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Abstract

Objective: To construct an intelligent diagnostic model by combining hematological indicators and
cytokines for early identification and clinical evaluation of sepsis-induced immunoparalysis. Meth-
ods: A retrospective study was conducted including data from 150 patients, comprising a healthy
control group (25 cases), a general inflammation group (25 cases), a sepsis non-immunoparalysis
group (50 cases), and a sepsis immunoparalysis group (50 cases). Routine hematological indicators,
along with selected inflammation and cytokine markers, were collected from all patients. Stepwise
screening of indicators was performed, and the selected indicators were combined to build an in-
telligent diagnostic model. The diagnostic performance of each model was assessed using the re-
ceiver operating characteristic (ROC) curve. Results: Patient data were screened, and the core pre-
dictive indicators were ultimately selected as white blood cell count (WBC), C-reactive protein
(CRP), interleukin-1 (IL-1), and interleukin-4 (IL-4). Based on these indicators, an intelligent diag-
nostic model was constructed and subjected to ten-fold cross-validation. The results showed that
the Decision Tree model performed best, with a small performance gap between the training and
validation sets, indicating good generalization ability. This suggests that the Decision Tree model
has excellent discriminative power for sepsis-induced immunoparalysis. Conclusions: WBC, CRP, IL-
1, and IL-4 are efficient markers for identifying immune paralysis in sepsis. The combined decision
tree model shows good discriminative value, and this could help clinicians recognize immune pa-
ralysis early and intervene in time.
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SiE (19 G 2 R T AL T LA — R Ml B OV E B E R, A% D R R LA 9 R I EE B Ak R L
FETCIE BN 3R, 3 BRI FE AE G OB 5] RS ) S5 RIS (7] (8] FRAZ4H 2 1 A28 1 4 a4 iR
DR (Monocyte Human Leukocyte Antigen-DR, mHLA-DR)& H i % T RE V-G Fa bR th 8172 AN =2 VP4 ik
BRI SR BRI T T i RSB ME AR EY . AR IE AR, 5 8 e i i e E R
FAAAE R VIREE, [FIRABIOIESE, HIFSRRIA SR B G R AR MREFREIE T2 Tt 5 B AR
[9]o (HIZARARAE PR B il R AFE R PR ZERT AR Fok%E, mHLA-DR Al O N,
MWRAEE 2%, R BCAFIHRN S EOR M8 s, fERE R R & — KAl PR EXF mHLA-DR Kt
WTTEEA TP EN, HAEA[R SEL = (A1 F PRI AT Ee i, fEHARE 2 47 [10].
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AHFER ) SPSS26.0 HAFLHHAT G vt 225 o M o TF R BERIATT G IR 70 A7 (1) CA R AL (Y 437 £
M) FE) [M(Q1, Q3)] 7~ VUZLIAl bR A Kruskal-Wallis H #6556, 40 ] 2 56 Giit22 7 (P < 0.05)135
B, LE o2 R 2H 5 A A 2 R AL 1) 5K ] Mann-Whitney U #6556 % Spearman BRAH IS/ #r Fa 05 5 i 75
JE BRI AR SCE, 7E Lasso BIATHE R &G, VIKEERZEMRE AR EEGR =1, & = 0)f#E
B, R ABENEGEBER P58 A 42), %08 8:2 I LUK BRI 0 NI ZREE(FEA & n = 80) A4
(FEAR n=20). 228 # LIERFE (receiver operating characteristic, ROC) i £& X 151 8 JEAT P4y, 1B HX
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ZFBJRA G (G P <0.005), EMNH B ZE AR WG 225 U(P > 0.05), WA 1.

Table 1. Comparison of clinical data of four groups of patients

1. MEBEIRKFTR LR

EWAA TEREA FeBEAE Ak e FBEAE B

A \E —5-5 N
e (n=25) (n=25) R4 (n = 50) BB (n = 50) Gt P
e 13 (52.000) 17 (68.000) 26 (52.000) 23 (46.000) 3.26 0.35
‘ |
5 12 (48.000) 8 (32.000) 24 (48.000) 27 (54.000)
\ 51.000 60.000 67.000 71.000
S5 [40.000, 61.000]  [38.000, 74.000]  [55.000, 74.000]  [66.000, 83.000] 32.24 - <0.001
22.430 23.430 17.870 18.120
BMI [21.460,23.100] [21.090,25.260]  [16.180, 18.780]  [16.670, 19.650] 77.53 - <0.001
R 0.000 5.000 11.000 14.000 008  <0.001

[0.000, 0.000]

[3.000, 8.000]

[8.000, 13.000]

[10.000, 18.000]

