
SHOCK, Vol. 60, No. 3, pp. 354–361, 2023
Address rep
548 Binwen Rd
Co-corresponde
University Sch
E-mail:yudaoju

XW, JJ, CW
This work w

(grant number 8
number LZ22H
pal Health Com
Municipal (gran
Health Commis

The authors
DOI: 10.1097/S
Copyright © 20
of the Shock So
Creative Comm
NC-ND), where
cited. The work
from the journa
UTILITY OF STREM-1 BIOMARKER AND HCPGENE FOR IDENTIFICATIONOF
ACINETOBACTER BAUMANNII COLONIZATION AND INFECTION IN LUNG

Xiaolei Wang,*† Jiahui Jiang,*‡ Chenxing Wei,† Wenjie Yang,*† Jian Chen,†

Xueyan Dong,*† Haitong Wan,* and Daojun Yu*†

*The Fourth School of Clinical Medicine, Zhejiang Chinese Medical University, Hangzhou, China; †Affiliated
Hangzhou First People’s Hospital, Zhejiang University School of Medicine, Hangzhou, China; and ‡Cancer
Center, Key Laboratory of Tumor Molecular Diagnosis and Individualized Medicine of Zhejiang Province,
Zhejiang Provincial People's Hospital (Affiliated People's Hospital, Hangzhou Medical College), Hangzhou,

Zhejiang, China
Received 7 May 2023; first review completed 5 Jun 2023; accepted in final form 27 Jun 2023
ABSTRACT—Objective:Respiratory infections or colonization of Acinetobacter baumannii (Ab) are common in clinical practice
but are treated differently. Early identification of Ab infection and colonization reduces the risk of antibiotic mismatch but objective
laboratory indicators to distinguish between bacterial infections and colonization are lacking. To distinguish infection and coloni-
zation of Ab, we tested the role of two biomarkers, triggering receptor expressed on myeloid cells-1 (TREM-1) and hemolysin
coregulated protein.Methods:A total of 96 inpatients with Abwere divided into infection and colonization groups. Blood samples
were collected on days 1, 2, 3, 5, 8, and 10 and daily maximum body temperature was recorded. Polymerase Chain Reaction
andReverse Transcription PolymeraseChain Reaction were used to detect the presence and expression levels of the hcp gene
in Ab clinical isolates. Results: sTREM-1 and procalcitonin (PCT) levels on days 1 to 10 and neutrophil classification (N%) on
days 1 to 3 were different (P < 0.05) in the infection group and colonization group. Receiver operating characteristic (ROC)
curves showed significant differences in N% and sTREM-1 on days 2 and 3 (P < 0.01). sTREM-1 had the highest AUCROC

on days 1, 2, and 3 of all the markers. On day 1, the ROC curve of “WBC&N%&PCT&sTREM-1” was statistically different from
individual indices (white blood cell count, N%, and PCT;P < 0.05) andwas equal to the ROC curve of sTREM-1 (P > 0.05). Thirty
five of 96 patients were classified as infection group and 61 as colonization group with hcp gene detection rates of 71.43%
(25/35) and 31.15% (19/61), respectively. No differences in hcp gene presence and transcript levels were found between two
groups (P > 0.05).Conclusions:Dynamic monitoring of sTREM-1 and PCT is valuable in identifying Ab infection and coloniza-
tion. sTREM-1 can be improved by combination with multiple biomarkers in the early stage for identification of infection and col-
onization. The hcp gene was more likely to be present in the infection cohort.

KEYWORDS—Acinetobacter baumannii (Ab); soluble triggering receptor expressed on myeloid cells-1 (sTREM-1);
procalcitonin (PCT); infection; colonization; hemolysin coregulated protein (Hcp)
INTRODUCTION

Acinetobacter baumannii (Ab) is a gram-negative bacterium
responsible for bacteremia, pneumonia, meningitis, and urinary
tract infections in patients with impaired immune function (1).
Acinetobacter baumannii is carried by up to 25% of healthy peo-
ple with normal immune systems and accounts for approximately
20% of intensive care unit (ICU) infections worldwide (2). Lung
Ab colonization, which occurs frequently insusceptible populations,
is a prerequisite for infection (3). Early distinction of Ab infection
and colonization reduces the risk of antibiotic misprescription, de-
velopment of drug-resistant bacteria, and prolonged hospital stays.
Mistaking infection for colonizationmay delay treatment, worsening
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a patient’s condition with potentially fatal results. Therefore, early
identification of A. baumannii infection or colonization is of great
significance.

