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95.00% , BH 4| B P FU il {8 53 51 R 72.73% vs 83.33% .
57.89% vs 41.00% ; PIFp 5 vk d R 22 R LG 2HE X (P
>0.05) , 32 4] CNS JERYL v 20 P& B 14 1] 0 B PR gL
9 i, ELPAPEIRRGL 2 1] LA R H At 7 ], b mNGS A6 DU
FE R AR R BUE 66. 70% 5552 B 95. 30% , FHAL iU
9 75. 00% , PEFE H 93. 20% , 516 R B 418 Wi 4 b
(8] EL A 5 B2 —% (Kappa fH =0.649,P <0.01) ., &it W#H
T mNGS X TR A B YL A 8 T 40 P B e B 3 5 112
WA 2 R A mNGS A4 S5 AL A G 7 R e Y J
AT A

KR R FEF A AT s BB Th X 28 R Ge IR
LA IR

mESES R4

XERERET A XEHS 1000 - 1492(2023)09 — 1584 - 05
doi: 10. 19405/j. cnki. issn1000 — 1492.2023. 09. 024

HHAX A 25 22 58 (central nervous system, CNS) /&
SR FLAT L B E T 4, 02
LCU A4 45 WA 2 —  FIRIR T K oy
O I R TR ARV TR 4 50%

2023 -08 - 15 ik

BT H LR AARIAIES (4 :1808085MH300)

VEF AL T ERV B AR R JE 4 — B g (28 L BE B ) THE
BE2ERE AL 230001
? ZRERCERE A S ERE, & E 230001

P Y=Y - R T R 7 oY
R B B, FATE IR, B+ A 506, SAL/EH, E-

mail ; aijunpan868 @ ustc. edu. cn

W R

G 5 JE A ARAIE RS T G VR % 7 M ¢
(R RN (5.4 ~24.3) % ) A& el 4 0 )5
SR Ty 2 (U R B A o D e R A ) BUREAIG
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254 1CU & SE AL CNS JE&Jo 1M iE 47 I8 7l mNGS
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1.1 ##

1.1.1 #HRA% @ EREE AR RS —
i 5 B 5 A FL T 7 R AR E A 8 R 4, Mg
2018 4F 4 H ZE 2021 4F 11 H 7 e B 2F R Be 3 a)
A M E R mNGS A 45 1) 53 82 ], 58 LA I
IRAG B LI B R 2e Kt TRk RS9 A FIHERR
PRUESEAT IR 1E , BEH 52 5] 8 3 R A 7 e 858 43 AT
HRAEIE RIS W SR ifE” 25 K 73 CNS IR YL 41 Fn

CNS JE&YL4 |
1.1.2 “AndnfE O AHEZEAE ICU, SEL CNS JE&

e B ;@ FE38 WA AL SERL IR mNGS
WFP A e B R R ) M s AR SR R DR
SEHE; (@ BEML CNS R B AR IE  a. KA (I >
38 °C) hJR RN A Pl 2 Ak, £
sl AN G MK i AR S R ek v 22 D i
SRA s b. R R OB AT S A P s RE
L s e KRR AR A /R JORE R, AT
B a+b B a+c K2W, BRI BN EERL CNS &
1.1.3  #Anf O 00U A S SR 5 (L
AN mNGS M PR B @ ARA KA S
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F 1 BB 5 B AT HMBE I VAL 5897 I 2% 51, mNGS
R Z5 5 @ G R TR AR 23, & RN IKR T2
Wi &5 CNS YL

1.2 Fi&

1.2.1 4% CNS Bl R ¥ brin k. SR(MA
SRR AK #2528 G2 3R BB R SRR (2021
) YLD FEAR . AKIE >38 CH <36 C, BIFIK
PR F B 3 K e WLk 7K i 48 i v itk ; @)
PRAIE - M RS RECAE | R e g 72 Ak 5 | ]2 A 07 2 R R 2
) i DAY L IA VR | B8 (s 2 e I 5 W
AR HEAB] . AR > 100 x 100/, Hr Pk 4
JRLEGAI] > 0. 7 5 i B V024 A « i 5 0 v R 8 2 R
R ( <2.2 mmol/L) , Jili 5 Vi 7 %6 Wl 7 H5/ 1L 45 75 %6
BESHE < 0. 45 /N He « 225500 A Jak g 18 3 IEEAE: 2 3l
FERLE >200 mmH, O ; /5 NI i AL S5 4 2r

