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Background: Sepsis is a life-threatening syndrome caused by an imbalance in the

inflammatory response to an infection that can lead to a high mortality rate.

Escherichia coli is a common pathogen that causes sepsis. The role of

immunoglobulin G N-glycome in estimating the mortality in patients with

sepsis remains unknown. This study aims to reveal the clinical application of

immunoglobulin G N-glycome as a potentially novel biomarker to predict

mortality risk in Escherichia coli-induced sepsis.

Methods: The serum immunoglobulin G N-glycome levels in 100 adult septic

patient serum samples on the day of intensive care unit (ICU) admission, and 100

healthy volunteers were measured and analyzed. Immunoglobulin G N-glycome

was compared with existing risk scores on predicting in-hospital death.

Results: We identified that the fucosylation level was significantly decreased in

patients. Importantly, bisecting GlcNAc, sialylation, and galactosylation have

different levels between sepsis and control groups. In addition, the AUC values

of the SOFA score combined with GP4, GP5, and GP9 were 0.76 (95%CI: 0.61 to

0.90), 0.58 (95%CI: 0.40 to 0.7) and 0.57 (95%CI: 0.38 to 0.76). The AUC value of

the SOFA score combined with GP4 and GP7 was 0.85 (95%CI: 0.76 to 0.93) in

predicting in-hospital mortality in patients with sepsis.

Conclusions: Immunoglobulin G N-glycome concentrations at ICU admission

are valuable for predicting the in-hospital mortality risk of patients with sepsis,

suggesting that immunoglobulin G N-glycome may be a novel biomarker.
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Introduction

Sepsis is characterized by a dysregulated host immune response

to infection (1, 2). It can damage multiple organs, including the

heart, brain, kidneys, and liver, leading to septic shock and organ

failure (3). Sepsis is the leading cause of death in hospitals and

intensive care units, with mortality rates ranging from 10% to 50%

depending on the severity of the infection and the overall health of

the patient (4). When the immune system is compromised or

suppressed, it is harder for the patient to fight off invading

bacteria, and causes hyperinflammation (5, 6). Escherichia coli is a

common pathogen that causes sepsis. Circulating immunoglobulin

(Ig) G is an important immune effector that protects organisms

from a wide variety of bacteria (7). Alterations in IgG-associated

glycans can influence the resistance of mice to sepsis by affecting the

function of IgG effectors (8). However, little is known about the

glycosylation profile of IgG during pathogen invasion.

Glycosylation is a common and important post-translational

modification that can affect protein stability, and function and is

involved in almost all pathophysiological processes (7). In healthy

individuals, the glycan phenotype is stable but changes significantly

under pathological conditions such as inflammation (9, 10). IgG is

the most abundant glycoprotein in human biological fluids and a

major effector of the humoral immune system (11). IgG is involved

in inflammatory pathways primarily through its N-glycans (12, 13).

The N-glycans of IgG can completely alter its anti-inflammatory

and pro-inflammatory activity (14). Studies have shown that IgGN-

glycan changes are involved in the pathogenesis of cardiovascular

diseases (15), cancer (16), and autoimmune diseases (17).

However, IgG N-glycome has been rarely studied in patients

with sepsis. Here, we undertook IgG N-glycome profiling in blood

samples from health volunteers and patients with sepsis. In the

present study, we try to reveal the relationship between IgG N-

glycome and the prognosis in patients with sepsis, meanwhile, we

explore whether the serum IgG N-Glycome concentration at the

time of ICU admission can be used as a potential biomarker for

predicting mortality risk in Escherichia coli-induced sepsis.
Methods

Data source

The study adopted a case-control study design, including 100

Escherichia coli-induced septic patients and 100 healthy controls.

All study subjects were individuals enrolled in the Second Hospital

of Tianjin Medical University.

This protocol was approved by the Clinical Research Ethics

Committee of the Second Hospital of Tianjin Medical University

(KY2022K234), and informed consent was conformed to the

Declaration of Helsinki (18). The consent of each participant was

obtained at admission. If the patient has lost consciousness or

capacity, written informed consent was then obtained from each

enrolled patient’s nearest relative or designated person.
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Septic patients were eligible if they met the following criteria: (1)

were aged 18 years or older, (2) met clinically diagnosed criteria for

sepsis according to the third international consensus definitions

(Sepsis-3) (19), (3) were hospitalized and had serum samples, and

(4) Escherichia coli induced sepsis and were not involved in the

other clinical trial.