However, clinical experimental data and diagnosis and treatment
guidelines for distinction of bacterial infection and colonization are
lacking. Clinicians identify pulmonary Ab infection or colonization
based on the results of bacterial culture, white blood cell count
(WBC) and neutrophil classification (N%), C-reactive protein
(CRP), procalcitonin (PCT), and other plasma biomarker detection re-
sults combined with time consuming and subjective imaging and
symptoms analysis (4). This method not onlywastes time but also de-
pends on the subjective judgment of doctors. The accuracy rate of
identification of lung Ab infection or colonization remains nonideal.

Triggering receptor expressed on myeloid cells-1 (TREM-1)
is a transmembrane glycoprotein selectively expressed by intrin-
sic immune cells such as neutrophils, mature monocytes, macro-
phages, and platelets. It is involved in the pathophysiology of
acute and chronic inflammatory diseases with different etiologies
in which it triggers inflammation, regulates production of inflam-
matory factors, and amplifies inflammatory signals (5). The ex-
pression of TREM-1 is upregulated during infection and the sol-
uble form of TREM-1, sTREM-1, reflects inflammatory status
(6). The level of sTREM-1 correlated with infection severity, in-
cluding hospital acquired pneumonia (HAP) caused by Ab and
was barely detectable in patients with nonmicrobial inflammation
(7). Feng et al. (8) demonstrated a positive correlation between
serum sTREM-1 and sputum bacterial load. Hence, sTREM-1
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in serummay have significance in identifying the infection or col-
onization of A. baumannii (2).

Currently, WBC, CRP, and PCT are used for clinical distinc-
tion between infection and colonization (4). White blood cell
count increases in response to infection and inflammation but is
also affected by physiological factors, resulting in poor specific-
ity. C-reactive protein is a liver-derived positive acute phase pro-
tein, which increases in serum in response to infection, tumors, or
autoimmune diseases, giving it high sensitivity but low specificity
(9). Procalcitonin is a specific inflammatory infection marker re-
lated to the severity of bacterial infection but affected by immune
status, microorganism type, and noninfectious diseases, such as
cancer (10). Therefore, WBC, CRP, and PCT are insufficient for
clinical differentiation of infection or colonization.

The Ab type VI protein secretion system (T6SS) has been re-
cently identified as increasing bacteria-host competition, enhancing
bacterial invasiveness, adhesion, and viability with in macrophages
(11,12). Hemolysin coregulated protein (Hcp) is a structural and
effector component of T6SS and a marker of functional T6SS
(11,13,14). Hemolysin coregulated protein secretion into culture
medium has been shown to reflect Ab and human respiratory ep-
ithelial cell interactions. The hcp gene (hcp +) has been detected
in approximately 31.5% of clinical Ab isolates with variable ex-
pression rates (11,14,15). Thus, colonizing and infecting strains
of Ab in clinical isolates may show differences in hcp gene presence
and/or expression levels.

In summary, the sensitivity or specificity of a single biomarker in-
dex is insufficient for the differential diagnosis and prognosis judg-
ment of lung infection/colonization. This study investigated the ap-
plication value of single and combined application of various bio-
markers in identifying pulmonary A. baumannii infection or
colonization by jointly detecting the level of WBC, N%, CRP,
PCT, and sTREM-1 and other infection markers in blood, as well
as the level and expression of hcp gene of clinical Ab isolates. The
aims were to aid clinical diagnosis and inform treatment decisions.

METHOD

Subjects

A total of 96 patients admitted to Hangzhou First People’s
Hospital between November 2019 and November 2021 and from
whom Ab strains were isolated from lung secretion specimens
were enrolled. Fifty-three patients were excluded because of in-
complete blood specimens and the remaining 43 patients were di-
vided into the Ab infection (n = 25) and Ab colonization (n = 18)
groups by two clinicians independent of the study. Twenty inpa-
tients without infection were selected as a control group.

Grouping criteria and ethics

Patients were retrospectively grouped based on Clinical Pulmo-
nary Infection Scores and the criteria of US Centers for Disease
Control and Prevention (16).Acinetobacter baumannii colonization
in lung was defined as isolation of Ab from lung specimens of pa-
tients who did not meet the above HAP criteria. Duplicate strains
from the same patient were excluded. Exclusion criteria were as fol-
lows: (1) age <18 years; (2) presence of coinfections; (3) severe im-
pairment of liver function; (4) weakened immune system and
long-term treatment with hormones or immunosuppressive drugs;
(5) presence of hematological disease or malignant tumor, espe-
cially lung cancer; and (6) treatment by hemodialysis, blood trans-
fusion or radiotherapy/chemotherapy during hospitalization.

