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Purpose: To determine the levels of serum HDL-associated apolipoproteins (apoM and apoC) and HDL-binding receptor (scavenger
receptor BI, SR-BI) in patients with gram-negative bacteria sepsis (G-sepsis) and to evaluate the value of lipoproteins in the diagnosis,
severity and prognosis of G-sepsis.
Patients and Methods: A total of 128 patients with sepsis, 40 patients with system inflammatory reaction syndrome (SIRS) and 40
healthy subjects were enrolled in the Second People’s Hospital of Hunan Province from September 2019 to September 2020. The
levels and the correlation of lipoproteins were detected and dynamically monitored by enzyme-linked adsorption method, ROC curve
for the diagnostic, severity and prognostic value of lipoproteins in G-sepsis.
Results: The levels of serum HDL-associated lipoproteins in patients with G-sepsis were significantly decreased (P < 0.05), and the
ROC curve showed that HDL-C, SR-BI, apoM and apoC had cut-off values of 0.915 mmol/L, 122.100 pg/mL, 102.400 ug/mL and
17.55 mg/mL, respectively, for the diagnosis of G-sepsis, with the sensitivity was 85.56%, 97.78%, 93.33% and 73.03%, and the
specificity was 95.0%, 82.50%, 61.54% and 82.50%, respectively. There was a correlation between HDL-associated apolipoproteins.
Changes in serum HDL-associated lipoproteins were more obvious in shock group than classic inflammation indicators, such as PCT,
IL-6 and CRP. They showed a trend change on day 3, with the levels of SR-BI and apoC changing 2–3 times, and the sensitivity of
HDL-C, SR-BI, apoM and apoC for the diagnosis of G-septic shock were 32.43%, 72.97%, 65.75%, and 43.24%, and specificity of
94.34%, 81.13%, 83.07%, and 86.79%, respectively. The AUC, sensitivity and specificity of apoM combined with SR-BI were
improved.
Conclusion: HDL-associated lipoproteins were correlated with bacterial-infected types, and serum levels of HDL-associated
lipoproteins can be used as potential biomarkers for early diagnosis and progress of G-sepsis. ApoM combined with SR-BI could
improve the sensitivity and specificity of prognosis assessment.
Keywords: apolipoprotein, high-density lipoprotein, gram-negative sepsis, biomarker, prognosis

Introduction
Bacterial infection is a common condition that often needs to be ameliorated with antibiotics. However, for unknown
reasons, a proportion of infected patients still develop sepsis, which is organ dysfunction due to malfunctioning host
response.1 Sepsis is the leading cause of death in intensive care units (ICU) and accounts for one of the five deaths
worldwide.2 Early detection of sepsis is critical to the timely initiation of appropriate treatment.3 Despite the significant
advances in the underlying mechanisms of sepsis pathogenesis, there are currently no clinically effective treatments or
specific diagnostic biomarkers.

Sepsis can be divided into gram-negative sepsis (G-sepsis) and gram-positive sepsis (G+sepsis) according to the type
of bacteria infected. Infections due to gram-negative microorganisms have higher mortality rates (10–40%) than gram-
positive ones (7–27%).4 While the ability to clear pathogens in G-sepsis patients was significantly reduced, patients
suffered persistent infection and a unique cascade reaction, presenting a “cytokine storm”, which could develop into
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septic shock and even death in a short time.5 Blood culture is still the gold standard for sepsis diagnosis. However, it does
not provide clinicians with timely results within 24 hours. What is more, there are many problems in laboratory diagnosis
and examination, such as complicated blood culture sampling, low positive rate, leading to poor feasibility of early
diagnosis, easy to miss the golden time of sepsis rescue, and difficult to reduce fatality rate. Therefore, rapid and
straightforward laboratory biomarkers for G-sepsis are urgently indispensable.

Previously, heart rate changes, nutritional indicators (such as serum protein), acute reactive proteins [such as
C-reactive protein (CRP), procalcitonin (PCT)], cytokines [such as interleukin 6 (IL-6)] and immune function indicators
(human leukocyte antigen-DR, neutrophil CD64) were used as indicators to predict the occurrence of sepsis; never-
theless, none of them played a warning role before or in the first few hours of disease. In recent years, extracellular heat
shock protein 72 (eHSP72), extracellular heat shock protein 90α (eHSP90α), cortisol, and human glucocorticoid receptor
(hGR) were used to identify early-onset sepsis from the system inflammatory reaction syndrome (SIRS) (<24 h).6

A multicenter prospective study suggested that soluble CD14 subtype (sCD14-ST), also known as presepsin, was an
effective marker for the diagnosis of sepsis, more quickly than blood cultures; however, it could not distinguish between
gram-negative and gram-positive bacterial infections, local infections and systemic infections,7 which would limit the
correct choice of antibiotics.

Although the inflammatory mechanisms that initially drive the onset of sepsis are well understood, downstream pathways
including those drivingmetabolic dysregulation remain elusive. Pathogen-associated lipids (PALs), including lipopolysaccharide
(LPS) from Gram-negative and lipoteichoic acid (LTA) from Gram-positive bacterial cell walls, are thought to be the main
drivers of the change from a simple infection to sepsis.8 In amicemodel of sepsis, themarked decrease in carbohydrate oxidation
and increase in fatty acid oxidation observed within 48 h after LPS administration revealed a change from glucose to
predominantly lipid metabolism, depending on the degree of sepsis, especially in the acute phase, lipids were the predominant
energy source in the acute phase of sepsis when protein metabolism was relatively low.9 In our early study of bacterial infectious
diseases, it was found that the change in serumHDL-C and apoA1 (one of theHDL-associated apolipoproteins) levels had a good
predictor of gram-negative bacterial infection.10–12 In this study, we attempted to further use the conventional detection methods
tomonitor lipidmetabolism indicators, HDL-associated apolipoproteins (apoM and apoC) and HDL binding receptor (scavenger
receptor BI, SR-BI) in patients with G-sepsis, and to explore the predictive abilities of HDL-associated lipoproteins in the early
stage of occurrence, and the prognosis of disease, which makes it possible to carry out effective intervention and appropriate
selection of antibiotics in the golden time of rescue, and provides ideas for the treatment of G-sepsis. To our knowledge, this is the
first study that highlights differential serum lipid profiles for diagnosing, assessing and predicting G-sepsis.

