielded the post-test positive probability of
87% and negative of 26%, as illustrated in the Fagan’s
nomogram (Fig. 5). The scattergram indicated that the
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Fig. 1 Flow diagram. Flow chart of study screen and selection




Page 3 of 13

2

(2020) 21

Chang et al. BMC Immunology

Areuunouab pue (9¢¢) [0z
(L) uoissiwipe Jsye [eUILIOPQE ‘(9%55) SYIS Yyim SAIIND3SUOD 00T “[e 13
/60 9C ¢ € Sy 68/96 00009  C€/(b) 819 siojgounwiwil Yl UIYIm e Aojendsdy  swusned 9/ 9A123ds01d DI [eSIPaN oouely S 0415
dnoib
|0J1u0d
Se SYIS
inoyum gz
suonedljdwod <SS YUM
ondas Aue syuaned Q|
jo sisoubelp (% 1) elwWaIS1ORq ‘SHIS Yum
Aesse SU3 Joye Y ¢ oAnebau-welb (ST <SS [61] 800C
1USQJOSOUNWIWI  UIYIM pue ‘G| Arewd Jo (9%/) syuaied “le19 (3
(S1) 6%€/(69 QWAZUD pue / ‘v Aep siydauojaAd painful sijnoginog
800 ¥¢ 6L T T £'16/59S or ul €v) €79 opewswoy ‘uolssiwpe 1y N2 ‘(%6/) dvH  Aj219As 69 aA1Dads01d nol 999919 -SO|[oJeulels
(VSN ‘N ¥OWOIPUAs
‘sijodeauuliy (%91) anssn sisdas
Ul ‘SUIRISAS uopnen|eAd 1OSs pue (991) s|qissod  eiep aAdadsoid [81] LLOT
(99) G€L/(919 Y "dunnuenD) [EERBIIEN 1oei) Areuun Yum yam Apnis “le12 A1
7190 SCL 791 98 €vC 765/09 YEL  UISOW) £'S9 VSIT3 4O Yy UlyiM "(%¢¢) dvD swusned |€9  [eUONDIS-SSOID d3 elquojed Ze|g-zaule
(%9)
(VSN ‘N e Aleljig
‘sijodeauiy L pue i Aep pue (Ot1) VA
(rl) gze DUl 'SWBISAS JUaWAINIA) [eulOpPae ‘(9%5°09) SYIS yum NDI [e2Ipaw cloz e
8980 6L Ol ¢ €€ G06/L9L 6'S6 /(EV) TL9 amd) ¥SIN3 4O Y ulyim Aiojendsay  syusied 49 aAIadsold - pue Adusbiaw eulyd A Buog
SI933UNJOA
Auyajesy
0¢ pue
(%/°97) aAiebau |0J3U0D
sAep g7 -Wwiel (9%/97) aAnesado
(VSN ‘NN pue skep 17| aARIsod-weln -150d
‘sijodesuuliy ‘sKep / ‘sKep (9607) bun| pue 0€ 20ys Uoyod  aled aAiessdo 1]
YN/(06 U] ‘SWIISAS ¥ 'Y ¢ 19suo (960€) S12Yy10  dndas yum aAndadsoud -150d pue 910 "|e1e
S560 /T L€ 65 06/€'86 0¢ url09) £'99 arsd) vsina sisdas 1y "(p€'€G) RN D susled 09 JO sisAjeue-ay nDI [ea1buns - Aueunsn 1 Jsuuaig
(vsn
‘sijodeauuly
U] ‘SWIASAS |0J3U0D
ary ‘supnuenp) Se sjuan
Kesseounuwiu| ed syIs
wikzud nol e -uou /¢ [St]
UN/(S6 yoImpues uolssiupe 'SYIS Yam SAIIND3SUOD DI [ea1bins 0lL0zZ "le 1
G690 9¢ 9l /L 9¢ 09/0£ 14 ures) Lvs aAl1eIIueND uodn pauodarloN  syusied G6 9A12ads01d pue [esipay uej| W liereg
(SN 'vD
‘obaiqg ues "oy 912 [l
(1) Lz€ '32IN0SOIgAN) uolssiupe poojg pue SYIS Yyim SAIINIISUOD nDI [ea1funs 910T “[e 12
8/0 6C SL 6 [£ TEIL/SULL €€l /(S) 845 VSIT3 4O Y UlyIM (%C ) bun  susned o aA1Dadsoid -[edIpaN Asspng. S Kesesyy
(%) Aujeniopy
()Adynads  (qui/bd)  /aousjeasld So1IsHRIORIRYD ubisag
204Ny NL N4 dd  dL /AUARISUSS  Jo-1nD sisdas POYIBN Aessy Butwi] 159 uondvU| s1uaed Apnig pumas  Anunod Apnig

