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Relationship between Toll-like receptor 4, B-type natriuretic peptide, silent information
regulator 1, and citrullinated histone H3 and the severity of emergency sepsis in

patients with multidrug-resistant Gram-negative bacterial infections
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Abstract: Objective To investigate the relationship between Toll-like receptor 4 (TLR4) ., B-type natriuretic peptide (BNP) , silent
information regulator 1 (SIRT1) , and citrullinated histone H3 (CitH3) and disease severity in emergency sepsis patients with
multidrug-resistant Gram-negative bacterial infections. Methods A total of 282 emergency sepsis patients with multidrug-resistant
Gram-negative bacterial infections admitted to Yellow River Sanmenxia Hospital from September 2022 to September 2025 were
enrolled as the study group. According to disease severity, patients were divided into group A (sepsis, n=107) , group B (severe
sepsis, n=124) , and group C (septic shock, n=>51). Additionally, 282 healthy individuals who underwent physical examinations
during the same period were selected as the control group. The distribution of pathogens and drug resistance were analyzed. The

serum levels of TLR4, BNP, SIRTI1, and CitH3, the Sequential Organ Failure Assessment (SOFA) scores, and the Acute

w5 H#5:2026-05-28
EE£WE w4 & 528 B S BHF0H (645 : 25B320028)
VEEEE T, EE 0. E-mail: xuanjiaol@gt.cn

http : //xbyx. xjtu. edu. cn



34 WAL Ze s 2026 4E 9 H %414 % 5

Physiology and Chronic Health Evaluation [I (APACHE Il ) scores were compared among the groups. Pearson correlation analysis
was performed to assess the correlations between TLR4, BNP. SIRT1, and CitH3, and SOFA and APACHE Il scores.
The diagnostic value of TLR4, BNP, SIRT1, and CitH3 for assessing disease severity was evaluated using receiver operating
characteristic (ROC) curve analysis. Results A total of 388 strains of multidrug-resistant Gram-negative bacteria were detected
in the 282 emergency sepsis patients. The levels of TLR4, BNP, and CitH3 in the study group were higher than those in the control
group, whereas the serum SIRT1 level was lower than that in the control group (all P<C0.05). The levels of TLLR4, BNP, and
CitH3, as well as SOFA and APACHE 1l scores in group C were higher than those in groups A and B, and those in group B were
higher than those in group A. The serum SIRT1 level in group C was lower than that in groups A and B, and that in group B was
lower than that in group A (all P<<0.05). TLR4, BNP, and CitH3 were positively correlated with SOFA and APACHE [l scores,
whereas serum SIRT1 was negatively correlated with these scores (all P<C0.05). The area under the curve (AUC) for combined
detection of TLR4, BNP, SIRT1, and CitH3 in assessing disease severity was higher than that of any single marker (P<C0.05).
Conclusion Escherichia coli was the most common pathogen in emergency sepsis patients with multidrug-resistant Gram-negative
bacterial infections. TLR4, BNP, SIRT1, and CitH3 were closely related to disease severity and demonstrated high diagnostic value
for septic shock.

Key words: multidrug resistance; Gram negative bacteria; sepsis; Toll like receptor; B-type natriuretic peptide; silent information

regulator 1; citrullinated histone H3
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®1 ARAFGGBAERFLHLEE (n=282)

Tab. 1 Comparison of basic information between the study group and the control group (n=282)

SEANE B Moz 4l it R 20 i/t P
P51 /41 (%) 0.264 0.608

) 169(59.93) 163(57. 80)

S 113(40. 07) 119(42. 20)
RS/ 4 41.76+4. 38 42.0344.43 0.728 0.467
A H/ (kg-m ™) 23.87+0.76 23.9240.79 0.766 0.444
YL A7 /0 (%)

I 1 3 106(37.59)

¥ 101(35.82)

W PR B 38(13.48)

HoAth 37(13.12)
Sembg g /()

it A 195(69.15)

T 2R R A 38(13.48)

R 0 458 405 21(7.45)

O il B AR I 21(7.45)

oAb 7(2.48)
2 FHik 2.3 TLR4,BNP,SIRTI1. CitH3 5 SOFA +# % .

