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ABSTRACT

Background: This retrospective observational study aimed to evaluate the predictive value of CEACAMI1_A,
CEACAMI1_B, and their combined model in the early warning diagnosis of sepsis. Based on previously identified
CEACAMI1_A and CEACAMI_B, this study evaluated their potential in the early diagnosis of sepsis and explored
the construction of predictive models that combine genetic markers with clinical indicators.

Methods: A total of 144 acutely infected patients admitted to Hefei Second People's Hospital between July 2023
and February 2025 were enrolled in this retrospective observational study. The patients were divided into sepsis
and non-sepsis groups according to the Sepsis-3 standard. The sepsis group included 96 patients, and the non-sep-
sis group consisted of 48 patients. Baseline characteristics, biochemical parameters, and expression levels of the
CEACAMI1_A and CEACAMI1_B genes were collected from both groups. Statistical analyses were performed via
SPSS version 27.0 and the R programming language. For data distribution, intergroup comparisons were con-
ducted via appropriate parametric and nonparametric tests. Univariate and multivariate logistic regression ana-
lyses were employed to identify independent predictors, and receiver operating characteristic (ROC) curve analy-
sis was used to evaluate model performance.

Results: The study revealed significantly greater expression levels of CEACAM1_A and CEACAM]1_B in the sep-
sis group than in the non-sepsis group (p < 0.001), with positive correlations with disease severity (correlation co-
efficients of 1 and 0.992, respectively). Multivariate analysis revealed that CEACAM1_A (odds ratio [OR] = 1.001,
95% confidence interval [CI]: 1.001 - 1.006, p < 0.001), CEACAM1_B (OR = 1.001, 95% CI: 1.000 - 1.002, p <
0.001), lactate (OR =4.154, 95% CI: 2.207 - 7.819, p < 0.001), and C-reactive protein (OR =1.012, 95% CI: 1.004 -
1.020, p = 0.002) were independent risk factors for sepsis. The area under the curve (AUC) for the combined pre-
dictive model of CEACAMI1_A and CEACAMI1_B was 0.914, outperforming the other indicators.

Conclusions: The combined application of these two biomarkers significantly improved the accuracy of early sep-
sis detection, potentially facilitating optimal resource allocation and improving patient outcomes.
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INTRODUCTION

Sepsis is recognized as a severe public health challenge,
contributing to significant mortality and long-term dis-
ability worldwide. An estimated 50 million sepsis cases
are documented annually worldwide, accompanied by
11 million sepsis-associated fatalities, yielding a mor-
tality rate exceeding 20% 1. Consequently, rapid and
accurate sepsis prediction is critical in clinical manage-
ment. The Sepsis-3 criteria remain the primary refer-
ence in clinical practice. In 2021, the European Society
of Intensive Care Medicine (ESICM) published the In-
ternational Guidelines for Management of Sepsis and
Septic Shock 2021 2 providing partial revisions and
supplements to Sepsis-3. These criteria incorporate mul-
tiorgan scoring systems, microbiological assays, and
biochemical indices, necessitating comprehensive as-
sessments of systemic organ function. However, their
reliance on complex multiorgan evaluations limits rapid
specificity and simplicity in emergency triage.

Recent advancements in molecular technologies have
enabled the elucidation of complex scientific questions
through proteomic and genomic approaches. Sepsis is
characterized by immune dysregulation in response to
infection, creating a paradoxical situation for the im-
mune system, which must simultaneously combat path-
ogens while preventing self-mediated tissue and organ
damage. Significant alterations in the expression pro-
files of immune-regulatory mRNAs are observed during
the pathological process 3. Consequently, the differ-
ential expression patterns of these key gene transcripts
play critical roles in sepsis prediction and risk stratifica-
tion 4. In our preliminary research, we conducted a
systematic screening and comprehensive analysis of
sepsis-related transcriptomic data from the NCBI GEO
public database. Combined with evidence from previous
literature and historical data, we performed in-depth
comparison and validation of potential early warning
mRNA biomarkers. Through this multidimensional ana-
lytical process, we identified CEACAMI1_A and CEA-
CAMI1 _B as being significantly dysregulated in patients
with sepsis and closely associated with early disease
warning. Therefore, these genes were selected as the
core candidates of the present study to further evaluate
their clinical utility.