Materials and Methods
Bioinformatic Analysis
First, we used public databases to understand the relationship between sepsis, especially gram-negative sepsis, and lipid
metabolism. Comparative Toxicogenomics Database (CTD, http://ctdbase.org/) is a public resource for how environ-
mental exposures affect human health. It provides manually curated information about chemical–gene/protein interac-
tions, chemical–disease and gene–disease relationships.13 GeneCards (https://www.genecards.org/) is a searchable,
integrative database providing all annotated and predicted human genes from ~150 web sources, including genomic,
transcriptomic, proteomic, genetic, clinical and functional information.14 DISEASES (https://diseases.jensenlab.org/) is
a weekly updated web resource that integrates evidence on disease-gene associations from automatic text mining,
manually curated literature, cancer mutation data, and genome-wide association studies.15 We extracted related data
from the three databases mentioned above using the sepsis or gram-negative sepsis keyword to find the involved genes
and/or proteins. Next, the common sepsis-related genes from these 3 databases were obtained using the Venn Diagram
software (http://bioinformatics.psb.ugent.be). The STRING database (https://string-db.org, version 11.0) was used for the
analysis of co-expression genes from these 3 databases (The confidence score >0.4 was considered statistically
significant),16 and performed Cytoscape (version 3.8.2) for 20 top hub genes.17 We then performed functional analysis
using R software package (version 3.6.3),18 the enrichment analysis of lipid metabolism associated with sepsis was
plotted.
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Inclusion Criteria of Study Subjects
According to of the sepsis guidelines version 3.0 the diagnostic criteria: infection (positive culture of blood, urine,
cerebrospinal fluid, wound discharge, respiratory secretions, other body fluids, etc.) and patients with the sequential organ
failure assessment (SOFA) score ≥2. Patients with adequate fluid resuscitation still need a vasoconstrictor to achieve
a mean arterial pressure (MAP) of 65 mmHg or more, and LAC ≥ 2 mmoL was diagnosed as septic shock.19 The
G-sepsis patients were divided into survival and death groups according to the outcome of 28 days after ICU admission.

SIRS diagnostic criteria: SIRS can be diagnosed if two or more of the following criteria are met.①Body temperature
>38°Cor <36°C. ②Heart rate >90/min or hypotension (systolic blood pressure <90 mmHg, or lower than baseline >40
mmHg). ③Shortness of breath (>20/min) or excessive ventilation (PaCO2<32mmHg). ④ Peripheral blood white blood
cell count >12.0×109/L or <4.0×109/L, or the proportion of immature white blood cells >10%. However, others causing
the above acute abnormal changes were excluded.

Exclusion criteria: ①Patients admitted to the ICU for less than 24 hours; ② Patients with acute and chronic
infectious diseases, tumors and autoimmune diseases; ③Patients with diabetes, coronary heart disease, and hyperlipi-
demia;④Patients with incomplete clinical data. There was no statistically significant difference in gender and age among
the four groups of study subjects (P>0.05), and they were comparable.

Study Subjects
From September 2019 to September 2020, 90 patients with gram-negative sepsis in the ICU 48 h of the Second People’s
Hospital of Hunan Province (hereinafter referred to as “the hospital”) were enrolled as the G-sepsis group, including 49
males and 41 females, the average age is 63.3 ± 6.8 years. Another 38 patients with gram-positive bacteria sepsis were
enrolled as the G+sepsis group, including 16 males and 22 females, with an average age of 60.8 ± 8.6 years. Forty fever
patients with negative blood culture were enrolled as the SIRS group, including 22 males and 18 females, with an
average age of 64.8 ± 7.2 years. In the same period, 40 healthy people in the physical examination center of the hospital
were enrolled as the healthy control group, including 20 males and 20 females, with an average age of 63.8 ± 8.4 years.
There were 37 patients with G-septic shock, including 16 males and 21 females, with an average age of 66.3 ± 7.4 years.
Sixty-nine patients with G-sepsis survived and 21 died. This study complied with the guidelines of the Declaration of
Helsinki, informed consent was obtained from every individual, and the consent process was approved by the Ethics
Council of the Second People’s Hospital of Hunan Province (No. L2017014).

Specimen and Data Collection
(1) Patients enrolled: infection (positive culture of blood, urine, cerebrospinal fluid, wounds, respiratory secretions, other
body fluids, etc.), and patients with SOFA score ≥2. We prospectively recorded clinical data of patients 48 hours after
admission to ICU, including gender, age, medical history, treatment process, time of admission to ICU, culture-positive
time and 28-day case fatality rate, APACHE II score and SOFA score (take the first day of admission to ICU. The worst
parameter is calculated by APCHEII score and SOFA score). At the same time, serum samples were collected on the 1st,
3rd and 5th day after admission to the ICU. We excluded patients who stayed in ICU for less than 24 hours, who suffered
from acute and chronic transfection diseases, tumors and autoimmune diseases.

(2) Retention of test specimens: Collect fasting venous blood of all subjects on 1 d, 3 d, and 5 d after the occurrence,
centrifuged at 3000 r/min for 10 min, and aspirate 3 mL in EP tube and store at −80°C for later use.