Ethical approvalwas granted by the ethics committee ofHangzhou
First People’s Hospital ([2019] KYYLS No. (020)-01) and the
need for informed consent was waived.

Patient information, including sex, age, Charlson comorbidity
index (CCI) score, number of days in the ICU before Ab detection,
number of days of serial detection of Ab, and presence or absence
of tracheotomy/intubation, was collated.

Acinetobacter baumannii isolates were preserved on the day of
isolation (day 1) and venous blood collected on days 1, 2, 3, 5, 8,
and 10. All specimens were stored at −80°C. White blood cell
count and CRP were tested immediately. Maximum daily body
temperature (T, °C) was recorded on days 1, 2, 3, 5, 8, and 10.

Detection of biomarkers

White blood cell count and neutrophil count
The patient’s venous blood (EDTA-K2 anticoagulant) was col-

lected, WBC and neutrophil count were measured twice for each
sample by the SYSMEX automated modular hematology analyzer
with associated reagents (SYSMEX 800i; Sysmex Corporation,
Kobe, Japan), and a mean was generated. The biological reference
range was 3.5 to 9.5� 109/L for WBC and 1.8 to 6.3� 109/L for
neutrophil count.

C-reactive protein
The patient’s venous blood (EDTA-K2 anticoagulant)was collected

and CRP was measured twice for each sample by rate nephelometry
using the Mindray automated hematology analyzer with associated re-
agents (ShenzhenMindray Corporation, Shenzhen, China) and amean
was generated. The reference range for CRP was 0.2 to 320 mg/L.

Procalcitonin
The venous plasma of patients (heparin lithium anticoagula-

tion) was collected and PCTwas measured twice for each sample
by luminescence immunoassay using Xiamen Wantai Caris-200
luminescence analyzer with associated reagents (Xiamen Innodx
Biotechnology Co, Ltd, Xiamen, China) and a mean was gener-
ated. The PCT reference range was 0.02 to 50 ng/mL.

Soluble triggering receptor expressed onmyeloid cells-1
The venous plasma of patients (heparin lithium anticoagula-

tion) was collected and sTREM-1 was measured twice for each
sample by an enzyme-linked immunosorbent assay using a
TREM-1 ELISA Kit (R&D Systems, Minneapolis, MN) accord-
ing to the operation procedure of the kit. The sTREM-1 reference
range was 31.25 to 2,000 pg/mL.

Detection of Ab hcp gene

The preserved Ab isolates were seeded onto Columbia blood
agar medium at 37°C for 18 h and transferred to LB broth and
shaken at 37°C for 18 h. Bacterial DNAwas extracted for quantita-
tive Reverse Transcription Polymerase Chain Reaction and genomic
DNAwas removed for hcp gene expression detection by one-step
Transcription Polymerase Chain Reaction. Relative hcp transcript
levels were calculated using the 2−△△ct method and transcript levels
of Ab ATCC 17978 used as the control strain.



TABLE 1. Comparison of basic patient information

Basic information Colonization group (n = 18) Infection group (n = 25) Control group (n = 20) Value P value

Sex, male/female 12/6 15/10 12/8 χ2 = 0.292 0.896
Age, y 74.0 (66.5–79.5) 73.0 (66.0–80.5) 66.5 (60.5–73.8) H = 3.428 0.180
CCI 5.55 (5.0–6.75) 6.0 (4.0–7.0) 5.0 (4.3–7.0) H = 0.260 0.878
Days in ICU before Ab culture positive 8 (4.25–14.75) 10 (5.00–17.00) — z = −0.851 0.395
Days of continuous Ab culture positive 3.5 (2.0–5.0) 10 (8.0–12.0) — z = −5.46 0.001
Stay in ICU or not, yes/no 11/7 22/3 14/6 H = 4.253 0.119
Use of antibiotics before admission, with/without 5/13 8/17 7/13 H = 0.226 0.893
Whether tracheotomy/intubation was performed,

with/without
8/10 17/8 5/15 H = 8.206 0.017

Semiquantitative culture results of Ab,
small/medium/large amount

3/6/9 3/11/11 — z = −0.162 0.872
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Statistical analysis