2.1 BB 4 A B h MG 5 AT

TARIT R, WO W PR S5 Fr A, v ] i [
Mg #1352 BACT/ALERT 3D Ifi 5 352 A 2E 47 40 B 15 3%
it FH 4> 8 3l oA W 55 0 2 8000 A (B it 36 AR B2 7
B A BRA R, MA-120) % & B AP, 8 o 48 9 ik
HEAT 25 B0 e o B AR TR AR b R A A ) T R AR
P B0 KR A T ATCC25922 fifl & R h #T
H ATCC19606 4 £ B Bl 7 AT CC27853 fiti 4 v
TN ATCC13883, A i H 5 15 F 40 B 34 1E % )
UG B8 AR, 0 i A1 HE B o A 5 05 L TR R TR — R
H 2 YRR AR AR H ] — Bk TR A 1 AR
2.2 TLR4.BNP.SIRTI1,CitH3,SOFA # 4, &% %
7 5 1% M 42 & (Acute Physiology and Chronic Health
Evaluation Il . APACHE 1[I # %

FIRIT R, IO A 2 I 3 mL, B A AR
100 L fin e 21 85 H AR ic 9 20 pl TLR4 B3Pt IR A
AIJEWERE LA 0.5 pl % 0l 5, iR BE R A L
2 500 r-min~" B0 5 min, R $h 5 VR 21K,
A0 T VE A 500 pl e (2% b 72, A = 4 g
AU 2 P IR A PR A 7, DxFLEXO K TLR4 BH
PR, HRERENZIEIM 3 mL, L3500 remin”
(BO2EAE 0 10 emD B0 10 min, SR FH I G 928 W B
2456 46 00 1% BNP  SIRT 1. CitH3 /K F ik &l [
JTMOT A AR B A BRA R . JF R AT SOFA T
A3 0~24 43 ) & APACHE [T #F 43" (0~71 43 ) ¥
il S5 P e TR

APACHE [l #F 5 #940 £ W B 3+ % Eat 25 3% 2 KM
P R a5 IR AR B R AR R YR AE A

% H] Pearson A 3¢ 1% 73 T TLR4 .BNP . SIRT1,
CitH3 5 SOFA 4> . APACHE I ¥ 4> i A 1 o
JEH CALg A PR, A4l BA gAY, R Z K
& T 4B F5AIE (receiver operating characteristic, ROC)
2843 H1 TLR4 .BNP . SIRT1.CitH3 X} £ & fiif 24 ¥
= IR B T JER G 212 Mk B BRI AR B 1 DF Ak
RIS
2.4 %itFHiE

B4 & SPSS 26. 0 8 14 #4754 7 , P<<0. 05
MNERBHRITFE X BB )R
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Wilk ¥ 56 , £5 6 IE 8404, LA(T = s) ERom , A ] iR
T LA ST REAS (A 5, 22 21 fB) FL AR B R O 22
Gy 0T, IF R I LSD B AT P L 85 . ok ] Pearson
AH AR 23 #F TLR4 .BNP . SIRT1.CitH3 5 SOFA ¥
58 JAPACHE [ PF 73 09 AH G o 2k FH ROC il £k 71
Hr TLR4 .BNP . SIRT1.CitH3 % £ T Iiif 24 4 % [C B
PE TR L 2002 IR B RE S8 A0 1 R BE 09 VTAG 1A, 3R
Bt 6 F 1 2 Carea under the curve, AUC) | i &%
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ZIRHME, R kKR AEN S e wm, SR 3.2 B4l R4 TLR4.BNP.SIRT1.CitH3 #
38.92% , Hoyk A ili 48 v B A 1R (22. 94 %) i 2 A5 B 23

