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Abstract. Anthrax, caused by Bacillus anthracis, has a nearly global distribution but is understudied in Southeast
Asia, including Vietnam. Here, we used historical data from 1999 to 2020 in Ha Giang, a province in northern Vietnam.
The objectives were to describe the spatiotemporal patterns and epidemiology of human and livestock anthrax in the
province and compare livestock vaccine coverage with human and livestock anthrax incidence. Annual incidence rates
(per 10,000) for humans, buffalo/cattle, and goats were used to explore anthrax patterns and for comparison with live-
stock annual vaccine variations. A data subset describes anthrax epidemiology in humans by gender, age, source of
infection, type of anthrax, admission site, and season. Zonal statistics and SaTScan were used to identify spatial and
space-time clusters of human anthrax. SaTScan revealed space-time clusters in 1999, 2004, and 2007-2008 in the prov-
ince, including in the northeastern, eastern, and western areas. Most human anthrax was reported between July and
October. Most patients were male, aged 15-59 years, who had handled sick animals and/or consumed contaminated
meat. High case-fatality rates were reported with gastrointestinal or respiratory cases. Our data suggest that vaccination
in buffalo and cattle reduces the disease burden in humans and vaccinated animals but does not reduce the incidence in
unvaccinated animals (goats). This study identified spatial areas of high risk for anthrax and can inform One Health sur-

veillance and livestock vaccination planning in contextual settings similar to Ha Giang province.

INTRODUCTION

Anthrax is a severe and significant zoonosis with potential
for a high case-fatality rate (CFR) if not treated in a timely
and proper manner.! Anthrax is reported nearly worldwide,
with varying intensity and seasonality across its range.?*
The causative agent, Bacillus anthracis, is a spore-forming,
gram-positive bacterium with an environmental reservoir.
Spores can persist for long periods (years or longer)* under
certain conditions, leading to recurrent outbreaks. Anthrax is
primarily found in herbivorous wildlife and domestic live-
stock, with spillover in humans with exposure through han-
dling of sick animals and consumption of contaminated
animal products.®>® There are four main types of anthrax in
humans, which are classified by the route of infection: cuta-
neous (most common), gastrointestinal, respiratory, and
(more recently) injectional anthrax.>” The three latter types
are less frequently reported but have a dramatically high
CFR of 25-60%."® Sufficient anthrax vaccine coverage in
domestic animals effectively reduces disease incidence in
both humans and livestock.®

In Asia, anthrax has a broad geographic range, as cases
have occurred in several countries, including China, Mongolia,
India, Iran, and countries of the former Soviet Union, including
Kazakhstan, Kyrgyzstan, and Uzbekistan.?'® Although current
evidence confirms anthrax in neighboring countries, there are
gaps in knowledge about zoonoses, including anthrax, in
Southeast Asian countries, especially in the Indochina region.
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Vietnam is in the tropical latitudes with diverse climatic char-
acteristics ranging from temperate in the northern mountain
areas to tropical in the south. Vietham shares land borders with
China, Laos, and Cambodia. Among these, China has reported
an average of ~2,000 cases of human anthrax annually from
1955 to 2014.° Analysis of these cases confirms disease
occurrence in China’s border areas, indicating the potential for
transborder disease transmission with neighboring countries,
particularly where livestock trade is actively operated.'®'?
Anthrax has been officially recognized by Vietnamese law since
2007, which mandates the responsibilities of disease control
and management to provincial-level authorities.”™ In 2013,
anthrax was prioritized as a zoonotic disease for One Health
surveillance and response, involving both human and animal
health sectors.' In 2015, human anthrax was made nationally
reportable with clearer procedures and guidelines.®

In Vietnam, the province of Ha Giang shares a long border
with the Yunnan and Guangxi provinces of China, where
there is the potential for animal trade between the coun-
tries."® Seventy percent of the land in Ha Giang is mountain-
ous, making commuting from the provincial centers to remote
areas difficult, and forms subregions with typical agricultural
practices and livestock grazing within the province.'® Ha
Giang province is one of six mountainous northwestern
provinces reporting the majority of human anthrax cases in
Vietnam.'”'® Livestock anthrax vaccination campaigns were
initiated before 2009 and are maintained annually across the
province; however, sporadic outbreaks of human anthrax still
occur in the province, requiring improved control efforts.

