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[ Abstract] Objective To analyze the epidemiological and etiological characteristics of a case of epidemic cerebro-
spinal meningitis caused by Neisseria meningitidis (Nm) serogroup B infection in a maternity center in Zhangjiakou city,
Hebei province in 2024. Methods An epidemiological investigation was carried out for the case, and samples of the case
and close contacts were collected for isolation and culture. The isolates were subjected to strain identification, serogroup
identification, and antimicrobial susceptibility testing. Molecular typing, average nucleotide consistency (ANI) analysis,
and single nucleotide polymorphism (SNP) analysis were performed with 13 Nm serogroup B strains (including cases,
close contacts, and healthy people) collected in Hebei province, 2024. Results Both the isolates from the case in
Zhangjiakou and the isolates from close contacts were Nm strains of the B serogroup. The results of antimicrobial
susceptibility testing showed that the isolate from the case (HE2024ZJK001) and one close contact (HE2024ZJK002)
were sensitive to cefotaxime, ceftriaxone, meropenem, azithromycin, minocycline, chloramphenicol, and rifampin, while
they were not sensitive to ciprofloxacin, levofloxacin, compound sulfamethoxazole, ampicillin, or penicillin. Both
HE2024ZJK001 and HE2024ZJK002 belonged to a new sequence type (ST) ST-18512 and the same clonal complex
(CC) CC4821. In addition, the two strains showed the ProA typing results of P1.20, 23, H factor-binding protein of
variant 2 (v2), the sub-variant of v2.16, and the NHBA amino acid type of Peptide 669, and neither carried the NadA
gene. The results of phylogenetic analyses based on ANI and SNP showed that the Zhangjiakou isolates (HE2024ZJK001
and HE2024ZJK002) had the same source and were most closely related to the Shijiazhuang isolate in Hebei province
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(HE12NMEO031) and the Guangdong isolate (Nm441107). Conclusions This case has been the first epidemic cerebro-
spinal meningitis case in Zhangjiakou since 2011, and it occurs in a place where mothers and infants are crowded. The

results suggest that in the future, the health monitoring, especially epidemic cerebrospinal meningitis monitoring, should

be strengthened for special groups of infants and young children to prevent local outbreaks.
[ Keywords] epidemic cerebrospinal meningitis; Neisseria meningitidis; serogroup B; CC4821; multilocus sequence

typing

TRAT 1 ok A 8 B A8 (7 R I i) A2 B o i€ 48
%% 2 W ( Neisseria meningitidis, Nm ) T&] B i i 28 Bk
B 5| S ) S A I X A 2 R G R G, KR R
AR AR R R AR e iR R SR G i N BT
T S a5 I G 95 AT 3R AE A BR Y B A
10%, Bk 2214 10%~20%, & & 7 7™ = ) 5
o, N 3 S K, JE LB IR YRS 5RO,
BN 5 LA LA BRI S ), RS 1 S X
B 1%~2% 22 KAEMWE 5%, 3F HARRAN#EA — &
() Nim 48 75 22 B, M 4% 41 1 2 T JE JiE 22 0 ) 45 4
FURE M, Nm 7328 12 AN I35 B, I8 7 2 WA
AT BEAT MLTE B 20 B DRI A Bk 9 AN AT 23 i,
B A By Cy Xo W Y RS 370 1 375
FEANWT ARG, F0E A BEAT C HERE A& B XS 192 1 42
Flos 0 B2 0N B, 0 B BE R R 2 BT AL,
WA ) IS BE AR A S IRtk B B Nm £ 18
AT A6 B TAT B AR A 7 X ] b 4 5k
T 1G5 AT AT R R A, A A
AT IR 2F R AE S I R 3 I 5 S 56 =35 Aar P 45 3R, iE
SN B HE Nm B 5] R L 5 o X 18] R
DI A 25 1 43 B ik 0 AT T8 R 0 o i 25 5 L LTS 2
A3 T 2 W R ST AR DRI e R R K] 2H R AIE
I3 AT, I 5 i B[] o o A TR R AT AR AL R
FRLGXT, Dyt R 977 47 9 06 2 155 e R S A

1 XMR57EE

L1 #FR % 2024 4F 8 Hin b4 5K & 1 i i
I L) B R R L. 52, T 2024
7 H 21 HEERE DA, AR S RS Ol R 47
7 H 25 Hbe, AT EmAai a2t
PR AT — B i A —x—kl. BJLTF8 H17 H
R e A (MR 38.9 C ) 0 X I 30 0058 L,
Bk B/ B SR BE, TR 2 h Nk AR R
BewhiZ, 8 H 20 H & LB HAIZ N . B T
BILERD B MM EBERIBIT, 5 R

