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Abstract

Background Triggering receptor expressed on myeloid cells-1 (TREM-1) has emerged as an important inflammatory marker
of immune response associated with severity and mortality outcomes in infection diseases, including viral pneumonias.
Aim (1) To evaluate the expression of TREM-1 in patients with COVID-19 and other viral pneumonias compared to healthy
individuals; and (2) to analyze the levels of these biomarkers according to disease severity.

Materials and methods This review was conducted according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline. Searches were performed in PubMed, Scopus, Embase, and Google Scholar. Studies
were considered eligible if they were observational studies that provided data on the levels of TREM-1 in humans with viral
pneumonia compared to healthy controls. The results of the meta-analysis were expressed as standardized mean difference
(SMD) and an effect size of 0.8 was considered a large effect. A subgroup analysis was performed according to the disease
severity.

Results Seven studies were included in this systematic review. Four studies included patients with COVID-19 and three
analyzed patients with different viruses. The meta-analysis was performed only with patients with COVID-19, which showed
increased levels of soluble form of TREM-1 (sTREM-1) among patients with COVID-19 compared to healthy controls
(SMD 1.53; 95% CI 0.53-2.52; p<0.01). No differences were found between patients with mild-to-moderate COVID-19
and healthy controls, but higher levels of STREM-1 were shown among patients with severe COVID-19 (SMD 1.83; 95%
CI0.77-2.88; p<0.01). All three studies including patients with other viral pneumonias showed that TREM-1 levels were
significantly elevated in infected patients compared with controls.

Conclusion These findings may provide evidence on the pro-inflammatory role of TREM-1 in these infections, contributing
to the inflammatory profile and disease progression.
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Introduction

Viral pneumonias are one of the most causes of morbidity
and mortality worldwide. Currently, there is an emergence
P4 Paulo Ricardo Martins-Filho of new respiratory viral pathogens including influenza A

prmartinsth@gmail.com virus, hantavirus, avian H5N1 influenza, and severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) associ-
ated with the coronavirus disease-2019 (COVID-19) (Hod-
gens and Gupta 2022). In clinical practice, a wide range
of biomarkers has been used to assess disease severity and
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prognosis of viral respiratory diseases (Ye et al. 2014; de
Nooijer et al. 2021).

The TREM-1 consists of an innate immune system recep-
tor expressed on innate immune cells and is present in two
forms, as a membrane-bound receptor (NTREM-1) and as
a soluble protein (STREM-1) (Bouchon et al. 2000; Ker-
get et al. 2021). The mTREM-1 has three domains in its
structure: one that resembles Ig responsible for binding
the ligand, one transmembrane-bound, and a cytoplasmic
portion that associates with the DAP12 protein (Colonna
2003; Tammaro et al. 2017). This complex, when activated,
increases the expression of pro-inflammatory cytokines
including IL-6, IL-8, IL-1f, and TNF-« (de Oliveira Matos
et al. 2020), promotes cell survival through the inactiva-
tion of pro-apoptotic factors (Yuan et al. 2016; Tammaro
et al. 2017), and blocks the synthesis of anti-inflammatory
cytokines, such as IL-10 (Dubar et al. 2018).

The soluble form of TREM-1 may originate from the
proteolytic cleavage of mTREM-1 through the action of
metalloproteinases (Gomez-Pifia et al. 2007) or from the
translation of an alternative splicing of TREM-1 mRNA
(Gingras et al. 2002). Studies have shown that sSTREM-1
negatively regulates mMTREM-1 signaling by neutralizing its
ligands (Yuan et al. 2016; Du et al. 2016). The STREM-1
has been measured in body fluids, including serum, cerebro-
spinal fluid, and bronchoalveolar lavage fluid from patients
with various inflammatory conditions (de S4 Resende et al,
2021). It has been found that increased levels of STREM-1
are associated with poor clinical outcomes in infectious and
non-infectious diseases (Gibot 2005; Bomfim et al. 2017; de
Oliveira Matos et al. 2020).

