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Abstract

Objective

To investigate the epidemic characteristics of human cutaneous anthrax (CA) in China,

detect the spatiotemporal clusters at the county level for preemptive public health interven-

tions, and evaluate the differences in the epidemiological characteristics within and outside

clusters.

Methods

CA cases reported during 2005–2012 from the national surveillance system were evaluated

at the county level using space-time scan statistic. Comparative analysis of the epidemic

characteristics within and outside identified clusters was performed using using the χ2 test

or Kruskal-Wallis test.

Results

The group of 30–39 years had the highest incidence of CA, and the fatality rate increased

with age, with persons�70 years showing a fatality rate of 4.04%. Seasonality analysis

showed that most of CA cases occurred between May/June and September/October of

each year. The primary spatiotemporal cluster contained 19 counties from June 2006 to

May 2010, and it was mainly located straddling the borders of Sichuan, Gansu, and Qinghai

provinces. In these high-risk areas, CA cases were predominantly found among younger,

local, males, shepherds, who were living on agriculture and stockbreeding and character-

ized with high morbidity, low mortality and a shorter period from illness onset to diagnosis.
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Conclusion

CA was geographically and persistently clustered in the Southwestern China during 2005–

2012, with notable differences in the epidemic characteristics within and outside spatiotem-

poral clusters; this demonstrates the necessity for CA interventions such as enhanced

surveillance, health education, mandatory and standard decontamination or disinfection

procedures to be geographically targeted to the areas identified in this study.

Introduction
Anthrax is caused by the spore-forming Bacillus anthracis and is enzootic in many parts of
Asia, sub-Saharan Africa, and some developing countries in the Mediterranean [1]. While cuta-
neous anthrax (CA) cases are rare in developed countries, recent outbreaks in the United States
and European countries, and newly identified subcutaneous anthrax in injectable heroin users
have heightened concerns about the disease [2–5]. Dormant endospores are resistant to drying,
gamma radiation, and many disinfectants, and highly stable spores can stay preserved in some
types of soil for decades [6,7]. Its environmental survival coupled with its ability to readily
cause infection after inhalation, and the high mortality rate among resulting anthrax cases,
B. anthracis is in the list of potential biological bioterrorism agents, as evidenced by the 2001
anthrax attacks in the USA [8–10].

Generally, human B. anthracis infections are caused by direct or indirect contacts with con-
taminated grazing herbivores or their products. In China, 97% of B. anthracis infections are the
CA form [11]. Recently, CA outbreaks in some areas of Jiangsu and Liaoning, which were pre-
viously non-epidemic areas, have attracted the extensive attention from the general public and
media. In addition, the future dynamics of CA transmission is a great public health concern.
Therefore, it is essential to examine the spatial and temporal patterns of CA in China for the
purpose of targeted surveillance and control.

A previous study identified significant clusters during an outbreak of anthrax in Saskatche-
wan by using a spatial statistic and geographic information system (GIS), which was conducive
to identify the risk factors for the outbreak [12]. Moreover, a study in Georgia using passive
surveillance data identified clusters of areas that were of historical importance for CA risk and
new areas that represent (re)emergence [13]. This method has considerably advanced during
the last two decades and has been widely applied to visualize epidemiological data, detect high-
risk clusters, improve surveillance and establish efficient control measures for infectious dis-
eases such as malaria [14], Japanese encephalitis [15], dengue fever [16], scrub typhus [17] and
hemorrhagic fever with renal syndrome [18].

Fewer studies have explored the spatiotemporal patterns of CA and investigated the deter-
minants of outbreaks [12,13]. While studies have been conducted in China investigating the
CA epidemic characteristics at the province or municipality level, the spatiotemporal distribu-
tion of CA cases in the country is poorly understood [11,19].

This study aimed to investigate the nationwide epidemic characteristics of CA, detect
clusters at the county level, and evaluate differences in the epidemic characteristics inside and
outside identified clusters. The findings are important to plan the design and implementation
of preemptive public health interventions for the local management of human CA cases.
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Materials and Methods

Ethics Statement
This study was approved by the Ethics Committee of Beijing Institute of Disease Control and
Prevention. In this study, all the data used were anonymous to protect patient’s confidentiality.

