
Pathogens that persist in environmental reservoirs 
represent a major and underappreciated risk for 

humans and animals (1). Bacillus anthracis, the caus-
ative agent of anthrax, is an extreme example of en-
vironmental pathogen persistence because its spores 
persist for long periods (2), and indirect transmission 
from environment-to-host is obligate (3). Outbreaks 
are documented nearly worldwide, and the distribu-
tion of disease is constrained by specific environmen-
tal conditions (e.g., soil pH, organic matter, calcium) 
(2,4,5). Outbreaks generally arise in steppe/grassland 
habitats in wildlife populations (6) and livestock; this 
pattern was modeled globally (7), nationally (8–13) 
and locally (14–16) for several regions. The primary 
hypothesized infection route for livestock/wildlife 
is ingestion of B. anthracis spores during feeding at 

sites in which spores are concentrated (17). Human 
cases are primarily results of spillover from animal 
cases, particularly by handling carcasses or meat of 
livestock (18) or wildlife (19,20). Anthrax remains a 
major disease in developing countries in Africa and 
Asia (21,22). Where present, anthrax is major factor in 
public health (23), food web dynamics (24), and wild-
life conservation (25).

An estimated 20,000–100,000 human cases of 
anthrax occur annually worldwide, mostly in poor 
rural areas (26). Cutaneous exposure to B. anthracis 
accounts for most human cases worldwide, typically 
with low mortality rates; gastrointestinal exposure 
shows intermediate-to-high case-fatality rates. Cuta-
neous and gastrointestinal cases of anthrax are most 
commonly caused by handling and slaughtering in-
fected livestock or butchering and eating contaminat-
ed meat; untreated gastrointestinal cases account for 
most human deaths (4,21).

In Vietnam, anthrax has been identified as a pri-
ority zoonotic disease for control in a joint Ministry 
of Health and Ministry of Agriculture and Rural 
Development Circular (#16, 2013) (http://vbpl.yte.
gov.vn/van-ban-phap-luat/TTLT-162013ttlt-byt-bn-
nptnt-.12.1706.html#pdf). Disease reports of anthrax 
in Vietnam in the literature date to the 1940s, with 
reports of agricultural risk for terrace-working farm-
ers (27) (a dominant farming practice across much of 
current-day, mountainous rural Vietnam). Histori-
cally, anthrax foci were defined in southern Vietnam 
and along the northern border with China. Today, 
anthrax appears concentrated in 6 northern provinc-
es, 5 of which border China (the Northern Midlands 
and Mountainous region) (Figure 1), with few reports 
from southern Vietnam (28). Several recent studies 
in China have reported sustained, as well as increas-
ing areas of moderate human and livestock anthrax 
in provinces bordering northern Vietnam (29,30), 
an area with known transborder trade and livestock  
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Anthrax is a priority zoonosis for control in Vietnam. The 
geographic distribution of anthrax remains to be defined, 
challenging our ability to target areas for control. We 
analyzed human anthrax cases in Vietnam to obtain an-
thrax incidence at the national and provincial level. Na-
tionally, the trendline for cases remained at ≈61 cases/
year throughout the 26 years of available data, indicating 
control efforts are not effectively reducing disease burden 
over time. Most anthrax cases occurred in the Northern 
Midlands and Mountainous regions, and the provinces 
of Lai Chau, Dien Bien, Lao Cai, Ha Giang, Cao Bang, 
and Son La experienced some of the highest incidence 
rates. Based on spatial Bayes smoothed maps, every re-
gion of Vietnam experienced human anthrax cases dur-
ing the study period. Clarifying the distribution of anthrax 
in Vietnam will enable us to better identify risk areas for 
improved surveillance, rapid clinical care, and livestock 
vaccination campaigns.
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markets (temporarily restricted because of the  
COVID-19 pandemic). Generally, surveillance is 
anthropocentric with limited livestock reporting; 
comparable records are not currently available for 
livestock. Therefore, anthrax burden is unknown/
underestimated, and the geographic distribution of 
anthrax in Vietnam remains to be defined, challeng-
ing our ability to identify target areas for control.