Some studies have suggested that the broad spectrum of
clinical symptoms in viral diseases reflects increased activa-
tion of the immune system, characterized by elevated levels
of inflammatory cytokines (Martins-Filho et al. 2020; Yang
et al. 2020). Although sSTREM-1 is a promising inflamma-
tory biomarker (Bellos et al. 2018; de S4 Resende et al.
2021), there is no systematic evidence comparing the levels
of this biomarker between patients with viral pneumonia
and healthy controls. Thus, the aim of this systematic review
and meta-analysis was (1) to evaluate the expression of
mTREM-1 and its soluble form in patients with COVID-19
and other viral pneumonias compared to healthy individuals;
and (2) to analyze the levels of these biomarkers according
to disease severity.

Methods

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline (Moher et al. 2010).
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Search strategy

Searches were performed in PubMed, Scopus, Embase, and
Google Scholar, and were limited to studies published in
full-text versions, without language restriction. The refer-
ence lists of all eligible studies and reviews were scanned to
identify additional studies for inclusion. The main keywords
used in the search strategies were as follows: ‘triggering
receptor expressed on myeloid cells-1’, ‘soluble triggering
receptor expressed on myeloid cells-1°, “TREM-1’, ‘STREM-
1’, ‘respiratory tract infections’, ‘viral pneumonia’, ‘COVID-
19°, ‘SARS-CoV-2’, ‘coronavirus’, ‘respiratory distress
syndrome’, and ‘severe acute respiratory syndrome’. Search
strategies were adapted for each database (Supplementary
Table 1) and were performed on December 1, 2021.

Eligibility criteria

Studies were considered eligible if they were observational
studies that provided data on the levels of TREM-1 in
humans with viral pneumonia [respiratory syncytial virus,
influenza, parainfluenza, adenovirus, severe acute respira-
tory syndrome coronavirus (SARS-CoV), severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), Mid-
dle East respiratory syndrome coronavirus (MERS-CoV),
metapneumovirus, rhinovirus, bocavirus, and parechovirus]
compared to healthy controls. We excluded co-infections
with bacteria and studies that did not provide clear informa-
tion about the microorganisms involved in the infections.

Reviews, letters, correspondences, editorials, commen-
taries, expert opinions, case reports, conference abstracts,
and in vitro or animal experiments were also excluded. In
addition, authors were contacted via e-mail or using the
ResearchGate for missing data in potentially eligible stud-
ies. The response time for the requested data was 3 weeks,
and those who did not respond were excluded.

Study selection and risk of bias assessment

Two investigators (Y. L. M. O. and A. S. R.) independently
screened the search results based on title and abstracts.
Relevant studies were read in full and selected according
to the eligibility criteria. Disagreements were resolved by
a third reviewer (P. R. M-F.).

The Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies of the National Institutes of
Health (NIH) (https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools) was used to grade the
quality of included studies by two investigators (Y. L. M.
O.and A. S. R)).


https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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Data extraction

Two independent investigators (Y. L. M. O. and A. S. R.)
extracted the following data: author’s name, year of pub-
lication, journal, country, study design, information about
eligibility criteria, clinical setting, groups, sample size, age,
sex distribution, diagnosis of viral pneumonia and micro-
organisms involved, disease severity, and TREM-1 values.
When TREM-1 values were not reported in tables or text and
authors could not be reached, data were extracted using the
WebPlotDigitizer (Web Plot Digitizer, V.3.11. Texas, USA:
Ankit Rohatgi 2017). If the means and standard deviations
were also not reported in the article, indirect methods of
extracting estimates were used (Hozo et al. 2005; Wan et al.
2014).

Data analysis

The results of the meta-analysis were expressed as stand-
ardized mean difference (SMD). An effect size of 0.2 was
considered a small effect, a value of 0.5 a medium effect,
and a value of 0.8 a large effect (Colen et al. 2018). We used
either a fixed or random-effects model to pool the results of
individual studies depending on the presence of heterogene-
ity. Statistical heterogeneity was quantified by the I* index
using the following interpretation: 0%, no between-study
heterogeneity; < 50%, low heterogeneity; 50-75%, moder-
ate heterogeneity; > 75%, high heterogeneity (Higgins and
Thompson 2002). In the case of heterogeneity, we used the
random-effects model, otherwise, the fixed-effects model
was used.

A subgroup analysis was performed according to the dis-
ease severity. Although funnel plots may be useful tools in
investigating small study effects in meta-analyses, they have
limited power to detect such effects when there are few stud-
ies (Simmonds 2015). Therefore, because we had a small
number of studies included, we did not perform a funnel plot
analysis. Forest plots were used to present the effect sizes
and 95% confidence interval (CI), and p <0.05 was used
to determine significance. Analyses were conducted using
Review Manager, version 5.3 (Cochrane IMS).