Septic patients were excluded if they had one of the following

criteria: (1) no available clinical data, (2) women who are pregnant

or breastfeeding, (3) non-septic inflammatory or other non-

infection related diagnoses causing organ dysfunction (severe

trauma or burns, immunopathy or neoplasm), (4) patients who

had an unclear baseline Sequential Organ Failure Assessment

(SOFA) score, and (5) sequential organ failure assessment

(SOFA) score < 2.

Healthy controls were subjects who underwent physical

examination in the hospital and whose plasma samples were

retained. All study participants signed informed consent forms.

Moreover, informed consent was obtained from family members of

unconscious patients.
Study Measurements and Procedures

At enrolment, patients and controls were interviewed to obtain

general demographic characteristics and epidemiological information.

The clinical records were reviewed to determine information on

treatment, and physiological and biochemical indicators.
Plasma sample collection

5 ml fasting blood samples were collected by nursing staff into

heparin vacutainer blood collection tubes. Samples were separated

by centrifugation and the supernatant was transferred to 1.5 ml

cryovials after processing. All patients and control provided at least

200 mL of plasma samples, which were stored at minus 80 degrees

Celsius until analyzed in the laboratory.
Analysis of IgG glycans

Laboratory isolation, release, and testing for IgG N-glycome

composition were performed as described previously (20, 21).

Briefly, 100 mL plasma sample diluted by 700 mL 1× phosphate

buffer saline (PBS, PH = 7.4) was transferred into Protein G 0.2 mL

Monolithic 96-well Plate (BIA Separation, European Union), and

then IgG glycans were washed with 1 ml of 0.1 M formic acid and

neutralized with 1 M ammonium bicarbonate.

30 mL 1.33% SDS (w/v) (Invitrogen, Carlsbad, CA, USA) was

added into the dried IgG-powder, and IgG N-glycan was released

with 1 mL PNGase F (Glycerol-free) at 37 degrees Celsius for

18 hours.

The free glycans were labeled with 2-aminobenzamide (2-AB).

Enzymatically released IgG N-glycans were separated by
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Hydrophilic interaction chromatography-ultra performance liquid

chromatography (HILIC-UPLC) on Waters Acquity UPLC

instrument (Waters, Milford, MA, USA).

The UPLC chromatogram was analyzed using the automated

image processing software with a traditional integration algorithm

after which the manual adjustment was performed to ensure the

accuracy of 24 directly measured glycan peaks. The amount of each

glycans peak was calculated as the percentage of the total integrated

spectral ranges covering. Moreover, 51 derived glycan traits were

calculated with 24 directly measured glycans.
Statistical analysis

Categorical variables were presented as frequency and percent

and the Pearson’s chi-squared test (c 2 test) was performed.

Continuous variables were evaluated using the Kolmogorov-

Smirnov normality test, and mean ± standard deviation (SD) or

median and interquartile range (IQR) were described according to

the normality of distribution. Furthermore, one-way analysis of

variance (ANOVA) was performed for continuous variables with

normal distribution, and the Mann-Whitney U was used to

compare two groups for those with normal distribution.

The whole original samples were randomly divided into training

and validation sets according to the ratio of 7:3 to verify the stability of

themodel. The least absolute shrinkage and selection operator (LASSO)

regularization technique and recursive feature elimination (RFE) were

used to pick out each robust IgG N-linked glycan associated with the

disease because of the high sensitivity of the lasso and RFE for the
Frontiers in Immunology 03
variations of multiple independent variables (22, 23). The multivariate

logistic regressionmodel was fitted in the analysis, which was coded as a

binary variable with filtered variables, and subsequently, the models

adjusted for age, sex, fasting blood glucose (FBG), uric acid (UA),

alanine transaminase (ALT), aspartate aminotransferase (AST), and

cerebral-cardio vascular diseases (CVD). Coefficients and odds ratios

(ORs) with their 95% confidence intervals (CIs) are also presented.

Moreover, the final model included significant variables that were used

to construct the receiver operation characteristic (ROC) curve, and the

area under the curve (AUC), sensitivity, and specificity were calculated.