3.2. BBIRFREEES

K H Kruskal-Wallis H 4556 FEEUIE S N2 S0 AOMELH | e FRIE TF G2 BRI AH S U 70 f 2 PR 2H 2%
LG EIERRACT, SRR AYIMIiTE(White Blood Cell, WBC). £L.41 {114 (Red Blood Cell, RBC).
1417 4 (Hemoglobin, Hb). /MR i1 (Platelet, PLT). 7k L4 0 1% (Lymphocyte, LYM). A 447 41 g it
#(Neutrophil, NEU). C /% & F(C-reactive Protein, CRP). ILiGVEMFEE I A (Serum Amyloid A, SAA)-.
F%45 2 Jil(Procalcitonin, PCT) 4/ 2-6 (Interleukin-6, IL-6). 140 ffi/%-1 (Interleukin-1, IL-1)~ 14
Jifr%-4 (Interleukin-4, IL-4). 404 2-10 (Interleukin-10, IL-10). PYZH ) 2 3406 it 28 L E P <

0.001); HAZAIHTHEDU IR Z 5 G228 (P = 0.199), W4 2.

Table 2. Comparison of Data from Four Groups

2. MEFERBEEE

BE EEAA YERAEH BRI AR IREE SRR GilB p
(n=25) (n=25) (n =50) (n=50)
WBC [5.1 65(5‘,156(.)860] [13,417?)’,319 ;),320] [12,31145,016 3.520] [7,2290‘,1? ? .290] 88.167 <0001
RBC [4.7?(')?%(.)020] [3.236?2(.)240] [2.636(,)83(.)800] [2.673(.)} 53(.)710] 33531 <0.001
Hb [136.(}(4)‘3,‘?(4)1%.000] [98.01)%)(,).? 34?.000] [75.0?)%)‘,088.000] [80.053,2(())%.000] 66.091 <0001
PLT [184.(?(;(1%%3.000] [149.&09(},'(;%%.000] [38.0(?(?,23(()).000] [39.0(?(?,'(;(())?1.000] 46364 <0.001
LYM (1 .6616?92(.)410] [0.571(5?21(.)620] [0.486?61(.)100] [0.48(')?1?310] 42177 <0.001
NEU [2.73(')1 53(.)950] [12.61130',619 50.800] (1 1.017%)',818 2.760] (4.1 g(')?99(.)730] 86.554 <0001
MONO [0.34?(')‘,1 10(.)510] [0.3;) 6??)(.)480] [0.2;)64,1%)(.)790] [0.3 ? 6??)(.)780] 4.654 0.199
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CRP [2.453,(5?1(.)600] [14,526%,712.800] [100.8135,'91%%.690] [16.92.;)%,9;(1).200] 97.568  <0.001
SAA [2.453(')‘,“;(.)200] [4.26%,3?(()).210] [8.1213,“;)(.)120] [6.721(%,.5165(.)670] 53866 <0.001
et [0.1;)6?%(.)340] [0.1(())(')} Eg)(.)zlo] [2.36%,5224(1). 110] [0.856??3(.)030] 97931 <0.001
1L6 [2.19364,195?230] 32 156?;(.)900] [300.6?)%?'?326.000] [23.4@20',9370.890] 127.788 <0001
IL1 [0.6912(,)?(.)200] [1.521(')?32(.)450] [41.25701,'(;52?.340] [1.1(?(')1 %(.)190] 102.365  <0.001
i [0.52(.)?70?827] [0.4(?2%?588] [0.4(())5%)?716] [0.43?1',9251.600] 17.918 =~ <0.001
110 4.220 5.130 11530 39.970 110975 <0.001

[2.910, 5.510]

[3.070, 7.400]

[10.260, 14.220]

[20.040, 771.600]

3.3. BREBFANIEFREEE

T E5RE S E S 2 R B 2H 5 e BRRE S B BRIELAH () WBC. PRI 4R it %, CRP. PCT. IL-6. IL-1. IL-
4, IL-10 K FERA G132 X (P<0.05); RBC. Hb. PLT. #E4HAIH%. SAA K FERLL I #E
X (P>0.05), W% 3.