To inform disease surveillance and a focused livestock
vaccination campaign, we evaluated the anthrax situation in
Ha Giang province from 1999 to 2020 using historical data
and reports from human health and animal health sectors.
The study objectives were to 1) describe spatiotemporal
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patterns and the epidemiology of human and livestock
anthrax in Ha Giang province and 2) compare variations in
livestock vaccine coverage with the incidence of human and
livestock anthrax. To address these objectives, we used
space-only and space-time scan statistics.

MATERIALS AND METHODS

The study setting. Ha Giang province is in the mountainous
northwestern region of Vietnam. It shares a northern and north-
western border with China, a northeastern border with Cao
Bang province, a southeastern border with Tuyen Quang prov-
ince, a southern border with Yen Bai province, and a south-
western border with Lao Cai province (Figure 1).'® Currently,
there are 195 communes (the lowest governmental administra-
tion unit of Vietnam) divided across 11 districts in the province.
Ha Giang is divided into three subregions based on climatic
and topographic features, including the north rocky mountain-
ous subregion (four districts: Quan Ba, Yen Minh, Dong Van,
Meo Vac), west soil mountainous subregion (two districts:
Hoang Su Phi, Xin Man), and lowland subregion (Ha Giang City
and the remaining five surrounding districts). The population of
Ha Giang is approximately 870,000 people of 18 ethnicities
varying in language, culture, and agricultural practices.'®

Data collection and management. The Ha Giang Provin-
cial Center for Disease Control and Sub-Department of Hus-
bandry and Animal Health (Sub-DAH) were responsible for
historical raw data collection corresponding to each human
health sector (1999-2020) or animal health sector (2009-2020).
The province’s disease reporting system is designed to
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capture human index cases in healthcare settings (provincial
hospitals, district hospitals, and commune health centers)
that trigger field outbreak investigations to look for more
cases associated with the index cases. In the animal health
sector, disease surveillance is conducted through a network
of field veterinarians at the district and provincial levels. In
this study, anthrax case definitions were consistent with cri-
teria for Vietham’s national disease surveillance system,
which was any case with clinical signs (humans or livestock)
and/or symptoms (humans) of anthrax with or without labora-
tory confirmation (Supplement). Data were aggregated to
communes (subdistrict polygons) as the spatial unit analysis
for human and livestock anthrax. The commune, district, and
provincial polygons were downloaded from GADM data
version 3.6 (www.gadm.org)."®

Human and livestock population data. Human population
estimates for each commune were derived using a zonal statis-
tics routine on gridded unconstrained individual countries from
the United Nations adjusted population counts provided by the
WorldPop database for each year from 2000 to 2020 (grid cell
resolution is ~100 m X 100 m at the equator).?*2" The popula-
tion for each commune in 1999 was estimated from the popula-
tion in 2000 and an annual growth rate of 1.8%.22 The zonal
statistic routine was performed in ArcGIS® Pro (Esri, Redlands,
CA).2® The estimated population was compared with the
province-level population from a report of the Ha Giang Prov-
ince Statistical Office in 2021."® Results of the comparison con-
firmed that zonal statistics provided a close estimation of the
province’s report; the difference between estimations ranged
from —0.9% to 1.6% (Supplemental Figure 1).
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Ficure 1. Ha Giang province is located in the north of Vietham and shares a border with southern China (produced in ArcGIS Pro using shape-

files from www.gadm.org).
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Ficure 2. Distribution of livestock by number of livestock heads and species, Ha Giang province, Vietnam. (A) 2010. (B) 2015. (C) 2020.