In our analysis, R software (version 4.2.3) and SPSS (version 26.0) were

used to calculate. R package ‘glmnet’ (version 0.6-3) was used to

perform the lasso regression. Two-sided p values of 0.05 or lower

were deemed to be significant.
Results

Characteristics of study participants

We included 100 healthy adults (63 women and 37 men, 58.32 ±

0.59 years) and 100 patients with Escherichia coli-induced sepsis (48

women and 52 men), with an average age of 68.94 ± 1.47 years. The

demographic characteristics of the study populations are presented

in Table 1. The median FBG, UA, ALT, and AST levels in septic

patients were also significantly higher than in the control group.

The sepsis group had a higher prevalence of CVD compared to the

other groups. Among the 100 patients with sepsis during their

hospitalization, 16 died. The in-hospital mortality was 16%.
TABLE 1 Characteristics of the study participants.

Variables Controls (n=100) Sepsis (n=100) t/Z/c2 P

Age 58.32 ± 0.59 68.94 ± 1.47 -6.72a 1.93E-10

Sex (n, %) -2.12b 0.03

Male 37 (37%) 52 (52%)

Female 63 (63%) 48 (48%)

SOFA NA 8.05 ± 3.03

FBG (mmol/L) 5.92 (5.45, 6.30) 9.205 (6.59, 10.78) -7.43c 1.11E-13

UA (µmol/L) 288.00 (231.50, 345.00) 435.45 (267.37, 566.40) -5.45c 5.00E-08

ALT (U/L) 20.15 (14.73, 23.78) 30.65 (19.23, 62.15) -5.31c 1.12E-07

AST (U/L) 21.85 (18.93, 25.95) 40.15 (25.00, 112.00) -6.93c 4.18E-12

WBC (10*9/L) NA 18.10 (11.39, 22.75)

PLT (10*9/L) NA 187.00 (107.00, 273.00)

CVD (n, %) 29.48b 1.34E-21

Presence 4 (4.0%) 31 (31%)

Absence 96 (96%) 69 (69%)

Number of deaths NA 16 (16%)
SOFA, Sequential Organ Failure Assessment; FBG, Fasting Blood Glucose; UA, Uric Acid; ALT, Alanine Transaminase; AST, Aspartate Aminotransferase; WBC,White Blood Cell; PLT, Platelets;
CVD, Cerebral-cardio Vascular Diseases; Not Available; aT-test; bPearson’s chi-squared test. cMann-Whitney U Test.
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The IgG glycome composition among
different groups of people

We measured the 24 plasma IgG glycome composition and

calculated the 51 deprived glycan traits between controls and sepsis

groups by a previously established method (24). There were 22

initial glycans and 38 deprived glycans that were significantly

different between the two groups (Figure 1; Supplementary

Figures S1-S5, Supplementary Tables S1, S2). No statistical

difference was observed among 2 initial glycans (GP7 and GP12)
Frontiers in Immunology 04
and 13 deprived glycans (GP7n, GP9n, GP10n, GP12n, FGS/(FG

+FGS), FBG2S1/(FBG2+FBG2S1+FBG2S2), FBG2S2/(FBG2

+FBG2S1+FBG2S2), FBS1/FBS2, FBS2/FS2, FBS2/(FS2+FBS2)

FBS2/(FS2+FBS2), Fn total, FG0n/G0n and BG2n/(FG2n

+ FBG2n)).

Fucosylation
As illustrated in Table 2, the fucosylation level was significantly

decreased in patients (sepsis: 95.09%) compared with the control

population (95.83%).
FIGURE 1

IgG initial N-glycans in controls and septic patients. Mann-Whitney U Test was used. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001; ns means
not significant.
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Bisecting GlcNAc
The level ofN-glycan with bisecting GlcNAc in patients with sepsis

(17.38%) was significantly higher than in the control (15.86%) groups.

Sialylation
The percentage of glycans with sialylation was 19.57% in the

septic patients, which was significantly lower than that in the

control (21.70%) groups.