Table 3. Comparison of various indicator levels within the sepsis group

3. RBELAABIBIRKFEEER

B e R SR BB A Rl BRAE S B A
TR Gt g P
(n = 100) 0 (n = 50) 1 (n = 50)
12.03 14.06 9.1
WBC 6.511 <0.001
[9.110, 15.270] [12.310, 18.520] [7.220, 11.290]
3.1 3.08 3.15
RBC -0.010 0.994
[2.670, 3.740] [2.600, 3.800] [2.670, 3.710]
87 82 89
Hb ~1.427 0.154
[77.000, 101.000] [75.000, 99.000] [80.000, 108.000]
76 87 66
PLT 0.910 0.365
[39.000, 118.000] [38.000, 140.000] [39.000, 104.000]
0.86 0.86 0.84
LYM ~0.631 0.53
[0.450, 1.120] [0.400, 1.100] [0.490, 1.310]
10.38 12.88 7.59
NEU 6.163 <0.001
[7.500, 14.300] [11.070, 16.760] [4.180, 9.730]
88.26 131.9 39.97
CRP 5.698 <0.001
[39.970, 166.520] [100.800, 180.690] [16.930, 84.200]
12.34 13.45 11.56
SAA 1.885 0.06
[7.890, 17.650] [8.120, 20.120] [6.780, 15.670]
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g3k
3.89 5.52 2.88
PCT 2.847 0.004
[1.460,9.110] [2.360, 24.110] [0.880, 8.030]
109.5 789.09 429
IL6 8.617 <0.001
[44.360, 789.090] [300.600, 1456.000] [23.450, 67.890]
16.45 71.05 2.1
IL1 8.086 <0.001
[2.600, 71.710] [41.250, 121.340] [1.100, 6.190]
0.633 0.537 0.901
IL4 ~3.140 0.002
[0.422, 1.180] [0.403, 0.716] [0.434, 55.600]
16.89 11.53 39.97
IL10 ~6.570 <0.001
[11.300, 46.380] [10.260, 14.220] [20.040, 771.600]
3.4. XM

MRS IEE R E R, WBC. NEU. CRP. PCT. IL-6. IL-1. IL-4. IL-10 [E4EZEAS [EIFR RS (AR 5218,
HArIL-6 5 IL-1. IL-4 5 IL-10 283 IEMAHKAEI R ZE00 58 0.81. 0.88); WBC. H R4 it
IL-4. IL-10 2§57AH5C, WE 1. IL-6 5 IL-10 AR RREREAR S5, RG240 0T h 7 LA .
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Figure 1. Correlation heatmap of various indicators
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A N2 T2 S e b 7 3 55 e B E G T R B AT S A O TN AR &, B9\ WBC.NEU. CRP.
PCT. IL-1. IL-4 3t 6 TifgkrIT & LASSO [F[H 54, #t—PH S Tifabrgi N\ LASSO [A] VA #5 2Y 3E 1 TARFAE
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JE4E . SR 738 SCIRUFIf E SR BT R A . SRR, TER/NITTIRZEXS I 1 = 0.005 64T,
UGR89 WBC. IL-1. IL-4. CRP; TE&H/NESARAERZEXT M) 4 =0.018 26 4F T, AREALFHIE H
ARG S EA—, WWE 2. B 3. Bk, RUFTERLHE WBC, IL-1. IL-4. CRP A% O Tl f4
br, FF RS GRS WA R

Coefficients

T T T T
-10 -8 -6 -4 2

Log Lambda

Figure 2. LASSO coefficient path
2. LASSO R¥E&1Z

6 6 6 6 6 6 6 6 5 5 4 4 4 4 4 4 4 4 3 2
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r
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Figure 3. Cross-validation bias curve
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3.6. B#5#E ROC HhZ 4

VA B % 0o U0 i b SR U B0 S B BRI K2 W ke, ASBFFi 4 7 WBC. CRP. IL-1 K& IL-4
152 E TAERHMEROC) 2k, FFiH S I & FHAYAUC). Wil 4 fizw, 1L-1 1) AUC 4 0.969 (95% CI:
0.935~0.994), FILHWE 2 BERTE; WBC 1 AUC A 0.878 (95% CI: 0.803~0.935), CRP [f] AUC A
0.831 (95% CI: 0.748~0.905), ¥ HA RIFMX5rHE77; 1IL-4 1) AUC A 0.682 (95% CI: 0.569~0.809),
WA BEMI G, EVERA Gt () P<0.05), WK 4. RS HRER, IL-1. WBC 2 CRP Hijft
I FH B BT 0 BB RE G RBDIR S SR AL IR Re 70, T IL-4 BRI Re A IR, (ATE G 828G
Bl B RIERIER . it —DIRTHSWiEm e, AR TR FOR DU TR AR & 10 R R AR 12 WA R

1.0
0.8
0.6
2
z
£
=
Q
%]
0.4
0.2 ol —— WBC(AUC = 0.878 95%CI (0.803-0.935))
/ —— CRP(AUC = 0.831 95%CI (0.748-0.905))
IL1(AUC = 0.969 95%CI (0.935-0.994))
— IL4(AUC = 0.682 95%CI (0.569-0.809))
0.0 — =+ baseline
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 4. ROC curves of WBC, CRP, IL-1, and IL-4
4.WBC, CRP. IL-1. IL-4 #J ROC Hh%k