MO B (17.27%) o Wi 52 B AA B KW IR A 1 L 4 2% FFELL Y TLRA, MM BNP . CitH3 /K 4455 T4 i
B B X 22 BB R 2 W 2 . 20, 1035 SIRT 1K AR T4 FEZH (P<<0. 05), WL 2,

*®2 WRA.JEEATLR4.BNP.SIRT1.CitH3 fyLL & (n=282, x £ 5)
Tab. 2 Comparison of TLR4, BNP, SIRT1, CitH3 between the study group and the control group (n=282, = + )

fabn LIEpEE! SR ¢ P

TLR4 39.65% +3. 74 % 23.43% +1.76% 65. 897 <20.001
BNP/(pg-mL ") 291.02+55.95 145.65+47.32 33.314 <20.001
SIRT1/(ng-mL™") 1.17+0. 36 2.7140.58 37.884 <20. 001
CitH3/(pg-mL™") 48.07+14.65 10.87+2.63 41.970 <20. 001

3.3 AR MmEAELEHRTUEEE TLRL, BNP, APACHE Ui¥FA¥ ST A4l B4, B4l & T A4l
SIRT1.CitH3.SOFA # % . APACHE Tl # %% }L 4% CHMM®E SIRTIAKFEMFT AN . BH,BHMKTF
C 4 TLR4 . BNP.CitH3 /K F . SOFA £ 4y . A (P<0.05). W33,

®3 AEFEEREWRAES TLR4.BNP.SIRT1,CitH3.SOFA ¥4 APACHE I 45 8tb % (x +5)
Tab. 3 Comparison of TLR4, BNP, SIRT1, CitH3, SOFA score, and APACHE [ score among study group patients with different

degrees of illness (T £ )

EizaD A (n=107) B4 (n=124) C4l(n=51) F P

TLR4 30.87% +£3.42% 42.43%4+3.78%" 51.32% 4-4.32% 573. 289 <<0.001
BNP/(pg-mL ') 228.434+51.27 314.43457.32° 365.434+62. 43" 122.313 <<0.001
SIRT1/(ng-mL ") 1.4740.48 1.08+0.33" 0.7540.187 69.437 <<0.001
CitH3/(pg-mL™") 32.43-10.08 50. 32+ 16. 21" 75.43+20.43% 141.721 <0.001
SOFA 43/ 5% 5.324+1.75 7.98+2.31" 10.4342.76% 99. 649 <<0.001
APACHE 11 ¥43 /%> 15.82+1. 64 18.0942.03" 23.4342.81% 235. 395 <<0.001

TE 5 AL LEE, P<<0.05; 5 B4L LR, " P<<0.05.
3.4 TLR4,BNP,SIRTI1, CitH3 5 SOFA +# 4 . S 77.92% . 73.59% . 74.89% . 76.19% .
APACHE [l # % # 48 % 71.00% , B A R I Y AUC B (P<<0.05) . B
TLR4 .BNP . CitH3 5 SOFA ¥4 . APACHE 1l #5. K1,

P4y ¥ 8OE A G, Il ¥ SIRT1 5 SOFA ¥ 43 . %4 TLR4.BNP.SIRT1.CitH3 5 SOFA 4> ,APACHE I
APACHE [ 43 ¥ & AR (P<<0.05). W% 4. W AR

3.5 TLR4.BNP.SIRT1.CitH3 % & &t 25 % 2 &, Tab. 4 Correlation between TLR4, BNP, SIRT1, CitH3 and
Bk B e M A R AR 69 R £ 1A SOFA score, APACHE 1l score

5 CULaY ATIYE, AUl BUINABIHE, TLRE, #2047 e R
r r
BNP SIRT1, CitH3 J Bt & 45 M 97 il 2 5 if 25 4 % TLRA 0591 0,009 0.559  0.011
R B P A B e 2002 B B E FR BN B AR A AUC 43 BNP 0.476 0.019 0. 669 0.005
Sk 0.769.0.767.0.787.0.802.0. 869, i J&k & 43 5| SIRT1 —0.528 0.014 —0.637 0. 007