Galactosylation
The agalactosylated N-glycans of septic patients (35.04%) were

significantly higher than those of controls (28.24%). It was also

observed that, in the human plasma, monogalactosylated N-glycans

were distinctively decreased in septic patients (32.40%) relative to the
Frontiers in Immunology 05
control group (34.59%). In addition, lower digalactosylated N-glycans

were found in septic patients (12.44%) than in the controls (17.21%).
Discrimination of the septic patients using
IgG initial N-glycans

To evaluate the combined effects of 24 initial N-glycans on

sepsis, we fitted the disease diagnostic model in training sets. Firstly,

we used the LASSO and RFE algorithms to filter 24 initial N-glycans

and optimize the complexity of the model, identifying 6 initial N-

glycans (GP1, GP5, GP14, GP20, GP21 and GP24) for sepsis

(Figures 2a, b). What’s more, we performed a binary classification

logistic regression (Table 3). It was found that, after further
FIGURE 2

Selected IgG N-glycans and ROC curves. (a) Coefficient of LASSO and RFE algorithms; (b) Variable coincidence; (c) ROC curves of logistic regression
model among training and testing sets.
TABLE 2 The main IgG N-glycans in controls and septic patients.

Glycans Controls (n=100) Sepsis (n=100) Z P

Fucosylation 95.83 (94.89, 96.43) 95.09 (94.19, 96.03) -3.11 1.89E-03

Bisecting GlcNAc 15.86 (14.33, 17.40) 17.38 (15.89, 19.50) -4.68 2.86E-06

Sialylation 21.70 (18.67, 23.93) 19.57 (17.88, 22.39) -2.61 0.01

Galactosylation

G0 28.24 (23.35, 32.03) 35.04 (29.00, 41.17) -6.26 3.79E-10

G1 34.59 (32.58, 35.87) 32.40 (30.59, 33.70) -5.05 4.38E-07

G2 17.21 (14.08, 20.51) 12.44 (9.88, 14.48) -7.81 5.54E-15
G0, agalactosylation; G1, monogalactosylation; G2, digalactosylation; Mann-Whitney U Test was used.
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adjustment for age, sex, FBG, UA, ALT, AST, and CVD, two glycans

(GP5 and GP14) were negatively associated with sepsis, and two

glycans (GP21 and GP22) were positively associated with sepsis.

Furthermore, the model of combined N-glycans showed a good

diagnostic performance in the internal training set (AUC: 0.988,

95%CI: 0.945 to 1.000) (Figure 2c). Similarly, the AUC value of

combined N-glycans for diagnosing sepsis in the testing set can

reach up to 0.976 (95%CI: 0.940 to 1.000) (Figure 2c). The further

filtering process of the LASSO and RFE algorithms is outlined in

Supplementary Figures S6, S7.
Difference of the IgG glycome composition
between survivor and non-survivor in
patients with sepsis during hospitalization

A statistically significant difference in 10 initial IgG N-glycans

(GP4, GP7, GP10, GP12, GP13, GP14, GP15, GP18, GP21, and

GP22) and 25 deprived IgG N-glycans was observed between non-

surviving septic patients and surviving patients (Figure 3;

Supplementary Table S3). The level of sialylation, G1, and G2 in

septic non-survivor was 20.10%, 32.66%, and 12.98%, respectively,

which was significantly higher than in septic survivors. The level of

fucosylation (94.97%) and G0 (34.58%)in septic non-survivor was

significantly lower than in septic survivors.
Subgroup analysis on gender

Subgroup analysis on gender was conducted to explore the changes

of IgG N-glycan (Supplementary Table S4).The finding suggested that

there were no significant difference in IgG N-glycome levels of

Fucosylation, Bisecting GlcNAc, Sialylation, and Galactosylation.
The impact of IgG N-glycans on mortality
during hospitalization in septic patients

We calculated the AUC value, SE, SP, positive predictive value

(PPV), and negative predictive value (NPV) to evaluate the predictive
Frontiers in Immunology 06
power of different indicators and draw the ROC curve (Table 4,

Figure 4a). The AUC values of SOFA, GP4, GP5, and GP9 were 0.58

(95%CI: 0.39to 0.76), 0.74 (95%CI: 0.59 to 0.86), 0.55 (95%CI: 0.37 to

0.73) and 0.51 (95%CI: 0.33 to 0.68), respectively. Furthermore, we

further evaluated the performance of the SOFA score combined with

IgG N-glycans to predict in-hospital mortality (Table 5, Figure 4b).

