Medical Diagnosis <22, 2026, 16(4), 386-393 Hans DUl
Published Online August 2026 in Hans. https://www.hanspub.org/journal/md
https://doi.org/10.12677/md.2026.164051

REEAZNRUFEARESZERRSEF
HI R A F 3CRRE

RRH, FAH, xgeh?, L #3, 98B, HNMT, LA FI

TR R AR SR, LR BT
2GR BB AR R, LR BET
T RSB R, IR 5T
TR N R R AR, R BT

Weks H . 202647 H6H: FHEM: 20264F7H30H; & A HM: 20264E8 H7H

R

B HitEERHE AW FHA (metagenomics next-generation sequencing, mNGS)7E £54% 14 figi il
# (tubercular meningitis, TBM)i2 W IR B . J535: BB HT20224E3 A 20 H B = E 225 B
B Rt 22 A RHSGIE I — 5 TBM AR B B IR PR R DL &% 20244E8 A 3 HHF T = %5t BB =B i 4k A BHiGE 19
—BITBMEE IR E R, B4 mNGSETBMZ B RIS AT XA > . &5 W1 BFE L,
57%, B “IHK5R” ABi. BAMERAELEMRE, THESWRESR, 8 kK#. ESREY, RN
BEWCRMER. HM=FE. #EH. . PNIERRAE. BEARE, LTS, AFR0. K
m, REMERZIEW. BERECEREIESNTFRERRES, BEASADEE UREZHAKR
B AR, RRPRMERABRENTR, SEEERBEMEERERER, BEZREZMERER
HITTRE. B4, EMmMNGSERIEE T 4B A B EE EHNEFE, ZEEWISATBM. Wfl2:. &F
Zt, 663, B “R#H. PE. BOFAR” ABi. BOIRIARD. PE. BOFER, BERSH
APRWERGEERYG, FLURBMHBEL. BT ES, *%ﬁ%T%ﬁ%%/“ﬁ AFETRE. WE
AR AMA. RPN B Y. A, BEMERIFRTLEEM, LH. BORSERE, B
BT ML TR, RAERBREL . RE, BALRFRITMNGS, FEL//‘jSJTBM £ mNGSxt
TBMHIZ W B RIFHRERY:, SURMA T —PRA. EMBIEREEL ﬁﬁﬂﬁiﬁkﬁﬁﬁﬂ@TBMﬂT
mNGSHE ERKE ), EHERATRE EZZRHIFR.

X in
FRERA_RAF, SRPEBEREK

EIREE .

NEGIH: R, EEW, Kwets, fLg, EHEE, §1MT, YR, RN AU BORAE G5 R ¢ 12 W e
f R R SCHRE 21 1)), BE %1217, 2026, 16(4): 386-393. DOI: 10.12677/md.2026.164051


https://www.hanspub.org/journal/md
https://doi.org/10.12677/md.2026.164051
https://doi.org/10.12677/md.2026.164051
https://www.hanspub.org/

FE 5%

Application of Metagenomic
Next-Generation Sequencing
in TBM Diagnosis and
Literature Review

Huimin Zhou}, Jiaqi Li, Xiaoweli Liu2, Min Kong3, Yanjun Tian3, Xiaohang Hu?,
Liqing Jiang3#+

ICollege of Medical Imaging and Laboratory, Jining Medical University, Jining Shandong

ZDepartment of Critical Care Medicine, Affiliated Hospital of Jining Medical University, Jining Shandong
3Institute of Medical Laboratory, Jining Medical University, Jining Shandong

“Department of Laboratory Medicine, Affiliated Hospital of Jining Medical University, Jining Shandong