SYIS Ul SUOID3YUI [eLSIdE 3sOoubelp 01 Pasn Sem [-\FYL 9|gN|oS "uondaul dyseled aiam
syuslied Al pue UOND3JUL [eIIA S49M SIulled Q| ‘UOIIDSJUI [BLSIDE] 3JaM SIUaed 96 YDIym UIYLIM ‘UOIIIJUL YIM PRUIULISISP oM siuaied /|| JO [B10} V | ‘SisAjeue 1oy a|ge|ieAe
o|dwies aAey Jou pIp syuaned G| YdIym ulyim , ‘panodal Jou YN ‘eluownaud palinboe-jendsoy dyH ‘@AInd Japun eate HOYNY ‘usuiedap Aousbiaws 3 ‘2Aiebau 25|y

N4 ‘@AI1eB3U anJy N1 ‘9ARIsod 3s|ey 44 ‘@AISod anl) 1 ‘DUWOIPUAS asuodsal AI01eUIWE UL JIUUSISAS SHIS ‘HUN S4BD SAISUIUI D] 'S2IPNIS PIPN|DUl 83U JO SD1IsIaIdeley) | djqel



Page 4 of 13

2

(2020) 21

Chang et al. BMC Immunology

80 9 YL ¥l ¥S 9//08  90¢€lL ul g9) L'es AN RE! UM "(9%S°€0) eImsy [eunsa1u| SHIS 8¢l 9AIDAdS0Id  JO Juswedad euiys X buog
dnoib
|0J3u0d
(VSN 'NW ‘stjo snbuny yum (%) 9 Se SYIS
deauulpy “duj pue ‘uofejos| aAlIsod-welb oYUM Gz
'SWaISAS (78Y) YIM (9%£7) 7T 'uone|os! < SSIYHM
Aesse 1U9qJ0s annebau-welb yum suapned  syuaned G| a
9) LL/(c6 ounuwiwi payull - uoissiwpe Jaye  (%0¢) 8¢ ‘(%c1) poolq pue ‘SIS yum 600C "2 12
/60 €€ Il ¥ SS 16/86 0gC Ur9s) 709  -SWAZUD 1SONA Y 9g-HT UIYIA  (%E1) uduiopae (909) bun - siuaned ¢6 CIIBEle NI nDI [e2161ng VSN V4 ZoAeYD-BIoAlY
(VSN ‘NW $1331UN|OA
‘sijodeauiy O6¥1)  Aynesy sz
(S1) 0¢/(08 DUl 'SWRSAS uolssiupe - [eUILIOPGe pue (9¢¢) 10811 ‘SHIS yum 9AIINDISUOD [oz1ol0z
980 ¢ ¢l L 8€ 99//9L gect uros) 679 arsy) vsina 18 Aep 15114 Ateunn ‘(968t) Aiojeidsay  syuaned g aA1adsoid nol euiys “le1wzn
12202 YUm 07 ‘sn|jioeq
YUM 17| ‘Bli21oeq M Pa1dajul
(VSN ‘N syuaned ¢ Buowe ‘1Huny SHIS Yum
‘sijodeauuliy pue elR1Oe] Y10G %6'87 sjuaned
(S2) U] ‘SWNSAS  UOISSIUIPE J9}e 1BUN} YUM %€’ ‘elIR1ORq aAlesado 9AIIND3SUOD [gz] €10C
80 Ll 8 ¢ 0¢ 6//6/ [S€L 8V/(8F) L'EL arsy) vsina Yyl Ugim YHM pa1o9jul 96509 -sod 7§ aAadsold nDI 161N eulyd ‘e N
(vSN 'NW izd]
‘sijodeauiy SHIS (%SC1) Aleuun pue 010z “le 1@
(L0) Ul 'SWalsAS 4O uond91ep (9%1¢) sinjad-jeuiwiopge SYIS Yim [ Zaled
