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Establishment of a multi-index diagnostic model for bacterial meningitis

after neurosurgical operation

ZHENG Guang-hui , ZHANG Guo-jun, ZHANG Jian-kun, LI Fang-qiang, ZHANG Yan,
TANG Ming-zhong , KANG Xi-xiong (Laboratory Diagnosis Center , Beijing Tiantan Hospi-
tal » Capital Medical University, Beijing Engineering Research Center of Immunological Rea-
gents Clinical Research , Beijing 100050, China)

[Abstract] Objective To establish a multi-index linear discriminant model for the diagnosis of bacterial meningitis
after neurosurgery operation. Methods A retrospective analysis was performed on 14 laboratory examinations of
bacterial meningitis (7 =226) and aseptic meningitis (7 =255) in patients in a hospital from 2012 to 2016. Receiver
operating characteristic (ROC) curve for significant variables was drawn, items with area under the curve (AUC) >
0.7 were conducted linear regression fitting, and a linear discriminant model for combined multi-index diagnosis was
established, data of 26 patients with meningitis were selected to verify the discriminant capacity of the discriminant
model. Results There were significant differences in 11 indexes between two groups of patients with meningitis (all
P<C0.05). AUC of cerebrospinal fluid(CSF) white blood cell count (C-WBC), CSF glucose concentration (C-Glu) ,
blood glucose concentration (B-Glu), CSF blood glucose ratio (C/B-Glu) and CSF lactic acid (C-Lac) were all
>0.7. The discriminant model was obtained by linear fitting: Y= —0.268 X C-Glu+ 0. 127 X B-Glu + 0. 24 X C-Lac
= 0.722X C/B-Glu+ 0. 00000638 X C-WBC — 0. 866, AUC of ROC curve of five indexes for diagnosis of bacterial
meningitis was 0. 907, sensitivity, specificity, positive predictive value, and negative predictive value were all >

80.0%. Data of 26 patients with meningitis validated the discriminant capacity of discriminant model, the accuracy
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and specificity discriminated by the model were high (90. 0%, 81.2%), consistency rate was 84. 6% . Conclusion

The combined diagnosis of multiple indexes can effectively distinguish bacterial meningitis from aseptic meningitis,

and promote the diagnosis of bacterial meningitis.

[Key words] meningitis; bacterial; diagnostic model; cerebrospinal fluid; blood

P2 SRR JE AR T R Y R R A T
0.3%~25% . 29 (5 BT A5 4 B M i S R 1Y) 40 %, ™
S AR A BE B ) B TR B LT Y e R
ERE L EZP IV N c T S S A ICRP N R
FET= . RN o p T T R MR R SR A R A
Sk 9o 71 250 A A8 A5 R B S8 St R A R AR X 45 5]
200 T P I 2 5 G R 8 ol DR X TR e i
RWIAYT T Beoe A R WO R b oy B 232 W R
Jei 240 A AR e 2 AR B M R R 2 —
H R 20 R B 8 1Y) 12 T 4 b EATS SR S Bt 2R
P REFE AR b B 3% BT B I AR 5 SO I IR
MR, 22 E YL 2 (Infectious Diseases Soci-
ety of America, IDSA)™ 458 H 1l AAE IR A= 9
b WA 2 {7 TR AR 112 W bR o LTI Ik T B
b DX 240 T A 6 5 G T M G IR S 22 T
A A L0 IR R 20 3 (C-WBO) | ik
VR PR R A1 i EL 45 (C-New) | Jini B W 3L BR Wk BE (C-
Lac) % JHEAT 12 K, X8 4 B 7 il JBE 4% 1% 12 W 2
TR X, ABFIET 20122016 1 HBEFEK
2B R b 5 R IR BE B b 2 SRR G A B B S X
NG 155 5 AH OC B A W b 35 ) i A o A RS B Se it
o YR AR IE AR I G2 B i Ze v A B,
SCHR AR E AR R AT X L B 25 R RS I T

1 BREFE

L1 FA kR IS BT 2012—2016 4F 5 #F S
B 24 B IR b 3 K b5 B5 Bie b 28 A0 R E B 58 B0
JE o B I 2 B A I e BRS04 B
HEE 58 55 10 A P W R 4 2L 3 RO T 2 R 3 1 14 T
0 JEE 8 A DG 1) A2 A 5 0 o A I Y 4 B T A (C-
Cell) \C-WBC.C-Neu. it # & 5] 4 ## vk & (C-Glw) .
NG 5 T TR 1 Wk B (C-Pro) il B WS B TR B (C-
Cl™ ) IfiL % 25 4 vk B (B-Glu) | 1fi (3 40 B8 31 % (B-
WBCO) . it Hfr P R 4 g Lk %1 (B-New) | 21 40 ift i1 %%
(RBO) | IfiL 21 % (1 e & (Hb) | 1fi /% (PLT) | i
W 1Bk He 9] (C/B-Glu) .C-Lac,