Received: July 6, 2026; accepted: July 30, 2026; published: August 7, 2026

Abstract

Objective: To investigate the diagnostic utility of metagenomics next-generation sequencing (mNGS)
in tubercular meningitis (TBM). Methods: A retrospective analysis was conducted on the clinical
data of a TBM case admitted to the Department of Neurology at the Affiliated Hospital of Jining Med-
ical University on March 20, 2022, and another TBM case admitted to the Department of Gastroen-
terology at the same institution on August 3, 2024. This analysis aimed to evaluate the application
of mNGS in diagnosing TBM and included a comprehensive review of the relevant literature. Case 1
involves a 57-year-old female patient presenting with a “5-day history of headache”. The initial clin-
ical manifestations included generalized head swelling and pain, with a particular emphasis on the
orbital regions of both eyes, accompanied by fever. Upon initial evaluation, laboratory tests revealed
abnormalities in C-reactive protein, triglycerides, glucose, potassium, sodium, and chloride levels.
Following hospital admission, the patient continued to experience persistent headaches, along with
nausea and vomiting, which adversely affected her dietary intake and sleep patterns. Cerebrospi-
nal fluid biochemistry and routine examination showed increased cerebrospinal fluid proteins,
decreased sugar and chloride, and increased monocyte ratio, suggesting the possibility of a cen-
tral nervous system infection. Combined with the information that the patient’s younger brother
had a history of tuberculosis, the physician considered the possibility of tuberculous meningitis.
Ultimately, CSF mNGS results confirmed the presence of Mycobacterium tuberculosis complex, and
the patient was diagnosed with TBM. Case 2: The patient was a 66-year-old woman who was ad-
mitted to the hospital with “fever, loss of appetite, and nausea for more than half a month”. She
initially presented with fever, anorexia, and nausea, and was subsequently diagnosed with a cen-
tral nervous system infection suspected to be viral meningitis. In the course of treatment, the pa-
tient received a variety of medications, including antivirals, cerebral metabolic enhancers, so-
dium supplementation, hepatoprotectants, and gastric acid suppressants. However, the patient’s
symptoms did not completely resolve, with persistent headaches and nausea, and electrolyte dis-
turbances such as low sodium and potassium developed over the course of treatment. Finally, the
diagnosis of TBM was confirmed by cerebrospinal fluid mNGS. Conclusions: mNGS has good spec-
ificity for the diagnosis of TBM, with sensitivity to be further improved. The mNGS has great poten-
tial to assist clinicians in the diagnosis of challenging TBM, but its high cost remains a major limiting
factor.
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1. 5]

S5 1% 1 i 5 %% (tubercular meningitis, TBM)/2 Hi 25 4% 73 B M B (Mycobacterium tuberculosis, MTB)75] 2
{14 F S 5 8 P 7 3 P AR M 2 RE P04, 0 T 452 i S o ARG 1L . TBM A2 Fe FL B SR M PR 45 4% 0
TR, ATRBUSBURREMIET (1], HEMEEE, ImARRIG Z R k. & n] DOl I % 5 0 ks il i 5
H MTB W55 A2 WHR KSR, BB TR R MTB 5, 5 MTB I fk: R, M
s BLIZI2]. T 2 TBM I8 75245 & 2T S0 MR 2 LLAR 5 R 2R oy 12
A SEEE R, ARG R, W EE AEATE 3], TR, XRE AL HIREUTY RNA Fl
DNA #1T mNGS S AIZWIME RGURGLIH RS, SRR OSR(AFB)J ., AN U B
(PCR)ZE AL, mNGS 7ER A RANEE R MTB UK [4]. BIRIE 2 fliEid mNGS #i2 TBM )&
By AR TN Hm KRR I A2 Wi R AT 20, IR SJAHIRSCHR, Dy TBM (15 8ilm R 2 Wil SR8 2 (1)