3.7. BREBRBZEE T

e — D IRAIE SRR AL LE A [RI A AL (R AR e PE AN TN Ak e, AR S0 R F 47 28 SURHIE T R A A U
fli, ¥ LASSO [H] V=73 ik th 1) 4 NMRFEIN ZERUBAT L5 G 00 o A 17 BRI 7 IR, 43l
@4 A H (Logistic Regression, LR). ¥R (Decision Tree, DT). 6 /% $2 F+ ¥ 5 44 (Gradient Boosting De-
cision Tree, GBDT). &= ¥ #h % U1 #7(Gaussian Naive Bayes, GNB). £ JZ B 1 (Multilayer Perceptron, MLP).
S HE = AHL(Support Vector Machine, SVM). K-IT4%(K-Nearest Neighbors, KNN). #7545 R TR, JIZ4E
H1 DT #1 LR 1) AUC fE#i, MLP. SVM 5 KNN X 70 REAHR BUR . FESIESE 2 H, DT, LR 5
KNN KX 73 P Re RGO NRH, SVM 5 MLP k2. Hrh DT FElgESIiEE T RN R, HM
# AUC ZHUR 0.004, FUNZEEAEA RIFHFRE HEAZAGRE YT T KNN BAERIESE T AUC A it
TH, AEFUIZREE AUC X 0.525, BARIX 73 20REHKT DT A1 LR. SVM 5 MLP s 285K, JEEL SVM
N, SRR IREENR. Rtz . FAHIER, A AFFAREEIR, RN G2 IE T&. 8
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1.0

0.8

o
o

Sensitivity

<
~

0.2

0.0

AR

ROC curve(Training)

/ e logistic(AUC = 0.875 SD (0.128))

a = DecisionTree(AUC - 0.932 SD (0.012))
, == MLP(AUC = 0.763 SD (0.203))
v = SVM(AUC = 0.788 SD (0.374))
=== KNN(AUC = 0.824 SD (0.058))

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 5. ROC curves of multiple models on the training set

5. WIE SRR ROC BhiZk

1.0

0.8

g
o

Sensitivity

<
~

0.2

0.0

ROC curve(Validation)

/ = logistic(AUC = 0.873 SD (0.130))

’ e DecisionTree(AUC = 0.920 SD (0.054))
’ == MLP(AUC = 0.787 SD (0.221))
v = SVM(AUC = 0.797 SD (0.360))
‘ == KNN(AUC = 0.845 SD (0.087))

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 6. ROC curves of multiple models on the validation set

6. BIFEZIRA ROC BhL%

AT TS T I R MR 2= 48 b S A R+, 253 E7" WBC. CRP. IL-1. IL-4 AT ¥,
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A FRTEAR R RRIZ WA, S 2RI PR I B N SRR A, 2R 2 I SR8 5 00 UE £ A 56 1IE
JeA A8 SURHIEIESE T 8 B 12 WS A2 Wy kB hE G928 RSB (9 ] 471

FHR BEE R ORGP fih % (1) 4 B P i SO RRAS (131 B o, A BREHEIRERAE KW A 4700
Ji% 5000 3, AHORFET- 2/ 1100 /3, 29 GRS T NBUI T 2 —[14]0 AT ELIE PRAT X IR JE 2
2 T G 2 SRR P BT U] A — B AR B, I PR AR I R BB AR FE YT AU SRR A e, IR S 30T AT B 4 0)
G RB AT S ATV T BOS R PIR PR S AR RS, [R5 BUMGERIE SR A R s T VR I “ 3 4
B [15]0 B A 7 — o m) ABRos PR 5l Bk 1 S % RSB ARBTG5 925, T BRI NG PR MR B RE o A0 6 A B L

R BERE G P28 JPRI 2 EEORE SR 3 AT M DAMEE I B IR . FERRERRE I FR R, G AR BB IR A B 4
i J52 IV FH e 92 Ty R A 1) ) 0B g BR IR 2R [ 16] 0 S8 RS AR AZ 0o E T WA 28 S5 h0 A B B SR AT L S e 40 i T
REFEYE, (EIXADIRE N EF R, [T IREHERIET(17] (18], ZUUHEIR CAWUEST T FH Tk
RSV, (A2 HOG I FBURFE S A . A S 55 1), J0 i R I R PR 0 25 75 SR [19]-[21]. B FL R AR
TR G SREU TR bR, IR A R AT IS WA A R e, T G2 IR TR (1 v A 2 5 S

