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Abstract
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK12][bookmark: OLE_LINK4][bookmark: _Hlk42956000][bookmark: OLE_LINK3][bookmark: _Hlk42977403][bookmark: OLE_LINK5][bookmark: OLE_LINK43][bookmark: _Hlk42868864][bookmark: OLE_LINK6][bookmark: OLE_LINK10]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.
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Introduction
Anthrax is an acute zoonotic infectious disease caused by Bacillus anthracis, which is a spore-forming, Gram-positive bacterium responsible for an acute infection that affects grazing livestock and wild ungulates significantly and also poses a threat to human health (Carlson et al., 2019). Globally, an estimated 20,000–100,000 cases of anthrax occur annually, rendering it as a major public health concern in poor rural areas of the Middle East, Africa, Central Asia, South America, and Haiti (Friedlander, 2000; Pile et al., 1998). Herbivores, such as cattle, sheep, and horses, are the principal hosts for this pathogen and are usually infected by the ingestion of spores while grazing or browsing ("Soil ingestion, nutrition and the seasonality of anthrax in herbivores of Etosha National Park," 2013). Human infection is a result of contact with infected animals during agricultural activities or processing contaminated animal products (Woods et al., 2004). Human anthrax cases are classified into three forms according to the transmission route: the cutaneous form accounts for about 95% of all human cases worldwide and typically presents with low mortality, while the gastrointestinal and inhalational forms present intermediate to high fatality rates (Carlson et al., 2018; Spencer, 2002). Moreover, anthrax letter events in the United States during 2001 showed severe consequences (Jernigan et al., 2001). It is also a potential biological warfare agent, threatening the health and life of humans and animals.
Human anthrax was a notifiable disease in China during the 1950s. In the recent decades, human and livestock anthrax outbreaks have been reported in many provinces across the country, such as Jilin, Liaoning, Inner Mongolia Autonomous Region, Jiangsu, Guizhou, Yunnan, and Xinjiang Autonomous Region (Huang et al., 2016; S. J. Li et al., 2018). Inner Mongolia is the historical epidemic area of anthrax, and the first series of cases were reported in 1956; from 1962–1967, the incidence rate of anthrax in Inner Mongolia was high with an average annual incidence of ≥1/100,000 (Ｌi Ｃ, 2012). Over the past 60 years, great progress has been made in control and prevention, and the epidemic has been stabilized except for some outbreaks in fewer areas. However, a comprehensive analysis of the epidemiological characteristics of anthrax in Inner Mongolia Autonomous Region is imperative.
[bookmark: OLE_LINK11]Currently, because of their considerable resolution power, molecular typing approaches, such as single nucleotide polymorphism (SNP) detection and multiple-locus variable-number tandem repeat analysis (MLVA), have greatly facilitated the discrimination of B. anthracis strains in the investigation of anthrax outbreak and the epidemiological research (P. Keim et al., 2000; Read et al., 2002). SNPs that define major clonal lineages in B. anthracis have been identified and applied to describe the global and regional patterns of B. anthracis diversity (Van Ert et al., 2007). The eight multiple-locus variable-number tandem repeat (VNTRs) were used to describe 89 unique genotypes in a global collection of over 400 B. anthracis isolates, which showed that some of these clones have a worldwide distribution, while others are restricted to specific geographic regions (P. Keim et al., 2000). Moreover, a core genome analysis is the most common method used for tracing the origin and spread of anthrax (Hoang et al., 2020). In order to better understand the epidemiological characteristics of anthrax in Inner Mongolia, the present study aimed to investigate the epidemiological and the genotyping characteristics of the disease during 1956 and 2018 and gain an in-depth understanding of the prevention and control of anthrax in Inner Mongolia.