12 ®mARFAN 8 H 21 Hikx O i m O
WS B L IS « B VR A K BRPE RS 774, 24 H
3K b 48 B TR 4 ) A A, 22 H O A R
N B B Nm TR bR o R G 491 2 25 B R AN D 48]
D4 fih 2 (DLR ] Bk <% 452 ) FE A b 23 55 1
1 Bk B B Wk 12 4790 i 5% S JE DR 28 2 40 #r s (R B
H4 2024 4307 b 44 U B 30 B0 >k B A 3 X IR

I B 14 3 ¥k B B Nm B AR (PR 2 Bk B 1 RR),
OB E R B B 2 Rk B BE Nm(fR %€ 2 8k ) A K
el e 5 B 10 8 Bk B BE Nm (R 5E 1 Kk HEHE 1 FE.
7K 1 Bk €I 3 Bk WM 2 BR), 3L 13 ¥k B B Nm
B PR 5 AR5 B R 2 Bk B BE Nm B AR HEAT X6 EE 4
BT o AW 8 28701 b 48 52 05 T 42 ol v O 3 23 R
SH AT [45: IRB(S)2020-007]

13 AFEALEELE 20244 8 H 20 H 121
T A48 Tk S 1T B e TR 42 ) A B2 B P X
Pz AR IS, 5 T 45 ) O N B ST B4
FE 2 [ AT P o B % 0 0 g 22 ), %o s g
ITHAT IR WA, T M ) 0 B2 A Ol I IR 3R
LA (B ) 12 28 3 45, WSCER 93 49 Il PR B S (It v/
i B VRS ) HEAT Nms 25 B 2 D) B fk o, R
EFEENRA(FANK 6 A HFHOTAENG 4 AL
TRIT 2 N A1 A 13 iR F AR 9% N
FH 5 S 75 7 P 32 0 491 4 Al ok 0 L, 3 B
A HJF %38 K e Bt (3 1 o) 515 4
Jitis ¥8 T BLE BN ST B B R S, BH
Iy Bk T LLTRRT 1 R 2

1.4 EZRXAAMHH  MH M P 755 /PR
A5 58 F3BTFAR (M T 355 A AR P R A PR
A A ) s Nm oy B2 Wy 3% (32 B REMEL A A );
Nm B J& %5 78 AV I 37 23 A% I A 04k ) 8 (Y 95
figt 22 W) RH A A BR A 1) s B-test 24 8548 5%
(7 KR Liofilchem 2 &] ) s #% & #& B 71 (VT 75 it
AR RO AR AF) .

1.5 FEME CO, HFMA(HA=FAH]); Quant-
Studio 5 ¢ J; % & PCR ¥ 344 (3 N3k Life Techn-
ologies /A ) ; MALDI-TOF-MS f 4= ¥ Jif 1% {X (&
R el & EMEAR R AR AF); HigE
AR o e SE T (BUM R BRAX B A PR A A ) 5 7%
ot 5E & A Qubit 4.005% FZEER C /KRB 2] ) o
1.6 HHERFE L ELREEMET, FBHME M
55 F5 0 P AL P A ISR ) Ak o TR AT
FEARFEA T 1558 J) PR, RIS IE B LR =,
JAN 37 C. 5% CO, 78 35 7% 20 h, WFHk |
B R A P B R AR AR AR TR, BRIE T BE R TR
P IRAT T R A e 55 L, K e S, B
Nm 0 22 LA, 2 )5 2R F 3% S 4R 5 %5 1
TEAE . AR Nm R S LI 2 B A% R R DU
Fl G Bl S, % 5E real-time PCR & AL i 7 .



PE AL TR 2026 45 3 A28 42 558 31

Chin J Public Health, Mar 2026 Vol.42 No.3 - 361 -

1.7 B8R XE KA E-test il AUk 0 I
RGBSR IEAT 258U 5% o K ISP AR B TR bk
R I v )R, 5 AR B R KB 0.5 %
P LA 1) 1R A2 W, B B-test iR 40 45 B - 2138
51U A BRI MH P8, & T 5% CO, ¥ 77 44
Hr, 37 °C 597 20 h, W5 45 SR B H s/ 4 BRI R
(minimal inhibitory concentration, MIC) . % i £ 87
€ [5] 115 PR 52 536 = A #E 4K P15 2 (Clinical and Labora-
tory Standards Institute, CLSI) A5 #E ) & A B
ARV 24 o 5T 4% B Ak D i 98 B 3R B ATCC 49619
AR 35 45 Bl ATCC 25922,

1.8 AR F 5 UK AL A% )
Nm T £k DNA FF it Bt L 1T W s K 04 350 bp /o
A 1 B B, iz A Tllumina Nextseq 2000 *F- & il /5,
P15 2 0K BT & TR 46 #PE (raw data) 1 JE
B, AT 3R 19 45 2R 55 0 AT &g (1) £ 9 (clean data)
i J5 18 ) SPAdes 3.15.2 41288 B2 U7, 21 25 99 b 18
J& 1 clean data, % i 3k 759 45 £k 18 ¥k 1 contigs /7 51
A

1.9 A REH5H

1.9.1 73700 A B AALUF I fasta B4l SO B A%
% Pub MLST(https://pubmlst.org/) W 3k, 43 5l 347
Pk 2 057 55 7 %1 43 714 (multilocus sequence typing,
MLST) Al 4 &5 11 PorA 43 Y5 85 11 9% 1 AH R 25
5 B 4 23 b, 2 EEAL AR A OC 3 Bl R B R0
FHbp(H K 7454 E M) NadA(E B H & A
A) . NHBACR BRI REGHA A).