AMIF T IE N TR AR AT 1%k, B ZHE T UM% O TR (WBC CRP. IL-1 J¢ IL-4). fE
VU IwI P iRk v, 3 Kruskal-Wallis H A5, e rb HOA B2 4 I 2R 246 8] 22 S A ik 2 o #E
P55 OB 55 R o A S 55 BB S S 4L b E4T Mann-Whitney U #6583 — 5k, 455 278 RBC (P = 0.994).
Hb (P =0.154). PLT (P =0.365). #kEL4HMIiT50(P = 0.530) &% SAA (P = 0.060)7 %2 R 2H 5 3 G 12 JpR g
HIMZERITLG = . FA WBC, HiEkigifiuit-#. CRP. PCT. IL-6. IL-1. IL-4. IL-10 3% 8 Tji%=
A G E R R . #E1T Spearman AHIGHE /M 45 R IR IL-6 5 IL-1 25RIEMAHK(r = 0.81), MAME
Fr#lsE NLRP3 2 P/ MAcd g TR & K+, EHR FREH BN, SETEEESZ[22] (23],
7E LR ROC R PP 45 R, TL-1 FZIiRLAE(AUC = 0.969) 18T IL-6, FrLL5IF% IL-6; 1L-4 5 IL-10
R FRIEAA K (r = 0.88), WAMEIRIYE Th2 Mt RAMMBEH T, Dhfe LAEEESME24], FlE eIttt T
P, PR AT PRI R) IL-4. HEBRAOCMEEGRIIEMR G R AR 6 MEFR(WBC. H R4 it
$r. CRP. PCT. IL-1. IL-4), FEFIAH 6 MEIRIIN LASSO [ 473 — 25 K46, LASSO [H {4
BAKEHEENZE, 432 WBC. CRP. IL-1 X IL-4.

WBC A2 S LA ] 45 528 o7 25 3 P T FE R AR AR [ 251 7E G BRBDIRS R, AE ShAEIHIfE WBC /K
SPARNT AR, T CAE N S BRSSP B FE AR [26] [27]. VENIGIR S 0 JOEFRAR, CRP KA 1L-6
SRR AT IR . SIS RIS (2 R R N 24, CRP REBUNIKAKT, A BT IX 4 B 2 S AT F i
B[28]. HIHA%/ EMRA AR WA IL-1 S GBI RAUMIR T, B RIA UK NLRP3 % PE/IMATEL .
P RIS FRAZ A A I« N BE R 52 7, IL-1 AR RRAE J 38 R I, BRI T Je R A& I RRIRAS[29]-[31].
IL-4 /& Th2 BB RN 7, FERIETIHLH T 4088 SRR Th1/Th2 IL-4 K FAEX FH &, AT L
VR 2 B B B R B B bR & [32] [33]. Zhang 25(2020)3 T35 S 08 5 70 W B BB AT i B0 4
P, ORI R A S ILIB (IL-1) RIS R N, S5ABEFT “ GRS IL-1 A RRe ) N7
(2518 — B [34]: H HARHS il &I P EoR, M UG IR BT &, T ASHE 50K A WBC. CRP. IL-1. IL-
4 DYTGUIE PR F FURS DU Fi b b R R SR AR A, TECRBE IS WA BE I AT B2 T 38 42 T T IR IR nT Rt 4 4
P, iEEIEEAE.

BeA FRPUIE bR, HHTRRESWIE R, WA AREE A, MLP. SVM. KNN. &
FW o L ROC 204 2 LU B ASE RN T 730 S 28 R PR IR 0l R RE o e b R BORLZE I 258 AUC
=0.932, #EHE =0.930, RESE =0.909, FFME =0.955, KAiFHEH AUC =0.920, #EHHE = 0.925,
REEJE = 0913, Fe5tE =0.928, RIVH TRFHIZHIEER R G2 AR 1. PSRRI e S iR 12
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E, BAITRAMBIAE, 2B H AL e A R R A . RERIE IS AR, BEAh, SZ[ml
PEWTFE BT TR, AfE LA THERR P A T BRI A ey, R BRIE 7 EDE I AT VEWE T, i — DRSO HE T
PR ZE IR R AT SE 1

5. &g

AHIF T X0 FREEAE G RRALIR A5 ) i G R el , 22 LA P S, MH SR 704 J2 LASSO [l )33 2
1%, #iE 7 WBC. CRP. IL-1. IL-4 PYSUZ-CoTTa R, JEA A 2 Rl ds o 2] Sl AT BRI 26 5 R Re
XTEE, R T 3E AT IR AE N (0 S PR RE ST . S5 5RARHT, RS (Decision Tree) AL FEIX 73
REJIRNZR G R BE LRI, IIZREE. IUESEANAAEN AUC #IRFFAE 0.9 KIE, HlZRSE 55 IESE
PEBEZZ B/, R EAT R AF 92 A BE TR A S F 1 « 2 AR Y BT N (3R bR s8 PR H A 30000 H
HAHE 7 PH AR RS A, RS L IR R PRI B SRR R . 43 EPTd, JETHLas 2 ST
A R R IE G B R BE VS TR, AT Dl PR LT ] e BE PR RS TR AL 2 WM [R] ISt 9 SRR e P 50
G REVEAL TR IR It T ik 5%,