(3) Detection of specimens:

ELISA Analysis
Serum HDL-associated lipoproteins (HDL-C, SR-BI, apoM and apoC) levels were determined by ELISA method, strictly
in accordance with the kit instructions (Jianglai Biotechnology Co., LTD, China). Followed these steps: The kits were
placed in the refrigerator at 4°C overnight, balanced at room temperature for 60 min before using. After the crystal-
lization was completely dissolved, the washing solution was configured (1:20 dilution), then prepared the standard
according to the number of reagent instructions; Added 100 μL horseradish peroxidase (HRP) labeled detection antibody
to the blank, standard and sample wells, shaked and mix slightly, then sealed and incubate in a 37°C incubator (Changjin
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Technology Co. LTD., China) for 30 min; washed 5 times, 1 min every time with the washing machine (Shenzhen Healas
Technology Co., LTD., China), and then thrown off and dried; Added 50 μL substrate A and substrate B to every well,
incubate for 15 min at 37°C; Added 50μL stop solution to every well, the OD value of each well within 15 min using
450nm wavelength (Multiskan MK3, Thermo Fisher Shanghai Instruments Co., China); After the absorption value of
standard and sample wells minus the absorption value of blank wells, took OD value as ordinate and concentration as
abscissa to draw the standard curve; Calculated the concentration of these parameters according to the standard curve
equation.

Biochemical Analysis
Automatic biochemical analyzer (Siemens Healtheomo Diagnostics InC, Germany) detects biochemical indicators
[serum creatinine (SCR), uric acid (UA), total Bilirubin (TBIL) and alanine transaminase (ALT) were provided by
Siemens Healtheomo Diagnostics InC, Germany, and lactic acid (LAC) was provided by Yonghe Sun Biotechnology Co.,
LTD, China] and blood lipid parameters [high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), total cholesterol (TC) and triglyceride (TG) were provided by Siemens Health Diagnostics InC, Germany]
and CRP (Beijing Strong Biotechnology Co., LTD, China) levels, automatic electrochemiluminescence analyzer (Roche,
Germany) were detected inflammation parameters PCT and IL-6 (Roche, Germany) levels.

Bacterial Culture and Identification
The blood samples of the patients were placed in blood culture bottles, scanned and cultured in an automatic blood
culture instrument (BACTEC FX, Becton, Dickinson and Company, USA), and then transferred after positive alarm. The
samples were inoculated in chocolate culture dishes and blood culture dishes, placed overnight in a carbon dioxide
incubator (Thermo Fisher Scientific Instruments Co., USA) at 37°C, and the colonies were identified by an automatic
bacterial culture system (VITEK 2 Compact, Biomerieux Diagnostic Products Co., LTD, Shanghai).

We analyzed the difference in the concentration of the above indicators between the groups, and the relationship with
the disease and prognosis.

Statistical Analysis
SPSS25.0 software was used for statistical analysis of the experimental data. The measurement data conforming to the
normal distribution were expressed as mean ± standard deviation, t-test was used for comparison between two groups,
and univariate analysis for comparison between multiple groups. The non-conforming normal distribution counting data
were represented by [M (P25, P75)], Mann–Whitney U-test was used for comparison between two groups, and Kruskal–
Wallis H-test for comparison between multiple groups. Pearson correlation coefficient was used for the correlation of
each parameter, logistic analysis for the risk factors affecting the prognosis of G-sepsis, and the receiver operating curve
(ROC) and AUC analysis for the role of HDL-associated lipoproteins in the diagnosis, severity and prognosis of G-sepsis
(AUC of 0.5–0.7 indicated low diagnostic value, 0.7–0.9 for medium diagnostic value, and above 0.9 for high diagnostic
value). P<0.05 was considered statistically significant.

Results
Bioinformatic Analysis of Lipid Metabolism Associated with Sepsis/ G-Sepsis
We combined related genes on sepsis or gram-negative sepsis from CTD, GeneCards and DISEASES databases using Venn
Diagram software, with a total of 164 common genes (Figure 1A). We screened hub genes, and among the 20 top genes, there
were genes related to inflammatory cytokines and lipid metabolism (Figure 1B). The enrichment analysis of lipid metabolism
associated with sepsis/G-sepsis showed that the common genes were significantly enriched in biological processes such as
lipid localization, transport and storage, cellular components such as plasma lipoprotein (HDL, VLDL, TG) particle and
protein-lipid complex, molecular functions such as intermembrane lipid transfer activity and protein-lipid complex binding,
and the enriched KEGG pathways included IL-17 signaling pathway, cytokine–cytokine receptor interaction, Toll-like
receptor signaling pathway, cholesterol metabolism and sphingolipid signaling pathway (Figure 1C and Table 1).
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The Demographic Data of Subjects
Next, we verified the disorder of lipid metabolism in sepsis, especially in G-sepsis, through clinical study data. In
this study, 128 sepsis patients with positive blood culture were included, of which 105 cases had body temperature
(T) >38.3°C (82.0%), 16 cases T <36.0°C (12.5%), 121 cases pulse (P) >90 times/min (94.5%), 48 cases respiratory
rate (R) >30 times/min (37.5%), 45 cases blood glucose >7.7 mmol/L without diabetes (35.2%), 26 cases abnormal
creatinine (20.3%). 78 cases white blood cell count >12×109/L (60.9%) and 17 cases <4×109/L (13.3%). 25 cases
suffered from abnormal consciousness (19.5%), 28 cases hypotension (21.9%), 36 cases hypoxemia (28.1%), 48
cases abnormal liver function (37.5%), 24 cases abnormal coagulation function (18.8%), 87 cases dyslipidemia
(70%), 41 cases hyperlactemia (32.0%), 6 cases abdominal distension (4.6%), and 4 cases hyperbilirubinemia (3.1%)
(Table 2).