[bookmark: _Toc70698368][bookmark: _Toc71087157][bookmark: _Toc70872842][bookmark: _Toc70873000][bookmark: _Toc71087304][bookmark: _Toc37838845][bookmark: _Toc70872564][bookmark: _Toc70872226]Materials and Methods
Data sources
The case definition was the same as described previously (Y. Li et al., 2017). The epidemic data of the duration 1956–2005 were collected with respect to acute infectious diseases in Inner Mongolia Autonomous Region and analyzed using Excel 2016 (Microsoft, Redmond, CA, USA) according to the three-dimensional distribution, gender, and age characteristics of an anthrax epidemic. The information on anthrax cases reported in Inner Mongolia from 2006 to 2018 was obtained from the Chinese Disease Prevention and Control Information System. The use of all data has been approved and authorized by the Academic Committee of Inner Mongolia Comprehensive Disease Prevention and Control Center. The epidemiological characteristics were described by the incidence number, rate, and constituent ratio, and the regional distribution map of anthrax was constructed using QGIS 3.0 software (QGIS Development Team 2013).
Bacterial strains
[bookmark: OLE_LINK20]The isolates were crucial for the determination of the epidemic. In this study, a total of 36 strains of B. anthracis were collected from the blood samples and blister fluid of the lesions in patients from Inner Mongolia. Of these, 26 strains (accounting for 72.22%) were collected from 2010 to 2018, and 10 strains (accounting for 27.78%) were collected during 1955–1998. These strains were recovered from the following regions (the number of strains is mentioned in parentheses): Ewenki Banner (1), Horqin Right Front Banner (5), Horqin Right Wing Middle Banner (11), Linxi County (2) and Tongliao City (2), Ulanhaote (1), Jarud Banner (4), and the location of the remaining nine strains is unknown. The strains were obtained from the following sources: human (28), sheep (2), cattle (4), and soil (2). All of the strains were initially identified by B. anthracis species-specific gene targeting of the protective antigen gene (pagA, GenBank accession no. AE017336) and capsule synthesis gene (capC, GenBank accession no. AE017335). The DNA was extracted from the strains as recommended by the Qiagen DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany). 
CanSNP typing of B. anthracis
[bookmark: OLE_LINK26][bookmark: _Hlk43455006]CanSNP analysis with the 13 markers was performed as described by Van Ert et al. (Van Ert et al., 2007). All the amplifications were performed on the Applied Biosystems PCR (Applied Biosystems Inc., Foster City, CA, USA)), and the cycling parameters were as follows: 95 °C for 30 s; 45 cycles of 95 °C for 5 s and 60 °C for 20 s; a final step at 40 °C for 30 s. Each 20-μL reaction included 10 μL of 2X reaction mix, each of the primer pair at 0.2 μM, each of the probe pair at 0.2 μM, and ddH2O. The nomenclature and terminology of the sublineages in the CanSNP analysis were consistent with the original literature. The A.Br.008/009 subgroup was subtyped by A.Br.011, as described by Marston et al. (Marston et al., 2011). Data from the CanSNP analysis were imported into the BioNumerics software package (version 5.10, Applied Maths NV, Sint-Martens-Latem, Belgium) and processed by cluster analysis using the categorical coefficient and the unweighted pair-group method with arithmetic means.
MLVA genotyping of B. anthracis
[bookmark: _Hlk43455116]A total of 15 markers, including eight markers initially described by Keim et al. (P. Keim et al., 2000) and another seven markers described by Van Ert et al. in 2007 (Van Ert et al., 2007), were used in this study for MLVA. The MLVA15 genotyping was performed as described previously (H. Zhang, Zhang, He, Li, & Wei, 2018). Briefly, PCR amplification was performed on an Applied Biosystems PCR system with an initial denaturation step at 95 °C for 5 min, followed by 34 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s (52 °C for vrrB1, vrrB2, VNTR12, VNTR16, and VNTR17), and extension at 72 °C for 1 min. The reactions were terminated by a final incubation at 72 °C for 5 min. The amplicons were diluted in water (1:100), denatured by heating, and separated by capillary electrophoresis on an ABI 3730xl DNA analyzer with a GeneScan 1200 LIZ size standard (Applied Biosystems). The length of the amplicons was determined according to size using GeneMapper software V.4.0 (Applied Biosystems). Selected PCR products were sequenced to verify the tandem repeat sequences. Data (Table S1) were imported into the BioNumerics software package (version 5.10, Applied Maths NV, Sint-Martens-Latem, Belgium), and cluster analysis was carried out using the categorical coefficient and the unweighted pair group method.
