Changed epidemiology of anthrax and molecular characteristics of
B. anthracis in Inner Mongolia Autonomous Region, China
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Abstract

Anthrax is a natural foci disease in Inner Mongolia, which poses a severe threat to public health. In this study, the incidence
number, rate, and constituent ratio were used to describe the epidemiological characteristics of anthrax in the region from 1956—
2018. The molecular correlation and genetic characteristics of the strains were investigated using canonical single-nucleotide
polymorphisms (CanSNP), multiple-locus variable-number tandem repeat analysis (MLVA-15), and whole genome sequencing
(WGS). The epidemiological characteristics of anthrax in Inner Mongolia have altered significantly. The incidence was decreased
annually, the regional distribution of anthrax gradually transferred from central and western regions to the eastern. Moreover,
the occupation distribution was evolved from multiple early occupations to predominated by farmers and herdsmen. This
indicates that reformulate the control and prevention strategies is essential. Both A. Br. Ames and A. Br. 001/002 subgroups
were the predominant CanSNP genotypes of Bacillus anthracis in Inner Mongolia. A total of 36 strains constituted six shared
MLVA-15 genotypes, suggesting an epidemiological link between the strains of each shared genotype. The six shared genotypes
((GT1, 9, 11, and 15) and (GT8 and 12)) consisting of 2-7 strains confirmed the occurrence of multiple point outbreaks and
cross-regional transmission caused by multiple common sources of infection. Phylogenetic analysis based on the core genome
showed that strains from this study formed an independent clade (CIII), suggesting a common origin. Moreover, B. anthracis
showed a high genetic similarity with strain from Japan and South Korea, the strains from this study may be originated from

Japan.

Hosted file

Manuscript-F.docx available at https://authorea.com/users/339596/articles/467706-changed-
epidemiology-of-anthrax-and-molecular-characteristics-of-b-anthracis-in-inner-mongolia-
autonomous-region-china


https://authorea.com/users/339596/articles/467706-changed-epidemiology-of-anthrax-and-molecular-characteristics-of-b-anthracis-in-inner-mongolia-autonomous-region-china
https://authorea.com/users/339596/articles/467706-changed-epidemiology-of-anthrax-and-molecular-characteristics-of-b-anthracis-in-inner-mongolia-autonomous-region-china
https://authorea.com/users/339596/articles/467706-changed-epidemiology-of-anthrax-and-molecular-characteristics-of-b-anthracis-in-inner-mongolia-autonomous-region-china

350 . 3

300 - -Noicases 15
—— Incidence rate -~
= 250 E
=]
2 200 3
b (']
@ =
% 150 i
2 100 o
50
0
(SIS B BT S AP S W Bt L I B AN B SN AT TR I
R NN DD DD D \ DN
FF PP F GGG FFFFID DD PSS
Year
14 - mmm No. deaths - 30.00
—— Case-fatality rate (%)
-+ 25.00
0
) 20,00 3
2 @
- =
& 11500 &
3 1 10.002;:
g E
Z <4 5.00
0.00

I A I R (G B B LR LG LN NN
SRSECHCORCIRECHCRC OO SI I PF S

Year



reurmpId aq Lewt vye(] “pomaraat wod weaq jou ser pue juriderd ® SIT, — L9LEZ00L L8THIFEST e/ THGEg 0T /810 10p/ /:sdang ‘morssTuLIad JMOT)IM 9STIDT ON "PAATLSDI SYSII [y "Iopunj/Ioyjne oy st Iop[oy Jysiddoo oy,

) [0 L BRIOYINY UO Pojsoq



I

Hulun Buir Shi

Data may be prelimina

No. cases

I~
]

B st
B 101-150
0 100200 400 600 800

kn [ 5~

541 /au.15941

D)

’ 1000 ~——2016-2018
£ 900 ——2006-2015
- —1996-2005
} 800 ——1986-1995
g 700 ——1976-1985
Z fé\ ——1966-1975
5 g 600 ~==1956-1965
£ £ 500

2 Py

2 2 400

. b1

g S 300

& Z

2 200

5 100

0

2 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
2 Month

Ju

rea

Posted on Au



B2 199 1-2000 E=32001-2010
180 - 20112018 -©-1991-2000 -

0-14 3 30-44 45-59 60-74 75-
Age group (Year)