Data Collection and Management
In China anthrax is a nationally reportable infectious disease. We analyzed disease surveillance
data on human CA cases reported to the National Notifiable Disease Surveillance System dur-
ing 2005–2012, including information on gender, age, occupation, place of residence, and date
of illness onset and diagnosis. All human CA cases were diagnosed according to the unified cri-
teria issued by the Ministry of Health of the People’s Republic of China [20]. The diagnostic
criteria include a history of exposure and clinical manifestations (such as exposure of the skin
of the head, neck or extremities resulting in erythema, papula, vesicles, and subsequently cen-
tral necrosis, leaving a characteristic black eschar with a painless cutaneous lesion) and detec-
tion of a four-fold or greater increase in the level of B. anthracis-specific antibodies or isolation
of B. anthracis from clinical specimens [21].

In our study, the 8–year data set of CA cases was integrated at the county level for spatio-
temporal cluster analysis. To conduct a GIS-based analysis, the county-level polygonmap was
obtained from the National Administration of Surveying, Mapping and Geoinformation.
Demographic information, integrated in terms of the administrative county, was collected
from the National Bureau of Statistics of China. All cases were geocoded and matched to the
county-level layers of the polygon and paired with demographic information by administrative
code using the ArcGIS software (version 9.3, ESRI, Redlands, CA).

Spatiotemporal Cluster Analysis
We used Kulldorff’s space-time scan statistic to test whether the distribution of CA cases was
random over space and time [22]. A discrete Poisson model was fitted to identify high-risk spa-
tiotemporal clusters using the SaTScan software (version 9.1.1) [23]. SaTScan implements a
series of variable-sized windows to detect the spatiotemporal clusters. The space-time scan sta-
tistic is defined by a cylindrical window with a circular (or elliptic) geographic base and with
height corresponding to time [23].

In our study, circular scan windows were used to fit discrete Poisson models. The maximum
spatial cluster size was set to 40% of the population at risk in the spatial window and a maximum
temporal cluster size of 40% of the study period in the temporal window. Because anthrax was a
seasonal disease, we made temporal adjustment for seasonality in our study. To adjust for the
underlying distribution of the population, age and gender as the potential covariates from the
population and cases files were included in our study. According to the criteria of National
Bureau of Statistics of China, we divided the population and CA cases into 3 age groups:� 15
years, 16–59 years,� 60 years. The likelihood ratio tests were performed to test the significance
of identified clusters and p-values were obtained through 999 Monte Carlo simulations [23].
Clusters with a p-value of< 0.05 were considered to be statistically significant. All the spatiotem-
poral clusters were mapped using ArcGIS version 9.3 (ESRI, Redlands, CA).

Comparative Analysis of the Epidemiological Characteristics within and
outside Clusters
To determine whether the epidemiologic characteristics of CA cases within and outside clus-
ters were different, comparative analyses were performed between high-risk counties
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(spatiotemporal clusters detected by space-time scan statistic) and low-risk counties (not
included in the spatiotemporal clusters) using the χ2 test or Kruskal-Wallis test. All statisti-
cal analyses were conducted using the SAS program (SAS Institute Inc., Cary, NC. Version
9.2)

Results

Descriptive Analysis
A total of 3,236 CA cases were reported from 298 counties of 19 provinces during January
2005–December 2012 in mainland China (a total of 2,922 counties). The majority of the cases
(72.84%) were reported in male patients, and the incidence in males was much higher than
that in females (χ2 = 601.24, p< 0.001). Furthermore, 41.10% and 45.46% of the cases were
reported among shepherds and farmers, respectively. 2,046 (63.22%) cases were reported in
persons aged 20–49 years. Grouping by age in 10–year intervals showed that 30–39 years
group had the highest incidence (χ2 = 10.84, p< 0.001) and the fatality increased with age
(Cochran-Armitage trend test: Z = 5.07, p< 0.001), with persons� 70 years showing a fatality
rate of 4.04%. A total of 35 CA-related deaths were reported during 2005–2012; farmers and
shepherds accounted for 77.14% and 22.86% of these deaths, respectively.

Fig 1 depicts the temporal variation in monthly CA cases and the seasonal pattern of CA
cases. CA cases occurred throughout the year, and the number of CA cases showed an initial
increase from April followed by a peak in July–August and a decrease thereafter. The seasonal
difference in CA occurrence was statistically significant (χ2 = 323.19, p< 0.001), with the high-
est occurrence noted in summer. Fig 2 shows yearly distributions of CA in mainland China
from 2005 to 2012. Although there were different distributions of CA each year, the counties
with the highest incidence were persistently located in the border areas of Sichuan, Gansu and
Qinghai provinces (Fig 2).