On the basis of previously established findings, the
diagnostic efficacy of CEACAM1_A and CEACAM-
1 B in sepsis patients was evaluated through clinical
validation via blood samples obtained from sepsis pa-
tients and non-sepsis patients. CEACAM1, a member of
the immunoglobulin superfamily widely expressed in
epithelial cells, endothelial cells, and immune cells,
plays significant roles in immune regulation, cell adhe-
sion, and signal transduction 5. CEACAMI1 A and
CEACAMI1 B represent the two primary subtypes and
exhibit distinct structural and functional characteristics
7. The present study was designed to investigate their
correlation with disease severity and prognosis, assess
their potential utility as early warning biomarkers, and

develop prediction models incorporating conventional
clinical parameters, thereby providing novel approaches
for the early diagnosis and risk stratification of sepsis.

MATERIALS AND METHODS

Study design and patients

A retrospective analysis of the clinical data of 144 pa-
tients admitted to the Department of Respiratory Medi-
cine at Hefei Second People's Hospital between July
2023 and February 2025 was conducted. The study pro-
tocol received ethical approval from the Institutional
Review Board of Hefei Second People's Hospital (Num-
ber: 2024-Scientific Research-064). In the preliminary
stage, we conducted a systematic search of the NCBI
GEO public database and integrated evidence from lit-
erature and historical data to identify candidate mRNAs
related to early warning of sepsis. CEACAM1_ A and
CEACAMI1_B were ultimately selected as the biomark-
ers for this study.

The patients were divided into sepsis and non-sepsis
groups according to the Sepsis-3 standard. The non-sep-
sis group included 48 patients, and the sepsis group in-
cluded 96 patients (15 of whom ultimately died). Diag-
nostic criteria for sepsis: a) Sepsis is defined as life-
threatening organ dysfunction caused by a dysregulated
host response to infection, characterized by self-inflict-
ed tissue and organ damage during systemic disease.
Patients meeting the criteria for confirmed or suspected
infection were classified as septic if they demonstrated a
> 2-point increase in the Sequential Organ Failure As-
sessment (SOFA) score from baseline 9. b) Diagnostic
components: Clinical manifestations, laboratory find-
ings, and imaging evidence were systematically evalu-
ated.

The inclusion criteria were 1) > 18 years of age; 2) con-
firmed or high suspicion of infection with apparent clin-
ical symptoms. Patients who were highly suspected of
having an infection with apparent clinical symptoms
were also required to meet at least two of the following
four diagnostic criteria for systemic inflammatory re-
sponse syndrome 8: 1) body temperature of > 38°C or <
36°C; 2) heart rate of > 90 beats/min; 3) respiratory rate
of > 20 breaths/min, or partial pressure of carbon
dioxide of < 32 mmHg; 4) peripheral white blood cell
count of > 12,000/mm?* or < 4,000/mm?; 5) ability to
provide blood samples for mRNA detection, and com-
plete clinical data.

The exclusion criteria were as follows: 1) unclear clini-
cal diagnosis: cases with indistinguishable sepsis and
non-sepsis states or coexisting conditions potentially
confounding diagnostic accuracy; 2) significant comor-
bidities (malignancies, autoimmune disorders) poten-
tially influencing mRNA expression profiles; 3) inade-
quate blood sample volume or specimens failing quality
control standards for mRNA analysis; 4) pregnancy or
lactation status; 5) history of immunosuppressive thera-
py within 3 months preceding enrollment.
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All patients with infection (or high suspicion of infec-
tion) were divided into sepsis and non-sepsis (control)
groups according to the Sepsis-3 standard. Patients who
did not meet the sepsis criteria at admission but devel-
oped sepsis during hospitalization were grouped into the
sepsis group.

