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[Abstract] Objective To investigate the clinical value of metagenomic next-generation sequencing
(mNGS) in the diagnosis of intracranial infection after neurosurgery. Methods Fifteen patients suspected
of intracranial infection after neurosurgery were prospectively enrolled in Department of Neurosurgery of
Xuanwu Hospital of Capital Medical University from January to October, 2019. Two weeks later, three
neurosurgeons analyzed and judged whether it was clinical intracranial infection. The cerebrospinal fluild
(CSF) routine, biochemical, bacterial smear and culture were recorded. The same CSF sample was sent for
mNGS. All cases were followed up for 3 months, and the final diagnosis and treatment outcome were
recorded. Results Eight cases were clinically diagnosed as intracranial infection. Among them positive
for bacterial culture and mNGS, 3 cases were negative for both, one case was positive for bacterial smear in
CSF at the early stage, but negative for culture and mNGS. Diagnosis of intracranial infection were
excluded in 7 cases clinically. All the 7 cases were negative for bacterial culture and mNGS, one case was
positive for bacterial culture of Staphylococcus epidermidis with head of ventricular drainage tube, and
negative for bacterial culture and mNGS in CSF. The bed was judged to be contaminated by the tube head
specimen. The number of detection sequence of pathogenic bacteria genes in the 4 cases with positive

mNGS was 212, 329, 1601 and 5371, which was accompanied by the decrease of glucose and the increase
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of leukocyte in CSF. The number of gene sequences of non-infectious background bacteria was less than
100. The sensitivity and specificity of mNGS sequencing in the diagnosis of postoperative intracranial
infection were 4/8 and 7/7, and the accuracy was 11/15. Conclusions The clinical value of mNGS in the
diagnosis and treatment of intracranial infection after neurosurgery is preliminarily verified. Based on the
traditional detection method, mNGS in CSF can be used as a supplement, but the detection of mNGS must
be interpreted reasonably according to the clinical situation.
[Key words] Metagenome; Genetic  testing; Neurosurgical procedures; Postoperative
complications; Central nervous system infections
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Table 1. Sensitivity and specificity of CSF mNGS
sequencing in the diagnosis of intracranial infection after
neurosurgery
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Clinical data of 8 patients with intracranial infection after neurosurgery
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Figure 1 CSF mNGS showed the specific sequence number of Acinetobacter baumannii was 1601, and the genome

coverage was 23.02%.

3 4 (x 10°)

Jei , FLGH W mNGS W A7 R i /01 P 8 8, %
KB DNA R Bk 8 H R > . AR 1 B
Kot 513 AR + B8 R R S SR 2 AT R R R
H LB FEIT 3 JE G E A mNGS W, 6 S R S AT
T 50 ECh 8, 4 52 A A TR 1 R B M DA R TR
AN R A Ak F8 bR 2 I R 2R R IA A
HE— A7 W 5 R R A TR R JE R TR A N
Y, E S5 P SRS A A, B R mNGS R A Bl A 8
Fii N TR L S I = - T A3 T R A S AL

P2 HNFEAR S 5 5 30 R 1 BO T
A 45 2% Bz 8 A BR TR A Bh A B sk 9% v TR AN A IR
S, o G DA 2 R Sl R TR RS 2 S TR AR AT B AE 5
A 1) 7 Ak e P i == A% AR o M E HLIR T R AE T
A2 FRE B W mNG'S W R AH BR R 77 2 BH M 04 3
I3 R ) S AN Sh AT T 3 00 (Bt 2 AN Sl R B 2 481 A
FEARZIFF T 1) =SB AFTE L, 30k 2
FEER , AT BE 5 G 2 41 TR 6 B A R T AU K G
ARATBH PS5 A 56 o i B P R R, A SR
A BN BT A 2, AT A 1 O 8 A R
U/ S UG TR A DA R A mNGS DU H 2 B

JHE DR A )R Y 4 R H R R 2 A B A G A
BB 52 05 (AR T #h 2 SR RS 5 B 1Y
W, HOAEE R W R E . e b, IR A e
716 BAE T3 Al 4G I 2] DNA A B, 80U A B mNGS
BH A SR IS b W12 = 1 40 TR R 9% BH L (E A 4]
SR, T R B A% R A BRI v R
R0 T A0 36 BR AR, AN B 7E K6 IR 0] B AT mNGS T,
X AT B2 mNGS W5 BH M 3R A S DR e ERL A il
R — 00 1 R, 7 S B0 D0 A o i B 5
U RN T I N e W O R (S IR (S P33
B ARG I B AR 5w A I B TR] 4K (24 ~ 48 /NET)

