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[ Abstract] Objective To analyze the spatiotemporal clustering of anthrax cases in the Ningxia Hui Autonomous
Region from 2019 to 2022 and to perform molecular typing of 14 strains of Bacillus anthracis (B. anthracis) isolated
during the same period. Methods Data on anthrax cases reported in Ningxia Hui Autonomous Region (Ningxia) from
2019 to 2022 were collected, and spatiotemporal cluster analysis was performed using SaTScan software with districts
and counties as units. A total of 14 strains of B. anthracis isolated from local anthrax cases from 2019 to 2021 were
subjected to molecular typing analysis using canonical single nucleotide polymorphisms (CanSNPs), twenty-five marker
multilocus variable number tandem repeat analysis (MLVA-25), and single nucleotide repeat (SNR-4) methods.
Results A total of 80 anthrax cases, all of which were cutaneous anthrax, were reported in Ningxia during the 3-year
period. SaTScan spatiotemporal cluster analysis revealed a spatiotemporal cluster in north-central Ningxia from 2021 to
2022, with a primary cluster in Yongning county [P < 0.01, relative risk (RR) = 13.83] and secondary clusters in Lingwu
city and Litong district (P = 0.022, RR = 3.47). The genetic relationships of the 14 B. anthracis strains isolated during the
same period were defined as: A.Br 001/002 subgroup, 6 different MLV A genotypes within A3.b gene cluster, of which 3
common genotypes were defined as 2, 3, and 5 PHANA genotypes, respectively, by SNR-4 analysis; SNR-4 analysis
showed 12 SNR genotypes. Conclusion The incidence of anthrax in Ningxia showed an increasing trend from 2019 to
2022. One of the reasons for the formation of spatiotemporal clusters of anthrax in 2021 — 2022 may be the formation and
development of natural foci. Molecular typing revealed that the genetic relationship of the strains isolated in Ningxia from
2019 to 2022 was relatively homogeneous, with abundant genetic diversity within the same genetic relationship.

[ Keywords] anthrax; twenty-five marker multi-locus variable number tandem repeat analysis; canonical single
nucleotide polymorphisms; single nucleotide repeat; spatiotemporal cluster analysis; Ningxia Hui Autonomous Region
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Table 1 Quarterly number of anthrax cases reported in Ningxia Hui Autonomous Region from 2019 to 2022

A 1—3A 4—35H 6—9H 10— 127 Bt
2019 0 0 16 3 19
2020 2 0 7 1 10
2021 1 0 22 0 23
2022 1 1 21 5 28
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Table 2 Number of people at risk, category, years, cluster location, observed number of cases, expected number of cases, relative
risk, logarithmic likelihood ratio, and probability for spatiotemporal clustering of anthrax in Ningxia Hui Autonomous

Region from 2019 to 2022
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Table 3 Strain number-specific repeat copy number and diversity index of the MLV A-25 loci and fragment size and diversity index
of the SNR-4 gene fragment for 14 Bacillus anthracis strains isolated from 80 anthrax cases diagnosed in Ningxia Hui
Autonomous Region from 2019 to 2022

FERAL AR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 DI

Vrird 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0.000
VrrB1 16 16 16 16 16 16 16 16 16 16 16 16 16 16 0.000
VrrB2 7 7 7 7 7 7 7 7 7 7 7 7 7 7 0.000
VrrCl 53 53 53 53 53 53 53 53 53 53 53 53 53 53 0.000
VirC2 17 17 17 17 16 17 17 17 18 17 17 17 17 19 0.396
CG3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0.000
Px0I 7 7 7 7 7 7 7 7 7 7 7 7 7 7 0.000
Px0O2 9 9 9 9 9 10 10 10 9 9 9 9 9 9 0.363
Bams01 20 20 20 20 20 20 20 20 20 20 20 20 20 20 0.000
Bams03 28 28 28 28 28 24 24 24 28 28 28 28 28 28 0.363
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Table 3 Continued

BN L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 DI

Bams05 7 7 7 7 7 7 7 7 7 7 7 7 7 7 0.000
Bams13 73 73 73 73 73 73 73 73 73 73 73 73 73 73 0.000
Bams15 44 44 44 44 44 44 44 44 44 44 44 44 44 44 0.000
Bams21 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0.000
Bams22 16 16 16 16 16 16 16 16 16 16 16 16 16 16 0.000
Bams23 11 11 11 11 11 11 11 11 11 11 11 11 11 11 0.000
Bams24 11 11 11 11 11 11 11 11 11 11 11 11 11 11 0.000
Bams25 13 13 13 13 13 13 13 13 13 13 13 13 13 13 0.000
Bams28 14 14 14 14 14 14 14 14 14 14 14 14 14 14 0.000
Bams30 54 54 54 54 57 57 57 54 57 54 54 57 57 57 0.538
Bams31 64 64 64 64 64 64 64 64 64 64 64 64 64 64 0.000
Bams34 11 11 11 11 11 11 11 11 11 11 11 11 11 11 0.000
Bams44 8 8 8 8 8 8 8 8 8 8 8 8 8 8  0.000
Bams51 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0.000
Bams53 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0.000
CLIO 556 556 555 556 556 557 557 557 556 556 557 557 556 557  0.604
CLI2 566 566 565 565 565 565 567 566 565 565 561 565 565 565 0.571
CL33 712 711 710 708 707 700 700 700 709 708 706 709 710 709 0912
CL35 636 637 637 637 637 641 641 640 637 637 636 637 637 637 0582
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Table 4 CanSNPs-based SNP site variation in 14 Bacillus anthracis strains isolated from 80 anthrax cases diagnosed in Ningxia
Hui Autonomous Region from 2019 to 2022

SNP A.Br A.Br A.Br A.Br A.Br A.Br A.Br A.Br B.Br B.Br B.Br B.Br A/B.Br
(VPN 001 002 003 004 006 007 008 009 001 002 003 004 001
[oRiESE S T A G C A T T A T G G T A
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Fig. 1 Cluster of 78 Bacillus anthracis strains based on MLV A-25 analysis
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Fig. 2 Cluster of 14 Bacillus anthracis strains with identical MLV A-25 genotypes isolated from 80 anthrax cases diagnosed in
Ningxia Hui Autonomous Region from 2019 to 2022: SNR-4 analysis (A, B, and C indicate common genotypes of 01, 02, and 03)
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Fig. 3 SNR-4 analysis of 14 Bacillus anthracis strains isolated from 80 anthrax cases diagnosed in Ningxia Hui Autonomous
Region from 2019 to 2022: A: UPGMA model- based cluster analysis, B: region-specific maximum likelihood tree analysis, and C:
year-specific maximum likelihood tree analysis.
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