90 €& [Lg 6 SE 6L/6% ey SLE/(TL) TE9 awy) ¥SIM3 943 Se Uoos sy '(960v) Aoreadsay  syusned 1| aA2ads0id N2l [eldU=D ureds -noieT
(VSN XL ‘unsny a3 [e2lpsw
“diod xauiwin) (%/1) pue asessip 4|
UN/(1SL Aesse xa(dinwi 10811 [D PUB (9%97) 108} SYIS Yum 9AIINIISUOD Snondayul Jo £007 "|e 12
190 ¢C /L €€ 6L 0v/t8 00S€ ul 96) 9'¢9 xaupny uoisnpur Y Areunn ‘(96t09) Aiojendsay - syuaned |G| aAnadsold Juswpedag  spewusg A Po0JO)
(969°09)
(VSN 'NW BAI3RB3U-WRID (%7'17)
‘sijodeauuliy dAIsod-weln) (91 7) 10en [ca
(81) U] ‘'SWIAISAS uolssiupe  Aleuun pue (%7+¢) 1oel1 |9 SHIS Yum sjualied SlL0Z “|e 12
9¢80 0t 9 Ll /T TEL/ZL8  TLe6l  SYS/(€E) Oty asd) vsina 1e 0 Aep uQ "(pt6€) 10 Alojelidsay  syuaied 4/ 9ADIAS0Id pazijedsoH Aspn]. g wieH
aAnebHau-welb
%St pue aAsod
-welb 9SG yum ‘sied
(vSN 'NW (96£5) 88 Ul S3USWINdOP
‘sjjodeauuly [ea160j01goIDIUW
“2U ‘SWIB1sAS annisod (961 1) na
(OF) @Y ‘SuBiIUeND)  UOISSIUIPE J9}e AJRULINOIUSD) PUB (9%£°T1) SYIS Yum SAIINDISUOD ZL0T “e 19
€0 9¢cl T/ 0T €8 €98/C€S GSL 9T/(WSL) €16 vSI3 Yl UIgm uswiopge ‘(%t'6t?) bunT  susped 0og 9A12ads01d nol 9ouely S 10915
syuaied uanoid |ed1bo)
01qoDIW Of Ul aAIsod
-welb 94zt pue aaebau
-weib 9656 (%1 1) 104
(96) Aujeniopy
()Adynads  (qui/bd)  /aousjeasld sonsiIdeIeyD ubisag
204Ny NL N4 dd  dL /AUARISUSS  Jo-1nD sisdas POYIBN Aessy Bulwi] 159 uondvU| s1uaed Apnig pumas  Anunod Apnig

(panunuod) SYIS Ul SUODSUL [BUSIDRG Ssoubelp 01 pasn sem |-NJY1 9|gn|os "uodajul dseed ajom
s1Uaned SAl pue UORD3JUI [RIIA 219M Siusied 9| ‘UOIIDRJUI [elUSIDRG 24am s1uanied 96 UDIYM UIYIIM ‘UORDJUI YIM PAUIUIDISP 249Mm siusned /|| JO [P101 V L ‘SisAjeue 1o} a|qe|iese

9|dwies aAey Jou pIp syuaned G| Ydiym ulyum . ‘panodal Jou YN ‘eluownaud pasinboe-jeudsoy dyH ‘@AInd Japun ease HOYNY ‘wusuwnedap Aousbiaws 3 ‘oAiebau 25|y

N4 ‘@AlebaU aniy N1 ‘@Asod 3sjey d4 ‘@ARIsod anli 4] ‘QWoIpuAs asuodsal Alojewwejjul JILRISAS SY|S “HUN 218D SAISUSIUL D] 'SAIPNIS PIPN|DUL 3Y3 JO sdsLa1deIey) | ajqel