[bookmark: OLE_LINK29][bookmark: _Hlk42958524]Phylogenetic analysis of the core genome of B. anthracis
[bookmark: _Hlk43126941]In this study, whole-genome sequencing was performed to refer to the phylogenetic relationship among 7 representative strains obtained from worldwide lineages. The protein sequences of all the tested strains for representative of the core, accessory, unique, and orthologous clusters were extracted as FASTA files using the Pan Genome Sequence Extraction module of the bacterial pan genome analysis tool (BPGA) pipeline. The core gene set was called by BPGA-1.3 using default parameters based on the proteomics sequence (Chaudhari, Gupta, & Dutta, 2016) to construct the UPGMA tree based on the neighbor-joining (NJ) method in 256 B. anthracis (249 strains from GenBank and 7 reported here). Subsequently, the B. anthracis strains presenting discernible genetic differences in the phylogenetic tree were removed, and a simple phylogenetic tree was generated using multiple sequence comparison by log-expectation (USEARCH) clustering (Edgar, 2004) based on the core genome of 45 B. anthracis strains (Table S2).
Results
Epidemic profiles
The first cases of human anthrax were reported in Inner Mongolia in 1956. A total of 3,027 cases of the disease and 95 deaths have been reported in Inner Mongolia from 1956–2018 (Fig. 1A and 1B). The highest peak of disease occurred in 1962 when the incidence rate was 2.50/100000. The high period of the epidemic was from 1962–1967, with the average annual incidence rate of ≥1/100000. Since the 1970s, the case number has been on the decline, and after the 1980s, the annual incidence rate has decreased to 0.2/100000. Moreover, the incidence rate dropped to the lowest in history in 1985. Thereafter, the disease presented a low epidemic level in Inner Mongolia. Between 1970 and 2018, there were eight epidemic peaks that occurred in 1971, 1991, 1997, 2002, 2005, 2011, 2016, and 2018, with a varying number of cases that declined gradually (Fig. 1A). In the present study, the short-period cluster outbreaks were the main characteristics of the anthrax epidemic in Inner Mongolia (Fig. 1A). Moreover, a total of 99 deaths were reported during the period examined, which of 55 (57.89%) were reported from 1962–1967. Since 1969, the average annual number of reported deaths was <3 cases (Fig. 1B).
Regional distribution profiles
[bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK15]Anthrax was prevalent in 12 leagues (cities) of Inner Mongolia Autonomous Region from 1956–2018 (Fig. 1CⅠ–Ⅲ). From 1956 to 1965, a total of 839 anthrax cases were reported, of which 218 cases occurred in Hohhot, 614 cases were in Ulanqab, and 54 in Bayannur. The incidence of the three regions accounted for 52% (436/839) of the total events. Between 1966 and 1975, a total of 5 cases were reported in Hohhot, with a significant decrease in the number of cases, while 156 cases in Ulanqab, 252 cases in Chifeng, and 132 cases in Bayannur accounted for 71% of the total cases. From 1976 to 1985, the highest number of reported cases, i.e., 97 in Chifeng. Since 1984, the incidence of anthrax in Inner Mongolia has been low; nonetheless, the regional distribution has changed significantly, and the affected areas gradually transferred from the central and western to the eastern regions. From 1986–1995, Ulanqab (74 cases), Hinggan League (58 cases), Tongliao City (54 cases), and Chifeng City (46 cases) accounted for 87.88% of the total reported cases (264 cases). On the other hand, the number of reported cases was highest in Hinggan League (104 cases), followed by Tongliao (68 cases), Xilin Gol League (62 cases), and Hohhot (55 cases) from 1966–2005, the number of reported (382 cases) in this period exceeded those from 1986–1995, and the areas were predominantly from the mid-eastern part of Inner Mongolia. Since 2006, the number of reported cases of anthrax has been decreasing each year and were concentrated in the east (Hulunbeier City, Tongliao City, Hinggan League, Chifeng City, and Xilin Gol League). The epidemic area of anthrax in Inner Mongolia was gradually reducing from west to east, especially Bayannur City, Erdos City, and Ulanqab District, which were high epidemic areas historically and sporadic incidence regions or disease-free regions eventually (Fig. S1). Fewer cases of the disease have been reported in Alxa League: one case was reported in 1971, anther one in 1972, and 5 in 1982, while none were reported from 1956 to 2018 in Wuhai City, Inner Mongolia.