Laboratory examination

We retrospectively analyzed the baseline characteristics
of patients in the sepsis and non-sepsis groups, tracked
28-day clinical outcomes, and evaluated disease severi-
ty via the Sequential Organ Failure Assessment (SOFA)
score and biochemical indicators. Peripheral blood sam-
ples (approximately 2 mL) were collected in anticoagu-
lant-containing tubes within 24 hours of hospital admis-
sion, immediately stored at -80°C, and subsequently
transferred to Shanghai Thalys Medical Laboratory for
functional enrichment analysis of differentially expres-
sed genes. Through this process, we identified potential
early warning biomarkers for sepsis, including the
CEACAMI1_A and CEACAMI1_B genes.

Data collection

Patient clinical data, including age, gender, body mass
index (BMI), comorbidities, etiological examination re-
sults, number of patients transferred to the intensive
care unit (ICU) within 7 days, number of deaths within
28 days, and Sequential Organ Failure Assessment
(SOFA) scores, were recorded. The neutrophil/lympho-
cyte ratio (NLR) and Glasgow Coma Scale (GCS) score
were also calculated. The study protocol received ethi-
cal approval from the Hefei Second People's Hospital's
Institutional Review Board (2023-Scientific Research-
084).

Statistical analysis

Statistical analysis was performed via SPSS 27.0 soft-
ware and the R language. Categorical data are presented
as n (%) and were compared via the chi-squared test. A
normality test was conducted for all continuous vari-
ables. Data that met the criteria for a normal distribution
are presented as means + standard deviations (SDs) and
were compared via the independent samples ¢ test. Con-
tinuous data that failed to meet the criteria for normality
are presented as medians (interquartile ranges) and were
compared via the Mann-Whitney U test. Univariate lo-
gistic regression was used to screen for high-risk fac-
tors, which were then included in multivariate logistic
regression analysis to identify independent predictors
for patients with sepsis. Receiver operating characteris-
tic (ROC) curves were constructed, and the area under
the curve (AUC) was calculated. A combined prediction
model was built on the basis of the multivariate logistic
regression model to obtain the predicted probability
(logit PI), which was used as an independent variable
for ROC curve analysis. A two-tailed p < 0.05 was con-
sidered statistically significant.
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RESULTS

Basic characteristics

A total of 144 patients were enrolled in this study, com-
prising 96 males and 48 females (male-to-female ratio
of 2:1). Among these patients, 129 survived and 15 died
within 28 days, resulting in a mortality rate of 10.4%. In
the sepsis group, 35% of patients were transferred to the
intensive care unit (ICU) within 7 days. The proportions
of patients with cardiovascular disease and bacterial
infection were 44.4% and 47.9%, respectively. The
Sequential Organ Failure Assessment (SOFA) score
was significantly greater in the sepsis group than in the
non-sepsis group (p < 0.05). However, there were no
statistically significant differences between the two
groups in terms of body mass index (BMI), hyper-
tension, diabetes, or other indicators (p > 0.05) (Table

1.

Univariate analysis

Univariate analysis revealed that the serum CEA-
CAMI1_A and CEACAMI! B levels were significantly
greater in the sepsis group than in the non-sepsis group
(p < 0.001). With respect to biochemical parameters,
patients in the sepsis group had substantially greater
white blood cell (WBC) counts, eosinophil absolute
counts (EOSs), mean corpuscular volume (MCV), red
cell distribution width (RDW), serum creatinine (Scr),
blood urea nitrogen (BUN), total protein (TP), albumin
(ALB), total bilirubin (TBIL), aspartate aminotransfer-
ase (AST), gamma-glutamyl transferase (GGT), lactate
dehydrogenase (LDH), prothrombin time (PT), D-dimer
(DD), lactate (Lac), C-reactive protein (CRP), procalci-
tonin (PCT), and neutrophil-lymphocyte ratio (NLR)
counts and significantly lower Glasgow Coma Scale
(GCS) scores than did those in the non-sepsis group,
with statistically significant differences (p < 0.05).
However, there were no statistically significant differ-
ences between the two groups in terms of the neutrophil
absolute count (NEU), hematocrit (Hct), mean corpus-
cular hemoglobin concentration (MCHC), alanine ami-
notransferase (ALT), or fibrinogen (FIB) level (p >
0.05) (Table 2).