2T,
2. WAHHER

Wl 1. BE A, 57 %, B OSSR T 2022 4E 3 H 20 HEkie T T B M @ E B a4
Fle &35 S RATEH R HERHIIE, Aa ki Km, DORNER A, YRR, 5k AL
PE, PRRH, R AL 37.5°C, BEAE “m s ” s 10 R, EmLEAVE, KGRI, Tk
oY BEIRIE « BBEZESE 58 EE T 2022-03-19 fE bR A 45 R an T~ C M EH: 8.1mg/L; ik
AT H i =5 2.65 mmol/L, #i%iF% 6.87 mmol/L, 4 3.18 mmol/L, #4 133.0 mmol/L, % 95.0 mmol/L;
PSR 153: 41.8 TU/L; W I-ET: T3 0.95 nmol/L, FT3 3.03 pmmol/L. H4k, M. FRWH.
i B O ALEE. BRI, D-— K. HARE . CEA. CA724. CA125. CA199. SCC 4 W54
BT 2022-03-20 B, FEBEfE T 2022-03-21 iRk, RO Kk, WKekyy B NEY, e, HE
MR, IR 3 70, ERR IR, AT, 7 5 2 S e 20 B B A e 2, 45 R 8
INFEE TR bR IAH 3.47 mmol/L, 1% 133 mmol/L, IM45 2.09 mmol/L; ¥ ¥ FA% 40 i L4 12.30%,
55 2R 0.069 ng/mL, EB K #EASEHUR 1gG ik 615 U/mL; 47 BEZ MK N 250 mmH,O (H- 5 BE #i
2hJE), MR AR A W IRIRIRFH (1), E4HH0 200 x 1091, 2/ MU E 73 E 5%, AL
B - b 95%; Wi Atk b FLERCEAEE 54 U/L, #i&H 2.15 mmol/L, % 109 mmol/L, i H
221 g/L; WA EEAAS: MR REEREA A38.60mg/L, MiEHRAEEREN G213.00mg/L, fiK
B AEBRE 1 M 13.80 mg/L, BB E & 1470.00 mg/L . I 5 46 25 5o M 45 A% AT B DRl & «
IR T M7 ZE BN S8 1M A IO B A 00 [T 1 s R PUIRAT I + B8 + 0P + B BBk ik
AR IRZEERH PR FE RIS A R R HOLE D). B ERMVREIE, SESitaEak T
DAEFBKANE A IE F AR 3R EL, WPE R e n B AN 2, RS RAS, FFiE R B sk, 19810
BRI, GERPISZIATT, 454N MRI RIS & 45 1, & HEEH TBM ABRs, A

ik
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FIARP R B MEVERE G F SRR e T I SR A% R 9T, FENi mNGS PLgt—P 45 Fi697 . 2022-
03-23 BH VLM RTINE, BHE BT M, mEgER#E— P& R2E, B2 TBM il HE. 2022-
03-24 A mNGS 45 R LRl MTB £ 48, FHIECN 1, 54 TBM (&l 1). 2RI 5
P K3 SR EE VS R DL 20 kA BB 7 A1 $2 28 31 NCBI #E47 Blast 7041, &5 R BoR, &0 545045
PEH AT 13 5 G BRI IR T 51 97.62% AR IME(E 3).

Table 1. Summary of etiological test results for Case 1
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Figure 1. List of Mycobacterium tuberculosis complex detected in Case 1
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Figure 2. Sequencing data and pathogen theoretical sensitivity of the sample from Case 1
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Mycobacterium tuberculosis strain 13 chromosome
Sequence ID: CP136189.1 Length: 4430117 Number of Matches: 1

Range 1: 1830176 to 1830217 GenBank Graphics

Score Expect Identities Gaps Strand
75.0 bits(40) 2e-10 41/42(98%) 0/42(0%) Plus/Plus
Query 1 GACACTTGCCGCCGAGCAGATGCGGGTTGCCGGCNTTATCGG 42

| [T ]
Sbjct 1830176 GACACTTGCCGCCGAGCAGATGCGGGTTGCCGGCCTTATCGG 1830217

Figure 3. Blast analysis results of the base sequence in Case 1
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RIREILHEEE 46 U/L, KEE 63.8g/L, &k 13.96 mmol/L; IMMFFEAEERIR . B C SR Il 5E |

MR A5 (b ) MULEF + JREE + RER IR 75 . BH T 2024-08-04 17/l MRI 34
SREARE: 1 ORI, NI ERZ RNV AR B 5 BB, 1E 4 A IGIR K CE Rk 2 2. i
ZRIBBRMERISELE . B L. MENEISLEH: TIRME RGURY? FERMAENENATT. BANES T
TES R BT U R, R P IR SR G AR, 10% S BT ST VRCRMN, 7K ] SR R R R R AT