[bookmark: _Toc37838855]Temporal and Population distribution profiles
[bookmark: _Toc37838856]The cases of anthrax have been reported throughout the year, but were obviously seasonal mainly from July to October, accounting for 73.24% (2217/3027). The highest peak occurred in August, accounting for 28.81% (827/3027) (Fig. 1D). The cases consisted of 268 males and 87 females from 1991–2000, which accounted for 75.49% and 24.51%, respectively, and the ratio of male to female was 3.08:1. A total of 200 male cases and 67 female cases between 2001–2010, accounted for 74.91% and 25.09%, respectively, and the ratio of male to female was 2.99:1. Moreover, 189 male cases and 35 female cases from 2011–2018, accounting for 84.87% and 15.63%, respectively, with a male/female ratio of 5.40:1. In terms of age distribution, the reported cases were mainly concentrated in the age group 30–50-years-old (Fig. 1E). Significant differences were observed in the constituent ratio of different age groups regarding the anthrax cases, Inner Mongolia. Over time, the age range of onset changed gradually from wide to narrow and eventually stabilized in the given age groups (30–60 years).
Occupational distribution profiles
[bookmark: OLE_LINK18]From 1991 to 2018, the most prevalent population of anthrax in Inner Mongolia comprised of farmers and herdsmen, accounting for 63.00% and 20.25%, respectively (Fig. S2). From1991–2000, farmers and herdsmen accounted for 62.54% and 15.77%, respectively; from 2001–2010, they were accounted for 59.18% and 26.97%, respectively, while from 2011–2018, they were accounted for 68.30% and 20.09%, respectively. In the three epidemic stages, the proportion of farmers and herdsmen was gradually increasing, while that in the other occupations displayed a decreasing tendency. The occupational distribution of anthrax cases in Inner Mongolia was characterized by the distribution from several occupations in the early period to the current one predominated by farmers and herdsmen.
[bookmark: _Toc37838858]Characteristics of anthrax outbreaks
[bookmark: OLE_LINK19]In the period 1956–2018, 109 outbreaks were reported in Inner Mongolia, with a total of 2089 reported cases, accounting for 69.01% (2089/3027) of the total anthrax cases over the years. The maximum number of anthrax outbreaks was 110, and the minimum was 2 cases. From 1956–1990, a total of 80 anthrax outbreaks were reported, and the number of the cases involved in the outbreak was 1819, accounting for 83.40% (1819/2181). However, between 1991 and 2018, a total of 29 outbreaks were reported, and the number of the cases involved in the outbreak was 270, accounting for 31.91% (270/846). Hence, the number of outbreaks decreased gradually, and the number of cases involved in the outbreaks reduced significantly.
CanSNP typing of B. anthracis
[bookmark: OLE_LINK21][bookmark: OLE_LINK34][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: _Hlk42417581][bookmark: OLE_LINK25]CanSNP loci diversity analysis revealed 8/13 CanSNP sites from 36 B. anthracis strains isolated from Inner Mongolia without any polymorphisms; the remaining 5 SNP sites (A. Br. 001, A. Br. 002, A. Br. 003, A. Br. 004, and A. Br. 008) presented a varied genetic polymorphism. Cluster analysis indicated that the 36 strains were clustered into four subgroups: A. Br. Ames, A. Br. 001/002, A. Br. Aust 94, and A. Br. 008/009. Of these, 18 strains belonged to subgroup A. Br. Ames and 16 strains to A. Br. 001/002. In addition, each of A. Br. Aust 94 and A. Br. 008/009 subgroups represented one B. anthracis, and A. Br. Ames and A. Br. 001/002 subgroups predominant consisted of CanSNP genotypes of B. anthracis in Inner Mongolia.