B A

AT L5 % CLBIE R B PSS 16 B8 53 22 o 2 S kit TS N AL RIS AE S 0L 88 T K )
RSP
S5

[1] Singer, M., Deutschman, C.S., Seymour, C.W., Shankar-Hari, M., Annane, D., Bauer, M., et al. (2016) The Third Inter-
national Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA, 315, 775-787.
https://doi.org/10.1001/jama.2016.0287

[2] Cohen, J., Vincent, J., Adhikari, N.K.J., Machado, F.R., Angus, D.C., Calandra, T., et al. (2015) Sepsis: A Roadmap for
Future Research. The Lancet Infectious Diseases, 15, 581-614. https://doi.org/10.1016/s1473-3099(15)70112-x

[31 Venet, F. and Monneret, G. (2018) Advances in the Understanding and Treatment of Sepsis-Induced Immunosuppression.
Nature Reviews Nephrology, 14, 121-137. https://doi.org/10.1038/nrneph.2017.165

[4] Hotchkiss, R.S., Monneret, G. and Payen, D. (2013) Sepsis-Induced Immunosuppression: From Cellular Dysfunctions
to Immunotherapy. Nature Reviews Immunology, 13, 862-874. https://doi.org/10.1038/nri3552

[5] Fkmk, BFiOw, BES, & MENE B SNE M CD14+3 %40 HLA-DR. CD86 A1 T itk [ 40 ff WV ¢ 2 15 K P K
AR K Hot [ 2Rk AU [0). PR IR R 22 4 &, 2021, 42(18): 2219-2221+2227.

[6] Rizzo, A.N. and Dudek, S.M. (2017) Endothelial Glycocalyx Repair: Building a Wall to Protect the Lung during Sepsis.
American Journal of Respiratory Cell and Molecular Biology, 56, 687-688. https://doi.org/10.1165/rcmb.2017-0065¢ed

[71 Joosten, S.C.M., Wiersinga, W.J. and Poll, T.v.d. (2024) Dysregulation of Host-Pathogen Interactions in Sepsis: Host-
Related Factors. Seminars in Respiratory and Critical Care Medicine, 45, 469-478.
https://doi.org/10.1055/s-0044-1787554

[8] Steinhagen, F., Schmidt, S.V., Schewe, J., Peukert, K., Klinman, D.M. and Bode, C. (2020) Immunotherapy in Sepsis—
Brake or Accelerate? Pharmacology & Therapeutics, 208, Article ID: 107476.
https://doi.org/10.1016/j.pharmthera.2020.107476

[9] Monneret, G., Lepape, A., Voirin, N., Bohé, J., Venet, F., Debard, A., ef al. (2006) Persisting Low Monocyte Human
Leukocyte Antigen-DR Expression Predicts Mortality in Septic Shock. Intensive Care Medicine, 32, 1175-1183.
https://doi.org/10.1007/s00134-006-0204-8

[10] Décke, W., Hoflich, C., Davis, K.A., Réttgers, K., Meisel, C., Kiefer, P., et al. (2005) Monitoring Temporary

DOI: 10.12677/acm.2026.1672594 864 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672594
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/s1473-3099(15)70112-x
https://doi.org/10.1038/nrneph.2017.165
https://doi.org/10.1038/nri3552
https://doi.org/10.1165/rcmb.2017-0065ed
https://doi.org/10.1055/s-0044-1787554
https://doi.org/10.1016/j.pharmthera.2020.107476
https://doi.org/10.1007/s00134-006-0204-8

JEE %

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[20]

[21]

[29]

[30]

Immunodepression by Flow Cytometric Measurement of Monocytic HLA-DR Expression: A Multicenter Standardized
Study. Clinical Chemistry, 51, 2341-2347. https://doi.org/10.1373/clinchem.2005.052639

FRE, WRIEAR, HHGE, S JETHLES 5 5] 0 EAE I A Dy R AR AR A L BIAR RS T AR R (0], AR R R
], 2021, 42(2): 150-155+181.
Dellinger, R.P., Levy, M.M., Rhodes, A., Annane, D., Gerlach, H., Opal, S.M., et al. (2013) Surviving Sepsis Campaign:

International Guidelines for Management of Severe Sepsis and Septic Shock, 2012. Intensive Care Medicine, 39, 165-
228. https://doi.org/10.1007/s00134-012-2769-8

FhE, EAEE TRAE, S5 MREREAHDCRIER S RIS N AT RKILIR[I]. RS2 E, 2025, 26(5): 293-301.