B DU MRN8 P R B A5 VR YT, IR AT AR 27 ) B U8 AT I8 % . AR A6 2 mNGS kil s
WA A 3 RIS P YE(1+), FZIA 190 x 1091, BAMZAIM E 4L 93%; MiE i EL b FLERAL
S 51 U/L, & 107 mmol/L, MR HiZEEE 8.6 U/L, MiEaEA 2.12 g/L. 2024-08-05 HH K. &
O, RFIXIE, REZ. BT 255 R WOE AR A R FUE R T AR O =, SRR,
Fiim, 5 R BRI 28 nT Re e K, VB4R SEPim Bk Y. 2024-08-07 B REUVIRGZE, il B it
BE, HTEEM + B + S &R £73.20 mmol/L, 4 117 mmol/L, 4 83 mmol/L; #%ELINSG:
B, AN, ARERENR, AHERRIEIIE 2 AN MR, R IR AESE, mNGS FURSSZAAH 6 %4, MXTE
% 0.14%, {HFEHLKA & 7 55 A IR A (] 4(a)). 2024-08-08 A5 25 b B Y CFE IR AT HEME 2 ),
BFPHIC A RERT T =, MW BB AR R A, 2GR mNGS f & Bt th MTB 47 3
%, MRTFFEN 0.01% (4 4(b)), AR P Ecd K JE B RAE LI 5. R A IR R R I & mNGS
g5, B TBM 2WiilH, A Y9t 48087 . IR MBIE 7 515222 2] NCBI #E47 Blast 347,

SRR, TSR AT 13 SR AR TETRRT A 100% (A 6).

AT A i MR ki

HIR R M
4t BB 45 HiFoIK P Rl 4k Kt
%ﬁﬁ&ﬂﬁgﬁﬁ _ p . ) 0.14% LAk BT AL B 3 B . 0.01%
Mycobacterium tuberculosis complex Mycobacterium tuberculosis complex

(@) ()
Figure 4. mNGS results of cerebrospinal fluid in Case 2. (a) CSF mNGS results on August 6; (b) Repeat CSF mNGS results
on August 8

& 4. 750 2 &R mNGS &R, (a) 8 A 6 HiNE R mNGS £58R; (b) 8 B 8 HE LA &R mNGS &£R

B RFS BEARRAETRA 4B (4MB) HiF (100MB) W (10KB) FAad (1IGB) HNBKH
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(cells /mL) (copies/mL) (copies/mL) (copies/mL) (copies/mL)
76,596,687 4.3E+04 1.0E+00 1.0E+00 3.3E+02 1.0E+00 3

Figure 5. Sequencing data and pathogen theoretical sensitivity of the sample from Case 2
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Mycobacterium tuberculosis strain 13 chromosome
Sequence ID: CP136189.1 Length: 4430117 Number of Matches: 1

Range 1: 1713680 to 1713722 GenBank Graphics
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Figure 6. Blast analysis results of the base sequence in Case 2
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TMB A& 5 IR 50, A5 B ENRRR. WAL R EBIE 4], Ffhih, 2021 F48kE
1060 J7 NEAH R, A 160 JI NFETF L5251, HAl, 4Bk TBM i BIL & Brl S0 B 1%~5%,
AR B 5%~10%, I H SBURL— L1 B E 01808 2™ E M2 J5 BUE(6]. k. Pk
2 WA R TG YT & R TBM THJS DG, BIF AR I, 7RI RREIRK T 5 RIGEEZ IS4 IR TT 1 &
HH, 4% EETEAR, MEHRKEERE 5 RNEZMEZBTHEZE Y, N%MEHETEAR
R, Fril, Pus. RN TBM S £ CE 2, SR, TBM IR IR AE4Re 5 M 1R s Bl A2
1, X538 TBM RIS WE — & MXMEE7].