All data were tested for normality and normally distributed data
are expressed as mean ± standard deviation with differences be-
tween two independent samples tested by t test (2). Nonnormally
distributed data are expressed as median (quartiles) (M [QL–QU])
and were tested usingMann-WhitneyU test (17). Theχ2 test was
applied to the count data and ranked data and the correctedχ2 test
was performed when the theoretical number of cells was 1 < T < 5.
receiver operating characteristic (ROC) curves (17) and logistic
regression were applied to calculate the AUCROC (area under the
ROC curve), cutoff value, sensitivity/specificity, 95% confidence
interval (95% CI), positive likelihood ratio/negative likelihood
ratio, and positive predictive value/negative predictive value for
evaluation of single and combined indices for identification of
TABLE 2. Changes in dynamic indexes of A. baumannii

Indicators Day 1 Day 2 Day 3

WBC, �109/L
Infection
group

13.0 (8.1–19.1) 13.5 (7.4–20.1) 11.4 (7.5–18

Colonization
group

8.1 (5.4–12.3) 7.8 (6.7–11.4) 8.4 (6.4–12

N(%)
Infection
group

89.0 (82.7–93.1) 88.9 (80.5–93.2) 89.3 (80.2–9

Colonizing
group

83.0 (73.9–86.3) 82.7 (73.6–87.9) 82.2 (74.6–8

CRP, mg/L
Infection
group

76.0 (24.5–133.6) 77.8 (46.0–154.1) 62.5 (36.9–1

Colonizing
group

51.2 (14.2–91.4) 52.0 (13.1–96.5) 47.4 (14.2–8

PCT, ng/mL
Infection
group

0.94 (0.20–2.51) 0.87 (0.32–3.23) 1.09 (0.39–2

Colonizing
group

0.14 (0.08–0.50) 0.15 (0.09–0.42) 0.13 (0.07–0

sTREM-1, pg/mL
Infection
group

1,158.6 (779.5–1,582.3) 1,109.5 (722.2–1,726.4) 1,011.1 (802.5–

Colonizing
group

532.8 (411.7–747.1) 480.8 (342.2–619.6) 450.4 (361.5–

T, °C
Infection
group

37.6 (37.2–38.0) 37.4 (37.1–38.0) 37.1 (37.0–3

Colonizing
group

37.5 (37.1–38.3) 37.6 (37.2–38.1) 37.8 (37.2–3

Nonnormally distributed data are represented as “median (1/4 quartile–3/4 quar
group and the colonization group on the first day (P < 0.05), but no difference w
Ab colonization and infection. Z test was applied for comparison
between ROC curves (6). P < 0.05 indicated that the difference
was statistically significant (2) and SPSS (IBM SPSS Statistics
22.0) was used for data analyses (18).
RESULTS

Study population characteristics

Forty-three patients with complete data were divided into in-
fection (n = 25) and colonization (n = 18) groups and 20 patients
without infectious disease enrolled as controls (Table 1). The
presence or absence of tracheotomy/intubation and the number
of days of consecutive Ab detection in lung specimens were
infection group and colonization group in the lung

Day 5 Day 8 Day 10

.4) 11.4 (6.4–17.4) 10.0 (8.0–16.9) 10.8 (7.3–18.5)

.2) 9.8 (6.7–11.4) 8.7 (7.0–10.3) 8.6 (6.9–11.0)

3.3) 85.5 (79.4–93.4) 86.0 (81.8–95.2) 85.4 (76.8–93.3)

7.8) 85.5 (79.4–93.4) 79.9 (70.3–88.0) 81.6 (69.4–87.8)

70.3) 82.0 (28.4–150.9) 76.0 (27.1–126.6) 60.0 (22.1–119.0)

1.6) 42.3 (16.8–79.1) 37.9 (15.5–88.8) 49.1 (16.5–111.4)

.76) 0.99 (0.42–2.13) 0.67 (0.34–1.19) 0.47 (0.27–0.90)

.25) 0.11 (0.07–0.23) 0.09 (0.02–0.30) 0.47 (0.27–0.90)

1,817.5) 1,052.2 (691.0–1,729.8) 883.5 (685.7–1,268.2) 443.4 (291.7–602.3)

579.5) 500.8 (358.2–608.5) 443.4 (291.7–602.3) 469.2 (320.1–650.3)

7.8) 37.4 (37.1–37.7) 37.0 (36.8–37.5) 37.2 (36.8–37.6)

8.3) 37.2 (36.8–38.3) 37. (36.7–37.2) 36.9 (36.8–37.0)

tile).” There was a significant difference in WBC count between the infection
as found on the other days (P > 0.05).