1.2.2 JE4% mNGS rabeiz A" O 405 HE .
TR KRR 57 7R G_SMRN B¢ SDG_SMRN
= 3, fli7KF Latin_SMRN 5 SDLatin_SMRN = 3;©
G E  FUKFE S_SMRN B{ SD_SMRN = 3, %I 5§ Iy %!
7K Latin_SMRN &% SDLatin_SMRN = 1;@3) ELJ il
FF A 4 FE TR BE EE ( DepthDepth_Ratio) = 0. 5, Y OERIER
(Shannon_index) = 0. 75 #E4733E ; @ Z5%FF i &
EBEEAAREKTF G_SMRN # SDG_SMRN = 1, #
7K Latin_ SMRN B{ SDLatin_SMRN = 1., Afi& L
IFRENA A mNGS BT

1.2.3 CNS s RSB« e4r” O CNS Y. il
W8S 95 BHE R (B) mNGS BHE, H A A ik
1. 2. 3 I R AR M 5 4 i W 1% 3% S mNGS A5 i) 357 B
PEARFE A G RS UE , BUB G IR Y7 A %, 53 24 CNS
YA ;@ dE CNS JRYL  AFFE UL L2 WibRIES
1.2.4 ARKkEHK

1.2.4.1 WERRA AT IHE BRI
R UG T ™% T T AT 2 A4 A i AR i i 5 | O
R b 3 38 2 M YR A BB ( P o0 T R GE B A
BREICSE) .

1.2.4.2 Wi mNGS K™ Fie B8 56 8R4
FRER TR REIRA 2 ~3 ml, TUKR LR, B0
EMDTIETRA AT ILS . R AL R AR BGR) & FE IR
DNA , ZHE 75 e, 3 37 TR A SR, M) 35 R
X MGISEQ-2000 47 b LA, 3ok I8 45 5 56 4 5%
IS AR 2 B 1P 5, B NS 3 R 4
J¥ 31 (fip://ftp. nchi. nlm. nih. gov/genome ) , 15 5
o & I 23088 , 5 Microbial Genome Databate #E47
X} ( Genome Databate £17% 2 328 Fh 4l [ , 199 Fh B

A 4 189 i EE, 135 FarA: B, 83 i/ AT 1 LA 2L
41 s SR/ AR A ) |

1.3 it iE  CRAEEUE 5 A SPSS 23.0 4k
PEFFATE 20 HT % B 3 — AR} BN PR ek ik
TR X EA TGRSR v 25 2om, 4L H
BERH ¢ K505 AR E A4 i RORR L M (P,
P.y) 3, AL E] 8k H Mann-Whitney U 5 5 ;
X R RER IR (n) FIAR (% ) s, R R
TR AT G 30T, SR Fisher B UIMESIL LUK
mNGS K6 I 1% 55 i b 35 6 b 7 v i Gt R 2%
S MRS R R UE FE R PR T, B
PETAE , FE 24T — OGS ; HIK mNGS A6 A%
GilkiB W3R S S hrfER — 280, DL P <0.05 %
SAGIER X,

2 FR

2.1 BE—MER 1L 52 BB CNS JRYL
32 il F &G RI2 W CNS e, CNS JR gL 54k
CNS &g TEABE GCS W0 B IR 45 51 i
WA AL A AR A S 5 R R A
HEIT2EE X (P <0.05), W31, 32 ] CNS &Y
LW (44.66 £17.82) % P22 A, LtE10 A
YRV AN TR IR 14 1] (44% ) 5 TR 9 i
(28% ) % o B R TE (4 ), N B K (3
), FRABIZ N BE (2 1)) 5 LR IER YL 2 (6% ) , iR
AR 5 B (16% ), PRIGEREE + Bt (1 4]),
ANICHERARFT B + S B @A ER B + VORI 4 2R 1A
(16 PTG + RIAEAZEEIEREE HB29 + ]
SRGFFRE (1 B 5 BB + AE o BN
F(1 ), AR + BERE R + B R IMIREE (1
B s ANHFE IR 2 (6% ) ,
2.2 [EE® mNGS MF 5 5ME RiEFHEE
52 {5l BE Bl CNS &Y 35 v, 33 {3l fii A Vs i 1R
mNGS Kl 5 BHAE , B R 63. 46% ;6 19 ik B
WrgR B PV, B R N 9. 62% , Fisher #fi U)K 12
Bt A3 M 45 B Won, mNGS K6 I AN A W 35 75
FadmEHEES ARG EE X (P =
0.28) X WRH KM J7 ¥ AT — B4 T, Kappa {54
0.082, i R_AHAGIT¥EL(P=0.28), W32,
2.3 fEE® mNGS MF . NE&REFRSIERIZE
RILLE:  DUIG IR &2 B & hn i, 7€ 32 5] CNS
YL R 24 1) mNGS 5 BH A, R AR R
75.00% | ¥ S B N 55.00% , FHOPE OO [ N
72.73% , FAYEFUIAE 57, 89% ;5 4 b i [] f) —
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%F1 CNS B 53E ONS BfEN— B RIERFMELLE [ n(% ) ,x £5]