The AUC values of the SOFA score combined with GP4, GP5, and

GP9 were 0.76 (95%CI: 0.61 to 0.90), 0.58 (95%CI: 0.40 to 0.7) and

0.57 (95%CI: 0.38 to 0.76). The AUC value of the SOFA score

combined with GP4 and GP7 was 0.85 (95% CI: 0.76 to 0.93).
Independent predictors of in-
hospital mortality

In binary logistic regression analysis, GP4 (P = 9.08E-05) and

SOFA (P = 7.99E-04) were significantly associated with in-hospital

mortality, whereas GP5 (OR: 2.65, [95% CI: 0.89-7.90]; P = 0.08)

and GP9 (OR: 0.48, [95% CI: 0.14-1.58]; P = 0.23) were not

(Table 6). The higher lever of GP4 was 13 times higher risk of

death and the higher lever of SOFA score increased the risk of death

8.56 times.
Discussion

The high mortality rate of sepsis imposes a huge burden on

society (4). At present, there are no reliable biomarkers for

predicting the prognosis of patients with sepsis upon admission

to the ICU (25). Serum IgGN-glycome are new indicators of human

infectious diseases (26). We found that serum IgG N-glycome may

be effective markers for diagnosing and predicting the mortality risk

of patients with sepsis. First, a large number of the 24 plasma IgG

glycome among patients with sepsis were significantly different

from those of healthy controls. Second, GP4 in IgG glycome is

associated with sepsis outcomes. The serum GP4 level of non-

surviving patients with sepsis was higher than that of the surviving

ones on the day of admission. Third, GP4 is better than other

indicators (such as SOFA) in predicting septic patients’ in-hospital

mortality. In addition, the combination of serum GP4 with other

study measures (such as GP5 and GP9) in patients with sepsis

significantly improved the prediction of the risk of death in the

hospital. Fourth, serum GP4 and SOFA scores on the day of ICU

admission in patients with bacterial sepsis were independent

predictors of in-hospital mortality. The risk of mortality in

patients with sepsis and high serum GP4 concentration was 13.0

times that of patients with sepsis and low serum concentration.

Finally, according to the survival curve analysis, patients with high

serum GP4 admission level have poorer survival rates than patients

with low serum GP4 admission level.

The essence of sepsis is that infection causes excessive

inflammation and immune suppression (27). Previous studies

have also shown that IgG is the most common Ig circulating in

the blood, and IgG N-glycans is the most well-understood character

of IgG, especially in the context of infection (28). These glycans
TABLE 3 Logistic models of the initial IgG N-glycans in septic patients.

Variables b SE Walds OR (95% CI) P

GP5
-10.02 3.19 9.90

4.44E-05 (8.63E-
08, 0.02) 1.65E-03

GP14 -0.38 0.14 7.13 0.69 (0.52, 0.91) 0.01

GP21 4.04 1.45 7.75 56.63 (3.30, 9.71E+02) 0.01

GP24 0.73 0.31 5.47 2.07 (1.13, 3.82) 0.02

FBG 0.57 0.20 8.49 1.77 (1.21, 2.60) 3.56E-03

CVD 3.92 1.18 11.10 50.18 (5.01, 5.02E+02) 8.63E-04
b, Standardized Regression Coefficient; SE, Standard Error; OR, Odds Ratio; CI, Confidence
Interval; CVD, Cerebral-cardio Vascular Diseases.
The multivariate logistic regression was performed after LASSO and RFE; Adjusted for age,
sex, FBG, UA, ALT, AST and CVD.
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FIGURE 3

IgG initial N-glycans in septic survivor and septic non-survivor during hospitalization. Mann-Whitney U Test was used. *p<0.05, **p<0.01,
***p<0.001, ****p<0.0001; ns means not significant.
TABLE 4 The AUC and the other parameters in SOFA and IgG N-glycans for mortality during the hospitalization in septic patients.