Multivariate analysis

The binary logistic regression analysis included indica-
tors with statistical significance in the univariate analy-
sis. The results revealed that elevated Lac, CRP, CEA-
CAMI1_A, and CEACAMI B were independent high-
risk factors for early sepsis warning (Table 3).

Spearman correlation analysis

The results demonstrated that the CEACAM1_A and
CEACAMI1 B levels were strongly positively correlate-
ed with the severity of sepsis (r = 1, r = 0.992; p <
0.01). This highly significant correlation suggests that
these two biomarkers may play essential roles in the
progression of sepsis and could serve as valuable indi-
cators for assessing sepsis severity.
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Table 1. Characteristics of the patients (n = 144).

Characteristics Sepsis (n = 96) Non-sepsis (n = 48) Statistical values z/t/x> | p-value

Age (years) 78 (70, 84) 62 (30, 78) -4.937 <0.001
Gender (male/female) 72/24 24/24 -2.99 0.003
BMI (kg/m?) 21.28 +4.03 22.6 +£3.97 1.864 0.064
Hypertension 49 (51) 13 27.1) 2.778 0.096

Cardiovascular/cerebrovascular disease 64 (66.7) 13 (27.1) -4.474 <0.001
Diabetes 20 (20.8) 5(10.4) -1.55 0.121

Bacterial infection 69 (71.9) 19 (39.6) -3.734 <0.001

ICU transfer within 7 days 51 (53.1) 12 (25) -5.99 <0.001
Death within 28 days 15 (15.6) 0 -2.883 0.004

SOFA scores 5.53 £5.10 0.29 + 0.459 -9.881 <0.001

Data are presented as mean = SD, n (%), or median (Q1 - Q3). p-values compare sepsis vs. non-sepsis; p < 0.05 is considered significant.
BMI: body mass index, SOFA: Sequential Organ Failure Assessment.

Table 2. Comparison of peripheral blood indices in sepsis and non-sepsis groups.

Characteristics Sepsis (n = 96) Non-sepsis (n = 48) Statistical values z/t/x*> | p-value
WBC (10°/L) 9.82 +6.75 7.73 £3.21 -2.514 0.013
NEU (10°/L) 15.37 +£75.23 6.14 £ 2.61 -0.848 0.398
EOS (10°/L) 0.02 (0, 0.1) 0.07 (0.02, 0.13) -2.114 0.035

HCT% 37.65 £ 6.76 37.12 +£5.13 -0.473 0.637
MCYV (fL) 93.3 (90.4, 97.3) 89.7 (86.5, 92.8) -3.899 <0.001
RDW-CV% 14.1 (13.02, 15.2) 13.4 (12.6, 13.8) -3.076 <0.001
RDW-SD (fL) 46.25 (43.05, 50.1) 42 (41.12, 45.07) -5.468 <0.001
MCHC (g/L) 324 (312.3, 330) 325 (321, 332) -1.028 0.279
Scr (umol/L) 84.4 (63.7,117.3) 66 (53.1, 76.05) -4.09 <0.001
BUN (mmol/L) 7.25 (6.1, 9.6) 5 (3.51, 6.85) -4.906 <0.001
TP (g/L) 66.94 +9.41 71.9 £9.06 3.301 0.003
ALB (g/L) 33.85 +6.21 41 £5.91 4.758 <0.001
TBIL (pmol/L) 13.35 (10.3, 25.27) 10.2 (8.52, 14.05) -3.761 <0.001
ALT (U/L) 23.5 (15, 37) 20 (15.25, 32) -0.36 0.719
AST (U/L) 30.5 (23, 54.25) 26 (23.25, 30) -2.209 0.027
GGT (U/L) 31.9 (17.25, 62) 22.65 (12.5, 38) -2.467 0.014
LDH (U/L) 225 (179.2, 283.7) 184 (169.2, 214) -3.397 <0.001
PT (s) 14.3 (13.3, 15.27) 13.3 (12.8, 13.9) -3.74 <0.001
FIB (g/L) 4.84 (3.84, 6.22) 4.65 (3.81, 5.8) -0.367 0.741
D-D 1.09 (0.56, 2.38) 0.52 (0.21, 0.83) -4.628 <0.001
Lac (mmol/L) 2.36 (1.62,3.7) 0.7 (0.2, 1.5) -7.445 <0.001
CRP (mg/L) 96.93 (37.4, 159.9) 19.1 (1.83, 60.96) -5.454 <0.001
PCT (ng/mL) 0.52 (0.14, 2.33) 0.095 (0.05, 0.32) -5.051 <0.001
NLR 7.13 (3.58, 17.38) 4.4 (3.65, 8.78) -2.055 0.04
GCS 11.97 £ 4.02 14.6 £ 0.7 -6.27 <0.001
CEACAMI1 A 3.874.5 (1,556.75. 8.107) 629 (380, 991.25) -8.013 <0.001
CEACAM1 B 5.598.5 (2,149.5. 10.644) 809 (525.2.1342) -8.014 <0.001