il 4f: CNS e CNS i 72/l Pia
AR 51.75 +13.94 44.66 +17.82 1.512 0.137
PESICH) 13(65.00) 22(68.75) 0.078 0.779
mNGS Fi A 39.06 £1.17 39.02 +1.31 0.101 0.920
mNGS J5 iR 38.63 £0.99 38.61 +£0.99 0. 066 0.947
ABE GCS 43 4.60£1.14 6.69 £2.17 -3.966 <0.001
APACHE- I ¥4} 17.22 £4.98 18.14 £4.35 -0.708 0.482
it FIAL AR < 18(90.00) 23(71.88) 2.424 0.119
i IS P25 9(45.00) 17(53.13) 0.325 0.569
S A
7 [G IR0 PH 8(40.00) 31(96.88) 21.233 <0.001
VG VT D A 11(55.00) 12(37.50) 1.528 0.216
G T T 2 (mmol /L) 4.80 +2.00 3.78 +2.15 1.703 0.095
G T AR 2 i (mg/L) 1.42(0.53,7.10) 3.40(0.53,402.00) -0.892 0.372
Jiki s % 8 2 ik (mmol/L) 126.15 +9.00 120.03 +8.42 2.480 0.017
4040 WBC) (10°/1.) 11.64 +6.62 9.58 +3.81 1.426 0. 160
TR AN E SR (N) 80.95(68.15,86.43) 81.15(74.83,89.50) -1.501 0.458
C W& H (CRP) (mg/L) 18.01(7.85,103.36) 45.40(11.28,93.67) -1.173 0.463
[455 2 5 ( PCT) (ng/L) 0.29(0.08,0.64) 0.20(0.10,0.65) -0.845 0.858
B X W5
H IR 9(45.00) 12(37.50) 0.288 0.592
ICU {E Bt a] ( days) 13.50(7.25,20.75) 12.50(0,21.75) -0.917 0.359
SAEBERT ] (days) 25.50(16.25,44.75) 32.00(22.25,50.00) -1.110 0.267
JRIT VR 3(15.00) 16(63.50) 6.502 0.011
TEBEFET 3(15.00) 2(6.30) 1.084 0.298

x2 LK mNGS MFESESGHEE RIEFHEE (n=52)
Jiki K mNGS A&

b5 e 3 % W BiTE T
FH M 5 1 6
B 28 18 46
At 33 19 52
AR 7R, Kappa {H24 0. 303, 45 2R BA i

EHA R H—BUERK (P =0.029) . 7F 32
il CNS JE&Y B 5 Bl A WG o5 2 B, R AU
Hh15.63% | HE 5 BN 95.00% , BH M 105 R
83.33% ,BAYEFINAE N 41. 00% ; 5 4 b v 18] £ —
BFMEA TSR WK, Kappa 60 0. 085, A B I 3%
Giil#E (P =0.243), W3,

#3 WERFE mNGS UF HERER
5iaKigERELE (n =52)

BABE 0G5 T80 S mNGS A& T VR
b fE B Gt FEPE B A
FH M 24 8 32 5 27 32
Y503 9 11 20 1 19 20
ait 33 19 52 6 46 52