Because most human infections with anthrax 
are caused by contact with infected animals or their 
byproducts (e.g., meat or hides), targeting livestock 
with annual vaccination is the most effective method 
to control anthrax in animals and, consequently, in 
humans (31–33). Despite the effectiveness of vac-
cination, anthrax persists in areas with weakened 
health infrastructures; as a result, long-term vac-
cination strategies are often needed in disease-en-
demic areas (31). To prioritize areas for vaccination 
campaigns and disease surveillance and control, an 
understanding of risk areas is a necessity. To clarify 
anthrax risk areas in Vietnam, we retrospectively 

analyzed human anthrax case data for 1990–2015. 
We calculated nationwide and province-level an-
thrax incidence rates for this period, with the goal of 
assessing disease burden, a first step to prioritizing 
risk areas for management.

Methods

Epidemiologic Data
We extracted province-level data on human anthrax 
cases for 1990–2015 from the Vietnam Health Sta-
tistics Yearbooks published for 1991–2016 by epide-
miologists of the National Institute of Hygiene and 
Epidemiology, Ministry of Health, Vietnam. Before 
2015, anthrax was reported on weekly, monthly, 
and annual bases from commune health centers and 
district hospitals to District Medical Centers. From 
there, weekly, monthly, and annual reports were pro-
vided to the Provincial Preventative Medicine Cen-
ters, which reorganized into the Provincial Centers 
for Disease Control as of 2015. Reports of Provincial  
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Figure 1. Regions of Vietnam. Current reports of anthrax 
in Vietnam are concentrated in the Northern Midlands and 
Mountainous region (inset), especially in 6 provinces bordering or 
close to China: Dien Bien, Lai Chau, Lao Cai, Ha Giang, Son La, 
and Cao Bang.
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Preventative Medicine Centers/Provincial Centers 
for Disease Control were submitted monthly and an-
nually to National Institute of Hygiene and Epidemi-
ology and 3 other regional institutes corresponding to 
each region of Vietnam. The institutes reviewed, com-
piled, and submitted the annual data to the Ministry 
of Health for further compilation and publication to-
gether with other health data. Anthrax was made re-
portable within 24 hours in 2015 as a class B infectious 
disease by circular number 54/2015/TT-BYT issued 
by the Ministry of Health (34).

Population Data
We obtained population data for the provinces of 
Vietnam for 2000–2015 from the WorldPop popula-
tion counts database (35). This database incorporates 
census and open access ancillary data in a random 
forest estimation technique. The random forest model 
generates a gridded prediction of population density 
at 100-meter spatial resolution, which is used as a 
weighting surface to perform dasymetric redistribu-
tion, resulting in pixel-level census counts available 
for the whole country (35).

We aggregated these gridded population data to 
the provincial level by using the zonal statistic routine 
in QGIS 3.8 (https://www.qgis.org). In this instance, 
the provinces of Vietnam acted as the polygon layer, 
and the pixels of population data in each province 
were summed by using the zonal statistic to achieve 
a final calculation of the population of each province. 
The population was calculated by using this method 
for each province during 2000–2015. However, be-
cause WorldPop data are not available for years before 
2000, we used a different approach for 1990–1999. For 
these years, we back calculated the population by us-
ing the United Nations average annual rate of change 
(36) for 2000–2001 and applying it to the provinces 
(Appendix Equation, https://wwwnc.cdc.gov/EID/
article/28/11/21-2584-App1.pdf).

To verify the accuracy of this approach, we com-
pared census population data collected by the country 
of Vietnam with the WorldPop population dataset. 
Census data from the 2019, 2009, and 1999 censuses 
were publicly available. We provide a comparison 
of population data from the 2 datasets, as well as the 
national incidence of anthrax cases (Appendix Fig-
ure 1). The WorldPop estimate is slightly higher than 
the census population data, especially for 1995–2005. 
However, our national incidence rate calculations 
were nearly identical regardless of the population es-
timate used (Appendix Figure 1).

The administrative boundaries of the provinces 
of Vietnam have changed several times since 1980 

(37,38). During our study period, splits or merges oc-
curred in 1990, 1991, 1992, 1997, 2004, and 2008 (Ap-
pendix Figure 2). During 1990–2015, the number of 
provinces in Vietnam increased from 44 to 63 (39). 
These administrative boundary changes were consid-
ered when calculating the populations of each prov-
ince as outlined; thus, the zonal statistic was used 
on different polygon layers that corresponded to the 
provincial boundaries of that year. Administrative 
boundaries of the choropleth maps in the results are 
also displayed accurately to the corresponding year.