Results
Study selection

The search strategy retrieved 285 records and 72 duplicates
were deleted. Two additional records were identified in the
gray literature. After screening titles and abstracts, 54 full-
text articles were assessed for eligibility, and seven (Rohde
et al. 2012; Arriaga-Pizano et al. 2015; Zhong and Zhao
2016; Yasar et al. 2021; de Nooijer et al. 2021; Youngs et al.

2021; Kerget et al. 2021) studies were finally included in this
systematic review (Fig. 1).

Study characteristics

The included studies were published from 2012 to 2021 and
the main characteristics are listed in Table 1. Three studies
were conducted in Europe (Rohde et al. 2012; de Nooijer
et al. 2021; Youngs et al. 2021), two studies in Turkey (Yasar
et al. 2021; Kerget et al. 2021), one study in Asia (Zhong
and Zhao 2016), and one study in Latin America (Arriaga-
Pizano et al. 2015). Only one study was conducted including
the pediatric population (Zhong and Zhao 2016).

Four studies included patients with COVID-19 (Yasar
et al. 2021; de Nooijer et al. 2021; Youngs et al. 2021; Ker-
get et al. 2021) and three studies analyzed patients with dif-
ferent viruses (Rohde et al. 2012; Arriaga-Pizano et al. 2015;
Zhong and Zhao 2016). All studies reported that viral infec-
tions were confirmed by polymerase chain reaction (PCR).
All studies presented a healthy control group consisting of
individuals with similar age and sex distribution.

Data synthesis

Due to the small number of studies and the clinical het-
erogeneity in the study population, the meta-analysis was
performed only with patients with COVID-19. All studies
including patients with COVID-19 provided data on disease
severity. Results from studies including patients with other
viral pneumonias were reported descriptively.

SARS-CoV-2 infection and TREM-1

This meta-analysis included 366 individuals, 246 individu-
als with COVID-19, and 120 healthy controls. Among the
COVID-19 patients, 135 were men and 111 were women
with a mean age between 51 and 65 years. Among the
infected patients, 103 were diagnosed with mild-to-moderate
COVID-19 and 143 with severe COVID-19. All four stud-
ies have measured the soluble form of TREM-1 in serum
(Yasar et al. 2021; de Nooijer et al. 2021; Youngs et al. 2021;
Kerget et al. 2021).

The overall results of the meta-analysis showed increased
levels of sSTREM-1 among patients with COVID-19 com-
pared to healthy controls (SMD 1.53; 95% CI 0.53- 2.52;
p<0.01; =93%) and the effect size was considered very
large (Fig. 2). In the subgroup analysis evaluating sSTREM-1
expression according to disease severity, no differences were
found between patients with mild-to-moderate COVID-19
and healthy controls (SMD 1.17; 95% CI —0.61 to 2.95;
p=0.20; ’=97%), but higher levels of sSTREM-1 were
shown among patients with severe COVID-19 (SMD 1.83;
95% CI 0.77-2.88; p<0.01; I*=91%) (Fig. 3).

@ Springer



1040 Y.L. M. de Oliveira et al.

Fig. 1 PRISMA flowchart of ,
studies screened and included Identification of studies via databases and registers J
"
Recordi identified from: Records removed before screening:
* PubMed (n = 137) ——» .
- * Duplicate records removed
g * Scopus (n = 84) (n="72)
= * EMBASE (n = 64)
=
E }
Additional records identified in the
grey literature (n = 2)
Records excluded:
*Reviews, letters to the editor,
Records screened based on titles and comments and editorials (n = 72)
abstracts (n = 215) *>| «Animal models or in vitro
experiments (n = 30)
*No data from viral infections
(n=152)
*Conference abstracts (n = 3)
*References not found for full
reading (n =4)
on
.2
=
%}
2
Q
125}
Records excluded:
*No TREM-1 information from
Studies assessed for eligibility » | healthy controls (n = 12)
(n=54) *Co-infection (n =2)
*No clear information on the origin
of the infection or the infection was
not viral (n = 25)
*No response by authors after
contact by e-mail (n = 8)
)
Articles included in data synthesis
m="7)
=
D
=
9
=
.
SARS-CoV-2 Other viral
infection infections
(n=4) n=3)
—

Table 2 shows the quality assessment tool that resulted  important questions on the study design were not clearly
in a moderate-to-high risk of bias. Although research ques-  described, such as exposure measures of the control group,
tion and outcome measures were clearly stated in all studies,

@ Springer



1041

Role of triggering receptor expressed on myeloid cells-1 (TREM-1) in COVID-19 and other viral...