Fig 1. Epidemic curve, seasonal pattern and temporal clusters of human cutaneous anthrax in mainland China, 2005–2012. (A)The figure shows
epidemic curve of monthly CA cases (blue line) and significant temporal clusters (red line) from 2005–2012; (B) The seasonal pattern of CA. The bottom and
top of the box represents the lower quartile (P25) and the upper quartile (P75) respectively; the bottom, middle and top line is minimum, median and maximum
value; dot and asterisk with number represent value of outlier and extreme outlier, respectively.

doi:10.1371/journal.pone.0133736.g001
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Spatiotemporal Cluster Analysis
Space-time cluster analysis of CA from 2005 to 2012 detected a significantly high risk associ-
ated with spatiotemporal clusters. The primary cluster (cluster 1) contained 19 counties with
a radius of 207 km from July 2006 to August 2009, mainly located at the border area of three
provinces (Sichuan, Gansu, and Qinghai), including the top three counties with reported
cases: Zoigee County, Maqu County, and Hongyuan County (Fig 3). Five significant second-
ary clusters were also identified with Relative Risk (RR) ranging from 21.94 to 1100.99
(Table 1).

Spatiotemporal clusters usually had a high incidence per person-year; these clusters covered
a very low proportion of the total population but a high proportion of the total CA cases during
the clustering time (Table 2). Except for the Cluster 6, counties in these high-risk clusters cov-
ered less than 1% of the total population of China, but accounted for 8.61–40.91% of the total
cases during the clustering time. For example, Cluster 1 had the incidence of 22.17/100,000
person-year, and accounted for 40.91% of the total cases during the clustering time, but cov-
ered only 0.07% of the population. Cluster 2 had the incidence of 4.39/100,000 person-year,
and accounted for 13.72% of the total cases during the clustering time, but covered only 0.13%
of the population.

Fig 2. Annual incidence of human cutaneous anthrax in mainland China, 2005–2012.

doi:10.1371/journal.pone.0133736.g002
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Comparative Epidemiology of Cases within and outside Spatiotemporal
Clusters
Males accounted for the majority of cases in both high-risk and low-risk counties (Table 3).
Compared with low-risk counties, cluster 1 had a higher percentage of females (χ2 = 8.21,
p< 0.05), while cluster 2 and cluster 3 had higher percentages of males (χ2 = 17.03, p< 0.001;
χ2 = 4.64, p< 0.05). With regard to the difference in median age in CA cases, it was lower in

Fig 3. Spatiotemporal clusters of human cutaneous anthrax in mainland China, 2005–2012.

doi:10.1371/journal.pone.0133736.g003

Table 1. Space-time clusters of human cutaneous anthrax in China, 2005–2012.

Cluster Radius(Km) Time Frame No. Counties No. Obs No. Exp LLR RR#

1 207 2006/07-2009/08 19 603 0.84 3421 879.27

2 49 2005/04-2007/11 6 195 1.51 760 137.18

3 378 2010/05-2012/10 24 76 3.54 161 21.94

4 91 2010/08 4 25 0.02 150 1100.99

5 64 2011/07-2011/08 4 33 0.13 149 250.62

6 0 2008/7-2011/8 1 9 0.11 30 80.79

No. Counties: number of counties in each cluster; No. Obs: number of observed cases; No. Exp: number of expected cases; LLR: Log Likelihood Ratios;

RR: Relative Risk; Cluster 1: Primary cluster; Cluster 2–6: Secondary clusters
#P<0.05.

doi:10.1371/journal.pone.0133736.t001
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cluster 1 than in the low-risk counties (35 years vs. 38 years, Z = -2.80, p< 0.05), and it was
higher in clusters 3–6 than in low-risk counties (p< 0.01).The majority of reported CA cases
occurred in the local residents, while in cluster 4 there were 88% of the cases from the floating
population. The concentration of local residents was more frequent in clusters 1 and 2 com-
pared with low-risk counties (p< 0.01). Shepherds accounted for the majority of CA cases in
cluster 1(85.07%); this percentage was significantly higher than that of each group (Fisher
exact test, p< 0.001). The median number of days from illness onset to diagnosis was lower in
cluster 1 than in low-risk counties (Z = -5.28, p< 0.001); further, it was higher in clusters 3–5
than in low-risk counties (p< 0.01).With regard to the distribution of the 35 fatalities, one
death was from cluster 1; 9 deaths from cluster 2; 2 deaths from cluster 3; 23 deaths from low-
risk counties, with a statistically significant difference (Fisher exact test, p< 0.001). The mor-
tality rate in cluster 1 was lower than in low-risk counties (0.15% vs. 1.03%, Fisher exact test,
p< 0.05), while the mortality rate in cluster 2 was higher than that in low-risk counties (4.62%
vs. 1.03%, Fisher exact test, p< 0.001)(Table 3).