Rudd, K.E., Johnson, S.C., Agesa, K.M., Shackelford, K.A., Tsoi, D., Kievlan, D.R., et al. (2020) Global, Regional, and
National Sepsis Incidence and Mortality, 1990-2017: Analysis for the Global Burden of Disease Study. The Lancet, 395,
200-211. https://doi.org/10.1016/s0140-6736(19)32989-7

Giamarellos-Bourboulis, E.J., Kotsaki, A., Kotsamidi, I., Efthymiou, A., Koutsoukou, V., Ehler, J., et al. (2026) Precision

Immunotherapy to Improve Sepsis Outcomes: The ImmunoSep Randomized Clinical Trial. JAMA, 335, 775-786.
https://doi.org/10.1001/jama.2025.24175

o E T TR R B o e R B REE T M R gy, b BN RO B R e b R G &, EURE S T T M A,

S RERAE S AN 2R T 5OLR ] *ﬁfif%i&l’i%, 2020, 32(11): 1281-1289.

Badero, O.J., Omokore, O., Oore-ofe, O., Osibowale, B., Quadri, I., Olayinka, T., et al. (2026) Immune Endotype-Guided
Precision Immunotherapy in Sepsis: From Transcriptomics to Bedside Application. Cureus, 18, e106312.
https://doi.org/10.7759/cureus.106312

Kox, M., Bauer, M., Bos, L.D.J., Bouma, H., Calandra, T., Calfee, C.S., et al. (2026) The Immunology of Sepsis: Trans-
lating New Insights into Clinical Practice. Nature Reviews Nephrology, 22, 30-49.
https://doi.org/10.1038/s41581-025-01004-6

Adami, M., Giamarellos-Bourboulis, E.J. and Polyzogopoulou, E. (2024) Towards Improved Point-of-Care (POC) Test-
ing for Patients with Suspected Sepsis: POC Tests for Host Biomarkers and Possible Microbial Pathogens. Expert Review
of Molecular Diagnostics, 24, 829-839. https://doi.org/10.1080/14737159.2024.2392283

Cajander, S., Kox, M., Scicluna, B.P., Weigand, M.A., Mora, R.A., Floh¢, S.B., et al. (2024) Profiling the Dysregulated
Immune Response in Sepsis: Overcoming Challenges to Achieve the Goal of Precision Medicine. The Lancet Respiratory
Medicine, 12, 305-322. https://doi.org/10.1016/s2213-2600(23)00330-2

Yang, Y., Zhang, Y., Wu, J., Liu, Y. and Lei, X. (2025) Decoding Immune Low-Response States in Sepsis: Single-Cell
and 3D Spatial Transcriptomic Insights into Immunoparalysis. Frontiers in Immunology, 16, Article ID: 1696914.
https://doi.org/10.3389/fimmu.2025.1696914

Lu, F., Chen, C., Feng, D., et al. (2025) Causal Relationships between Inflammatory Cytokines and Sepsis: A Mendelian
Randomization Study. Annals of Clinical & Laboratory Science, 55, 64-71.

You, W. (2025) Roles of Cytokine Storm in Sepsis Progression: Biomarkers, and Emerging Therapeutic Strategies.
Frontiers in Immunology, 16, Article ID: 1696366. https://doi.org/10.3389/fimmu.2025.1696366

Gao, X., Cai, S., Li, X. and Wu, G. (2025) Sepsis-Induced Immunosuppression: Mechanisms, Biomarkers and Immuno-
therapy. Frontiers in Immunology, 16, Article ID: 1577105. https://doi.org/10.3389/fimmu.2025.1577105

Santaolalla, A., Sollie, S., Rislan, A., Josephs, D.H., Hammar, N., Walldius, G., ef al. (2021) Association between Serum
Markers of the Humoral Immune System and Inflammation in the Swedish AMORIS Study. BMC Immunology, 22,
Article No. 61. https://doi.org/10.1186/s12865-021-00448-2

Schrijver, D.P., Roring, R.J., Deckers, J., de Dreu, A., Toner, Y.C., Prevot, G., et al. (2023) Resolving Sepsis-Induced
Immunoparalysis via Trained Immunity by Targeting Interleukin-4 to Myeloid Cells. Nature Biomedical Engineering,
7, 1097-1112. https://doi.org/10.1038/s41551-023-01050-0

Zhu, G., Liao, Y., Liu, S., Liu, P., Yang, K., Tan, M., ef al. (2025) Dysregulated Immune Responses in Sepsis: Insights
from Treg-Related Gene Expression. Journal of Inflammation Research, 18, 11689-11702.
https://doi.org/10.2147/jir.s523019

West, S.D., Ziegler, A., Brooks, T., Krencicki, M., Myers, O. and Mold, C. (2015) An FcyRIla Polymorphism with
Decreased C-Reactive Protein Binding Is Associated with Sepsis and Decreased Monocyte HLA-DR Expression in
Trauma Patients. Journal of Trauma and Acute Care Surgery, 79, 773-781.
https://doi.org/10.1097/ta.0000000000000837