A pathogen analysis of 128 blood culture-positive samples was carried out. 90 strains of Gram-negative bacteria were
mainly Escherichia coli (37.5%), Klebsiella pneumoniae (16.4%) and Acinetobacter baumannii (6.3%), Escherichia coli
accounted for the highest proportion. There were 38 strains of Gram-positive bacteria, Staphylococcus aureus (10.9%)
and Staphylococcus haemolyticus (3.1%) were the main bacteria (Table 3).

Figure 1 Bioinformatic analysis of lipid metabolism associated with sepsis/ G-sepsis. (A) A total of 164 common genes on sepsis or gram-negative sepsis from CTD,
GeneCards and DISEASES databases by Venn Diagram software. (B) Screened out 20 top hub genes by Cytoscape from the co-expression genes. (C) The enrichment
analysis of lipid metabolism associated with sepsis/ G-sepsis.
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The Physical Data of Subjects
Compared with the control group, the levels of HDL-C, LDL-C, TC, TG and TBIL in infection subjects were
significantly decreased, while the levels of PCT, IL-6, CRP, SCR and ALT were significantly increased (P < 0.05), the
level of UA increased with severity of infectious diseases (P < 0.05). Compared with SIRS and G+ sepsis group, the
levels of serum PCT, IL-6, CRP, SCR and ALT in G-sepsis group were significantly increased, while levels of HDL-C,
LDL-C, TC, TG and TBIL were significantly decreased (P < 0.05), and the infection mainly occurred in the lung,
abdomen, urinary and trauma in G-sepsis patients (Table 4).

Table 1 Top 5 of Functional Analysis of Lipid Metabolism Associated with Sepsis in Which Common Genes Extracted from the 3
Databases

Ontology Term P-value Count Genes

BP Positive regulation of

lipid localization

3.39597E-10 12 APOA1/APOB/APOE/C3/MIF/NFKB1/NFKBIA/OXT/PON1/NR1H2/SIRT1/

RETN

BP Regulation of lipid
localization

3.70537E-09 14 APOA1/APOB/APOE/C3/CETP/CRP/MIF/NFKB1/NFKBIA/OXT/PON1/
NR1H2/SIRT1/RETN

BP Positive regulation of

lipid transport

6.86888E-08 9 APOA1/APOE/MIF/NFKBIA/OXT/PON1/NR1H2/SIRT1/RETN

BP Lipid storage 1.66535E-07 9 APOA1/APOB/APOE/C3/CRP/NFKB1/NFKBIA/NR1H2/SIRT1

BP Lipid localization 3.07513E-07 18 APOA1/APOB/APOE/APOH/CEACAM1/C3/CETP/CRP/FABP4/LBP/MIF/

NFKB1/NFKBIA/OXT/PON1/NR1H2/SIRT1/RETN
CC Plasma lipoprotein

particle

8.68948E-06 6 APOA1/APOB/APOE/APOH/CETP/PON1

CC High-density

lipoprotein particle

1.27552E-06 6 APOA1/APOB/APOE/APOH/CETP/PON1

CC Protein-lipid complex 1.01301E-05 6 APOA1/APOB/APOE/APOH/CETP/PON1
CC Very-low-density

lipoprotein particle

0.000192162 4 APOA1/APOB/APOE/APOH

CC Triglyceride-rich
plasma lipoprotein

particle

0.000192162 4 APOA1/APOB/APOE/APOH

MF Intermembrane lipid
transfer activity

0.001022111 4 APOA1/APOB/APOE/CETP

MF Glycolipid binding 0.009631368 3 CEACAM5/IL2/SELL

MF Sphingolipid binding 0.011449778 3 IL2/SELL/TRAF2
MF Lipid transporter

activity

0.012372134 6 APOA1/APOB/APOE/CEACAM1/CETP/FABP4

MF Protein-lipid complex
binding

0.028289119 3 APOA1/APOE/CRP

KEGG IL-17 signaling pathway 6.47313E-08 13 MAPK14/CSF3/IFNG/IL4/IL5/NFKB1/NFKBIA/MAPK1/MAPK13/CCL2/CCL17/

CXCL6/TRAF2
KEGG Cytokine-cytokine

receptor interaction

1.71938E-10 26 AMH/CD4/CSF3/EPO/IFNG/IL1RN/IL2/IL2RB/IL4/IL5/IL10RA/IL12B/LIF/LTBR/

OSM/CCL2/CCL17/CXCL6/CX3CL1/TGFB1/THPO/TNFRSF1A/TNFSF10/

IL1RL1/EBI3/IL23A
KEGG Toll-like receptor

signaling pathway

8.25746E-06 11 MAPK14/IL12B/LBP/NFKB1/NFKBIA/MAPK1/MAPK13/TLR2/RIPK1/TAB1/

TICAM1

KEGG Cholesterol
metabolism

0.004000344 5 APOA1/APOB/APOE/APOH/CETP

KEGG Sphingolipid signaling

pathway

0.000114442 10 MAPK14/CTSD/KRAS/NFKB1/MAPK1/MAPK13/RAC2/RAF1/TNFRSF1A/

TRAF2
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The Changes and Correlation of the Levels of HDL-Associated Lipoproteins in
Inflammatory Diseases
Compared with the control group, serum SR-BI, apoM, apoC and HDL-C levels were successively decreased (P < 0.05)
in infection subjects. The serum levels of SR-BI, apoM and HDL-C were decreased in G-sepsis group significantly
higher than those in SIRS group, while serum apoC had no difference (P > 0.05). Compared with G+sepsis group, HDL-
C and SR-BI levels were significantly decreased in G-sepsis group (P < 0.05) (Figure 2A–D).

The levels of SR-BI, apoM, apoC, and HDL-C were changed in G-sepsis patients, so the correlation was further
analyzed. The results showed that serum SR-BI was positively correlated with HDL-C, apoM, and apoC in G-sepsis
patients, with correlation coefficients r = 0.507, r = 0.727 and r = 0.828, respectively (P < 0.001), which suggested that
there was a certain correlation between each parameter (Figure 2E–G).