Livestock here refers to buffalo, cattle, and goats because
they accounted for the vast majority of livestock herds in the
province. In this study, we separated animals into two groups
(buffalo/cattle and goats), as goats made up a large portion of
the total herd and were excluded from the anthrax vaccination
program in the province. Subsequently, the population and the
anthrax incidence for goats were calculated separately from
that of buffalo/cattle. The livestock population at the provincial
level was provided by a report from either the Ha Giang
Department of Statistics in 2021 (2000, 2005) or the Sub-DAH
(each year from 2010 to 2020). The gap years in the buffalo
and cattle population (1999, 2001-2004, and 2006-2009) were
estimated on the basis of the numbers in 2000 and 2005, and
an annual growth rate of 3%.'® A similar method was used for
the goat population but with annual growth rates of 4% (1999,
2001-2004) and 7% (2006-2009)."® The annual population of
livestock, broken down into buffalo, cattle, and goat compo-
nents, is presented in Supplemental Figure 2. The population

of each livestock species and its contribution (in percentage)
was aggregated into district polygons for mapping the distribu-
tion of livestock in Ha Giang province.

Province-level annual incidence of anthrax. The annual
incidence rate at the provincial level was used to analyze
temporal patterns of human, buffalo/cattle, and goat anthrax
throughout the study period. The incidence for each group
was calculated as follows:

Incidence rate (per 10,000)
No. of cases of X anthrax reported in year Y

= X1
Total population of X of the province in year Y 0,000

where X is human, buffalo/cattle, or goat; Y ranges from
1999 to 2020.

Epidemiological description of anthrax in Ha Giang
province. A choropleth map was used to visualize spatial
overlap between human anthrax-infected cases, human
anthrax deaths, and livestock anthrax cases in ArcGIS Pro.
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Ficure 3.  Annual patterns of anthrax by number of cases at the district level and the incidence per 10,000 at the provincial level for humans in

Ha Giang province, Vietnam, 1999-2020.

The number of anthrax cases in humans and livestock (buf-
falo/cattle and goat separately) in each district of Ha Giang
province and the annual incidence of human, buffalo/cattle,
and goat anthrax at the provincial level were graphed to illus-
trate the temporal trend of each subject and to compare
temporal overlap in cases among the three populations.
The number of human cases by type of anthrax and CFR
was also graphed. Epidemiological information for human
anthrax, including gender, age, self-reported source of infec-
tion, type of anthrax, admission/treatment site, month of
infection, species of sick/dead animal to which the patient
was exposed, and laboratory test results, was available for a
subset of cases reported from 2004 to 2020.

Space-only and space-time cluster analysis by SaT-
Scan statistics. We were interested in detecting space-only
clusters and space-time clusters for the full-time period 1999
to 2020. Space-only and space-time cluster analyses were
performed using SaTScan version 9.6.2* SaTScan uses a
series of search circles of varying diameters, with maximum
diameter defined by a proportion of the population at risk (in a
Poisson model) to detect spatial clusters across a study area
(for space-only and space-time statistics) and a series of cylin-
ders of varying heights to detect temporal clusters throughout
the study period (for space-time cluster analysis).>®> Using
the Poisson model, the number of cases in each commune
polygon is generated by an inhomogeneous Poisson process
considering the null hypothesis that the expected number
of cases in each polygon is proportional to its population
size and that no covariation exists between the polygons. The
Poisson model requires data on number of cases and popula-
tion of each polygon.?* In this study, the Poisson space-only
and space-time scan statistics were conducted with year
as the time step in the space-time procedure (1999-2020).

We evaluated three maximum diameters of search circles at
15%, 25%, and 50% of the population at risk. In each experi-
ment, we set no geographical overlap among clusters and
used the longitude and latitude (extracted with the geometry
tools in ArcGIS Pro) of the centroid for each commune as the
center for each search circle. SaTScan clusters were deter-
mined at P = 0.05 level of significance. The RR was calculated
based on the observed and expected values and the likelihood
function of assumed distribution. The likelihood ratio test was
used to determine the primary cluster (the value where the like-
lihood function was maximized) and secondary clusters with
lower likelihood function values. For each identified cluster, its
center was the commune in which the centroid had been used
for determining the center of the search radii for the circles
described above, and cluster members were the communes
included in the corresponding search circle. Results were
aggregated to the communes for mapping and dates of cluster
persistence identified.