2.4 &R mNGS MFAEARE CNS B3 H
BILLER  AWFFORE YA N 4 25, 0 00 R 4l

PERRYS 14 6], R Tt gL 9 1], B M IR L 2 91 LA
B G 7 1) (TR A IR 5 1], AS B JE R Jg e 2
Bil) 53 B AE AR ) SR Y 2 v 20 B mNGS A8 vk
R, 45 S~ , mNGS I 41w P s s g
SR RAGE 71, 40% |, F¢ 575 R 73.70% , BH 4 5
AR 50. 00% , B4 T {H 4 87. 50% , 5 fi IR ¢
22 W 4 b o 8] 2 A A — B (Kappa fH =
0.397,P <0.01) ;mNGS & 5 2 1 8% e 9 JE AR R
BN 66.70% , ¢ 5 0 95. 30% , FH -4 Tl {F
75.00% , BAETIAE N 93. 20% , 5 Iifi K fx 242 Wi
S i 1] HL A7 75 E — 30 (Kappa fH = 0.649, P <
0.01) ;mNGS Kl H At YRR Ye R A% N 28. 60% ,
RS R 97. 80% , BHE HUIAE A 66. 70% , B i
WA K 89. 80% , 5 llfei IR fie 32 Wi 4 b of ] H A 458
B — % (Kappa {5 =0. 347,P <0.01) ; mNGS ¥l
LA PR R AU AR 53 358 100. 00% , {HL B 4]
BRI RE AN AR, W4,

4 itig

M2 R GURRGE 1 S 12 W — R i PR
— AEGINR AL A R E B T PR R
AT AR AR S R B, R SR Bk & PCR
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F4 RERFE mNGS BUZERRRLER P SIERISEILEER n (%) ]
R RIYUE RS oH P 0 B (L Kappa {E Py
I P IRk 71.40 73.70 50.00 87.50 0.397 <0.01
9o T 1k e 66.70 95.30 75.00 93.20 0.649 <0.01
HCR MR 100. 00 100. 00 100. 00 100. 00 1.000 <0.01
oA 28 70 ke 28.60 97.80 66.70 89.80 0.347 <0.01

FSH I BHPE A HL R % B [0, DI JE v 25 7 7 1 2
I RS 5107 L mNGS T Db of 1 5 vk v e
A A TR, TOF R S e 1, © 2B N
FHF I AR H X fh 28 2 Ge iR G (2 W eh 6 H 0 AR
R HAT R A2 Wi e v RE B IE

ARGORH R SR FAE N 5 T BE L CNS JE YL
AT mNGS K P %6 5 A el A 37
%, mNGS 7E CNS Begeky th % F HA I B %, K
P A PRI W bR U, 61. 54% (32/52) [ R H 1L WY
A CNS G ey T8 b7 8 4 CNS JRGL 12 L
(0.9% -36% )" "' eI LA (14/32) IR B
(9/32) Z UL, [RIAF IR b K B, 76 I PR Fe & 0 22
ARG A AT 9 B AR mNGS A BHAE
PRI S mNGSS ASHI 7 0 EL A 38 v 19 R AR T
PEFAE , (H4% SR (15% ) W AR T4 50 I 6 i %
F21:(95% ) ,7E 9 1] mNGS {5 BH M b 8 R
SIFFEE 2 191, Bili 9 S B (AT TR 1 1), PSR B 2 AN Bl AT I
FIH 28 S0 TR AAE 455 mNGS 1Y FHMEH bR v, (5 2
mNGS JF 8 AR (3 F110) | H & 8 40 i 50E
BRI D X T I B mNGS A H fif 2R
BIFF BRI 2 v T A0 A e B IR T A O
I LB, T 45 A IR IRER B HE . IR B 58 B0k}
SRy IS AT, T AR i i 8 VR IR 3 7 v ) ™ A
TR ERAE , PTREE B R mNGS {5 BH 25 5 0 3=
BN, A bRA IR MW, 5% B A 9 R 1) DNA
FB WA R BH R T BE, E 32 I K2 W CNS
e R T I 8 ] mNGS B, Horb 3 2%
YDA 3 575 SR BRI YL, 53 A 2 90 ki 5 I v ekt
AR = A O 4 B Z2 A0 T DL g A
F I 2 el e St oA TG 53 2, 2 91 4 TR
e Ho 1 BIUE G IGE RS IR S R, B
RiATh A e IR 2 AN BT DNA 7 B 15 B2 4 TR ke
Y B Y 1 45 T 904 RIRYT , % R PR 1
R MERYT T AR R vl Uk
BB 25 SR A A U BSCE Hhak A ) i
mNGS ¥J28 DNA R Bt, 2338 B RNA S5 8¢5t