FIG. 1. Dynamic monitoring of biomarkers in infection group and colonization group. (A) Dynamic monitoring of WBC count in infection group and
colonization group. (B) Dynamic monitoring of neutrophil ratio (N%) in infection group and colonization group. (C) Dynamic monitoring of CRP in infection group
and colonization group. (D) Dynamic monitoring of PCT in infection group and colonization group. (E) Dynamic monitoring of sTREM-1 in infection group and
colonization group. (F) Dynamic monitoring of body T in infection group and colonization group. CRP, C-reactive protein; PCT, procalcitonin; sTREM-1, soluble
triggering receptor expressed on myeloid cells-1; T, temperature; WBC, white blood cell.
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statistically different between infection and colonization groups
(P < 0.01).

Serum levels of different biomarkers in infection and
colonization groups

Dynamic changes of each index in infection and colonization
groups are shown in Table 2 and Figure 1. Statistical differences
were found in WBC on day 1 (z = −2.225, P < 0.05); N% on
day 1(z = −2.610, P = 0.009), day 2 (z = −2.142, P = 0.032),
and day 3 (z = −2.388, P = 0.014); CRP on day 5 and in both
sTREM-1 and PCTon days 1 to 10 (P < 0.05). Body temperature
was not different between the two groups on any day (P > 0.05).

Receiver operating characteristic curve analysis of single and
combined biomarkers for identification of infection and
colonization

Significantly different biomarkers were further assessed by
construction of ROC curves for sTREM-1, PCT, and N% on days
1, 2, and 3. Single and combined ROCs are presented in Table 3
and Figures 2 to 6. The combination of these three biomarkers im-
proved diagnostic specificity and sensitivity.

There were significant differences in the proportion of neutro-
phils N% between the infection group and the colonization group
on days 1 to 3 (P < 0.05). There was a significant difference in
CRP between the infection group and the colonization group on
the fifth day (P < 0.05), but there was no difference on the other
days (P > 0.05). There were significant differences in PCT and
STREM-1 between infection group and colonization group on
days 1 to 10 (P < 0.05). There was no significant difference in
body temperature T between infection group and colonization
group on days 1 to 10 (P > 0.05).

On the first day, there were no significant differences in WBC
count, N%, PCT, and sTREM-1 (P > 0.05). On day 2 and day 3,
the ROC curves of N% and sTREM-1 were significantly different
(P < 0.01). There was no significant difference in the ROC
curves of PCT and sTREM-1 from day 1 to day 10 (P > 0.05),
and there was no significant difference in the ROC curves of
PCT and sTREM-1 from day 1 to day 10 (P > 0.05). On the first
day, the ROC curves of combined “WBC &N&PCT &sTREM-
1” were statistically different from those of single index (WBC
count, N%, and PCT) (P < 0.05), but not from those of single in-
dex sTREM-1 (P > 0.05). On the second and third day, the ROC
curve of combined “N&PCT &sTREM-1” was significantly dif-
ferent from that of single index N% (P < 0.05). The ROC curves
of “PCT&sTREM-1” combined curve and single index (PCTand
sTREM-1) had no statistical difference from day 1 to day 10
(P > 0.05), and the ROC curves of “PCT&sTREM-1” combined
curve had no statistical difference (P > 0.05).

hcp analysis in Ab isolates

The presence of the hcp genewas detected by PCR in 44 of 96Ab
strains (45.83%) from lung specimens 25/35 (71.43%) from the in-
fection and 19/61 (31.15%) from the colonization groups. hcp pres-
ence was significantly different between the two groups (P < 0.05)
but the amount of hcp gene, calculated using the 2−△△ct method,
was not different (P > 0.05; Table 4).

mRNA of hcp was measured in the 44 hcp+ Ab strains and no
difference in transcript levels between infection and colonization
groups was found (P > 0.05; Table 4).
DISCUSSION

Acinetobacter baumannii is a common clinical pathogen,
which accounted for the top three respiratory tract isolates in
2016–2019, according to the China Antimicrobial Surveillance
Network. Multidrug-resistant strains of HAP have become more
frequent in clinical settings (14,19), contributing to a 52% Ab
mortality rate (4). Hence, early identification of Ab colonization
and infection is vital to prevent disease progression, reduce anti-
biotic abuse, and halt bacterial drug resistance.