Page 5 of 13

(2020) 21:2

Chang et al. BMC Immunology

dnoib
(eulyd ey YIS Ul pue | |0Jjuod se
Bueys “p17 70D Aep e ‘sisdas ul SYIS-uou Og [cel
(S1) 8e/(0L ABojouydal-olg  UOIsSILPE JO / ‘SHIS yum ¥10T "2 19
9.0 SC 8 9 |l 1'e8/68L  SLTLL ul 6€) £'SS Bueisopm) vSI13 - pue ‘| Aep 1y eluownaugd  syusped o/ 9ARDds0Id Dl eulyo [ buex
dnoib
(VSN ‘NW |01Ju0S se
‘sjodesuuiy - uonezijedsoy Sy|S-uou Gz (€]
(L) “dul 'sSwaishks a9y JE ‘SYIS YHm SAIINJISUOD L1107 “|e 12
S€60  0C ¢ v 0c L18/8°€6 GEL ¥€/(C€) 'S "dupjinuenp) vsi13 Y UIYIM pauodai joN - sjusped 9g 9ANDds0Id Dl euiys H Buem
(VSN 'NW ¥l pue QL (%29) 16uny pue
‘sjodesuully ‘2 'S ‘g Aep Ul (9618) dAnebaU-weID (96/€)
“DU| 'SWIISAS  pue ‘Uojssiupe SAlIsod-weln) {(%47) 108 DI Aousbiawy
(€¥) €v/(0EL  @BY "dupnuenQ) 1aye Yy Aeuun pue (9%1€) aanessdo SHIS yum pue |ed1bing [0€] €10C
8/60 /C 6 ¢ 16 968/16 79 ulo0l) 692 vSIn3 UIYIM -150d ‘(96€8) Ateuowng  siuaned ogl 9ANDAAS0Id ‘Aoyendsay euys AERERNIN
dnoib
|013u0d
se syuaned
ewnen
(VSN 'NW SYIS-Uou 0|
'sijodeauulpy ‘SHIS yum elsayissue l6al
YN/AOL D] 'SWRISAS @Ry (%8'51) Areunn pue (£'97) syusned 40 NDI pue LL0C “e1e
NG L v 8L 8'16/L%6 ¥S¢  Ulel) L'/ ‘dupauenD) w13 pauodalloN 15942 “(%9'L€) USWOPQY  ewnen o/ aA1dadsold 43 [e2161ng 1dA63 IN3Q pnos
S|0U0d
Aueay
09 pue
(VSN 'NW ‘uopesado
‘sijodeauuly |eujwopge
“DU| 'SWISAS  uopez|eydsoy (9%1°72) Snajl 1) K1abuns 821
@) ¥'lz/(87L gy ‘suppuenD) aye Y e pue (91'61) e|nisy duised syualied [eunsa1uonsed £107 " 19
(96) Aujeniopy
(qu/bd)  /eduslerald sonsuIdeIey D ubisag
oYY NL N4 d4  dL HonD sisdas POYIBN Aessy Butwi] 159 uond3yU| s1uaed Apnig pumas  Anunod Apnig

Ssyuslled Al pUB UOND3JUL [eIIA 219M SIUSIied 9| ‘UOIIDSJUI [BLSIDE] SJ9M

(panunuod) SYIS Ul SUOIIJUI [el1oeq 3soubelp 01 pasn Sem |-NJY1 3|gN|OS "UO[Rddjul )iseled aiam
s3uailed 96 UDIYM UIYIM ‘UOMDSJUL UM PaUIWIISP 2JaM siuafed /|| JO [RIO} Y |+ 'SISAjeue 1oy a|gejiene
d|dwies aAey Jou pip syuaned G| Ydiym ulyum . ‘parodal Jou YN ‘eluownaud palinboe-jendsoy dyH ‘@AInd Japun ease HOYNY ‘wuswnedap Aousbiaws 3 ‘oAiebau 25|y

N4 ‘@Al1eBaU anuy N1 ‘9AlIsod s|ey 44 ‘@AISod anl) d ‘DUWOIPUAS asuodsal AI01eUIWE UL JIUISISAS SHIS ‘HUN S4BD SAISUIUI ND] 'S2IPNIS PIPN|DUl 8UL JO SD1IsIaIdeley) | djqel