Livestock anthrax vaccine coverage in buffalo/cattle.
Anthrax vaccination data in Ha Giang were available for anal-
ysis from 2009 to 2020. The total number of anthrax vaccine
doses administered annually was provided by the Sub-DAH.
In Ha Giang, only buffalo and cattle were vaccinated, one
dose per individual per year in accordance with Vietnam’s
national guideline.2® Thus, annual vaccine coverage was cal-
culated as follows:

Annual vaccine coverage

_ Total administered anthrax vaccine doses

X 1009
Total population of buffalo and cattle 00%

Ethics statement. This study underwent ethical review
by the Institutional Review Board in Bio-medical Research
of the National Institute of Hygiene and Epidemiology,
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Ficure 4. Spatial overlaps of anthrax in humans and livestock, Ha Giang province, Vietnam, 1999-2020.

Vietnam (IRB-VN01057/IORG 0008555; Project IRB certifi-
cate No. NIHE IRB-03/2020) and the University of Florida
(IRB202003189).

RESULTS

Distribution of buffalo, cattle, and goats in Ha Giang
province. Figure 2 shows the distribution of three livestock
species in 2010, 2015, and 2020. Overall, goats contributed
remarkably to the total herd in the whole province, approxi-
mately 30%, varying by district. Cattle and goats were
increasingly predominant in the northern districts of Ha
Giang, whereas buffalo were stable and accounted for a
greater proportion of the herd in the south of Ha Giang.

Annual patterns and geographical overlap of human
and livestock anthrax reporting in Ha Giang (1999-2020).
In total, 158 human cases and 14 livestock cases (nine
buffalo/cattle, five goats) were reported from 1999 to 2020 in
Ha Giang province. Figure 3 shows that four large outbreaks
of human anthrax occurred sporadically between 1999 and
2010, with the highest annual incidence reported in 2008
(0.54 case per 10,000 population). Afterward, small outbreaks
occurred more frequently, with lower annual incidence
around 0.1 case per 10,000 population. Human anthrax per-
sisted in remote districts such as Meo Vac and Dong Van
until 2020. Different patterns were seen for the disease in live-
stock (Supplemental Figure 3). Livestock anthrax was not
recorded in the database before 2009, when human anthrax
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Ficure 5. Temporal pattern of human anthrax by types of infection and case-fatality rate, Ha Giang province, Vietnam, 1999-2020.

surged. In 2010, an outbreak in buffalo and cattle occurred,
whereas no human cases were reported, resulting in the
highest annual incidence of this livestock group (0.19 case
per 10,000 buffalo/cattle). In 2014, goats had the highest inci-
dence (0.28 case per 10,000). After 2014, a few cases of
anthrax in either buffalo/cattle or goats were reported spo-
radically. Most of the cases for both human and livestock
anthrax were reported in communes in the northeastern
regions, with some cases in the southwest. There was spatial
overlap of human and livestock anthrax, with a higher number
of cases reported in the same communes for both popula-
tions. However, anthrax-related human fatalities did not nec-
essarily occur in communes with a higher number of human
and/or livestock anthrax (Figure 4).

Epidemiological characteristics of human anthrax in
Ha Giang (2004-2020). Among 158 human anthrax cases,
139 cases were reported from 2004 to 2020 with epidemio-
logical data (88% of total cases from 1999 to 2020 and
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100% or total cases between 2004 and 2020). Figure 5
shows that the CFR of human anthrax ranged from 0% to
14%, which was higher in the year with types of anthrax
other than cutaneous reported. Figure 6 shows the monthly
distribution of human anthrax, which indicates three peaks
in April, June, and September. However, the peaks in April
and June were mainly attributed to a large number of cases
in 2007 and 2008. Without the contribution of the large
2007-2008 outbreak, the major season of human anthrax
was between July and October, with the peak between
August and September.

Table 1 shows some characteristics of the patients. Males
were predominant (74.1%). The majority of patients were 15
to 59 years old (71.2%), but a remarkably high percentage
was reported for children younger than 15 years (28%).
Cutaneous anthrax accounted for 96.4% of all cases. Com-
mune health centers and district hospitals were the main
patient admission sites (69.1% and 19.4%, respectively).
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Ficure 6.  Monthly distribution of human anthrax, Ha Giang province, Vietnam (2004-2020) (N = 139).
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TABLE 1

Epidemiological characteristics of human anthrax cases reported from 2004 to 2020, Ha Giang province, Vietnam (N = 139)