Table 2 Clinical Characteristics of Subjects

Clinical Characteristics of Subjects N Percentage (%)

P>90 times 121 94.5
T>38.3°C 105 82.0

T<36.0°C 16 12.5

R>30 times/min 48 37.5
Elevated glucose without diabetes 45 35.2

Abnormal creatinine 26 20.3

White blood cell count>12×109/L 78 60.9
White blood cell count<4×109/L 17 13.3

Abnormal consciousness 25 19.5
Hypotension 28 21.9

Hypoxemia 36 28.1

Abnormal liver function 48 37.5
Abnormal coagulation function 24 18.8

Dyslipidemia 87 70.0

Hyperlactemia 41 32.0
Abdominal distension 6 4.6

Hyperbilirubinemia 4 3.1

Abbreviations: P, pulse; T, temperature; R, respiratory rate.

Table 3 Distribution and Composition of Pathogenic
Bacteria

Pathogenic Bacteria Percentage (%)

Gram-negative bacteria

Escherichia Coli 37.5
Klebsiella pneumoniae 16.4

Acinetobacter baumannii 6.3

Pseudomonas aeruginosa 5.5
Enterobacter cloacae 4.7

Other negative bacteria 5.5

Gram-positive bacteria
Staphylococcus aureus 10.9

Staphylococcus haemolyticus 3.9

Staphylococcus human 3.1
Staphylococcus capitis 2.3

Other positive cocci 3.9

Total 100
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Diagnostic Efficacy of Serum HDL-Associated Lipoproteins in G-Sepsis
From the above observation, we found that the levels of serum HDL-associated lipoproteins were altered in inflammatory
diseases, and then we wondered if these changes could be useful for diagnosing. ROC curve analysis showed that the AUC of
serum SR-BI, apoM, apoC and HDL-C in distinguishing G-sepsis from control subjects were 0.966, 0.816, 0.812 and 0.914,
respectively.When the optimal critical valueswere 122.10pg/mL, 102.40 ug/mL, 17.55mg/dL and 0.915mmol/L, the sensitivity
was and 97.78%, 93.33%, 73.03% and 85.56%, respectively; the specificity was 82.50%, 61.54%, 82.50% and 95.00%,
respectively; These differences were statistically significant (P < 0.001) (Figure 3A). Among the inflammatory indicators, we
observed, the AUC of serum PCT, IL-6, CRP and LAC were 0.903, 0.725, 0.767 and 0.823, respectively, the sensitivity was
89.92%, 84.16%, 82.16% and 84.52%, and the specificity was 83.72%, 64.14%, 63.48% and 70.31%, respectively.

In distinguishing G-sepsis from SIRS subjects, the AUC of serum SR-BI, apoM, apoC and HDL-C were 0.962, 0.665,
0.655 and 0.703, respectively. When the optimal critical values were 109.70 pg/mL, 38.69 ug/mL, 15.83 mg/dL and
0.685 mmol/L, the sensitivity was and 86.66%, 38.89%, 71.91% and 50.00%, respectively; the specificity was 82.50%,
90.00%, 60.00% and 80.00%, respectively (Figure 3B).

In distinguishing G- sepsis from G+ sepsis subjects, the AUC of serum SR-BI, apoM and HDL-C were 0.939, 0.624
and 0.639, respectively. When the optimal critical values were 175.64pg/mL, 39.03 ug/mL and 0.94 mmol/L, the
sensitivity was and 83.33%, 39.89% and 85.56%, respectively; the specificity was 92.31%, 97.87% and 43.37%,
respectively. The value of apoC in differentiating G- sepsis from G+ sepsis was not significant (P > 0.05) (Figure 3C).

The Decrease of Serum HDL-Associated Lipoproteins Indicated the Aggravation of
G-Sepsis
In order to understand the role of serum HDL-associated lipoproteins in evaluating the severity of G-sepsis, we analyzed the
changers in G-sepsis shock patients. The scores of APACHE II and SOFA in G- sepsis shock subjects were significantly

Table 4 The Physical Data of Subjects

Category G-Sepsis G+Sepsis SIRS Control Group P

N 90 38 40 40 0.262
Gender Female 41 22 18 20

Male 49 16 22 20

Age (years, x
±s)

63.3±6.8 60.8±8.6 64.8±7.2 58.8±12 0.478

Location of

infection

Lung 58 17 15

Abdomen 18 12 13
Urinary 2 1 3

Trauma 12 8 9
PCT (ug/L) 295.13(201.21, 372.12)*† 20.68(6.68,36.56)* 16.96(15.33,23.53)* 1.82(0.33,13.81) 0.000

IL-6 (ng/L) 55.15(17.65,174.40* 42.12(14.45,84.78)* 78.15(17.22,158.00)* 3.84(2.58,4.82) 0.000

CRP (mg/L) 56.34(22.50,157.60)*#† 23.10(18.23,56.24)* 53.50(24.87,90.32)* 1.90(1.18,4.25) 0.000
SCR (umol/L) 129.85(65.98,320.35)*# 96.50(54.05,153.30)* 72.55(65.02,113.76) 61.20(54.45,76.80) 0.000

UA (umol/L) 347.20(240.25,548.02)* 288.40(143.30,366.50)*† 286.50(245.92,433.85) 308.03(280.00,340.75) 0.001

HDL-C (mmol/L) 0.54(0.24,0.76)*#† 0.76(0.30,1.08)*† 0.70(0.31,0.98)* 1.09(089,1.26) 0.000
LDL-C (mmol/L) 1.28(0.78,1.79)*# 1.86(1.06,2.65)* 1.67(1.07,2.36) 2.72(1.89,3.45) 0.000

LAC (mmol/L) 4.87(2.35,28.86)*#† 3.21(1.50, 30.10)* 3.02(1.79,4.00)* 0.12(0.04,0.98) 0.000