H AT TBM ORI 58 2 AT B ik 14 2 DA AR MTB 3K, AE B bR A oh BRI MTB 5
—ERIMERE, U MBI A BRI L LUEAH2 TBM IS J7VE[4]. TBM (R4 B & i i
B MR A NSRS A, R VRS £ T AL HE 1 AL 5 MTB 35 7% AFB. PCR. Xpert MTB/RIF
AT mNGS %5 A0S B AT B TR g T ORI R R R4 B LG 5 TBM
HZWA —E R, SR, TESERRIGIR TAEH, R X S 5 5 o Xk DL H R AL 12 81 7] -
MTB i H s 2/ T8 2 J, 5535 B WK B LAES 75T TBM R3S Wi A oA 8 11 AR 3 X
[8]c AFB BURMERZ HIERERIIE K, TERENMERFEANAZRF &N EMETR, HX TBM M
RIS WIR A — @ R BR8] BEE ARG HEEHHARIRIE, o Fi2WiE 22 2 M,
AR, 232 Wi E1E TBM RS B2 Wi AR T o 04 FH AR 28 52 2 F A . 2010 47, T T 2V 0K Xpert
MTB/RIF 1£4 TBM KM 2k, Xpert MTB/RIF & —Fhat %t 5400 i H b, T B a1
M E, BENSTER /NP BRI MTB PR RIAR TN 2 RAZ[9] [10]. Hr—Rik77 & Xpert Ultra 254
T B 2 BRI AR BRANAE T UG 25 AR T8 T S R AE T AT B I RE 70, LU IR Xpert 1R B 5 &,
HAEPOEFNAERGIZ T TBM J7 T4 7 Se Bk ekt [9] [11]. RT, SMCA iR Al MTB 59 —#F,
Xpert Ultra [ 1445 A BEHERR TBM [11].

mNGS 7EHHXHZE RGUR G2 I 3 7 kR IR RAE A, X TR A —Fh 6 fh £ R0 7
Jiid, B RAE— ORI A R ORI PRAEAS R BTG o SRR (LR A B . R A7 AR SR BB SR 12]
G S 9% ARG 9% FR) 908 DR AR AR AN 2, VTR SRR 0 44 B A T2 0, SR, LT BT IR IR e P S A
¥ H DNA B RNA JE[RIZ, X843 mNGS BRI A4 —F il 2L 5] 30 75121, BHT, mNGS
WIZHHH T TBM A2, 2020 4E, Yu 2547 mNGS £#7 TBM I PYIRBT 7T 220471 2or, mNGS X}
TBM Wi HURIER 61%, PN 98% [13]. SR, X PYIAT 722 [ AN — PR dE 8 R 1, BTl
NAZVEE N RS A VTG 45 F[13]. 2023 4, Xiang Z5XT mNGS 21 TBM 1)\ T 75 2 243 HT 2 7R, mNGS
Xt TBM 12 W1 BIRBURE R4 S M43 00 R 62% % 99% (B2 AR 12 R 0 5N 38% % 1%), 3t — B IRAE T
mNGS [IZBICR, R mNGS X TBM W BAA RIF R, (HHBURMEARE TR 7 A frhe It
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[14]e TEAHBFIFTHRIG] 1 FG ] 2 I8 IR % ik B B e BIPE, 1 mNGS S8 20 X E 6
B, 4o B s i B AT T IR S W

mNGS 2 Wi K2 5 G0 32 B F 2 RS [F] I Rer PG A B L . SR AR R E
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2 R GG S W R ERIEFI[15], JUHAE B IREE 2B 12 W B AR PER TBM 7T, mNGS
WHE RIS, FEARN TREY AR, L3067 KRI. RERKER, MEEEA—FE %
(s JE AR BT A i 14] o BRI AR JRRYE, B /e R B FR a2, w5 B /K P B S 00 8 LA 1 it
FEAR AL HEAE N R [16], FIHEKFEAR A AE XI5 4 AT 68, AHF T B 5] 2 755 — JCoRs i B8 R At b
FAE P A GG R, RIRIEZ R IR AEEMEAT 78R HR, SR ANRAFEE S
MER, R N RN EAIGIRES . G WA EIR[17]; 0 mNGS 1E 25 BUR LR
Mk BAG — 52 1 SR BRI, X BRI T EAE AR 7 H pa A [ 141 RIS R I A A 48 vt 2 i B AR TE I
PRI FH IR HIR F[15]. 55, mNGS MBUSMa D) & 25 m, v MTB RS E . R G T
RAKIE[14].
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