(eSuer onrenbiajur) uerpow se payuasaid ey

partodar jou Y ‘ozis o[dwes A ‘9I9AS 2§ ‘91eIopowt
O ‘PITWL "1Jf “O[WIS) ] ‘USW Jy ‘SIIIA [eNAouks A10je1rdsar Agy ‘ssoufyr oyI[-ezuonyur ;77 ‘orwopued (INTH) V BZUSNPUI JN]H “CZUINJUI /)7 ‘ABSSe JU2qIOSOUNWI PIyUI[-dWAZUD VST 7T

eru

[wy3d -ownoud 9102)
(ozn) d¢1 [uy/3d dvc [BIIA Py [euonosas T
VSI'd wnIs§ Tl (@9 LT 0€ VSI'Hd wnRs  (T71) 8LT'T (€29 N9E og  -madsun Ll -SS0ID BUIYD Suoyz
Twy/3d Jwy/3d wop (1202)
(99'19) (8LD 401 (sezIs) dS1 CTAOD [euonoses -uryy ‘e
Xouruny umIsg 9L°68 YLy N9 91  Xoumungy wnIsg LS809 (1) L'LS IN9T EN -SY¥VvS 87 -$S0ID pajun SSUNOX
(€1D d¢€¢
(L90)oTe 909 INCT N SAREN
(8T 49
(6v'0) 11°€ 819 ¢ O 6 ‘O
Supures] (S0 (T8 491 Surures| (€D del T-A%D [eUONOds (1200)
QUIYSeIAL wnIs§ 9¢€'C I'T9 LT €€ ulyde]N wnRs - (15°0) €€°C €IS INEI N -SdvS 9C:1N -$S0ID Aoy, [e 19 tesex
StTAou (2100
[ 49 [uy/3d d€¢ -4y pue [euonaas 'R
VSI'd umies /B0 W SLy WL €I VSI'd wnis - (€°L6) L8 (€1)99 S6 9SPpue oN NTd ‘ASH 811 -sso1)  Aueuion apoyyd
[w
3u(L0°0)
6C°0 :°S [ASREN
[w/3u [w (1200)
()] (Ion /3u(80°0) 487 C-A9D [euonosas 'R
VSI'd wnIs§ 11°0 y'eg /N 0S VSI'Hd wnis§ YTOOIN  (€%1)SS INEL S Pue oy -S¥VS 89 ‘O -SsoI) Aoy, 108103
(1200)
Tw/ad g8y del [w/3d (1L 49 T-A%D [euOnOds R
VSI'Td wns  (£'9¢) 101 <O W6 1T VSI'd wnRs  (9°6%) 791 —-85) €9 N8I EN -SY¥VvS ¢ -$S0ID Qouer] JefiooN o
(6780 x(6S d¢1 oABM
T0T6L'T 91 €0E NS PuzI'll 0c
(98'86¢€) #(8L 14 ABM
91T —S1T8E 9 I 01
(¥8°5SP) #(9L 401 9ABM (S102)
$9140 A1 $9140 0°T6LT —-81) 8% INEIT PUC INTH €C e
A1owo1ko -ouowr  (6E°€T1E) «(+9 AL -wojAd -ouowt (90°'8.97) «(6¥ Ay AABM [BUOT}OAS ouezid
MO poorg 9L°€89 —TT)80¢ NS TI molg poorg 66°0ST°L —ST I¥ NS 9SPueoN IST INTH 6 -$s01D) OJIXIN -eSeriry
poyow as) poyjow K)LI0AQS
Kessy odweg UBOIAl (A)a8y xS N Kessy oidureg  (QS) ueoN (A) By xo8 9seasIq SIIA N
eep [-INTYL SONSLIO)ORIED UTRIA eyep [-INTYL SONSLIOJORIRYD UTRIA
- . - ’ u3isop IedA pue
dnoi3 jonuo) eruownaud [eITA Apmis Anuno) oyiny