TC (mmol/L) 2.24±0.73*#† 3.06±0.84* 3.15±1.16* 3.89±0.56 0.000
TG (mmol/L) 1.32(0.81,2.36)*#† 1.42(0.93,1.83)* 1.38(0.84,2.13)* 1.49(0.87,1.78) 0.569

TBil (umol/L) 24.36±3.24*#† 16.12±1.89* 15.12±1.89* 9.14±0.94 0.000

ALT (u/L) 97.23±9.80*#† 78.34±5.76*† 51.34±6.45* 20.84±7.56 0.000

Notes: *P <0.05, Compared with control group; #P<0.05, Compared with the SIRS group; †P<0.05, Compared with G+ sepsis. The data expressed as M (P25, P75) and mean
± standard deviation respectively, blank in the table meant no item.
Abbreviations: PCT, procalcitonin; IL-6, interleukin 6; CRP, C-reactive protein; SCR, serum creatinine; UA, uric acid; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; LAC, lactic acid; TC, total cholesterol; TG, triglyceride; TBIL, total bilirubin; ALT, alanine transaminase.
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higher than those in G-sepsis (P < 0.001), while the levels of SR-BI, apoM, apoC and HDL-C were significantly decreased
(P < 0.001), which suggested that apolipoprotein and HDL receptor were closely related to severity of G-sepsis, and the
levels of SR-BI, apoM, apoC and HDL-C decreased with the aggravation of the disease (Figure 4A–D), while among the
inflammatory indicators we observed, only PCT and LAC had differential variation (P < 0.001).

While dynamically observing the severity, we tested the specimens required for clinical diagnosis and treatment
every day, and found that the third day and the fifth day were the time of high frequency of examination, so we monitored
the results of 15 patients (No patients at all three time points were excluded) with G-sepsis on 1 d, 3 d and 5 d after ICU
admission. The results showed that the levels of serum HDL-associated lipoproteins changed as the disease progressed.
The results showed that serum SR-BI and apoC appeared to have an upward trend (P < 0.05), and the level of apoM
reached the lowest value on the 3rd day after ICU admission, and then elevated (P < 0.05). During the monitoring

Figure 2 The changes and correlation of the levels of serum HDL-associated lipoproteins in inflammatory diseases. Serum HDL-associated lipoproteins were decreased in
infection subjects (There were 90 patients with G- sepsis, 38 cases with G+sepsis, and 40 cases with SIRS): HDL-C (A), SR-BI (B), apoM (C), and apoC (D) on the first day
after admission to the ICU. Serum SR-BI was positively correlated in G-sepsis patients with HDL-C (E), apoM (F), and apoC (G) on the first day after admission to the ICU.
*P<0.05, * *P<0.01, * * *P<0.001, nsP>0.05.

Figure 3 Diagnostic efficacy of serum HDL-associated lipoproteins in G-sepsis. ROC curve analysis of serum SR-BI, apoM, apoC and HDL-C in distinguishing G-sepsis (90
samples) from control subjects (40 samples) (A), G-sepsis from SIRS subjects (40 samples) (B), and G-sepsis from G+sepsis subjects (38 samples) (C) based on the change of
HDL-associated lipoproteins on the first day.
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process, it was found that the extent of altering in SR-BI and apoC levels reached 2–3 times, which could give prominent
indication of disease progress (Figure 4E–H).

APACHE II score and SOFA score were clinical indicators to evaluate the severity of sepsis, so we analyzed the
correlation between the scores and HDL-associated lipoproteins. The levels of serum SR-BI, apoC, and apoM were
negatively correlated with APACHE II score and SOFA score [the correlation coefficients with APACHE II score were
r=−0.720, r=−0.593, r=−0.379, respectively (Figure 5A–D); the correlation coefficients with SOFA score were r=−0.624,
r=−0.457, r=−0.343, respectively (Figure 5E–H).].

Further, we evaluated the diagnostic efficacy of HDL-associated lipoproteins for disease severity. The results showed
that the AUC of the levels of serum SR-BI, apoM and apoC in G-sepsis patients were 0.788, 0.748 and 0.660,
respectively. When the optimal thresholds were 41.230 pg/mL, 41.730 ug/mL and 5.337 mg/dL, the sensitivity were
72.97%, 65.75%, 43.24%, respectively; and specificity were 81.13%, 83.07% and 86.79%, respectively (Figure 5I).

While among the inflammatory indicators we observed, the AUC of serum PCT and LAC were 0.702 and 0.792.
When the optimal thresholds were 10.23 ug/mL and 3.45 mmol/L, the sensitivity were 72.25% and 81.53%, and
specificity were 68.72% and 78.42%.

The above results suggested that HDL-associated lipoproteins were closely related to the progression of G-sepsis.

The Prognostic Effect of Serum HDL-Associated Lipoproteins on Patients with
G-Sepsis
The levels of HDL-C, SR-BI, apoM and apoC in G-sepsis death were much more decreased than those in the survival
(P < 0.001), which was further suggested that the lower the serum levels of HDL-C, SR-BI, apoM and apoC, the more
severe the disease. Among inflammatory factors, only LAC had prognostic significance (4.72 mmol/L vs 2.76mmol/L,
P < 0.001), while PCT, IL-6 and CRP had no prognostic significance (P > 0.05) (Figure 6A–D).