Data are presented as median (Q1 - Q3). Underlined values indicate variables included in binary logistic regression (p < 0.05). p-values com-
pare sepsis vs. non-sepsis groups; p < 0.05 is considered significant.

MCYV: mean corpuscular volume, RDW: Red Cell Distribution Width, TP: total protein, ALB: albumin, TBIL: total bilirubin, AST: aspartate
aminotransferase, GGT: gamma-glutamyl transferase, DD: D-dimer, Lac: lactate, CRP: C-reactive protein, PCT: procalcitonin, NLR: neutro-
phil - lymphocyte ratio, GCS: Glasgow Coma Scale.
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Table 3. Multivariate logistic regression analysis of sepsis risk factors.

Variables p-value SE value Wald x? value p-value OR 95% CI
Lac (mmol/L) 1.424 0.323 19.472 <0.001 4.154 2.207 - 7.819
CRP (mg/L) 0.012 0.004 9.289 0.002 1.012 1.004 - 1.020
PCT (ng/mL) 0.248 0.206 1.451 0.228 1.282 0.856 - 1.920
CEACAMI1_A 0.001 0.000 15.933 <0.001 1.001 1.001 - 1.002
CEACAMI1_B 0.001 0.000 16.245 <0.001 1.001 1.000 - 1.001

PB: regression coefficient, SE: standard error, Wald y*: Wald chi-square statistic, OR: odds ratio, 95% CI: 95% confidence interval, p < 0.05

indicates statistical significance.
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Figure 1. Area under the receiver operating characteristic (ROC) curve.

ROC curves for early prediction of sepsis. CEACAM1_A, CEACAMI1_B, and their combined model (Logit(p1)) showed significant predictive
value. AUC: area under the curve, CI: confidence interval, CRP: C-reactive protein, Lac: lactate.

ROC curve analysis

The area under the ROC curve (AUC) for lactate (Lac)
was 0.881, with an optimal truncation value of 1.135,
yielding a sensitivity of 0.938 and specificity of 0.687.
For C-reactive protein (CRP), the AUC was 0.779, the
truncation value was 0.515, sensitivity was 0.99, and
specificity was 0.83. CEACAMI1_A exhibited an AUC
of 0.915, with a truncation value of 1,073.5, sensitivity
of 0.938, and specificity of 0.791. CEACAMI1 B had
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an AUC of 0.910, truncation value of 1,530, sensitivity
of 0.917, and specificity of 0.812. The combined model
of CEACAMI1 A and CEACAMI1 B (Logit(P1))
showed an AUC of 0.914, truncation value of 0.461,
sensitivity of 0.938, and specificity of 0.812 (Figure 1).

Risk prediction model
On the basis of the multivariate analysis results of this
study, with the occurrence of sepsis as the clinical out-
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Figure 2. Nomogram model for early warning of the risk of sepsis.