50.00%
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%

0.00%



Categorical

MLVA
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Key GT Year Isolatedin Host SanSNP
IMBa011 1 2010  Horqin Right Wing Middle Banner =~ Human  A.Br.Ames
IMBa021 1 2011 Horqin Right Wing Middle Banner =~ Human  A.Br.Ames
IMBa024 1 2012 Horqgin Right Wing Middle Banner =~ Human  A.Br.Ames
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IMBa025 1 2012 Horqgin Right Wing Middle Banner =~ Human  A.Br.Ames
IMBa026 1 2013 Horqin Right Wing Middle Banner =~ Human  A.Br.Ames
IMBa027 1 2013  Horqin Right Wing Middle Banner =~ Human  A.Br.Ames
IMBa029 1 2015  Horqin Right Wing Middle Banner =~ Human  A.Br.Ames
IMBa002 2 1974 Unknown Cattle A Br.001/002
IMBa006 3 1997  Unknown Sheep A.Br.001/002
IMBa031 4 2016  Ewenki Banner Human A Br.Ames
IMBa034 5 2018  Horqin Right Wing Middle Banner =~ Human  A.Br.Ames
—— IMBa022 6 2011 Horqin Right Front Banner Human  A.Br.Ames
L—— IMBa005 7 1997  Unknown Cattle A.Br.001/002
IMBa012 8 2011 Horqin Right Front Banner Human  A.Br.001/002
IMBa013 8 2011 Horqin Right Front Banner Human  A.Br.001/002
IMBa014 8 2011 Ulanhaote Human  A.Br.001/002
IMBa015 8 2011 Jarud Banner Human  ABr.001/002
| IMBa0l16 8 2011 Jarud Banner Human A Br.001/002
IMBa030 8 2016  Horqin Right Front Banner Human A Br.001/002
IMBa032 8 2017  Horqin Right Wing Middle Banner =~ Human  A.Br.001/002
IMBa009 9 1998  Unknown Human  A.Br.001/002
IMBa010 9 1998  Unknown Soil A.Br.001/002
IMBa023 9 2012 Horqin Right Wing Middle Banner =~ Human  A.Br.001/002
1 IMBa035 10 2018  Tongliao City Human  A.Br.Ames
IMBa004 11 1997  Unknown Cattle A.Br.001/002
IMBa008 11 1998  Unknown Human  A.Br.001/002
IMBa028 11 2014  Horqin Right Wing Middle Banner Human A Br.Ames
IMBa019 12 2011 Horqin Right Front Banner Human  A.Br.Ames
IMBa020 12 2011 Jarud Banner Human  A.Br.Ames
IMBa033 12 2017  Jarud Banner Human  A.Br.Ames
IMBa036 13 2018  Tongliao City Human  A.Br.001/002
IMBa001 14 1955  Unknown Cattle A Br.Ames
IMBa017 15 2011 Linxi County Human  A.Br.Ames
IMBa018 15 2011 Linxi County Human  A.Br.Ames
IMBa007 16 1997  Unknown Soil A Br.Aust9%4
IMBa003 17 1974  Unknown Sheep A Br.008/009



Strains  Isolatedin  Host

8-BA AI16R Vaccine China
7-BA A16 Vaccine China

30-BA Pasteur Vaccine

29-BA PAK-1 Pakistan Sheep

16-BA Canadian Bison

36-BA SK 102 American Wool

17-BA CDC 684 American

19-BA CZCS Zambia Animal

20-BA H9401 South korea Human
18-BA Cvac02 Liaoning China Human
14-BA BA1015 America Cattle

42-IMBa023 Inner Monglia Human
41-IMBa014 Inner Monglia Human
39-IMBa002 Inner Monglia Cattle
45-IMBa028 Inner Monglia Human
44-IMBa018 Inner Monglia Human
43-IMBa025 Inner Monglia Human
40-IMBa003 Inner Monglia Sheep

35-BA Shikan-NIID Japan

12-BA Ames A2084 American
9-BA A0248 American

11-BA Ames American

38-BA Stendal Germany Cattle
3-BA 8903-G Georgia Soil
2-BA 52 G Georgia Cattle
4-BA 9080 G Georgia Soil

21-BA Han Liaoning China Human
13-BA anthracis Unknown

25-BA London 499 British Fur
27-BA MCCC 1A02161 South China
26-BA MCCC 1A01412 South China

23-BA K3 South Africa Human
34-BA RA3 French Cattle

1-BA 170D930 Switzerland Cattle
15-BA BA1035 South Africa Human
22-BA HYUO! South Korea Soil
31-BA PCr Japan Beef bone powder
37-BA Smith 1013 America

6-BA 2002013094 Georgia

5-BA 2000031021 America Soil
10-BA A1144 Argentina

32-BA Pollino Italy

24-BA Larissa Greece Sheep

28-BA Ohio ACB America Swine
33-BA PRO7 America
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