According to logistic regression analysis, serum SR-BI and apoM were risk factors affecting the prognosis of patients
with G-sepsis (Table 5). ROC curve results showed that the AUC of serum SR-BI and apoM for predicting death from

Figure 4 The decrease of serum HDL-associated lipoproteins indicated the aggravation of G-sepsis. The levels of HDL-associated lipoproteins in G-sepsis shock subjects
(37 samples) were significantly decreased than those in G-sepsis (53 samples): HDL-C (A), SR-BI (B), apoM (C), and apoC (D) on the first day after admission to the ICU. *
*P<0.01, * * *P<0.001. The levels of serum HDL-associated lipoproteins changed as the disease progresses (Fifteen patients were monitored): HDL-C (E), SR-BI (F), apoM
(G), and apoC (H). The extent of alter in SR-BI and apoC levels reached 2–3 times. *P<0.05, only compared with the first day; #P<0.05, compared with the first day and the
third day of significant difference.
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G-sepsis were 0.923 and 0.887, respectively. When the optimal critical values were 39.480 pg/mL and 44.750 ug/mL,
respectively, the sensitivity and specificity were 86.36%, 89.86% and 85.71%, 85.51%, respectively. The AUC,
sensitivity and specificity of apoM and SR-BI combination in predicting death from G-sepsis were 0.977, 95.24% and
89.88%, respectively, which was greater than the predictive value of a single indicator, and the predictive sensitivity and
specificity of the combined diagnosis were higher than that of a single indicator (Figure 6E).

Discussion
Sepsis has the characteristics of risk and high fatality rate, can easily damage the host tissues and organs and develop into
multiple organ failure syndrome (MODS).20 Timely identification of infected patients and antibiotic treatment are key to
prevent the development of sepsis. 29 studies noted decreased HDL, TC and LDL, and elevated TG concentrations in
SIRS and/or sepsis patients. In particular, HDL appears to be an inflammatory marker, as the reduction in its levels
reflects the intensity of the underlying inflammatory process.21 The results of blood lipid detection are easy to obtain in
clinical laboratory, and little affected by antibiotic drugs in the treatment process, which can genuinely reflect morbid
state. Most previous studies on sepsis have focused on the role of HDL or apoA1 and comparative analyses between
survivor and non-survivor groups or sepsis and sepsis shock groups.22–24 In this study, we analyzed the differences in
serum HDL-associated lipoprotein levels in patients with G-sepsis and G+sepsis and the association of lipid levels with
severity and prognosis.

Plasma lipids and apolipoproteins undergo comprehensive changes in sepsis; what is more, lipid mediators play
a distinct role in innate immune signaling, which provide new frontiers for targeting the septic response. While the
changes in lipid and lipoprotein metabolism during sepsis are well characterized whether they are related to the pathogen
type remains unclear. HDL is a complex biological molecule, with a surface of phospholipids, free cholesterol and
specialized apolipoproteins surrounding a neutral lipid core, consisting of apoA1, apoC1, apoM, etc. Lipoproteins
neutralize Pathogen-associated lipids (PALs) and LPS from Gram-negative bacterial cell walls in the blood, thereby
reducing the pro-inflammatory response of immune cells. Of all lipoprotein classes, HDLs bind PALs with the most
excellent affinity.25 Our results also suggested alterations to HDLs in patients with G-sepsis.

In this study, levels of serum HDL-C, LDL-C, TC, TG were significantly decreased in sepsis patients, 70% of
G-sepsis patients were dyslipidemia (Table 2), Escherichia coli accounted for the highest proportion of infected bacteria
(Table 3), and the infection mainly occurred in the lung, abdomen, urinary and trauma in G-sepsis patients (Table 4). In
our early study of bacterial infectious diseases, it was found that the serum HDL and apoA1 levels of patients with

Figure 5 Correlation between serum HDL-associated lipoproteins and severity of G-sepsis. The APACHE II scores were negatively correlated with levels of serum HDL-
associated lipoproteins: SR-BI (B), apoM (C), and apoC (D), but not with HDL-C (A). The SOFA scores were negatively correlated with levels of serum HDL-associated
lipoproteins: SR-BI (F), apoM (G), and apoC (H), but not with HDL-C (E). (I) The diagnostic efficacy of HDL-associated lipoproteins for disease severity of G-sepsis.
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G-bacterial infection were lower than those with G+ bacterial infection,10–12 further study found that serum HDL-
associated lipoproteins were correlated with the progression and prognosis of G-sepsis.

In plasma, apoM, an apolipoprotein primarily present in HDL, is transported with HDL, and apoM+ HDL accounts
for 5% of the total HDL, and is also the main carrier of plasma sphingosine-1-phosphate (S1P). Recently, the anti-
inflammatory functions of apoM mediated by HDL have received increasing attention.26,27 ApoC1 circulates in plasma
with a concentration of 6 mg/dL and is mainly bound to the lipoproteins HDL and VLDL,28 makes up about 2% of that

Table 5 Prognostic Risk Factors for G- Sepsis

B S.E. Wald df Sig. Exp (B)

HDL-C (mmol/L) 0.003 0.006 0.297 1 0.586 1.003
SR-BI (pg/mL) 5.982 2.561 5.459 1 0.019 396.355

apoC (mg/dL) −4.459 8.248 0.292 1 0.589 0.012

apoM (ug/mL) −6.407 2.867 4.995 1 0.025 0.002
Constant 22.183 6.803 10.633 1 0.001 0.000

Abbreviations: HDL-C, high-density lipoprotein cholesterol; SR-BI, scavenger receptor BI; apoC, apolipoprotein C; apoM, apolipoprotein M.

Figure 6 The prognostic effect of serum HDL-associated lipoproteins on patients with G-sepsis. The levels of HDL-associated lipoproteins in G-sepsis death (21 samples)
were much more decreased than those in the survival (69 samples): HDL-C (A), SR-BI (B), apoM (C), and apoC (D). (E) ROC curve analysis of serum SR-BI and apoM for
predicting death from G-sepsis. The AUC, sensitivity and specificity of SR-BI and apoM combination in predicting death from G-sepsis were 0.977, 95.24% and 89.88%,
respectively. * * *P<0.001.
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of HDL, and is also the major plasma inhibitor of cholesteryl ester transfer protein (CETP). SR-BI is a multiligand
membrane protein receptor that binds to apolipoproteins on HDL to promote selective uptake and reverse transport of
cholesterol. ApoM, apoC and SR-BI are involved in HDL cholesterol metabolism and are closely related to the formation
of atherosclerosis.