1.9.2 F#ZER —HMEo8 KA Pyani A
(WA 0.2.12) %% 2 #k O B B8 PR A3 2 R 1K) 5
M 2024 4 5 bR CELAE AL N1 Bk AL b 2 Ak
4 ¥k )CCA4821 s FEHF B #F Nm & PR 3L [ 73 #7 ~F 25
¥ H TR — 2 1 (average nucleotide identity, ANI),
JF >k F ChiPlot(https://www.chiplot.online/) /] 3 $¢
73 M 4t SR T AL AL

193 BREERZEMEST K H MUMmer 3K
(A 3.23) % b 5k K 1 2 8k 7 Bk 5 18
PubMLST M ufi £~ 4 ([ A 4h B H#E Nm it
CC4821 ¢ I #£ 3k 163 ¥k B Nm i# bk 3t [7] 73 #r
% BR 2 & 1% (single nucleotide polymorphism,
SNP), 3 LA FastTree {1 44 4t 2 45 iE A A4, A A
FI AT ChiPlot ¥ 3 5% 46 &b B HEAL B o

2 4 B

2.1 WAweGE R ey HEIBHME MR FREEAR S
BB 1 Rk A]BE R AR, &S AL E N Nm(HE2024
ZIKO001), % 58 73 1 >2.20; 28 B Jr ¥k 4 1% 56 A =2
B 7% 't € B PCR MG HE S € XN B BE. 13 0%
PR fuh 2 REA G 43 B Y 1 #k Nm(HE2024ZJK002),
ZAr EARCR EOA W, I B E 4 R FIRE N B B

22 WA HOEMRE (R 1) 28k Nm 28U
FEA— B 0 kAT SRR SR R R
TR OKI R W R AR 7 R 259 i
B XV AR R BT &R
VMR AN T B 2R 24 AN BEURK
1 RO S EVHEARE Nm 7y BRI 45 R
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Neisseria meningitidis isolates from the case and
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HER 0.380 R 0.250 I
BRPER 0.500 I 0.750 I
kAt <0.016 S <0.016 S
DETIEA <0.016 S <0.016 S
EBHE 0.064 S 0.064 S
[SRaEEeN 1.000 S 1.500 S
KA R 0.250 S 0.250 S
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5 i >32.000 R 232.000 R
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FAEF 0.032 S 0.032 S
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Table 2 Basic information and molecular typing results of Neisseria meningitidis isolates in Hebei province

D& - WX S %ﬁ;ﬁ?ﬂ%ﬁ PR

FPHIRI(ST)  mBERE(CC) Pord-VR1 _ PorA-VR2  FHbp  NHBA _ NadA
165016 HE20247ZJK001  TK%KH ikl 18512 4821 20 23 v2.16 669 None
165017 HE20247JK002 kKN %% 18512 4821 20 23 v2.16 669 None
166643 HE2024HS001 fifK fek RN 5819 UA 18-25 9-18 v1.571 1059 None
166644 HE2024DZ001 TEM fek RN 14387 UA 5-3 2 v2.25 24 None
166645 HE2024DZ002 &M fek RN 14387 UA 5-3 2 v2.25 24 None
166646 HE2024DZ003 TEM fek RN 14387 UA 5-3 2 v2.25 24 None
166653 HE2024CZ001 M fek RN 7962 UA 21-10 new v2.16 688 None
165376 HE2024CZ002 /1l fek BB 18590 UA 21-2 28 v2.21 1060 None
165377 HE2024HD001  HR¥R fek BB 18594 UA 5-1 new v2.16 new None
166647 HE2024BD002 & fek BB 8674 41/44 12-15 13-78 v2.572 9 None
166648 HE2024BD003 &% sl 7962 UA 12-1 132 v2.16 688 None
166649 HE2024BD004  {RE Ek 7962 UA 12-1 132 v2.16 688 None
166650 HE2024BD005  fRE Ek 7962 UA 12-1 132 v2.16 688 None
166651 HE2024BD006 & sl 5664 4821 20 23-7 v2.16 910 None
166652 HE2024TS001 JEL sl 32 32 72 23-6 v2.101 528  None
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Fig. 1 Heat map of ANI analysis results of Neisseria meningitidis isolates from the case and close contacts
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Fig. 2 Phylogenetic relationship of isolates from the case and close contacts based on SNP
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