X R0 IR 1 R RS ) R 2 R G SR
SR S LI 2R Y R 2 AR T b
ZANBE TR 5 TN I 120 T E— PR K
Kb AR J7 5 LA v G D) 3 82 60 B P 5%, T R B A
{55 Tl R, L ARG Y J5 58, st JR A TS
E-

Z % x

[1] Yang XF, Wang H. Emphasizing the prevention and treatment
of intracranial bacterial infection in patients with ecritical
neurological diseases [J]. Zhonghua Chuang Shang Za Zhi,
2019, 35:6-9.[ ¥/, £ 3. TR i 20 AR AN R 1 Bl
L] PRI, 2019, 35:6-9.]

[2] TImai A, Gotoh K, Asano Y, Yamada N, Motooka D, Fukushima
M, Kanzaki M, Ohtani T, Sakata Y, Nishi H, Toda K, Sawa Y,
Komuro I, Horii T, lida T, Nakamura S, Takashima S.
Comprehensive metagenomic approach for detecting causative
microorganisms in culture - negative infective endocarditis [J].
Int J Cardiol, 2014, 172:288-289.

[3] Neurosurgery Branch, Chinese Medical Association; Chinese
Neurosurgery Critical Care Management Collaboration Group.
Expert consensus on diagnosis and treatment of severe infection
in neurosurgery patients in China (2017)[J]. Zhonghua Yi Xue
Za Zhi, 2017, 97:1607-1614.[ AR [E £ S i 2 AR 245 23,
] ol 2 SR SR 5 ST A 2 o 2 AR AR AR IR 12
HEFRIL(2017)[1]. FAEBE24E, 2017, 97:1607-1614. ]

[4] Zheng GH, Zhang GJ, Zhang JK, Li FQ, Zhang Y, Tang MZ,
Kang XX. Establishment of a multiindex diagnostic model for
bacterial meningitis after neurosurgical operation[J]. Zhongguo
Gan Ran Kong Zhi Za Zhi, 2019, 18:32-36.[ ¥Rt #, ok ¥ %,
s b, Ao, gk, AL, HEERAE. b SRR S A T
i 1 58 22 4 b 06 5 12 AR ft e Sy (] o T e s o O
2019, 18:32-36. ]

[5) Mount HT, Boyle SD. Aseptic and bacterial meningitis:
evaluation,treatment, and prevention [J]. Am Fam Phyiscian,
2017, 96:314-322.

[6] Ma P, Kang XX. Clinical application of gene chip for rapid
detection of common pathogenic bacteria in cerebrospinal fluid
[J]. Biao Ji Mian Yi Fen Xi Yu Lin Chuang, 2018, 25:306-309.
[T, e SR 356 DAL S A ) i 3 VR WL Dt T 6 1 T
WEFELI]. BRI S B S5 I IR, 2018, 25:306-309. ]

[7] Xu YQ, Wang N, Cheng WT, Chen WJ. Treatment of post -



rp B A 2 G 24 6 2020 4F 8 A 45 20 445 8 I

Chin J Contemp Neurol Neurosurg, August 2020, Vol. 20, No. 8 . 687

neurosurgical ventriculitis caused by multi - drug resistant
acinetobacterbaunannii [J]. Beijing Yi Xue, 2015, 37:1075 -
1077.04RERWE, £ 7, BEE I, BRSCE). M REAR IR 2 E i 25
) 2 N ) AT I = R 193R TT ). LB 22, 2015, 37:1075-
1077.]

[8] Xu YQ, Wang N, Cheng WT, Chen WJ, Duan WR. Diagnosis
and treatment of pyogenic ventriculitis caused by gram-negative
bacteria in severe neurosurgical patients [J]. Zhonghua Shen
Jing Wai Ke Za Zhi, 2015, 31:988-991.[ #x BRIk, T 7, 2B
Ve, WROCE), Blgiah. iz SRR AR B o 2 B S R Al
e I 2 5 92 W AR T LI ], e 22 SRR, 2015, 31:
988-991.