Table 2. Incidence of human cutaneous anthrax, proportion of cases and population in spatiotemporal clusters in China, 2005–2012.

Cluster Time Frame Population Incidence % Cases %Population

1 2006/07-2009/08 858160 22.17 40.91 0.07

2 2005/04-2007/11 1664107 4.39 13.72 0.13

3 2010/05-2012/10 5420981 0.56 8.61 0.42

4 2010/08 946889 33.00 34.25 0.07

5 2011/07-2011/08 2986631 6.50 22.00 0.23

6 2008/7-2011/8 128420 2.21 0.76 0.01

Incidence: cases per 100000 person year; %Population: the percentage of population living in cluster/the total population; %Cases: the percentage of

cutaneous anthrax cases observed in cluster/the total cases during the same time.

doi:10.1371/journal.pone.0133736.t002

Table 3. Comparison of characteristics of cutaneous anthrax in high-risk counties and low-risk counties identified by Kulldorff’s space time clus-
ter analysis in China, 2005–2012.

Variables High-risk counties Low-risk counties

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Sex
Male,% 402 (66.67*) 168 (86.15#) 63 (82.89#) 22 (88.00) 28 (84.85) 8 (88.19) 1666 (72.59)

Female,% 201 (33.33) 27 (13.85) 13 (17.11) 3 (12.00) 5 (15.15) 1 (11.11) 629 (27.41)

Age (Year) Median (IR✝) 35* (25–46) 39 (28–50) 45# (33–52) 43# (38–51) 42# (39–45) 56#(54–59) 38(27–49)

Occupation Shepherd, % 513 (85.07#) 1 (0.51) 16 (21.05) 4 (16.00) 0 (0.00) 0 (0.00) 796 (34.68)

Farmer, % 21 (3.48) 185 (94.87#) 55 (72.37#) 19 (76.00#) 28 (84.85#) 8 (88.19#) 1155 (50.33)

Address Resident, % 594 (98.51#) 195 (100.00#) 69 (90.79) 3 (12.00) 32 (96.97) 8 (88.19) 2180 (94.99)

Floating, % 9 (1.49) 0 (0.00) 7 (9.21) 22 (88.00#) 1 (3.03) 1 (11.11) 115 (5.01)

Days✝ Median (IR) 4.0* (2.0–5.4) 4.0 (3.0–7.0) 5.4# (3.6–7.7) 5.4# (5.3–6.6) 7.5# (4.5–8.7) 5 (2.8–5.8) 4.2 (2.4–7.0)

Deaths No. (Mortality, %) 1 (0.17*) 9 (4.62#) 2 (2.63) 0 (0) 0 (0) 0 (0) 23 (1)

* Significant difference with lower value in high-risk counties compared with low-risk counties (χ2 test, Fisher’s exact test or Z test with p<0.05)

# Significant difference with higher value in high-risk counties compared with low-risk counties (χ2 test or Z test with p<0.05)
✝ Interquartile range

✝ Days from illness onset to diagnosis.

doi:10.1371/journal.pone.0133736.t003
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Discussion
The results of our study indicated that CA occurred throughout the year, with the lowest inci-
dence reported in February and the highest incidence reported in August. There was significant
seasonality between May/June and September/October. The seasonal variations in each year
may be associated with exposure to hot weather, which may modify the resistance of the
mucous membranes or skin of grazing animals to the pathogen, assist entry of the spores into
the body of the animal, and reduce the host’s innate resistance to infection by increasing the
infectivity of low doses of spores [24]. Furthermore, human would increase the chances of
exposure to sick livestock or contaminated soil during these hot months. Such distinctive sea-
sonal distribution has been reported in studies from other countries [25–28].