MLVA genotyping of B. anthracis in Inner Mongolia
[bookmark: OLE_LINK39][bookmark: _Hlk42854395][bookmark: _Hlk42854300][bookmark: OLE_LINK28]No polymorphisms were detected in three MLVA loci (vrrB1, CG3, and VR12), while the remaining sites showed varied genetic diversity, especially the polymorphisms at pX01-aat, pX02-at, vrrC2, and VR23 loci were higher than the other loci. A total of 36 B. anthracis was sorted into 17 MLVA-15 genotypes (GT), among which 6 were shared genotypes, suggesting an epidemiological correlation among these strains from each shared genotype (Fig. 2). GT1 included 7 strains isolated from 2010–2015 from anthrax patient samples of Horqin Right Wing Middle Banner. GT8 was harbored by 5 strains from the same time but in three different regions (Fig. 2, shadow covered), while GT12 was shared by two strains from the same time and two regions (Fig. 2, shadow covered). Moreover, each of the three shared genotypes (GT9, 11, and 15) contained two strains (shadow covered) from the same location and identical or similar time. Furthermore, eleven were unique genotypes, and each genotype contained only one B. anthracis strain (Fig. 2).
Phylogenetic analysis of the core genome of B. anthracis
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: _Hlk42982776][bookmark: _Hlk42982671]Comparative genome analysis based on the core genome illustrated that 45 strains of B. anthracis from various countries global were divided into eight clades (clades Ⅰ–Ⅷ) (Fig. 3). The strains of B. anthracis from the USA were localized at the base of the phylogenetic tree. IMBa003 occupied the basal node in clade Ⅵ of the phylogenetic tree. Strains from China were grouped into two different clades, CⅢ and CⅥ, which of clade CⅢ was composed of the strains in the present study, suggesting that B. anthracis in Inner Mongolia had a common ancestor, while clade CⅥ consisted of strains from Liaoning and South Sea China, and the strains in the two clades differed markedly. Furthermore, the strains in this study had high genetic similarity with B. anthracis from Japan, South Korea, and the USA, but distinct differences with strains from Italy, Argentina, Greece and Germany. In addition, the vaccine strains from China were located at the top of the phylogenetic tree, with significant differences with strains from other countries (Fig. 3).
Discussion
[bookmark: _Toc70872578][bookmark: _Toc70872855][bookmark: _Toc70873013][bookmark: _Toc71087317][bookmark: _Toc70872240][bookmark: _Toc70698409][bookmark: OLE_LINK36][bookmark: OLE_LINK38][bookmark: _Hlk42441805]The incidence of anthrax has been reduced by continuous research and disease control measures, but still occurs in undeveloped and developing countries (Oncü, Oncü, & Sakarya, 2003). Similarly, anthrax in Inner Mongolia has reduced steadily in recent years through the implementation of effective measures, such as strengthening surveillance and intervention, improving sanitary condition, and promoting scientific breeding, but scattered and sporadic cases occasionally occur, which poses a severe public health problem as well as to livestock breeding in high risk central and eastern regions (Chen et al., 2016). The epidemic time was consistent with that reported previously, as cases occurred throughout the year, peaking in August (Y. Li et al., 2017; Liu, Li, Wang, Fu, & Ji). Anthrax epidemic displays seasonal characteristics, and the incidence rate was high in August in the dry period and low from December to April (X. Zhang et al., 2016). However, the regions with profiles of anthrax in Inner Mongolia have altered significantly. The regions distribution of anthrax has been shrinking, and it has gradually transferred from the central and western to the eastern regions (Hulunbeier City, Tongliao City, Hinggan League, Chifeng City, and Xilin Gol League) in recent years. This result is similar to that reported previously, wherein the distribution of anthrax cases in China showed an overall decrease in the number of cases from western to eastern China from 1955–2014 (Y. Li et al., 2017). Based on the MLVA and CanSNP analysis, the spread of B. anthracis in China occurred from west to east via three independent routes (Wang et al., 2020). The eastern region of Inner Mongolia houses a typical grassland nomadic tribe, which maintains the original breeding and animal husbandry production methods; moreover, the livestock breeding industry is the majority source of income for local residents, which might be the main reason for the high incidence of the disease in eastern Inner Mongolia. It might also reflect the regional differences in local climate, soil