SOIPN)S PAPN[OUT AY) JO SONSLIAIRIRYD) | d|qel

pringer

a's



1042 Y. L. M. de Oliveira et al.
COVID-19 Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
de Nooijer 2021 162 496 24 101 363 21 24.2% 1.36(0.71, 2.02) -
Kerget 2021 03 008 121 011 002 50 257% 2.77[2.33,3.21) -
Yasar 2021 28 056 60 236 057 33 257% 0.77[0.33,1.21] -
Youngs 2021 608.6 5124 41 898 617 16 245% 1.17[0.55,1.79) -
Total (95% Cl) 246 120 100.0% 1.53[0.53, 2.52] -
Heterogeneity: Tau®= 0.95; Chi*= 42.66, df= 3 (P < 0.00001); F= 3% +—t t

Test for overall effect: Z= 3.02 (P = 0.003)

4 2 0 2 4
Healthy controls COVID-19

Fig. 2 Forest plot of sSTREM-1 levels among patients with COVID-19 compared to healthy controls

COVID-19 Healthy controls Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Mild to moderate
Kerget 2021 0.24 008 68 011 002 50 50.1% 2.08[1.62,2.53] =
Yasar 2021 25 0.5 35 236 057 33 49.9% 0.26 [-0.22,0.74] -
Subtotal (95% CI) 103 83 100.0% 1.17 [-0.61, 2.95] e
Heterogeneity: Tau®= 1.60; Chi*= 29.27, df=1 (P < 0.00001); F=97%
Testfor overall effect: Z=1.29 (P = 0.20)

Severe
de Nooijer 2021 162 496 24 101 363 21 247% 1.36[0.71,2.02] =
Kerget 2021 0.29 007 53 011 002 50 25.0% 3.43(2.81,4.04 -
Yasar 2021 32 067 25 236 057 33 25.3% 1.35[0.77,1.93] -
Youngs 2021 608.6 5124 41 898 617 16 25.0% 1.17[0.55,1.79] =
Subtotal (95% CI) 143 120 100.0% 1.83[0.78, 2.88] L
Heterogeneity: Tau®= 1.05; Chi*= 35.00, df= 3 (P < 0.00001); F=91%
Test for overall effect: Z= 3.40 (P = 0.0007)

Fig.3 Forest plot of STREM-1 levels according to COVID-19 severity

sample size justification, blinding of outcome assessors, and
adjustment for confounders.

Other viral pneumonias and TREM-1

Three studies have investigated differences in TREM-1 lev-
els among patients with other viral pneumonias and healthy
individuals. Only one study evaluated TREM-1 expres-
sion on monocytes (Arriaga-Pizano et al. 2015), while two
studies have analyzed the soluble form of TREM-1 (Rohde
et al. 2012; Zhong and Zhao 2016). Zhong and Zhao (2016)
included children in the study population and Rohde et al.
(2012) have focused on adults with smoking habits. All three
studies showed that TREM-1 levels were significantly ele-
vated in infected patients compared with controls.

Discussion

Viral respiratory infections are a burden on the public health
system due to their rapid transmissibility among people and
poor capacity for control and recovery. Since the outbreak
of the SARS-CoV-2 infection in December 2019, there is
urgency in identifying biomarkers of severity to improve
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diagnosis and predict the clinical course of patients (de Noo-
ijer et al. 2021; Kerget et al. 2021). In this context, system-
atic reviews have consistently demonstrated an association
between high levels of sSTREM-1 and worse clinical out-
comes in patients with infectious diseases. However, these
studies have summarized the available evidence based on
infections caused by different microorganisms, which limits
the understanding of the role of TREM-1 in specific infec-
tions (Jiyong et al. 2009; Ye et al. 2014; Su et al. 2016).
Thus, to the best of our knowledge, this is the first meta-anal-
ysis performed to assess the levels of TREM-1 in viral infec-
tions of lower respiratory tract, especially from COVID-19
patients.