Nomogram for predicting the risk of sepsis. Each variable is assigned a point value based on its contribution; total points are calculated by
summing individual scores and mapped to the predicted sepsis risk. Higher total scores indicate greater risk. CEACAMI1_A contributes the

most and thus carries the highest point weight.

come, we established a risk nomogram integrating four
independent risk factors: CEACAMI1 A, CEACAM-
1_B, CRP, and Lac. The nomogram demonstrated dis-
tinct hierarchical differences in the contribution of these
biomarkers to the prediction model, with CEACAM1_A
exhibiting the highest predictive value, followed by
CEACAMI1 B, Lac, and CRP. Compared with tradi-
tional inflammatory indicators, the CEACAMI subtype
is a novel biomarker that has superior predictive ability
(Figure 2).

DISCUSSION

Sepsis, a syndrome characterized by a dysregulated sys-
temic inflammatory response and organ dysfunction
caused by infection, involves complex immune patho-
physiological mechanisms with extensive activation and
regulation of the innate and adaptive immune systems.
This immune dysregulation includes an early excessive
inflammatory response followed by an immunosup-
pressive state, subjecting patients to the dual threat of
inadequate infection control and self-tissue damage 11.
In recent years, with advances in precision medicine,
molecular-level biomarker research has provided new

perspectives for the early identification and indi-
vidualized treatment of sepsis. Among various immune-
related molecules 12, the immunoregulatory protein
CEACAMI and its subtypes have gained attention be-
cause of their critical roles in inflammation and infec-
tion 13.

CEACAMI1_B promotes the release of reactive oxygen
species (ROS) and elastase from neutrophils, directly
compromising endothelial barrier integrity while in-
creasing the release of the inflammatory cytokines
TNF-a and IL-6. Activating endothelial inflammatory
pathways, NF-kB and MAPK amplify the endothelial
inflammatory response, upregulate the expression of the
adhesion molecule ICAM-1, and stimulate the release of
TNF-a and IL-6, ultimately leading to a "cytokine
storm" 14. These mechanisms induce vascular endo-
thelial injury, capillary leakage, and microcirculatory
dysfunction. CEACAMI1 B also promotes neutrophil
adhesion and aberrant migration, mediates metabolic
imbalance, and drives the progression of sepsis from
localized infection to systemic inflammation and multi-
ple organ failure 15. Specific pathogens 16, such as
Fusobacterium nucleatum, suppress T-cell and natural
killer (NK) cell functions through CEACAMI A,
weakening host immune defenses, facilitating the

Clin. Lab. 8/2026
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spreading of infection, and exacerbating sepsis progres-
sion 17.

Studies have demonstrated that serum CEACAMI lev-
els progressively increase from healthy controls to pa-
tients with systemic inflammatory response syndrome
(SIRS), sepsis, and septic shock. Significantly elevated
serum CEACAMI levels were observed in patients with
septic shock compared with those with ordinary sepsis
18. These findings suggest that elevated CEACAMI is
closely associated with infection progression and organ
dysfunction, and the gradient differences in expression
levels constitute clinical evidence for CEACAMI as an
early warning biomarker 19.

In early sepsis, inflammatory factors such as interferon-
vy (IFN-y) activate CEACAMI1 gene transcription
through interferon regulatory factor 1 (IRF-1). IRF-1 in-
creases overall CEACAMI expression and specifically
promotes the production of CEACAMI1_A. Under acti-
vation conditions, the ITIM structure of CEACAMI1_A
is phosphorylated by tyrosine kinases (such as Lyn and
Hck), subsequently recruiting SHP-1/SHP-2 phospha-
tases to form a negative feedback loop that inhibits im-
mune cell function 20. As CEACAMI1_A expression
increases, this inhibitory effect is enhanced, impairing
immune function 21. Specific pathogens, such as group
A Streptococcus, bind to CEACAMI1 through their
surface proteins, particularly those that interact with
CEACAMI1 A, which contains ITIM domains, en-
hancing its immunosuppressive effects. This interaction
promotes pathogen adhesion and invasion of host cells
and suppresses host immune responses, facilitating
infection spread. Therefore, elevated levels of CEA-
CAMI1_A and CEACAMI1_B positively correlate with
sepsis severity throughout disease progression. The up-
regulation of these proteins, especially CEACAMI1 A,
reflects a protective mechanism by which the body at-
tempts to suppress excessive inflammatory responses.
However, this inhibition is exploited by pathogens, ulti-
mately resulting in immune dysfunction, preventing
adequate clearance of infection, and thereby exacerbat-
ing sepsis 23. Consistent with Van der Flier M et al.'s
findings, serum CEACAMI1 levels were significantly
higher in patients with septic shock than in healthy con-
trols and patients with uncomplicated sepsis 0. Our
study confirmed that CEACAMI1_A and CEACAM1 B
expression levels were significantly higher in the sepsis
group than in the non-sepsis group (p < 0.001) and were
positively correlated with disease severity (r = 1, r =
0.992). Furthermore, in early sepsis, CEACAMI1_A and
CEACAMI1 B predominate, promoting inflammatory
responses and indicating a worsening immunosuppres-
sive state in sepsis patients. Therefore, we can infer that
these novel biomarkers play important roles in sepsis
progression and may serve as potential indicators for as-
sessing the severity of early sepsis.