Chang et al. BMC Immunology (2020) 21:2 Page 6 of 13
p
FLOW AND TIMIN
0 G Olow OHigh @Unclear
£
g REFERENCE STANDARD
o
(a]
Y
(2]
<
(=) INDEX TEST
<
2
(¢
PATIENT SELECTION
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

RISK of BIAS
Fig. 2 The qualities of the included studies assessed by QUADAS-2 tool

Proportion of studies with low, high or unclear

Proportion of studies with low, high, or unclear
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STREM-1 of limited clinical diagnostic value with PLR <
10 and NLR > 0.1 (no exclusion or confirmation) (Fig. 6).

Risk of bias and sub-group analysis

The studies were divided according to the cut-off values
of STREM-1, and the results revealed the AuROC of
0.87 (95% CI 0.84 to 0.90), sensitivity of 0.81 (95% 0.73
to 0.87) and specificity of 0.80 (95% CI 0.73 to 0.86) at
the cut-off range of 30 to 199.72 pg/mL; and AuROC of
0.89 (95% CI 0.86 to 0.91), sensitivity of 0.85 (95% CI
0.64 to 0.95) and specificity of 0.80 (95% CI 0.65 to 0.90)
at the cut-off range of 230 pg/mL to 60 ng/mL (Add-
itional file 4).

We conducted the meta-analysis in the sub-group of 7
prospective trials conducted in the ICU, in which the pa-
tients with SIRS were consecutively recruited [14, 15, 20,
21, 25, 26, 31]. In this relatively homogenous population
of patients, the result revealed that the pooled sensitivity
of 0.80 (95% CI 0.68 to 0.89), specificity of 0.76 (95% CI
0.64 to 0.84), PLR of 3.3 (95% CI 2.0 to 5.5), NLR of 0.26
(95% 0.14 to 0.48) and DOR of 13 (95% CI 4 to 38)
(Additional file 5: Figure S1).

A categorical univariate meta-regression analysis was
conducted including the factors which could potentially
bring bias to the results. We found that the sample size,
and the reference standard description was possibly re-
lated with the heterogeneity in both sensitivity and spe-
cificity, and the prevalence of sepsis and the consecution
of patient recruitment was possibly related with the het-
erogeneity in specificity (Fig. 7). Sub-group analyses were
conducted according to the factors possibly related to
the heterogeneity. (Additional file 6: Figure S2).

The Deek’s funnel plot was constructed and potential
bias could be inspected with the P value of 0.002, sug-
gesting publication bias should be considered (Fig. 8).

Disscussion

In this study, we synthesized 19 trials and found that the
STREM-1 has a moderately accuracy in diagnosis of sep-
sis in high-risk patients with the pooled sensitivity of
sensitivity of 0.82 (95% CI 0.73 to 0.89), specificity of
0.81 (95% CI 0.74 to 0.86) and the AuROC of 0.88 (95%
CI 0.85 to 0.91).

In previous meta-analysis by Wu et al including 11 tri-
als of 1795 patients, they found the pooled sensitivity
and specificity of 0.79 (95% CI 0.65 to 0.89) and 0.80
(95% CI 0.69 to 0.88) respectively, and DOR of 4.0 (95%
CI 2.4 to 6.9) [12], and in our study with enlarged sam-
ple size enrolling 19 trials of 2418 patients saw improved
accuracy in diagnosis in patients with suspected sepsis.

However, the sample size of the trials we enrolled in
this study was relatively small (in most of studies the
participants not exceeding 100), which could lead to type
II error with elevated false positive [33]. We thus con-
ducted the sub-group analysis including studies enrolling
more than 100 patients and found the pooled sensitivity
of 0.71 (95% CI 0.58 to 0.82), specificity of 0.69 (95% CI
0.54 to 0.81) and DOR of 5.48 (2.10 to 14.27), which
showed that the sensitivity, specificity and DOR all
dropped compared with the overall results, suggesting
more large-scale trials are needed for the evaluation of
the diagnostic ability of sSTREM-1.