[9] Xin ZK, Zou YL, Fan J, Hui HX, Pu H, He JY. Listeria
infection of central nervous system confirmed by cerebrospinal
fluid second generation sequencing: two cases report [J].
Zhonghua Yi Xue Za Zhi, 2019, 99:1989-1990.[ % F#l, 4F A
W, YA, HUMEEE, D, fTARBE N R AR 2 R bR

ZRGENRE R BT ]. PARER SRR, 2019, 99:1989-
1990. ]

[10] Zhang K. Zhang ZH, Yang Z, Guo YQ, Liu GQ, Ren YL, Li
W]J. Diagnosis of adult herpes simplex virus type 2 encephalitis
by cerebrospinal fluid second - generation sequencing: one case
report[J]. Zhonghua Chuan Ran Bing Za Zhi, 2019, 37:309-311.
[okoe, skas e, tosh, 38 K2, XU, LI, S RME E
TR AR FF 18 W7 RN S sl 5 0 -2 B 8 — 19l [T ). e AR A%
RepiZe i, 2019, 37:309-311.]

[11] Guo LY, Li QJ, Liu G. The application of metagenomic
sequencing technology in pathogen detection of central nervous
system infection[J]. Zhonghua Chuan Ran Bing Za Zhi, 2019,
37:314-317.[ S8 & =, 8, XU, % B DR AL 7 £0R TE K
P 2 F 0 e g IO ARG I e fy 15 BOIR [ ] o Al A% e 2
&, 2019, 37:314-317. ]

(HcH H 9 :2020-08-22)
(AR 52— W)

H s 3 B2 AR ()

HEF-2E  orbitomeatal line( OML)
[t H-2E canthomeatal line(CML) |

HER  precaruncular(PC)

WENRME 22 %R phosphatidylserine(PS)
BG4 traumatic brain injury(TBI)

fiN . intracranial pressure(ICP)
BRI E A pulse oxygen saturation(SpO,)

Infectious Diseases Society of America(IDSA)
EEMWiSMAIH 42 Brain Trauma Foundation(BTF)

5 1] o I i 2 2

American College of Chest Physicians(ACCP)
SR BLPE I A P 5 i

disseminated intravascular coagulation(DIC)
kg FLBUSSAE 5L bispectral index(BIS)
WG HEE . cerebral perfusion pressure(CPP)
Jii 5% B BT cerebral autoregulation(CA)
Jii P #EY brain-derived microvesicles(BDMVs)
EEMLFGET]  thrombin time(TT)
BE LB EE B prothrombin time activity(PTA)
HE M EFIEET ] prothrombin time(PT)
AR - AR R A

generalized tonic-clonic seizure( GTCS)
= He artilicial intelligence

N T3 Re ificial intellig (AD)
HeEHRES volume controlled ventilation(VCV)
i HAREJ1#H volume target pressure control(VTPC)
A HRE T ZHF volume target pressure support( VTPS)
-] 2B ] AR 4 S

volume-synchronized intermittent mandatory ventilation

(V-SIMV)

- N gl

T HEAEEE  superior lid crease(SLC)
TR K 1M A deep venous thrombosis(DVT)
LAY INAER N &N

neuromuscular electrical stimulation(NMES)
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post-neurosurgical bacterial meningitis/ventriculitis

(PNBM/BV)

P2 LR KB neurogenic pulmonary edema(NPE)
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Effect of Corticosteroids on Death and Disability after Head
Injury Trial (CRASH)

BREEE )7 graduated compression stockings(GCS)
[Fi) 28 1] BjCA 438 <

synchronized intermittent mandatory ventilation(SIMV)
AMIEJE  lateral retrocanthal (LRC)
MAEHL  microvesicles(MVs)
W NS HE  fraction of inspired oxygen(FiO,)
THLEERE  inferior transconjunctival (ITC)
2T A5 Tt D N 2 40 i 50 -1

plasminogen activator inhibitor-1(PAT-1)
Y E AR fibrin degradation product(FDP)
LFYEEE )5 fibrinogen(FIB)

B A L ke 4 Tl A2 ik
hypoxic-ischemic encephalopathy of newborn( HIE)

B VKR IS fresh frozen plasma(FFP)
RFEFEEL  shock index(SI)

BRI virtual reality(VR)

M M I A% B F von Willebrand factor(vWF)
MG LA 1E  post-thrombotic syndrome(PTS)
M B I B thrombelastography (TEG)
M E N thrombomodulin(TM)