ARG K I, mNGS TE12 W A fi 28 2 48 41 1
YL REGIE 71. 40% , 5 zhang et al' ' X} F mNGS 2

al

BT 48 A i S 46 11%) 8 A8 JLF-— 38 70. 3% ) , {H )2
FESFEE(73.70% ) BH AR AT BA A9 23 B 245 51 (4
SEE93.9% ) X Al fE 5 EAE K A iS4
R IAR A I Y BURE 2 TR A Il R A G
A&, AGERE R, mNGS X T ik B WO 5 B i 4
SR BEESOAE B A S T A R, B
BRI 2 B Z54% 1 B, 52 A I R R &2
PRI Ot 52 B0 B2 R S RE L BA MR RN BE PR (X
100% , s B R BFEA 47 3 — 20 5 E . mNGS *f
THREER UL SR TR 1Y 12 Wi BE ) © & bl 2245 2 5
TR SR 2 AR VS 191 v 349 R DS SR B, TR
2H S TE Je S HTHE T I PRAVE 5 o 4k 22 56 1 33X 7 T 9 7Y
o

25 LR , mNGS X T 5 AE i b5 BE L CNS Jk e
FEE LA B I B A M o3 (ELJR G H 5 SR 5 2
Al RS 25 A FIWT , ARG i PR Rl Wi i, 15
AHERF mNGS 25 5 AE S HAE B E CNS (1970 57 9% i
B2 WRE ; FHEE T A A0 B R s , mNGS X 100 &
YL DS R A R s Wi E R MR T T b
i FECE A RS2 SRR A KA
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The application value of mNGS in the diagnosis of suspected

central nervous system infection
Gao Xiaolan', Yang Yu®,Mei Qing',Pan Aijun'
[ ' Dept of Critical Care Medicine, The First Affiliated Hospital of University of Science
and Technology of China( Anhui Provincial Hospital) , Hefei 230001 ;* Provincial
Hospital affiliated of Anhui Medical University ,Hefei 230001 ]

Abstract Objective To explore the application value of metagenomic second-generation sequencing ( mNGS) in
patients with suspected central nervous system ( CNS) infection in the general intensive care unit( ICU), and to
provide reference for rapid and accurate diagnosis of central nervous system infection patients in the general 1CU.
Methods The data of 82 patients who underwent cerebrospinal fluid mNGS examination in the general ICU of our
hospital from 2018 to 2021 were collected. According to the inclusion criteria, 52 patients with suspected CNS in-
fection, who had undergone routine biochemical and culture testing as well as mNGS on cerebrospinal fluid sam-
ples, were included in the final data analysis. The clinical diagnosis of CNS infection was taken as the " gold stand-
ard" , and the application value of the two methods, traditional culture and mNGS, for clinical diagnosis were com-
pared. Results Among the 52 patients, 32 were finally diagnosed with CNS infection, 24 of them were positive for
mNGS in cerebrospinal fluid, and 5 were positive in culture of cerebrospinal fluid. The sensitivity and specificity of
the two methods were 75. 00% wvs 15. 63% and 55.00% wvs 95. 00% , The negative predictive values were 72. 73%
vs 83.33% , and 57.89% vs 41. 00% , respectively; there was no significant difference in the detection rates be-
tween the two methods (P >0.05). Of the 32 patients with CNS infection, 14 had bacterial infection, 9 had viral
infection, 2 had fungal infection and 7 had other pathogenic bacteria infection. The sensitivity of mNGS to detect
pathogens of viral infection was 66.70% , the specificity was 95.30% , and the positive predictive value was
75.00% , and the negative predictive value was 93.20% , which was highly consistent with the gold standard of
clinical final diagnosis ( Kappa value =0. 649, P <0.01). Conclusion Cerebrospinal fluid mNGS has a higher
diagnostic accuracy for central viral infection compared to bacterial infection, and it is recommended to use mNGS
for rapid screening of patients with suspected central virus infection.

Key words metagenomic next-generation sequencing ; cerebrospinal fluid ; central nervous system infection ; general

intensive care unit