The baseline characteristics of patients was compli-
cated (post-operative, traumatic, mechanical ventilated),
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and heterogeneity in the patient selection might bring
bias to the results; the severity of sepsis was different be-
tween studies with mortality ranged from 11% [27] to
54.4% [22], suggesting different pathogen virulence, in-
flammatory response and organ dysfunction, could prob-
ably influence the serum sTREM-1 level and its ability in
discrimination of sepsis from SIRS. In some of the stud-
ies we included, not only patients with bacterial or fun-
gal, but also with viral or parasite infection were
recruited [23], and the heterogeneous composition of in-
fection may also potentially bring bias to the results. The
diagnosis of sepsis was relied on the comprehensive
combination of clinical manifestation, laboratory and
radiographic results, and the microbiological isolation or
even in some occasions, the response to the empirical
antibiotics therapy. We noticed that in the studies we in-
cluded, the authors used inconsistent methods of deter-
mination of infection and in some studies only patients
with positive pathogen isolation were included in the
sepsis group [22, 27], all of which could potentially cause
biases.

The level of serum sSTREM-1 was also reported to be
elevated in some non-infectious diseases in recent years,

including chronic kidney disease on hemodialysis [34],
chronic obstructive pulmonary disease [35], inflamma-
tory bowel disease [36], atherosclerosis [37] and in ma-
lignant carcinomas like hepatocellular carcinoma [38]
and non-small cell lung cancer [39], which could affect
the specificity of STREM-1 in sepsis diagnosis.

An ideal biomarker for sepsis should give information
to the syndrome recognition, precise diagnosis and prog-
nosis, and improve antibiotic stewardship [3], but unfor-
tunately, no single biomarker could accomplish this task
currently. In our study, STREM-1 yielded a moderate
diagnostic accuracy of sepsis. Currently, combination of
biomarker for the diagnosis and prognostication of sep-
sis have been widely investigated as in the trial by Gibot
et al [21], serum STREM-1 were combined with PMN
CD64 index and procalcitonin in diagnosis of sepsis.

Limitations

This study had several limitations. The sample size in
most of the trials we included in this meta-analysis was
relatively small (less than 100 participants). In some tri-
als, the predictive ability of sSTREM-1 in sepsis was also
evaluated, however, was not included in our study. All
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the cut-off values in the trials included were not pre-
specified, but optimized by the sensitivity and specificity,
so the cut-off value of sSTREM-1 for sepsis diagnosis was
not determined so far.

Conclusions

Serum sTREM-1 has a moderate accuracy in diagnosis
in patients with suspected sepsis, however, the hetero-
geneity was high between studies. More large-scale stud-
ies are needed for validation the diagnostic value of
sTREM-1 in suspected sepsis.

Methods

This manuscript was prepared following the guidelines
of Preferred Reporting Items for Systemic Reviews and
Meta-analyses (PRISMA) statement [40, 41] and Meta-
analysis of Observational Studies in Epidemiology
(MOOSE) statement [42]. This study has been registered
in PROSPERO (CRD42018083695).

Eligibility criteria

We aimed to include all the clinical trials investigating
serum STREM-1 as an early biomarker in the patients
with suspected sepsis. The including criteria were as fol-
lows: (1) clinical trials of adult patients (> 18 year-old)
with suspected sepsis; (2) serum or plasma sTREM-1
protein expression was measured, if multiple measures
were taken in the studies, only the earliest one was used;
(3) a 2x2 contingency table with true positive (TP),
false positive (FP), false negative (FN) and true negative
(TN) could be constructed. As most of studies were con-
ducted in prior of the upgrade to sepsis-3, sepsis was

exclusion or confirmation

100

Positive Likelihood Ratio

10gy——g— G

LUQ: Exclusion & Confirmation
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Fig. 6 Scattergram. The overall diagnostic accuracy of sSTREM-1 was at the right lower quadrant with PLR < 10 and NLR > 0.1, which implying no
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*p<0.05, **p<0.01, ***p<0.001

defined in accordance with the Surviving Sepsis Cam-
paign Guidelines (2012) as the presence of infections to-
gether with the manifestation of systemic inflammatory
response syndrome (SIRS) [43], and the determination
of infection was remained to the researchers in individ-
ual studies.