1.2 JEBER A4 W AT O AT P R O
P 0 I 8 0 A7 43 A i BRCG E 2R 12 BT ) 4 b o

(D) BA M S R GG Im KR AR > 38.3C,
S BRI B A 5 () A M R SR . 55
DA T T o 1Y) RR R A A TR P R A 4, TC TR
i € 4 1) A o A BR SR i 3, HARBRE QR < (1) A
A VBAH 6 S 30 5 R A B 5 (2) A 8 B 40 A 1
5 (IS BT bR o 8 BRI A 1 F 2 Uk B Ak
JEE5 .

1.3 %its% WA IBM SPSS 20. 0 #4748 i 4%
Mt » R Hl Mann-Whitney U £ 56 %F iy A (19 %5 48 17
Ko . ¥ P<T0. 05 130 H 4 il 32 38 & T AF #h &
(ROC W40 , I3t 8 45— B i) ROC il £ T i i1
(AUC) R MR 8 5 3 BH - 750000 1 BH 4 0 0 f
A, o B AUC B PF ) 48 b5 43 o8 0 5= (0. 90 ~
1..00) . B & (0. 80~0. 89) \i& H1 (0. 70~0. 79) 45 %
(0. 60~0.69) LMW (0. 50~0. 59 AUC>
0.7 W H #E 47 & AE BUE LG 7 H AR I i ROC
M2 3 AT TH 5 bR 48 bR 0T 38 i PR LA R I
AR B UE . K A A B0 HE AR SO i Y
LR BB, IR 224 ROC H 28 L F 8 A R 5 3
AR A T AR 1 ) 51

2.1 BHERERBRE A BB S B 2012—
2016 A RE 1 325 M1 I #5015 7% PR PE B 3 BT kL, &
Bk 5 1 Y 1 25 (76 1 B 1 9 28 Bk e AR 3 909 3], S 56
FRIAAE BN 139 B, 4k DX AT M i 4% AR
12 5] A <76 % [ 35 39 Bl e A 226 151 4 1A
PR 58 o T T M i AR A8 1 S A R SR R 1
SR AE B e rh AT R, k255 . X AL R E
) 14 300 52 56 =5 K 25 17 Mann-Whitney U 5 5, [
B-WBC.B-Neu,PLT 3 Wi4h, H4x 11 34545 9 20 1
B ESWAGIFE L () P<0.05), &1,

2.2 BALWEAGZST 11 T Mann-Whitney
U k5 4548 P<<0. 05 4845 ROC fh £ 45 5K W3k 2.
C-WBC. C-Glu.B-Glu.C/B-Glu } C-Lac 5 %i 4§ ¥
1) AUC $>>0. 7, logistic Z& P [0 )3 70 HoRF LA F 5 10
TRPR AT R A TR IT 22 1) ROC i £k, 45
RIWEN PG A5 AUCKHO0. 907, RAELEE .



e 34 - d E R e e i 24 7 2019 4E 1 A48 18 %5 1 ] Chin J Infect Control Vol 18 No 1 Jan 2019

TN LA IR 58 5 T 52 48 5P 52 6 8 4 X 1L S B O B (B >80, 004 i 4
Table 1 Comparison of laboratory results between bacterial MRS IR DI A Y = — 0. 268 X C-Glu +