composition, livestock species, and density, and herbivore community structure (Elvander, Persson, & Sternberg Lewerin, 2017; Hugh-Jones & Blackburn, 2009; Zidon, Garti, Getz, & Saltz, 2017), and the regional distribution of the disease appeared to be relatively stable in the eastern, Inner Mongolia during the study period. Hence, we recommended that targeted propaganda and intervention measures should be carried out in eastern Inner Mongolia to enhance the awareness of farmers and herdsmen on disease prevention and reduce the hazard of anthrax. The occupation distribution of anthrax also changed greatly in this region; the early period multiple occupations to the current one dominated by farmers and herdsmen. Them are direct or indirect contact with animals regularly is a main reason. Otherwise, might indicate that the disease has shifted from industrial to agricultural workers (Xudong & Donglou, 1997). Furthermore, the age range of the population displayed a tendency from wide to narrow gradually and eventually stabilized in the age group of 30–60 years that constituted the main labor in the family engaged in grazing and breeding. These data suggested that the epidemiological characteristics of anthrax in Inner Mongolia have changed obviously, suggesting that targeted monitoring, prevention, and control strategies were modified for enhanced efficiency. CanSNP analysis detected four subgroups among 36 strains of B. anthracis in this study, including A. Br. Ames, A. Br. 001/002, A. Br. Aust 94, and A. Br. 008/009), and no strains from the A.Br.Vollum subgroup (Derzelle, Aguilar-Bultet, & Frey, 2016). Both A. Br. Ames and A. Br. 001/002 subgroups were the predominant genotypes, and that A.Br.001/002 and A.B Ames were closely related, sharing a common ancestor (Zhou et al., 2015). The A.Br.Ames lineage was descended from the A.Br.001/002 lineage, which has a major presence in China, while A.Br.Ames subgroup, although restricted geographically is originated from Inner Mongolia, China (Simonson et al., 2009). Furthermore, A. Br. 001/002 and A. Br. Ames was also the most prevalent subgroups in Korea; the shared CanSNP genotype might be the result of human activity through the development of agriculture and increased international trade (Jung et al., 2012), but the correlation between the dominant genotype strains in various countries remains to be investigated.
[bookmark: OLE_LINK40][bookmark: OLE_LINK42]In this study, no polymorphisms were detected in 13 MLVA loci of B. anthracis from Inner Mongolia based on MVLA-15 analysis, and only 2 loci located on plasmids showed high polymorphism, which indicates that B. anthracis originated from B. cereus and evolved in a short time (Paul Keim et al., 2009; Kolstø, Tourasse, & Økstad, 2009). Thus, we suggested that two highly polymorphic loci pX01-aat and pX02-at are most useful for typing Inner Mongolia isolates. A total of 17 MLVA-15 genotypes were observed among 36 B. anthracis strains based on genetic similarity coefficient of 60–100%, indicating high genetic homogeneity in this population (Ciammaruconi et al., 2008). GT1 included 7 strains isolated from identical location and continuous periods, suggesting that these cases were from the same infection source. Both GT8 and 12 were shared by strains from the same time and different regions, suggesting that each cross-regional transmission was caused by the same source of infection. In addition, field epidemiology survey showed that these regions are adjacent to each other with frequent exchange between livestock. Moreover, three shared genotypes (GT9, 11, and 15) confirmed that multiple point outbreaks from multiple common sources of infection. Furthermore, each unique genotype may be reflected in sporadic cases. The current findings were similar to those studied previously, i.e., patients in Gansu Province outbreak were infected by a local pathogen present in the adjoining area of Gansu, Sichuan, and Qinghai Provinces (Yu et al., 2018). The MLVA-15 and SNR genotypes showed that the same clone of B. anthracis caused the anthrax outbreak in Xifeng County in Liaoning Province (China) in 2015 (Mao et al., 2016). In order to understand the epidemiological correlation and phylogenetic characteristics in this study, a core genome analysis of 45 B. anthracis from many regions from various countries all over the world was carried out. The strains were divided into eight clades (clades Ⅰ–Ⅷ). Consequently, we found that B. anthracis strains from the USA were located at the base of the phylogenetic tree. Strains from China were grouped into clades CⅢ and CⅥ, which of clade CⅢ was composed of the strains of