Information sources

Two reviewers searched the electronic database includ-
ing PubMed, EMBASE, Cochrane Central Register and
Web of Science updated to June, 2018 separately, with
no language restrictions. When relevant reviews or
meta-analysis were reviewed, a backwards snowballing
search was conducted for further studies.

Search
The following key words were used in our search strat-
egy: “soluble triggering expressed receptor on myeloid

cells 17, “triggering expressed receptor on myeloid cells
1”7, “STREM-17, “TREM-1”", “sepsis”, “severe sepsis”,
“pyemia” and “septicemia”. (Additional file 1).

Study selection

The titles and abstracts of the articles initially reviewed
separately by two reviewers, and the full manuscripts
were recruited if potentially relevant for further assess-
ment. Disagreements were solved by consensus.

Data extractions

The following information was extracted for the analysis
and assessment of the potential bias: (1) characteristics
of study (design, settings, inclusion and exclusion cri-
teria) and participants (sepsis prevalence, infection sites
and microbiological features); (2) assay methods, cut-
offs, sensitivity, specificity and the area under ROC curve
(AuROC); (3) the procedures of diagnosis (may
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including the clinical manifestation, laboratory and
radiographic results, microbiological isolations); (4) the
time point of sample obtain and diagnosis.

Assessment of risk of Bias

The internal validity and risk of bias of the included
studies were evaluated by the Quality Assessment of
Diagnostic Accuracy Studies 2 (QUADAS-2) tool [44],
which consist of four domains including patient selec-
tion, index test, reference standard, and flow and timing,
with the risk of bias assessed as “low”, “unclear” and
“high”. Discrepancies were solved by
(Additional file 2).

consensus.

Statistical analysis
The number of patients classified in TP, FP, FN and TN
were calculated from the prevalence of sepsis, sensitivity
and specificity as provided in the studies. Data synthesis
was performed within the bivariate mixed-effects regres-
sion framework to calculate average sensitivity and specifi-
city, and also positive/negative likelihood ratio (PLR &
NLR) and diagnostic odds ratio (DOR, defined as PLR di-
vided by NLR, which reflected the effectiveness of diagno-
sis), presented with 95% confidence intervals (CI) [45].
The derived logit estimates of sensitivity, specificity
and respective variance were used to construct a sum-
mary ROC curve, and the area under ROC (AuROC)
was calculated for the global measure of the test

performance, with 0.5>= AuROC <= 0.7 as low, 0.7 > =
AuROC <= 0.9 as moderate, and 0.9 > = AuROC <=1 as
high diagnostic accuracy [46]. The threshold effects were
also visually assessed from the summary ROC, and the
proportion of variance due to threshold effects was cal-
culated as the squared correlation coefficient estimated
from the between-study covariance parameter tested by
rank correlation test.

Post-test probability was calculated using likelihood
ratios based on Bayes’ theorem and depicted visually
with Fagan’s nomograms [47]. The likelihood ratio scat-
tergram was also plotted, with the definition of left
upper quadrant of exclusion and confirmation, right
upper quadrant of confirmation only, left lower quadrant
of exclusion only and right lower quadrant of no exclu-
sion or confirmation, respectively [48].

The factors that could potentially bring heterogeneity
were extract and introduced in the univariate meta-
regression analysis, as we speculated from the designa-
tion of the studies, including study design (prospective
or not, and consecutive or not), settings (in the ICU ex-
clusively or not), assays (methods and kit brands), sam-
ple size (> 100 participants or not), prevalence of sepsis
(according to the average prevalence of sepsis from the
studies included), the description of the reference stand-
ard (described in detail or not) and literature source
(published in English or not). Sub-analyses were subse-
quently conducted according to the results of the



Chang et al. BMC Immunology (2020) 21:2

univariate meta-regression to investigate the diagnostic
performances of STREM-1 in sub-group population of
patients.

The Deeks’ funnel plot was used to evaluate the publi-
cation bias, with P value <0.10 for the slope coefficient
indicating significant asymmetry and a high likelihood of
publication bias [49].

STATA (ver. 14, StataCorp LP, TX, USA) was used for
the analyses, and midas command was used for the cal-
culations. A two-tailed P value <0.05 was considered
statistical significance.
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