FIG. 2. The ROC curves of WBC count on day 1 and N% on days 1–3
were used to differentiate infection group and colonization group. ROC,
receiver operating characteristic; WBC, white blood cell.

FIG. 3. The ROC curves of PCT on days 1–10 were used to differentiate
infection group and colonization group. PCT, procalcitonin; ROC, receiver
operating characteristic.

TABLE 3. Comparison of indicators for differentiation of pulmonary A. baumannii infection and colonization

Index AUCROC Cutoff Sensitivity Specificity 95% CI PPV, % NPV, % LR(+) LR(−)

WBC
Day 1 0.701 16.1 40.0 94.4 0.546–0.856 91 53 7.14 0.64

N
Day 1 0.736 87.1 60.0 83.0 0.583–0.889 83.0 60.0 3.60 0.48
Day 2 0.693 88.7 52.0 89.0 0.534–0.853 87.0 57.0 4.68 0.54
Day 3 0.716 91.5 48.0 100.0 0.563–0.868 100.0 58.0 — 52.0

PCT
Day 1 0.732 0.59 60.0 83.0 0.601–0.892 83.0 60.0 3.60 0.48
Day 2 0.808 0.75 64.0 89.0 0.674–0.937 89.0 64.0 5.76 0.41
Day 3 0.864 0.40 76.0 94.0 0.757–0.981 95.0 74.0 13.68 0.25
Day 5 0.900 0.20 96.0 78.0 0.800–1.000 86.0 93.0 4.32 0.05
Day 8 0.794 0.31 84.0 78.0 0.641–0.948 84.0 78.0 3.78 0.21
Day 10 0.831 0.20 92.0 83.0 0.686–0.977 88.0 88.0 5.52 0.10

sTREM-1
Day 1 0.867 774.5 80.0 83.0 0.760–0.974 87.0 75.0 4.80 0.24
Day 2 0.929 648.9 88.0 83.0 0.857–1.000 88.0 83.0 5.28 0.14
Day 3 0.902 662.3 92.0 89.0 0.805–0.999 92.0 89.0 8.28 0.09
Day 5 0.883 583.4 88.0 78.0 0.783–0.983 85.0 82.0 3.96 0.15
Day 8 0.858 592.2 88.0 78.0 0.741–0.974 85.0 82.0 3.96 0.15
Day 10 0.847 647.1 84.0 78.0 0.724–0.969 84.0 78.0 3.78 0.21

WBC &N&PCT &sTREM-1
Day 1 0.931 — 84.0 94.0 0.856–1.000 95.0 81.0 15.12 0.17

N&PCT &sTREM-1
Day 2 0.951 — 88.0 94.0 0.889–1.000 96.0 85.0 15.84 0.13
Day 3 0.938 — 92.0 94.0 0.859–1.000 96.0 89.0 16.56 0.08

PCT &sTREM-1
Day 1 0.902 — 84.0 89.0 0.809–0.995 91.0 80.0 7.56 0.18
Day 2 0.951 — 88.0 94.0 0.890–1.000 96.0 85.0 15.84 0.13
Day 3 0.929 — 96.0 89.0 0.844–1.000 92.0 94.0 8.64 0.05
Day 5 0.911 — 84.0 94.0 0.818–1.000 95.0 81.0 15.12 0.17
Day 8 0.864 — 88.0 78.0 0.751–0.978 85.0 82.0 3.96 0.15
Day 10 0.860 — 80.0 83.0 0.743–0.977 87.0 75.0 4.80 0.24

LR(+), positive likelihood ratio; LR(−), negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

358 SHOCK VOL. 60, NO. 3 WANG ET AL.



FIG. 4. The ROC curves of sTREM-1 on days 1–10 were used to
differentiate infection group and colonization group. ROC, receiver
operating characteristic; sTREM-1, soluble triggering receptor expressed on
myeloid cells-1. FIG. 6. The ROC curves of the combination of sTREM-1 and PCT on

days 1–10 for identifying infection and colonization. PCT, procalcitonin;
ROC, receiver operating characteristic; sTREM-1, soluble triggering receptor
expressed on myeloid cells-1.