Characteristic Frequency Percentage
Gender Male 103 741
Female 36 25.9
Age < 5 years 22 15.8
5-14 years 17 12.2
15-24 years 29 20.9
25-39 years 52 37.4
40-59 years 18 12.9
= 60 years 1 0.7
Type of anthrax Cutaneous 134 96.4
Respiratory 2 14
Gastrointestinal 3 2.2
Site of admission/treatment At home 15 10.8
Commune health center 96 69.1
District hospital 27 19.4
Provincial hospital 1 0.7
Self-reported source of infection Slaughter sick/dead animal 8 5.8
Process meat of sick/dead animal 9 6.5
Eat meat of sick/dead animal 58 41.7
Slaughter + eat meat of sick/dead animal 43 30.9
Unknown 21 15.1
Species of sick/dead animal to which Available information (46 cases, 33.1%) Buffalo 6 13.0
patient was exposed Cattle 16 34.8
Goat 5 10.9
Horse 16 34.8
Pig 3 6.5
No information (93 cases, 66.9%)
PCR test result Available information (42 cases, 30.2%) Positive 20 47.6
Negative 22 52.4

No information (97 cases, 69.8%)

PCR = polymerase chain reaction.

The majority of cases involved handling of or eating the meat
of sick or dead animals prior to the occurrence of anthrax
signs and symptoms (84.9%), but unknown sources of infec-
tion also accounted for 15.1% of human cases. Information
on the type of animals handled and/or eaten by the patients
were available for only 46 patients. Among these, 69.6% of
patients (32/46) were exposed to sick or dead cattle and
horses. Polymerase chain reaction test results were available
for 42 patients, of whom 47.6% (20/42) were positive for
B. anthracis.

Space-only and space-time clusters of human anthrax
in Ha Giang (1999-2020). Space-only and space-time SaTS-
can statistics performed in three experiments in 15%, 25%,
and 50% of the population at risk provided consistent results
(Figure 7). All three experiments for space-only scan statis-
tics indicated clusters of human anthrax from northeastern
to eastern areas and the western area of the province (Figure
7A presents the results of the spatial scan at 25%). When
we considered the time component in SaTScan, the results
indicated three space-time clusters in all experiments
(Figures 7B-D), in which the primary cluster was identified
between 2007 and 2008 in the northeastern communes of
the province with a high RR (103.7), meaning that the com-
mune within the cluster is about 104 times more likely to
have human anthrax cases reported. Two secondary clus-
ters were identified in the west in 1999 (RR = 645.4) and in
the east in 2004 (RR = 613.7 in experiments at 15% and
25% and RR = 14.2 in the experiment at 50%).

Livestock vaccine coverage in buffalo/cattle and the
incidence of anthrax in humans and livestock (1999-2020).
Figure 8 presents the annual anthrax vaccine coverage in
buffalo/cattle from 2009 to 2020 and annual patterns of

anthrax in humans (1999-2020), buffalo/cattle (2009-2020),
and goats (2009-2020). Vaccine coverage was maintained at
50% or higher of the total herd of buffalo/cattle, which
sharply declined to 32-35% between 2011 and 2013. The
vaccine coverage drop was followed by an increased inci-
dence in humans, buffalo/cattle in 2014-2015, and goats in
2014, though the vaccination program did not cover this live-
stock group.

DISCUSSION

The current study highlights some important results re-
garding the epidemiological characteristics and patterns of
anthrax in humans and livestock from 1999 to 2020 in Ha
Giang province, Vietnam. Anthrax vaccine coverage in buf-
falo/cattle and anthrax distribution in three livestock species
were also obtained.

Human anthrax rates were highest early in the study
period and became sporadic, with fewer cases reported
each year, in the latter half of the study period. Notably, the
trend did not flatten during the study, implying the potential
occurrence of a larger outbreak if control measures are
inconsistent. This is especially true in communes where
human and livestock anthrax overlaps and in communes
where human population density is increasing. This is an
important finding that supports the need to strengthen One
Health surveillance in high-risk areas. We demonstrated that
when vaccine coverage in buffalo/cattle dropped to 32% in
2013, disease outbreaks in humans, buffalo/cattle, and
goats followed in 2014 and 2015. Similar results were
reported in the Republic of Georgia, with a significant
increase in human cutaneous anthrax after the national
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Ficure 7.  (A) Spatial-only clusters (25%; results at 15% and 50% were similar to those at 25%). (B-D) Space-time clusters (B, 15%; C, 25%;
D, 50%) of human anthrax identified by SaTScan Statistics (Poisson model, 999 permutations, 15%, 25%, 50% of population at risk). The RR
indicates the risk of having human anthrax reported for the commune inside of the clusters compared with outside of the clusters.