Capitoli, G., Nobile, M.S., Ambags, E.L., L’Imperio, V., Provenzano, M. and Li0, P. (2025) Assisting Clinical Diagnosis
with Interpretable Fuzzy Probabilistic Modelling. BMC Medical Informatics and Decision Making, 25, Article No. 330.
https://doi.org/10.1186/s12911-025-03183-5

Gao, W., Zhang, H., Fan, J., Wu, L. and Liu, W. (2026) LUCAT1/PTBP1/HIF-1a Feedback Loop Promotes T Cell Over-

DOI: 10.12677/acm.2026.1672594 865 Il PR 2 2 3t

‘-l


https://doi.org/10.12677/acm.2026.1672594
https://doi.org/10.1373/clinchem.2005.052639
https://doi.org/10.1007/s00134-012-2769-8
https://doi.org/10.1016/s0140-6736(19)32989-7
https://doi.org/10.1001/jama.2025.24175
https://doi.org/10.7759/cureus.106312
https://doi.org/10.1038/s41581-025-01004-6
https://doi.org/10.1080/14737159.2024.2392283
https://doi.org/10.1016/s2213-2600(23)00330-2
https://doi.org/10.3389/fimmu.2025.1696914
https://doi.org/10.3389/fimmu.2025.1696366
https://doi.org/10.3389/fimmu.2025.1577105
https://doi.org/10.1186/s12865-021-00448-2
https://doi.org/10.1038/s41551-023-01050-0
https://doi.org/10.2147/jir.s523019
https://doi.org/10.1097/ta.0000000000000837
https://doi.org/10.1186/s12911-025-03183-5

i %

[31]

(32]

[33]

[34]

[35]

Differentiation and Th1/Th2-Skewed Immune Imbalance in Sepsis via Glucose Metabolism. Cytokine, 203, Article ID:
157157. https://doi.org/10.1016/j.cyt0.2026.157157

Ho, V.P., Kaafarani, H., Rattan, R., Namias, N., Evans, H. and Zakrison, T.L. (2020) Sepsis 2019: What Surgeons Need
to Know. Surgical Infections, 21, 195-204. https://doi.org/10.1089/sur.2019.126

Lu, Z., Zhu, L., Yi, C., Su, B. and Wang, R. (2025) C5a/C5aR Regulates Th1/Th2 Imbalance in Sepsis-Associated Lung
Injury by Promoting Neutrophil Activation to Increase PAD4 Expression. Annals of Medicine, 57, Article ID: 2447406.
https://doi.org/10.1080/07853890.2024.2447406

Padovani, C.M. and Yin, K. (2024) Immunosuppression in Sepsis: Biomarkers and Specialized Pro-Resolving Mediators.
Biomedicines, 12, Article No. 175. https://doi.org/10.3390/biomedicines12010175

Zhang, S., Wu, Z., Chang, W., Liu, F., Xie, J., Yang, Y., ef al. (2020) Classification of Patients with Sepsis According
to Immune Cell Characteristics: A Bioinformatic Analysis of Two Cohort Studies. Frontiers in Medicine, 7, Article ID:
598652. https://doi.org/10.3389/fmed.2020.598652

Zhu, X., Lu, Q., Liu, X. and Zeng, X. (2025) Predictive Models of Immune Microenvironment-Related Markers in Pa-
tients with Sepsis Accompanied by Myocardial Dysfunction and Their Roles in Diagnosis. Frontiers in Cardiovascular
Medicine, 12, Article ID: 1705594. https://doi.org/10.3389/fcvm.2025.1705594

DOI: 10.12677/acm.2026.1672594 866 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672594
https://doi.org/10.1016/j.cyto.2026.157157
https://doi.org/10.1089/sur.2019.126
https://doi.org/10.1080/07853890.2024.2447406
https://doi.org/10.3390/biomedicines12010175
https://doi.org/10.3389/fmed.2020.598652
https://doi.org/10.3389/fcvm.2025.1705594

	血液学指标联合细胞因子的脓毒症免疫麻痹智能诊断模型构建
	摘  要
	关键词
	Construction of Intelligent Diagnostic Model for Sepsis-Induced Immunoparalysis Based on Combined Hematological Indicators and Cytokines
	Abstract
	Keywords
	1. 前言
	2. 材料与方法
	2.1. 一般资料
	2.2. 纳入与排除标准
	2.3. 统计学方法

	3. 结果
	3.1. 三组患者临床资料
	3.2. 各组指标比较
	3.3. 脓毒症组内指标比较
	3.4. 相关性分析
	3.5. LASSO回归分析
	3.6. 单指标ROC曲线分析
	3.7. 分类多模型综合分析

	4. 讨论
	5. 结论
	声  明
	参考文献