SHOCK SEPTEMBER 2023 UTILITY OF STREM-1 BIOMARKER AND HCP GENE 359
The current study found Ab infection rates to be 36.46%
(35/96) and colonization rates to be 63.54% (61/96). Rates
among the 53 cases (53/96, 55.21%) from the ICU, were
58.49% (31/53) infection and 41.51% (22/53) colonization. Var-
iation among infection and colonization found at different hospi-
tals has been reported (20). Martín-Aspas et al. (21) reported a
40% (49/122) Ab infection rate and a 60% (73/122) colonization
rate while Rodríguez-Baño et al. (22) found Ab colonization to be
approximately 50% in some Spanish hospitals. Differences may
be attributed to local socioeconomic conditions, hospital manage-
ment, epidemiological differences, and patients’ basic conditions.
FIG. 5. The ROC curves ofmultiple indicators on days 1–3 combined to
identify infection and colonization. ROC, receiver operating characteristic.
Higher Ab infection rates in ICUs than in other wards may be due
to complications experienced by ICU patients, weakened immu-
nity, more invasive treatments, and the closed nature of ICU
wards, which renders them prone to aggregated infections. More-
over, the tracheotomy/intubation rate was significantly higher
among the infection compared with the colonization group of
the current cohort (P < 0.05), indicating that invasive operations
of the respiratory tract constitute risk factors for Ab infection
(16,23–25). Furthermore, the number of days of continuous Ab
strain detection was greater for the infection group (P < 0.01).
This observation indicates the possibility of distinguishingAb infec-
tion and colonization based on duration of Ab detection. However,
this method is time consuming, increasing patients’ financial bur-
dens and prolonging hospital stays. No significant differences were
found between the two groups in terms of sex, age, CCI, antibiotic
use within 3 months, or amounts of Ab. Thus, our preliminary
conclusion is that a history of an ICU stay and invasive operations
were the main risk factors for protracted lung Ab infection.

Microbial culture, WBC count and classification, CRP, PCT, and
temperature monitoring are used to distinguish infection from colo-
nization. A new inflammatory marker, sTREM-1 (8,16,26,27), for
identifying bacterial infection and colonization in experimental ani-
mals has recently been reported (2). The current study found
sTREM-1 and PCT to be significantly higher in the infection relative
TABLE 4. Comparison of hcp gene quantity and hcp gene expression
(2−△△ct)

Groups Relative amount P Relative expression P

Infection (n = 25) 0.53 (0.48–0.57) > 0.05 0.51 (0.42–0.54) > 0.05
Colonization(n = 19) 0.61 (0.53–0.77) 0.57 (0.47–0.76)

Nonnormally distributed data are represented as “median (1/4 quartile–3/4
quartile).”
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to the colonization group on days 1 to 10 (P < 0.05), demonstrat-
ing the potential utility of these two biomarkers. PCT and
sTREM-1 ROC curves on days 1 to 10 were similar (P > 0.05),
as were combined “PCT & sTREM-1” and single index (PCT or
sTREM-1; P > 0.05). Thus, the combination of these two bio-
markers possessed a similar test efficacy to individual indices in
identifying Ab infection or colonization. Procalcitonin and
sTREM-1 day 3 ROC curves had the highest positive likelihood
ratios (13.68 and 8.28), indicating optimal diagnostic value. The
sTREM-1 day 2 ROC curve showed the highest AUC value of
0.929 with optimal cutoff point 648.9 pg/L, sensitivity 88.0%,
and specificity 83.0%. All data demonstrated the value of PCT
and sTREM-1 for identifying lung Ab infection or colonization
and early detection maximized their utility. Richard et al (28) also
found an sTREM-1 AUC of 0.87 (95% CI, 0.81–0.92), superior
to PCT and CRP and consistent with the current findings.

The N%on days 1 to 3 was significantly higher in the infection
than in the colonization group (P < 0.05). N%AUCROCs on days
1, 2, and 3 were 0.736, 0.693, and 0.716, respectively, indicating
that N% alone was not an ideal biomarker in distinguishingAb in-
fection from colonization. The WBC&N%&PCT &sTREM-1
AUCROC of 0.931 on day 1 was statistically different from indi-
vidual index AUCROCs (WBC count, N%, and PCT; P < 0.05).
N%&PCT&sTREM-1 AUCROC of 0.951 (day 2) and 0.938
(day 3) were significantly different from those for N% alone
(P < 0.05) but not for sTREM-1 alone (P > 0.05). Thus, com-
bined multiple indices improve the sensitivity and specificity of
identifying lung Ab infection or colonization. This may be due
to the excellent early-stage test efficacy of sTREM-1 and PCT,
which is improved by addition of WBC count and N%. More-
over, variations in onset time, degree of increase, and duration af-
fect inflammatory biomarkers individually, resulting in varied ef-
ficacy of markers in combination or individually.