compulsory livestock vaccination program ended.® Further,
a study in Azerbaijan documented a decrease in human
anthrax when livestock vaccination campaigns were rees-
tablished after independence from the former Soviet Union.®

Epidemiological data on human anthrax in Ha Giang
revealed that most patients were male, were aged 15-59
years, and were involved in slaughtering and/or consuming
the meat of sick or dead animals. These results are similar to
those of studies conducted in Uganda, Bangladesh, Kazakh-
stan, and Zimbabwe.?2”72° However, further laboratory work
and field investigations are needed to uncover the unknown
sources of infection in 15.1% of patients and the reasons for
an exceptionally high percentage of affected children youn-
ger than 15 years (28.0%). Studies from other countries have
indicated a lower percentage of patients younger than 15
years.3931

The number of reported human cases was remarkably
higher than the number of reported livestock cases, which
raises two issues. First, meat-sharing practices could be
common in the study area, where one sick animal may be
handled and shared by many people in the neighborhood,
resulting in multiple human cases from one infected ani-
mal.'® Second, livestock anthrax could be underreported in
Ha Giang province because of lack of awareness about
anthrax and its health and economic impacts among

livestock owners, which may be a barrier for anthrax surveil-
lance.®? These two issues are particularly relevant to buffalo
and cattle in Vietnam, where the animals represent signifi-
cant, valuable household assets that are important in crop
farming practices and could be lost if anthrax is reported.'®
Nearly all human cases were cutaneous anthrax (96.4%).
The other types of anthrax, such as gastrointestinal or respi-
ratory anthrax, were rare but did occur among fatal cases,
resulting in relatively high CFRs (5-14%). The CFR is high
compared with other studies that reported a CFR of about
1% among cutaneous anthrax patients with proper antibiotic
treatments, but lower than the CFR in studies that reported
the cutaneous type together with other types of anthrax (i.e.,
gastrointestinal anthrax)." Commune health centers and dis-
trict hospitals remained the facilities where most patients
(88.5%) sought health services. Nonetheless, we should be
cautious when interpreting data reported by limited-resource
health facility—-based surveillance. In addition to likely under-
reporting, there is a high likelihood that patients sought treat-
ment from other sources, such as self-treatment, traditional
medicine men, and local private pharmacies. This is of par-
ticular concern when outbreaks were contained in small
groups of ethnic minorities with limited access to health care
due to difficult travel conditions in remote areas of the prov-
ince. A study conducted in 2008 in Vietham showed that
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Anthrax vaccine data were not available from 1999-2008
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Ficure 8. Vaccine coverage in buffalo and cattle and the incidence (per 10,000) of anthrax in humans and livestock, Ha Giang province,

Vietnam, 1999-2020.

~31.0% of poor people relied on self-treatment (i.e., using
medicines available at home or buying medicine from drug
sellers without a medical examination) and ~4.2% sought
traditional healers.®® These scenarios are plausible in the
context of remote areas in Ha Giang province. Future studies
should address the association between travel distance
from the household to human and animal healthcare settings
and/or pharmacies and the reported incidence of anthrax in
humans and livestock.

From available data, the monthly distribution of human
anthrax indicates clear seasonal patterns in Ha Giang prov-
ince. This is important, as the livestock vaccine should be
administered annually ahead of anticipated cases. Such
data inform vaccine implementation strategies to provide
sufficient vaccine coverage in livestock. Results suggest that
the main season of anthrax in Ha Giang province is from July
to October, which roughly overlaps the beginning of the rainy
season in northern mountainous regions of Vietnam (from
June to September).3* Studies in Zambia and Kenya indicate
an opposite situation in which anthrax outbreaks occurred in
the dry season.*® However, it was posited that people and
livestock in Zambia are exposed to B. anthracis in floodplain
regions only available or accessible in the dry season.®® In
Ha Giang province, the mountainous topography and cli-
mate create a distinct landscape where pastures are avail-
able for livestock grazing in the rainy season and limited in
the dry season. A report on livestock production in Vietnam
shows that livestock owners in northern regions tend to have
their livestock graze in pastural lands at the beginning of the
rainy season until the winter comes.®” Current literature indi-
cates that the intensity of livestock grazing at the beginning
of the rainy season may have plausibly increased livestock