the present study, suggesting that B. anthracis in Inner Mongolia has a common ancestor strain. IMBa003 was obtained from sheep in 1974, and it occupied the basal node of in clade Ⅵ of the phylogenetic tree, referring to it as a potential ancestor strain for those from Inner Mongolia. Interestingly, the strains from this study may be originated from Japan. Similarly, the genetic characterization of 234 B. anthracis strains circulating in Italy showed that most of the genotypes are genetically similar, supporting the hypothesis that all strains evolved from a local common ancestral strain (Rondinone et al., 2020). Moreover, genetic homogeneity among Vietnamese B. anthracis strains was high, and the phylogeny from core genome SNPs revealed that the Vietnamese strains were positioned close to each other (Hoang et al., 2020). However, clade CⅥ consisted of markedly different strains from Liaoning and the South China Sea, which provides new insight into the variations among the strains in North and South China. Furthermore, the vaccine strains from China were located at the top of the phylogenetic tree, which was largely different from the core genome of strains isolated from other regions from around the world. Comparative studies between the strains might provide insights into the attenuating mechanism of the vaccine strains. Moreover, strains from this study had high genetic similarity with the strains from Japan and South Korea, but the obvious genetic difference with strains of other clades. Intriguingly, the comparative genomics and phylogenetic analysis of B. anthracis strains isolated from Japan revealed that the anthrax epidemic results from recent import events, rather than reflecting the persistence of an ancient ecologically established group (Okutani, Inoue, & Morikawa, 2019). Further investigation of the origin and evolution of strains from these regions would provide a new clue to better understand the epidemiology of anthrax in Asia. Nevertheless, the current study has several limitations. First, we used data from passive surveillance that may affect the current conclusions. Second, the number of strains in each region was vary, and further investigation in strains from animals is essential.
Conclusion
[bookmark: _Hlk42548400][bookmark: _Hlk42856026]A comprehensive investigation of the epidemiology and molecular characteristics of anthrax in Inner Mongolia Autonomous Region was performed. Since 1970, the incidence decreased annually and reached the lowest level in 1985. Currently, the temporal, seasonal, geographic, and demographic distribution profiles of anthrax in Inner Mongolia have obviously changed. The regional distribution of anthrax gradually transferred from central and western to the eastern regions. A. Br. 001/002 subgroups constituted the dominant lineage of B. anthracis in Inner Mongolia. MLVA-15 genotyping confirmed that multiple point outbreaks and cross-regional transmission resulted from a common source of infection. Phylogenetic analysis indicated that strains from this study exhibited a ladder-like phylogram, suggesting that these B. anthracis strains originated from a common ancestor strain. The current study provided valuable information for further strengthening the surveillance and control of anthrax in humans; however, similar surveillance in animals should also be prioritized.
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Figure Legends 
Fig. 1 Demographic data of human anthrax in Inner Mongolia from 1956–2018. (A) Annual reported cases and incidence rate (/100,000 people) of human anthrax in Inner Mongolia from 1956–2018. (B) Numbers of death cases and mortality of human anthrax in Inner Mongolia from 1956–2018. (C) Incidence rates of human brucellosis in various regions of Inner Mongolia from 1956–2018 (CⅠ: 1956–1965; CⅡ: 1986–1995; CⅢ: 2016–2018). (D) Temporal distribution of human anthrax in Inner Mongolia from 1956–2018. (E) Distribution of human anthrax cases among different age groups and genders in Inner Mongolia from 1956–2018.
Fig. 2 Dendrogram based on the MLVA-15 genotyping assay (UPGMA method), showing the correlations between the 36 B. anthracis isolates. The columns show the identification numbers, MLVA-15 genotypes (GT), their geographic location, and the year of isolation of the strains.
Fig. 3 Phylogenetic analysis by BPGA using 54 strains of B. anthracis based on concatenated core 
genes.
Fig. S1 Number of cases in Ulanqab, Erdos, and Bayannur from 1956 to 2018.
Fig. S2 Distribution of anthrax in different occupations in Inner Mongolia Autonomous region from 1991–2018.
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