%®5 TLR4.BNP.SIRTL.CitH3X Z EMHE=RPUEHBRLILKRSEETRBEEENITHEMNE
Tab. 5 Evaluation value of TLR4, BNP, SIRT1, CitH3 on the severity of emergency sepsis patients with multidrug-resistant

Gram-negative bacterial infections

EiRD T AUC TR/ R/ % P 95%CI

TLR4 48.81% 0.769 66.67 77.92 <<0.001 0.715~0. 817
BNP/(pg-mL ') 339. 66 0.767 70. 59 73.59 <20.001 0.714~0.815
SIRT1/(ng-mL™") 0.96 0.787 68. 63 74. 89 <<0.001 0.734~0. 833
CitH3/(pg-mL™") 57.90 0.802 72.55 76.19 <0.001 0.751~0. 847
A R 0. 869" 88.24 71.00 <20.001 0.824~0.906

.5 TLR4 4 ,*P<<0.05; 5 BNP 14 ,"P<C0.05; 5 SIRT1 L # ,°P<<0.05; 5 CitH3 4 ,'P<C0.05,
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Fig. 1 Evaluation value of TLR4, BNP, SIRT1, CitH3 on the

severity of emergency sepsis patients with multidrug-

resistant gram-negative bacterial infections
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E ) 2R N R e 5 RAE | G i O A 4 2 P HLA AT G
TLR4 Z 5L AR 5 PR S BL L2 JE T 24
Je, BLPR XS T 17 25 4 B T 52 P T g, TR 22 G B P R
E A 2B TLR 24K, 2 5 Tl {5 55 50 75
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e N o HLWFSE R 92, k7 AE B Y TLR4 /K
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JULAGE 473 A2 B3 (0 48 A, AR AT BF 58I S BNP K F- 1T
5 M IE R 2 A8 E i KBTI AU TR A G
FH S HL I T BE A« & A 2% PG I R e ), 2 K i
TR AL T R, TR OR BN R L TN B R 2 M
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R AR 22 28 5 ) B B 1 19 XU, e i HL 7 ST B ARG T e
e FB R I N XUBS 52 . NETs 78 HL A s e
Kb T B g v R P A Y . CitH 3 AT
NETs JE i, 30t Py Bz 1 03 B it 85, S 350l /s B 2R 4
I R B A B T R DL, B 28 AR R ) fE R
B0 IR I R 5E 2 E 52, CitH 3 o e 25 1 4K 7 B
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AW 57 i 3 Pearson A 5¢ P 43 #T3iE 55, TLR4 .
BNP.SIRT1.CitH3 # 5 SOFA # 4 . APACHE 1l
TEAy HLA MO 5 £ it 24 5 2% 1 B 1 7R A e
BT R ERIERER VMG, WA, BT
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SR A Y, B AR BF 5 DR PR R 5 Sk B 25161
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TC AR B8 H P 43 i BIVRT 4 (A Al B AW L 7E 2s R
1 5 VR A BR RS DR G T 3 AR AT R Oy %
TPk AR 1 B U0 B b 7245 B, HL TLR4 .BNP,
SIRT1.CitH3 B¢ A K I A7 B T 48 7~ A 7R 4k 980 5 e
FEARAS R A SR 1 B0 1] 36 7 48 408 7E 19 2B W bR ik
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g LTIk, 2 i 25 IR P R 22 e
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X IR e P R v EL A A PP A M (. (B AS B SR AT A7 AE
AN Z A AR SE A A R EL O b R ST, AT R
S B 5 S5 R AR AE — T, HR B3 M 4 A AR
& IF 43 B AS [8] 95 J5L B 43 A 9 TLR4 .BNP . SIRT1,
CitH3 25 5% s A 58 2R A 0 5 o ™ o A 5 4 23 0L T A
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