The relationship between these HDL-associated lipoproteins and sepsis has also been studied, sepsis decreased
hepatic apoM mRNA and plasma apoM level in LPS-treated rat,29 and the plasma concentrations of apoM decrease
dramatically in patients with sepsis and SIRS, the degree of decrease reflecting the severity of the disease.30 Lipid
metabolism emerged as the main altered function in septic patients secondary to hospital-acquired pneumonia, with HDL
as a central node in the network analysis, interacting with down-regulated proteins, such as apoC1,31 which was
consistent with our findings (Figure 2). However, there are few studies on the relationship between HDL-associated
lipoproteins and G-sepsis, mainly using LPS-induced animal models. According to recent reports, LPS decreases apoM
expression,32 and apoM possesses protective properties against LPS-induced organ injuries in LPS-treated mice.33 In
humans with G-sepsis and in a mouse model of sepsis with LPS administration, these were observed an approximately
50% decrease in serum apoM levels.34 ApoC1 contains structural elements in both N-terminal and C-terminal helix to
bind LPS and to enhance the proinflammatory response toward LPS via a mechanism similar to LPS-binding protein
(LBP),35 increases the inflammatory response to G-sepsis and protects against fatal sepsis. There have been hardly any
studies comparing HDL-associated apolipoproteins in patients with G-sepsis with G+sepsis.

Therefore, we investigated changes in lipoprotein metabolism associated with HDL in G-sepsis in this study. We
found that compared with G+sepsis, serum HDL-C, SR-BI, apoM and apoC levels were lower in patients with G+sepsis.
Furthermore, serum SR-BI was positively correlated with apoM, apoC and HDL-C in G-sepsis patients (Figure 2). Serum
SR-BI, apoM, apoC and HDL-C had good diagnostic efficacy in distinguishing G-sepsis from control subjects, SIRS
subjects, G+sepsis subjects (Figure 3), and had a good correlation with APACHE II score and SOFA score, namely the
severity of sepsis (Figure 5), especially the changes of SR-BI and apoC levels, which reach 2–3 times within 2 days,
which could give prominent indication of disease progress (Figure 4). The levels of HDL-C, SR-BI, apoM and apoC in
G-sepsis death were much more decreased than those in the survival, according to logistic regression analysis, serum SR-
BI and apoM were risk factors affecting the prognosis of patients with G-sepsis, further analysis showed that the
combination of apoM and SR-BI had better sensitivity and specificity (Figure 6). None of the classic inflammatory
factors, such as the levels of serum PCT, LAC, IL-6 and CRP, could be compared with those. These results suggested that
HDL-associated lipoproteins were closely related to the early diagnosis, progression and prognosis of G-sepsis.

Patients have low utilization of exogenous nutrients when sepsis occurs, most rely on decomposition of their own
proteins and mobilization of fat for energy, while lipids and metabolites will combine with endotoxins and early
inflammatory factors. In G-sepsis patients, endotoxin is the main inducement, which triggers SIRS through inflam-
matory cascade. In the inflammatory state, changes in HDL structure can be observed, leading to changes in HDL
functions, such as eliminating pathogens.36 The apoC-LPS complex was recognized by the SR-BI receptor on the liver
surface and then transferred to the liver for clearance. ApoM promoted the anti-inflammatory effects of HDL by
binding to cell surface SR-BI receptors. Studies have shown that apoM+/HDL had better anti-inflammatory effect than
apoM/HDL, which may be because the interaction between apoM and SR-BI enhanced the anti-inflammatory effect of
HDL and the LPS-scavenging ability of SR-BI. ApoM repaired the vascular barrier by binding to S1P receptor and
stimulated production of endothelial nitric oxide synthase (eNOS) to protect blood vessels.37 HDL-associated
apolipoproteins were positively correlated with HDL receptor SR-BI, SR-BI has been shown to modulate the
susceptibility to LPS-induced tissue injury and the ability of S1P (sphingosine 1 phosphate) to interact with its
receptor, linking SR-BI to regulating inflammation.38,39 HDL-associated apolipoproteins can bind to LPS, so HDL-
associated apolipoproteins may promote to bind LPS by combing with SR-BI,40 thus scavenging G-bacterial toxicity.
Patients with more severe sepsis had higher LPS, and HDL-associated apolipoproteins were bound to be more,
indicating that patients with severe sepsis had lower levels of serum HDL-associated apolipoproteins than patients
with mild sepsis over the same period of time. Recent studies have shown that the down-regulation of plasma HDL in
patients with sepsis may promote inflammatory response, thereby activating SOCS1 signaling pathway, regulating the
severity of sepsis and affecting prognosis.41 Therefore, low HDL-associated apolipoproteins can predict the severity
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and prognosis of acute sepsis.42 Our bioinformatic analysis also found that the lipid metabolism signaling pathways in
G-sepsis included cytokine–cytokine receptor interaction, toll-like receptor signaling pathway etc., which are worthy
of further study.

Conclusion
In summary, we demonstrated that HDL-associated apolipoproteins and their receptor SR-BI were associated with the
type of bacterial infection. Serum SR-BI and apoM levels could be used as potential biomarkers for early diagnosis and
progression of G-sepsis. The combination of serum apoM and SR-BI could improve the sensitivity and specificity of
prognosis assessment of G-sepsis. We highlight not only their potential roles in sepsis pathogenesis but also the
possibility of using HDL-associated lipoproteins as diagnostic and prognostic biomarkers of sepsis. Of course, we
have only observed such clinical phenomena, and the mechanism by which HDL-associated lipoprotein protects septic
tissue damage needs further investigation.
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