Variable AUC 95%LCI 95%UCI Cut-off value SE (%) SP (%) PPV (%) NPV (%)

GP4 0.74 0.59 0.86 34.19 0.50 0.93 0.77 0.80

GP5 0.55 0.37 0.73 0.13 0.50 0.73 0.46 0.76

GP9 0.51 0.33 0.68 7.72 0.31 0.82 0.45 0.72

SOFA 0.58 0.39 0.76 10.50 0.44 0.92 0.71 0.78
F
rontiers in Immu
nology
 07
AUC, Area Under the Curve; LCI, Lower Confidence interval; UCI, Upper Confidence interval; Cut-off value, the optimal cutoff points for mortality during the hospitalization; SE, sensitivity; SP,
specificity; PPV, positive predictive value; NPV, negative predictive value.
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affect antibody secretion, half-life, stability, immunogenicity, and

effector function (29). Differences in IgG N-glycans profiles between

patients infected with different pathogens are significant and reflect

genetic and environmental factors (30), which may lead to

abnormal expression of glycosyltransferase and glycosidase in

immune cells, resulting in different susceptibility to pathogen

infection. The level of total IgG galactosylation is often reduced in

acute inflammation (31, 32). Fucosylation of IgG levels was

significantly lower in patients than in healthy controls, partly

consistent with an earlier study (33). It is known that the absence

of fucose increases IgG’s ability to trigger antibody-dependent

cytotoxicity (ADCC) by binding to IgG-specific FC-g receptor IIIa
(FcgRIIIa) on natural killer cells (NK), leading to an enhancement

of inflammatory cytokines, including interleukin-1b (IL-1b), IL-6,
tumor necrosis factor-a (TNF-a) (34, 35). GP4 as an important part
Frontiers in Immunology 08
of fucosylation can also affect the ADCC pathway (26). Patients with

sepsis have inflammation and organ damage. The severity and

outcome of the disease are related to the regulation of the balance

between these cytokines. To protect damaged organs from further

damage, the body has high GP4 expression. The increase in GP4

level is the result of the interaction of inflammatory factor

antagonists, which may also be a reasonable explanation for the

increase in GP4 in non-surviving patients with sepsis.

Death from sepsis is usually the result of multiple organ

dysfunction caused by excessive inflammation (36, 37). In

different inflammation-related diseases, the expression level of

serum fucosylation, including GP4, is significantly different from

that of healthy controls (10, 35, 38). Immunoglobulin G N-glycome

in patients with infection has attracted worldwide attention due to

high mortality and is worthy of further research (26). Therefore, it is

necessary to further investigate the relationship between serum

immunoglobulin G N-glycome level and disease progression in

patients with sepsis and its predictive value for hospital death. In

our study, we found that the serum immunoglobulin G N-glycome

concentration of patients with sepsis was significantly different from

that of healthy subjects (Figure 1), and the serum GP4

concentration of hospitalized patients with sepsis was significantly

higher than that of surviving patients. The changes in

immunoglobulin G N-glycome concentration may be related to

the severity of the disease. Previous studies have shown that SOFA

scores play an important role in determining disease severity and

prognosis (39, 40). Therefore, we utilized immunoglobulin G N-

glycome and SOFA scores to assess the risk of death in patients with
TABLE 5 The AUC and the other parameters in the uniting variable for morality during the hospitalization in septic patients.

Variable AUC 95%LCI 95%UCI SE (%) SP (%) PPV (%) NPV (%)

GP4+SOFA 0.76 0.61 0.90 0.69 0.83 0.66 0.85

GP5+SOFA 0.58 0.40 0.77 0.44 0.94 0.78 0.78

GP9+SOFA 0.57 0.38 0.76 0.44 0.94 0.78 0.78

GP4+GP7+SOFA 0.85 0.76 0.93 0.88 0.74 0.61 0.93
AUC, Area under the curve; LCI, Lower Confidence interval; UCI, Upper Confidence interval; SE, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value.
TABLE 6 The independent predictors of morality in hospitalization.