Once population data were available as denomi-
nators, we plotted total cases and incidence per 10,000 
persons annually for all of Vietnam. We also fitted a 
linear trend for each case and incidence in Excel 365 
(Microsoft, https://www.microsoft.com).

Spatial Incidence Mapping
For mapping, we calculated provincial level hu-
man anthrax incidence rates annually for 1990–2015. 
We obtained incidence rates by dividing raw cases 
numbers in each province by the population of each 
province and multiplying by 10,000 for each year. Ac-
cordingly, all incidence rates reported are per 10,000 
persons. We spatially smoothed raw incidence rates 
to improve estimates of anthrax cases that might have 
gone unreported.

Smoothing is a method of statistically adjusting 
the estimate for the underlying risk in each spatial unit 
by using information provided by the other spatial 
units (39,40). When subdividing national estimates 
into individual provinces, variance estimates can be 
unstable (41), and instability is increased in rural ar-
eas. The goal of smoothing is to adjust rate estimates 
toward a global or local mean, with a larger effect 
on spatial units (here, provinces) that have smaller 
populations (39). We applied spatial Bayes in GeoDa 
1.20 (39). In brief, spatial Bayes smoothing uses the 
raw rate for each areal unit averaged with a localized 
reference estimate, the extent of which is based on a 
weights matrix. We used a first-order queen contigu-
ity weights matrix, which defines the neighbors of a 
location as those that have either a shared border or 
vertex with the polygon of interest (39).

We compared empirical Bayes smoothing, which 
adjusts values to the global mean (all of Vietnam) to 
spatial Bayes, which adjusts to the local mean defined 
by the weights matrix, reducing the adjustment to 
the mean incidence of immediate neighbors. For in-
cidence rate smoothing comparisons, we chose the 
years with the lowest (1990) and highest (2011) inci-
dence rates, as well as 4 additional, randomly chosen 
years (Appendix Figure 3). Box plots showed that 
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spatial Bayes and empirical Bayes smoothing were 
similar, but spatial Bayes outperformed empirical 
Bayes in collapsing lower percentile outliers, the SD, 
and the mean (Appendix Figure 3). Accordingly, spa-
tial Bayes smoothing was chosen for use in this study.

After smoothing, we constructed choropleth 
maps of the province-level incidence rates by using 
ArcGIS Pro 2.4.0 (https://support.esri.com). To eval-
uate results, we mapped each year separately (Ap-
pendix Figure 4) and developed an animated GIF en-
abling us to view interannual variability (Appendix 
Figure 5). We mapped a selection of years to illustrate 
areas of sustained anthrax and the wider geography 
of reported human anthrax over the 26 years.

Results

National Incidence of Human Anthrax
During 1990–2015, Vietnam reported 1,600 human an-
thrax cases with an annual average of 61.5 cases (Fig-
ure 2). During the study period, human deaths were 
reported in 1992, 1995, 2001, 2003, and 2011. Some 
years had >200 cases, and deaths were not necessar-
ily in severe years (Figure 2). The trendline for cases 
remained at ≈61 cases per year throughout the 26 
years of the study period. The trendline for incidence 
showed a slight decrease over time, probably a reflec-
tion of the increasing population in Vietnam (Figure 3). 
Years with the highest number of human cases were 
1992 (166 cases) and 2011 (201 cases), reflecting large 
outbreaks early and late in the study period. In 1992 
and 2011, the incidence rate reached 2.3 cases/10,000 
persons. Between these 2 large outbreak years, inci-
dence fluctuated with peaks every 3–to 4 years.

Provincial Incidence of Human Anthrax
Of the 63 total provinces in Vietnam, 20 provinces 
reported >1 human anthrax case during 1990–2015. 