Diagnosis in the early stages of infection can be challeng-
ing due to the lack of specificity of clinical features and the
limited effectiveness of conventional inflammatory mark-
ers, such as C-reactive protein (CRP) (Ansar and Ghosh
2016). In viral infections, including COVID-19, the patient
can progress to a critical condition called cytokine storm,
which is characterized by a significant elevation of inflam-
matory markers that can lead to hyperinflammation and
multiple organ failure (Tang et al. 2020; Luo et al. 2021).
In this regard, TREM-1 is early activated on the surface
of myeloid cells, including neutrophils and monocytes, to
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Table 2 Risk of bias assessment

Question de Nooijer  Kerget Yasar Youngs
etal. (2021) etal. et al. et al.
(2021) (2021) (2021)

1. Was the research question or objective in this paper clearly stated? Y Y Y Y

2. Was the study population clearly specified and defined? Y Y N N

3. Was the participation rate of eligible persons at least 50%? CD CD CD CD

4. Were all the subjects selected or recruited from the same or similar populations (including the N Y N N
same time period)? Were inclusion and exclusion criteria for being in the study prespecified
and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates provided? N N N N

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the NA NA NA NA
outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an association between NA NA NA NA
exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of the N Y Y N
exposure as related to the outcome (e.g., categories of exposure, or exposure measured as
continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and Y Y Y Y
implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time? NA NA NA NA

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and imple- Y Y Y Y
mented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants? CD CD CD CD

13. Was loss to follow-up after baseline 20% or less? NA NA NA NA

14. Were key potential confounding variables measured and adjusted statistically for their impact N N N Y

on the relationship between exposure(s) and outcome(s)?

*CD cannot determine, N no, NA not applicable, NR not reported, Y yes

promptly trigger the innate immune response. These cells, in
turn, release various cytokines and inflammatory proteins to
prevent the spread of the virus, improve its elimination, and
recruit more immune cells. However, flaws in TREM-1 sup-
pression mechanisms may contribute to the cytokine storm.

As a feedback mechanism, surface-bound TREM-1 is
cleaved in its soluble form sTREM-1, which is suggested
to act as a regulator of the inflammatory status. Soluble
TREM-1 originates through proteolysis by metalloprotein-
ases or alternative splicing (Gao et al. 2019) after stimula-
tion of TREM-1 by inflammatory molecules (Van Singer
et al. 2021). Elevated STREM-1 levels, mainly as a result
of neutrophil activation, correlate with other inflamma-
tory mediators, such as IL-6 and TNF-a, and indicate the
occurrence of cell damage associated with the inflamma-
tory process and the release of proteinases by necrotic cells
or pathogens (Dubar et al. 2018). In our meta-analysis, we
found an increase in STREM-1 in infected patients com-
pared to healthy individuals, demonstrating the involvement
of this inflammatory biomarker in COVID-19. In the sub-
group analysis, we found evidence that patients with severe
COVID-19 have higher levels of sSTREM-1 than patients
with mild or moderate disease. In addition, individual
results have shown elevated levels of TREM-1 in other

viral respiratory-tract infections. These results indicate that
TREM-1 may be useful in predicting clinical outcomes in
patients with viral pneumonia.

A few studies have investigated whether TREM-1 can
be a sensitive and specific biomarker of general infections
to predict mortality (Su et al. 2016; Jedynak et al. 2018;
Wright et al. 2020). Considering respiratory infections, a
meta-analysis by Su et al. (2016) demonstrated a sensitivity
of 0.75 (95% CI 0.61-0.86) and specificity of 0.66 (95%
CI 0.54-0.75) suggesting a moderate prognostic value of
STREM-1 to predict mortality. However, the between-study
heterogeneity was high mainly due to variability in the type
of infections, including cases of sepsis. Although it was
not possible to measure the sensitivity and specificity of
STREM-1 in the present meta-analysis, our study showed
the behavior of sSTREM-1 in viral pneumonias includ-
ing COVID-19. Despite these findings, further studies are
needed to confirm the prognostic value and clinical signifi-
cance of TREM-1 in viral infections.

Our study has some major limitations: (1) relatively small
number of studies that evaluated TREM-1 function in res-
piratory viral infections; (2) different methods of TREM-1
detection; and (3) difficulty in summarizing TREM-1 levels
in patients with other viral infections due to heterogeneity
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between studies. Although these limitations, this is the first
study to synthesize the available evidence on TREM-1 lev-
els in patients with COVID-19 and other viral pneumonias.
These findings may provide evidence on the pro-inflamma-
tory role of TREM-1 in these infections, contributing to the
inflammatory profile and disease progression.
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