meningitis and aseptic meningitis 0.127 X B-Glu + 0. 24 X C-Lac = 0. 722 X C/B-Glu +
SiH éﬂlﬁf‘fﬁiﬂg}i?ﬁéﬂ %ﬁffﬁiﬂ%iﬁﬁifzﬂ P 0. 00000638 X C-WBC — 0. 866,
n= n=
e k5 6 IAGE MK ¥ S TR
C-Cell (X106/L) 41 612.9 50 004.9 <0. 001 2.3 SRR I R A A R U STk ARE
C-WBC (X 10¢/L) 13 546. 0 3947.2 <<0. 001 P2 BBl (g Bi s 1 g9 A T C-Glu il C-
~Ne 0 ) .
e P AL A T C o N i
o (mg/dL) ’ ' | ) 4 ROC M 2. B4 B ) AUC 43 551
C-Pro (mg/dL) 294. 4 228.6 <0. 001 ERVIPER-A : X I~ PR 22 bl
C-Cl~ (mmol/L) 118.5 123.0 <0. 001 0.824.,0. 701 , ASWIF 5% B A5 180 1) 3] 6 H7 4 T SCHk 4R 3B
B-Glu (mmol/L) 7.4 5.64 <0.001 -
RO AL, LA 2,
B-WBC (X 10°/L) 14. 08 13.77 0.616
B-Neu (%) 82.9 81.0 0.872 HRAE L U A 8 7 9 8L, 38 B 2017 48—
RBC (X 10'2/L) 3.83 4.08 <<0.001 10 H 10 6632 (%) 20 & P I 28 516 451 J6 B 4 i
Hb (g/L) 114.2 120. 3 0.002 e . e g s e e e
7 }% N SEL LR \/T\ Iﬁ I # IX] /\ A
T 5504 a0 0758 2B 210 A A I H AR B R A N S8 Y
C/B-Glu 0.30 0.68 <0.001 FN YRR T4 R Cut-of {48 19 58 25 U1 4l 17 4
C-Lac (pmol/L) 6.192 3.18 <0.001
1.0
2011 I PR IR A A 4 R 40 v i B G T
1% JIEE 2 1) 32 B 5k i ag
Table 2 Diagnostic efficacy of 11 clinical laboratory test re-
sults for bacterial meningitis and aseptic meningitis 06
s gist TP HEBL g = AR
WH ) WM WM AUC Cutoff = R E=84.3%
(7 (70 (% (% R T 04 / Hr 5 =80.9%
C/B-Glu 78.80 74.30 75.40 77.80 0.531 0.820 0.43 B T 1 =81.5%
ClLac 62,40 82.40 78.00 68.70 0.448 0.791 4.45 024 , B ¥ 500 =83.7%
C-Glu  78.00 69.50 71.90 76.00 0.475 0.767 2.45 ' 2% 415 41=0.652
C-WBC 83.60 56.00 65.50 77.30 0.396 0.754 577.5 Cut-off=0.505
< N , ) - 0.0 T r - -
BGlu  76.10 58.80 64.90 71.10 0.349 0.725 5.35 o i i i s ¥
C-Neu 98.70 40.10 62.20 96.90 0.389 0.692 48.65 |

C-Pro  87.20 43.90 60.90 77.40 0.311 0.661 72.91
C-Cell 88.10 44.80 61.50 79.00 0.318 0.655 1262.5
C-Cl- 72.50 52.20 60.30 65.50 0.247 0.651 117.35
RBC 77.30 38.50 55.70 62.90 0.158 0.601 3.585

1 RUA 5 1S 50 A A5 I 32 T 20 7 P iR 8 % 1) ROC il 2k
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Figure 2 ROC curve for verification of literature reporting models through data from this study
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Table 3 Discriminant efficacy of linear discriminant model

by data of 10 patients with bacterial meningitis
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Table 4 Discriminant efficacy of linear discriminant model

by data of 16 patients with aseptic meningitis

B#% CGLU BGLU LAC C/B- C-WBC

4“5 (mmol/L) (mmol/L) (pmol/L) Glu (10%/L)
1 3.30 9. 68 5. 00 0.516 510 0.310
2 3.10 8.56 3. 80 0. 444 444 -0.015
3 4.90 7.09 2.70 0. 381 340 —=0.904
4 4.90 16. 02 4. 00 0. 250 292 0. 637
5 6. 30 7.58 2. 40 0.317 277  —1.243
6 5. 00 15. 91 4.20 0. 264 224 0. 633
7 5. 20 10. 80 2.50 0. 231 210 —0.453
8 3.50 7.31 2.30 0.315 161 —0.550
9 3.90 7.09 1. 80 0. 254 154 -0.761
10 4. 60 7.01 1.70 0. 242 103 —0.975
11 2. 60 7.52 3.90 0. 346 88 0.079
12 3. 60 8. 88 2.00 0. 405 82 —0.515
13 2.80 7.28 1.90 0.385 79 —-0.513
14 4.50 8. 68 2.70 0.518 69 —0.696
15 2.50 9.97 2,40 0. 251 66 0.126
16 4. 60 16.31 3. 20 0.282 58 0.537
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