Four provinces reported >1 death. Most cases were 
reported in the Northern Midlands and Mountain-
ous region (Figure 1), but smoothed maps identified 
case incidence in several years in the Red River Delta, 
North Central and Central Coast, Central Highlands, 
South East, and Mekong River Delta regions (Figure 
4). The provinces of Lai Chau, Dien Bien, Lao Cai, Ha 
Giang, and Cao Bang had some of the highest inci-
dence rates. Dien Bien had the highest incidence rate 
of all provinces in 2011 (2.62 cases/10,000 persons). 
Of the North Central and Central Coast region of 
Vietnam, Ha Tinh was the province with the highest 
incidence rate (0.33 cases/10,000 persons in 1992). In 
the Central Highlands region, Dak Lak had the high-
est incidence and in the South East region Dong Nai 
was the province that had the highest incidence. An-
thrax incidence was highest in, but not exclusive to, 
the northern provinces (Figure 4). Anthrax incidence 
was widespread throughout the country during our 
study (Appendix Figure 4).

Discussion
We examined the interannual patterns of human an-
thrax in Vietnam at the national and provincial level 
for 1990–2015. There was no annual decrease in re-
ported human anthrax cases nationally over the 26 
years for which data were available. Although the 
national incidence rate decreased slightly during 
1990–2015, this decrease was probably caused by an 
increase in the population of Vietnam, rather than a 
decrease in raw case numbers (Figure 3). For exam-
ple, the median percentage change of the population 
in the communes of Vietnam during 1990–2015 was 
11%. Furthermore, 56% of communes had a popula-
tion increase, and 1,200 communes had a population 
increase of >500%. The increasing population and 
steady case numbers indicate that over our study pe-
riod, control efforts did not effectively reduce disease 
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Figure 2. National human 
anthrax cases and incidence 
per 10,000 persons per year 
in Vietnam, 1990‒2015. Gray 
arrows indicate deaths.
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burden nationally. In addition, the years in which 
deaths occurred (Figure 2) did not necessarily corre-
spond to the years with the highest incidence rates, 
suggesting that deaths are driven by access to health-
care or knowledge of disease, rather disease intensity.

Historically, anthrax foci have appeared con-
centrated at the northern border with China,  in 
the Northern Midlands and Mountainous region of 
Vietnam. Our study supports this finding because 
some of the highest incidence rates were found in 
the provinces of Lai Chau, Dien Bien, Ha Giang, Cao 
Bang, Lao Cai, and Son La. Of these provinces, only 
Son La does not have a border with China. However, 
Son La and Dien Bien both have a border with Laos. 
Borders that serve as areas of international transit 
and trade might play a major role when addressing 

disease control. Because B. anthracis is most com-
monly transmitted to humans through infected live-
stock, trading animals or meat across borders could 
be a cause for concern. Although this practice has 
been limited by COVID-19 restrictions since 2020, 
transnational livestock trade is a major industry in 
Vietnam (42). For example, Turner (42) reported 
how regular trade in buffalo, which are vital farming 
tools for ploughing terraced fields, spans the China–
Vietnam border and takes place through legal and 
illegal routes. On legal paths, buffalo are inspected 
at border checkpoints for disease, but other traders 
use secret routes to smuggle buffalo without permits 
(42). Livestock trade also occurs at the Laos–Vietnam 
border because Laos is an importer and exporter of 
cattle and buffalo and a transit country for livestock 
destined for Vietnam and China (43).

Recent disease reporting from China has shown 
high incidence of human cutaneous anthrax in south-
western China, including Yunnan and Guangxi Prov-
inces, which border northern Vietnam (29,30). In con-
trast, although anthrax is a reportable disease in Laos, 
publicly available data on human anthrax cases are 
limited (44,45). Of the provinces in Laos that reported 
outbreaks during 1984–2010, none of them border the 
northern provinces of Vietnam where high incidence 
rates were reported from our study (45). However, this 
finding could be a case of underreporting and data in-
accessibility, rather than an indication that anthrax 
outbreaks have not occurred in northeastern Laos.