Variables b SE Walds OR (95% CI) P

GP4 2.56 0.66 15.32 13.00 (3.60, 46.97) 9.08E-05

GP5 0.98 0.56 3.07 2.65 (0.89, 7.90) 0.08

GP9 -0.74 0.61 1.46 0.48 (0.14, 1.58) 0.23

SOFA 2.15 0.64 11.24 8.56 (2.44, 30.00) 7.99E-04
SOFA, Sequential Organ Failure Assessment; b, standardized regression coefficient; SE,
Standard Error; OR, Odds Ratio; CI, Confidence Interval; The concentrations of GP4, GP5,
GP9 and SOFA were judged to be the negative (= 0) and positive (= 1) according to the cut-off
point value (GP4, 34.19; GP5, 0.13;GP9, 7.72;SOFA, 10.50).
FIGURE 4

Discrimination capacity of initial glycans and SOFA score for in-hospital death among septic patients. (a) Efficacy of each indicator. (b) Efficacy of
combined indicators.
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sepsis. We find that the AUC values of the SOFA score combined

with GP4, GP5, and GP9 were 0.76 (95%CI: 0.61 to 0.90), 0.58 (95%

CI: 0.40 to 0.7) and 0.57 (95%CI: 0.38 to 0.76). The AUC value of

the SOFA score combined with GP4 and GP7 was 0.85 (95%CI: 0.76

to 0.93) in predicting in-hospital mortality in patients with sepsis.

The serum immunoglobulin G N-glycome level at admission

has predictive value in predicting the risk of hospital death in

patients with sepsis. Based on the above advantage, serum

immunoglobulin G N-glycome may be a valuable predictor of

sepsis mortality and is expected to be used in clinical patients

with sepsis.

To our knowledge, this study is the first to investigate the

clinical value of IgG N-glycans in patients with sepsis. However, our

study had several limitations. First, the sample size for the IgG N-

glycan analysis was relatively small. Further large cohort studies are

needed to confirm our findings in patients with sepsis. Second, due

to the nature of this case-control study, establishing causal

relationships between IgG N-glycosylation and sepsis is

challenging. Third, the study included only Han Chinese

populations, so more multicenter studies including patients of

different ethnicities are needed to confirm existing data. Fourth,

as patients’ conditions and treatment regimens are not exactly the

same, it is unclear whether treatment regimens affect the results of

this study. In the future, we will explore the relationship between

different treatment regimens and serum levels of IgG N-

glycosylation. Fifth, the study only addressed the Escherichia coli-

induced sepsis but did not tackle sepsis induced by other pathogens.

Sixth, the results of this study can be explained by IgG subtypes as

confounders, as those subtypes have not been characterized.

In conclusion, our study found that serum IgG N-glycosylation

levels at ICU admission were valuable for predicting the in-hospital

mortality risk of patients with Escherichia coli-induced sepsis, which

suggests that IgG N-glycosylation may be novel biomarkers that can

be used to identify a group of septic patients who have a higher risk

of mortality. These findings can be used as a basis for guiding

stratified treatment in patients with Escherichia coli-induced sepsis.
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11. Trzos S, Link-Lenczowski P, Pocheć E. The role of N-glycosylation in B-cell
biology and IgG activity. The aspects of autoimmunity and anti-inflammatory therapy.
Front Immunol. (2023) 14:1188838. doi: 10.3389/fimmu.2023.1188838

12. Verhelst X, Dias AM, Colombel JF, Vermeire S, Van Vlierberghe H, Callewaert
N, et al. Protein glycosylation as a diagnostic and prognostic marker of chronic
inflammatory gastrointestinal and liver diseases. Gastroenterology. (2020) 158:95–110.
doi: 10.1053/j.gastro.2019.08.060

13. Cheng HD, Tirosh I, de Haan N, Stöckmann H, Adamczyk B, McManus CA,
et al. IgG Fc glycosylation as an axis of humoral immunity in childhood. J Allergy Clin
Immunol. (2020) 145:710–713.e9. doi: 10.1016/j.jaci.2019.10.012

14. Arnold JN, Wormald MR, Sim RB, Rudd PM, Dwek RA. The impact of
glycosylation on the biological function and structure of human immunoglobulins.
Annu Rev Immunol . (2007) 25:21–50. doi: 10.1146/annurev.immunol.
25.022106.141702

15. Zhang ZJ, Wang HF, Lian TY, Zhou YP, Xu XQ, Guo F, et al. Human plasma
IgG N-Glycome profiles reveal a proinflammatory phenotype in chronic
thromboembolic pulmonary hypertension. Hypertension. (2023) 80:1929–39.
doi: 10.1161/HYPERTENSIONAHA.123.21408
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