Our study identified six significant spatiotemporal clusters and the primary cluster persis-
tently located in the border areas of Sichuan, Gansu, and Qinghai. These high-risk counties
covered less than 1% of the total population of China during the clustering time. The identifica-
tion of high-risk clusters indicated persistent infections of CA over space and time, which
would be conducive to targeted control actions. It is believed that the high endemicity of CA in
the high-risk areas identified in our study is closely associated with the work habits of farmers
and shepherds and their contact with contaminated meat and soils [11,29]. Moreover, the
space-time scan statistic identified one new cluster of CA in some parts of Liaoning province
that were earlier non-epidemic. Similar patterns of outbreaks have been reported in Bangladesh
and India [30,31].

Interestingly, the characteristics of CA cases in the high-risk and low-risk counties as identi-
fied by space-time cluster analysis were not similar. In cluster 1 where are typical pastoral
areas, the majority of cases were younger, local, male individuals who were shepherds, living
on agriculture and stockbreeding. Younger males were more likely to be involved in occupa-
tional exposure activities, such as skinning, butchering sick animals, and handling contami-
nated meat, whereas females are more likely to be involved in house-work and agriculture
activities or cooking contaminated meat. Therefore, the occurrence of CA among females may
be associated with exposure to contaminated soil, which is a continuous source of infection
[19]. Another interesting finding is that no cases of gastrointestinal anthrax were reported,
even though people living in these areas have the custom of eating sick or dead livestock
because they are unwilling to discard them, and similar findings were reported in a study from
Turkey [26]. Poverty, insufficient livestock vaccination coverage, lack of awareness about CA
transmission from animals to humans, and behavioral and cultural factors all contribute to
these outbreaks and epidemics in China [26,32–34].

In our study we found high morbidity, low mortality and quick confirmation from illness
onset to diagnosis in the natural foci especially in cluster 1, which may be related with better
awareness among residents and physicians about clinical manifestations because of a long his-
tory of epidemics. Higher morbidity and mortality were noted in the border areas of Guangxi
and Guizhou provinces (cluster 2) between April 2005 and November 2007. This trend has
been reported in some parts of Turkey too [26], and may be associated with the implementa-
tion of effective control measures. However, the real cause should be further studied, as it
would be useful for disease control in other regions. Older, male farmers were predominately
found in clusters 3–6 and they had a longer intervals from illness onset to diagnosis; this may
be associated with changes in sociocultural practices. In these atypical areas, the lack of aware-
ness about the disease may be the reason for a longer period of time from illness onset to
diagnosis.

Our analyses identified clusters of counties that are historically known as natural foci of CA
as well as new counties that represent areas of (re)emergence; furthermore, different epidemic
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characteristics of CA were detected inside and outside spatiotemporal clusters. These findings
can be useful to formulate public health interventions aimed at target prevention and control
of CA and increasing awareness about the disease. Given the limited resources available, differ-
ent targeted efforts in different areas are needed. Prevention and control measures including
scientific self-protection, supervision, vaccination campaigns among domestic animals, decon-
tamination of soil and environmental management should be prioritized in natural foci areas
to increase the effectiveness of such programs. Health education and promotion campaigns
among both residents and physicians are a priority in atypical areas. It is important to
strengthen cooperation among related health administration, such as intercommunication
between the authorities in charge of livestock cases and human cases, in order to quickly
respond to epidemics or outbreaks.

There are some limitations in this study. First, the circular scan window in the space-time
scan statistic may have detected larger clusters containing low-risk counties. This is unavoid-
able, especially in border or irregular areas, because of the algorithm used [22]. Therefore, the
incidence in cluster 3 was lower than that in other spatiotemporal clusters. In fact, cluster 3
contained true and false high-risk counties. Second, data in this study are obtained from a
passive surveillance system, which could indicate that the data are underreported. Third, we
created the risk maps based on reports of human anthrax cases, which is useful from the view-
point of national public health surveillance and prevention strategies, but it is not noteworthy
outside of this context. Further studies are necessary to quantify the role of known environ-
mental, such as soil factors (pH, calcium ion concentrations, soil type, hydrological data, and
mean surface temperature) and socio-environmental factors (temperature, relative humidity,
rainfall, land cover, working place, exposure, custom, and control measures) in the spatial vari-
ation identified in this study [7,35–38].

Conclusion
This study investigated the heterogeneity of CA occurrence over space and time in China and
described the different epidemiological characteristics in high-risk and low-risk counties dur-
ing 2005–2012. Based on this information, informed control and prevention measures focused
on high-risk areas could provide more effective interventions. Given the limited resources
available, different areas should have different priorities with regard to preferable surveillance,
health education, mandatory and standard decontamination and disinfection procedures, in
order to help reduce the occurrence of CA in China.
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