White blood cell counts on day 1(z = −2.228, P = 0.026) and
CRP (z = −1.994, P = 0.046) on day 4 showed differences be-
tween the two groups, whereas no differences were found for
temperature. These three indices have little utility for distinguish-
ing Ab colonization from infection. Ito and Ishida (29) and Li
et al. (30) have reported low specificity and sensitivity for
WBC and both WBC and CRP can also increase during viral in-
fection. Temperature fluctuates greatly in inpatients because of
condition changes, coinfections, and anti-inflammatory treat-
ment, giving it poor specificity. Elderly patients or patients with
severe infections occasionally have normal temperature and
WBC (31). Such studies illustrate the poor specificity of these
three biomarkers, in agreement with our findings.

The T6SS is a gram-negative bacteria virulence system, which
enables bacterial competition in the host, enhances invasiveness
and adhesion, and improves bacterial viability within macro-
phages. T6SS is central to the pathogenesis of Ab infection
(18–20,22,32,33). The T6SS marker, Hcp, shows different pres-
ence and expression levels in clinical isolates (11,14,15). We
found a higher presence rate of the hcp gene in the infection
(71.43%) than in the colonization group (31.15%) (P < 0.05),
suggesting the utility of hcp presence in distinguishing Ab infec-
tion and colonization. Different studies have reported diverse hcp
presence rates (11,14,15,33), perhaps related to local epidemiol-
ogy, different sites of isolation, grouping criteria, and sample
sizes. Presence and expression levels of hcp were similar in the
two groups of the current cohort, which may reflect grouping
criteria, multiple infections, and the sample size.

In summary, we propose that early-stage PCT and sTREM-1
values (within 3 days of Ab detection) may be used to identify
Ab infection or colonization and combination with WBC and N
% improves sensitivity and specificity. Dynamic monitoring of
PCTand sTREM-1 aids the clarification of infection versus coloni-
zation. Detection of the hcp gene presence rate assists this process.

We acknowledge some limitations to the current study. First,
no gold standard for distinguishing between pulmonary infection
and colonization of A. baumannii exists. We can only use a
widely used scoring tool reported in the literature, scored by
two experienced attending physicians, which has potential bias.
Second, the sample size was small and the subjects enrolled were
from the same hospital, so that results may not be universally appli-
cable. Third, ICU patients had complicated conditions influencing
all infection biomarkers, which may affect the identification of Ab
colonization and infection. Fourth, histological analysis is normally
considered the criterion standard for diagnosis of pulmonary infec-
tions and the emphasis on clinical symptoms, imaging, and hemato-
logical examinations in the current study may have affected results.
Fifth, hcp gene expression is influenced by many factors and their
impact on identification of Ab infection and colonization has not
been discussed. Lastly, lung Ab infection and colonization states
are dynamic processes, as affected by bacterial virulence, drug resis-
tance, human immunity, and medical level. Further investigations of
the factors and mechanisms affecting host infection/colonization
were required.

Therefore, it is of great significance that early identification of
A. baumannii infection or colonization. As biomarkers (WBC,
CRP, PCT, and sTREM-1) and body temperature are nonspecific
indicators, the identification scheme proposed in this study from
the aspect of body immunity has some false positives and false
negatives. Therefore, this study explored the identification of lung
Ab infection or colonization from the bacterial aspect (hcp gene
carrier rate and its expression) and the body aspect (biomarkers
and body temperature) and found that: (1) the identification of
Ab infection and colonization requires consideration of high risk
factors of infection (ICU hospitalization history and respiratory tract
invasive operation) and the duration of infection/colonization; (2)
the dynamic monitoring of blood biomarkers and body temperature
has significance in distinguishingAb infection and colonization, but
there may still be the possibility of false positive and false negative;
and (3) the carrier rate of hcp gene was higher in the infected group.
In summary, biomarkers and the hcp gene are valuable for the
identification of Ab infection or colonization in lung. Further ex-
ploration is required to verify the current findings.
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