Although most reported anthrax cases and the 
highest anthrax incidence were found in the Northern 
Midlands and Mountainous regions of Vietnam, our 
study shows that human anthrax incidence is much 
more widespread throughout the country; smoothed 
rate maps showed that all regions of Vietnam have 
probably had anthrax cases during the study period 
(Figure 4). This major finding helps identify risk areas 
and target regions for public health intervention. Fur-
thermore, because of the ability of B. anthracis to form 
long-lasting spores resistant to multiple environmen-
tal conditions (46), cases occurring in these other re-
gions of Vietnam are a good indication of the pres-
ence of B. anthracis in the environment. Therefore, 
cases could reoccur in these areas, even if outbreaks 
have not been reported in recent years. In addition, 
because of limited data available on the domestic 
livestock trade within Vietnam, it is unknown how 
movement of livestock within the country contributes 
to anthrax incidence. Domestic trade and transporta-
tion of draft and livestock animals from regions with 
a high burden of disease could contribute to the spo-
radic occurrence of anthrax cases in other regions.
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Figure 3. Percentage population change in the communes of 
Vietnam during 1990‒2015. Light blue, dark blue, and green 
values indicate communes that had population decreases, and 
yellow, orange, and red values indicate communes that had 
population growth.
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As for all neglected zoonoses, our data probably 
represent an underestimation of true disease burden, 
which is a limitation of our study. Although anthrax 
is a reportable disease in Vietnam (34), it might go un-
reported because of a multitude of reasons, including 
lack of public awareness, stigma, or travel distance to 
a health provider. Case identification is also depen-
dent on the diagnostic capacity existing in the clinical 
and laboratory chain down to the local level. A break-
down in any of these steps might result in underre-
porting of anthrax cases.

Previous research has shown that human an-
thrax rates increase with limited vaccination of 
livestock (47) and a decrease in sustained livestock 
vaccination (48). Although there is national policy 

on livestock vaccination for Vietnam, it is not clear 
how vaccination rules and distribution of livestock 
vaccines differ between provinces. Goletti et al. (49) 
found that although the supply of vaccines is not a 
constraint within the country, their price and quality 
might impede their effective use. Furthermore, lim-
ited animal health knowledge at the farm and field 
service levels is a key factor in the low adoption of 
proven disease control measures. More data on the 
distribution and use of anthrax vaccines is needed in 
Vietnam and worldwide (7).

In conclusion, the current anthrax situation in 
Vietnam remains a public and veterinary health 
threat because of challenges with reporting, surveil-
lance, and control. Our findings suggest anthrax has 
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Figure 4. Choropleth maps of 
spatial Bayes smoothed human 
anthrax incidence rates in 
provinces of Vietnam. The years 
are not necessarily those with 
the highest anthrax incidence 
rates but those with the most 
widespread range of anthrax. 
Although anthrax incidence rates 
were highest in the northern 
provinces, they were not limited 
to those provinces.
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occurred throughout Vietnam, and the highest inci-
dence are in provinces of the Northern Midlands and 
Mountainous region. Future control efforts need to 
focus on improving (and reporting) livestock vacci-
nation rates, as well as advancing public awareness 
and knowledge of the disease, especially in these risk 
areas. The interconnectedness of humans, livestock, 
and wildlife is evident when examining anthrax 
outbreaks and emphasizes the need for a true One 
Health approach to effectively prevent and control 
this neglected zoonosis.
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Spatiotemporal Patterns of Anthrax, 
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Appendix Equation. United Nations average annual rate of change, where n is the length of the time 

period and P is the population. 

 

 

Appendix Figure 1. Comparison between WorldPop population estimates and census-based population 

estimates in Vietnam. Results indicate that the national human anthrax incidence rates were similar 

regardless of the population method used. 
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Appendix Figure 2. Province administrative boundary separations and merges for Vietnam during 1980‒

2010. Years in which the number of total provinces in Vietnam changed are marked by a vertical gray line 

(1). 
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Appendix Figure 3. Box plots comparing raw rates, Empirical Bayes smoothing, and Spatial Bayes 

smoothing of anthrax incidence rates in Vietnam during 1990, 1993, 1995, 2003, 2011, and 2013. 
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Appendix Figure 4. A‒E) Spatial Bayes smoothed human anthrax incidence rates for every year of the 

study, Vietnam, 1990–2015. 

 

Appendix Figure 5. A GIF of the yearly crude (A) and Spatial Bayes smoothed (B) anthrax incidence 

rates in provinces of Vietnam from 1990 to 2015. 21-2584-App-F5.gif 

https://wwwnc.cdc.gov/eid/images/21-2584-App-F5.gif
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