Compared with clinically established biomarkers, CEA-
CAM1 A and CEACAMI B demonstrated greater
diagnostic value. In our study, the area under the curve
(AUC) for predicting sepsis was 0.915 for CEACAM-
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1 A and 0.910 for CEACAMI1_ B, exceeding the AUC
of CRP (0.779). This finding 0 is consistent with the
study by Pierrakos et al., which revealed that traditional
inflammatory markers such as CRP primarily reflect
systemic inflammatory responses and are suitable for
preliminary assessment of inflammatory states in prima-
ry care settings 26. However, CRP exhibits reduced
sensitivity during the first 6 hours of infection and does
not adequately reflect sepsis severity, whereas antibiotic
or glucocorticoid therapy may affect CRP levels, poten-
tially masking the actual inflammatory state 27. In
contrast, CEACAM1 regulates endothelial cell function,
vascular permeability, and leukocyte migration and is
intricately linked to sepsis pathophysiology 28.
Although lactate demonstrated a relatively high predic-
tive value in our study, with an area under the curve
(AUC) of 0.881, reflecting microcirculatory dysfunction
and tissue hypoxia in patients and acting synergistically
with inflammatory markers to improve diagnostic accu-
racy and sepsis stratification, which is consistent with
Bakker et al.'s research on lactate 29, its non-specificity,
time delay, and sensitivity to therapeutic interventions
may lead to the absence of an optimal window for early
sepsis intervention.

Therefore, CEACAM1 A and CEACAMI1 B, as mo-
lecular-level markers, can provide more precise infor-
mation about specific pathological processes. Conse-
quently, the development of multiparameter combined
models integrated with artificial Intelligence analysis
can be implemented to achieve accurate early warning
and personalized treatment of sepsis. The risk nomo-
gram constructed on the basis of CEACAMI1_A, CEA-
CAMI1_B, Lac, and CRP provides an intuitive tool for
clinical sepsis risk assessment. This model integrates
molecular markers with clinical indicators to achieve
multidimensional risk evaluation and is expected to im-
prove the accuracy of the early identification of high-
risk patients. However, CEACAM1 detection has not
yet been standardized or widely applied, and the practi-
cal implementation of this model still faces technical
and cost challenges.

CONCLUSION

This study confirmed that the expression levels of
CEACAMI1_A and CEACAMI1_B are increased in sep-
sis patients, reflecting the immune response to infection,
and that these levels are closely correlated with disease
severity. These findings provide a theoretical basis for
the use of CEACAM1_A and CEACAMI1 B as early
warning biomarkers for sepsis and further validate their
potential as early diagnostic indicators. Combining
CEACAMI expression levels with traditional clinical
indicators and scoring systems can significantly im-
prove the accuracy of sepsis risk prediction, provide a
reference for rational allocation of medical resources,
and facilitate more timely and effective treatment for
patients.
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Our study has several limitations. First, this study was
conducted in a single center, which may introduce po-
tential bias and limit the generalizability of the findings.
Future multicenter studies with larger sample sizes are
warranted to further validate our results and enhance
their robustness and applicability. Additionally, future
studies should incorporate in vitro cellular experiments
and animal models to further elucidate the mechanistic
role of CEACAMI in the pathophysiological progres-
sion of sepsis.
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