exposure to the pathogen in high-risk pastural lands where
animal anthrax cases were reported.® Therefore, we suggest
the animal health sector consider targeting vaccination cam-
paigns for livestock in April and May, at least 1 month prior
to July. This should allow enough time for animals to pro-
duce sufficient protective antibody levels.®® The seasonality
and geographical overlap of human and livestock anthrax in
Ha Giang province stress the importance of effective control
measures involving the three aspects of the One Health
framework, including humans, animals, and the environ-
ment. However, more discussion regarding the role of the
environmental health aspects of anthrax in disease preven-
tion and control measures is required, as such information is
currently limited in the literature.3°

This spatial and spatiotemporal analysis of human anthrax
identified significant and persistent spatial clustering of
human anthrax in three major areas: the northeastern region
(the largest and most persistent hotspot, with the most
recent cluster from 2007 to 2008), the western region, and
the eastern region. These high-risk areas also overlapped
with the communes where livestock anthrax was reported.
These results, together with the seasonal distribution of
anthrax described above, are important for targeting surveil-
lance and livestock vaccination programs.

With the available data for anthrax in livestock and vaccine
coverage from 2009 to 2020, we defined generally decreas-
ing trends for anthrax incidence in humans and buffalo/
cattle, but a stable and slightly increasing trend of anthrax
incidence among goats. Studies in other countries indicate
the effectiveness of adequate livestock vaccine in reducing
the incidence in both humans and livestock.>*° In the case
of Ha Giang province, higher proportions of vaccination
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reduced anthrax in buffalo/cattle and subsequently in
humans. Goat anthrax is not currently controlled with vaccine
in Vietham. The exclusion of goats from anthrax vaccination
programs is explained by several reasons. First, some of the
available vaccines in the Viethamese market are not pro-
duced or labeled for use in goats, though globally the vaccine
is administered in goats.*'*> Second, goats are typically
raised for meat production, with a short turnover period (7-8
months), which is difficult to align with vaccine campaigns,
particularly when the current vaccination program is imple-
mented in specific months (i.e., from July to August) and
often only once per year. Third, goats and cattle are capable
of thriving in rocky mountainous regions (northern and north-
eastern communes of the province). These habitats are a
barrier to providing animal health services, including vaccina-
tion and disease surveillance. Additionally, anthrax in small
ruminants such as goats and sheep is often underreported,
though evidence of anthrax in goats was reported in the early
1980s in Nigeria.*® A study in Kenya indicates that the ratio of
cattle to small ruminants in anthrax reports has been high
(10-20 cattle to one small ruminant).®® Further work is needed
to measure the true pattern of anthrax in goats and its role in
the persistence of the disease on the landscape, as well as
other factors contributing to vaccination exclusion for goats.

Despite the contribution of this study to identifying areas
of higher risk of anthrax and the persistence of the disease in
Ha Giang province, there are limitations related to the una-
vailability of data on livestock anthrax and vaccination before
2010. If data were equally available for both humans and
livestock, they could provide a clearer picture of anthrax in
livestock and consolidate the results in high-risk areas. Col-
laborative reporting of anthrax was improved after the estab-
lishment of One Health Circular 16 in 2013. Collaborative
surveillance provides more complete data than was available
prior to the introduction of the circular. This is due to
improved data sharing and One Health field investigations
between the human and animal health sectors. However, the
amount of data here was still biased toward human anthrax.
Another limitation is that some human cases were included
without laboratory confirmation. However, given the unique
clinical presentation of anthrax (particularly cutaneous anthrax)
after exposure (handling and consuming of sick animals), we
were confident that clinicians correctly identified disease. Nev-
ertheless, we cannot rule out other Bacillus spp. causing dis-
ease, such as certain strains of Bacillus cereus with lethal factor
(though reports of these remain limited), including a recent
strain isolated from a kangaroo in China.***® This limitation is
not uncommon in other anthrax studies when the cases were
reported late, hindering timely sample collection and pathogen
detection.*®*”

CONCLUSION

Here, we provide the spatial and spatiotemporal epidemi-
ology of anthrax in humans and livestock in Ha Giang prov-
ince, northern Vietnam. These findings directly inform One
Health surveillance and the response of provincial authorities
in better controlling anthrax. Our study suggests that tar-
geted vaccination at high coverage in buffalo and cattle
helped reduce the burden of anthrax in both humans and
vaccinated animals, but this should be sustained as cases
increase after vaccine declines. Additionally, more work is

needed to determine the role of unvaccinated livestock (i.e.,
goats) in the reoccurrence of anthrax in the province. We
have employed spatiotemporal analysis to identify high-risk
areas for the occurrence and persistence of anthrax, an
approach that can be used in settings similar to Ha Giang
province, both within and beyond Vietnam.

Received June 8, 2022. Accepted for publication October 29, 2022.
Published online January 23, 2023.
Note: Supplemental materials appear at www.ajtmh.org.

Acknowledgments: We thank colleagues in the Ha Giang CDC, espe-
cially T. T. Nguyen, and the Sub-DAH for their daily disease surveil-
lance and response works, which were essential for data collection
and analysis.

Financial support: This work was supported by the U.S. Defense
Threat Reduction Agency’s (DTRA’s) Biological Threat Reduction
Program through DTRA Grant no. HDTRA12010003 to J. K. B. The
funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Authors’ addresses: Luong Tan, Spatial Epidemiology and Ecology
Research Laboratory (SEER Lab), University of Florida, Gainesville,
FL; Department of Geography, Emerging Pathogens Institute, Univer-
sity of Florida, Gainesville, FL; National Institute of Hygiene and Epide-
miology, Hanoi, Vietnam, Email: tluong1@ufl.edu. Nguyen Thang, Ha
Giang Provincial Center for Disease Control, Ha Giang City, Ha
Giang, Vietnam, Email: thangdthg@gmail.com. Trinh Binh, Ha Giang
Provincial Sub-Department of Husbandry and Animal Health, Ha
Giang City, Ha Giang, Vietnam, Email: binhnongnghiephg@gmail.com.
Morgan Walker and Jason Blackburn, Spatial Epidemiology and
Ecology Research Laboratory (SEER Lab), University of Florida,
Gainesville, FL; Emerging Pathogens Institute, University of Florida,
Gainesville, FL, Emails: m.walker@ufl.edu and jkblackburn@ufl.edu.
Hoang Ha, Pham Thai, Thi Mai Hung Tran, and Pham Khang, National
Institute of Hygiene and Epidemiology, Hanoi, Vietnam, Emails: htth@
nihe.org.vn, pgt@nihe.org.vn, ttmh@nihe.org.vn, and ykhang.pmd@
gmail.com. Nguyen Long and Pham Khang, Department of Animal
Health, Hanoi, Vietham, Emails: long.dahvn@gmail.com and ptlong.
vndah@gmail.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. Blackburn JK, Kenu E, Asiedu-Bekoe F, Sarkodie B, Kracalik IT,
Bower WA, Stoddard RA, Traxler RM, 2021. High case-fatality
rate for human anthrax, Northern Ghana, 2005-2016. Emerg
Infect Dis 27: 1216-1219.

2. Carlson CJ et al., 2019. The global distribution of Bacillus
anthracis and associated anthrax risk to humans, livestock
and wildlife. Nat Microbiol 4: 1337-1343.

3. Norris MH, Blackburn JK, 2019. Linking geospatial and laboratory
sciences to define mechanisms behind landscape level drivers
of anthrax outbreaks. Int J Environ Res Public Health 16: 3747.

4. Turner WC et al., 2014. Fatal attraction: vegetation responses to
nutrient inputs attract foraging herbivores to infectious anthrax
carcass sites. Proc Biol Sci 281: 20141785.

5. World Health Organization, Food and Agriculture Organization of
the United Nations and World Organization for Animal Health,
2008. Anthrax in Humans and Animals. 4th ed. Geneva, Swit-
zerland: World Health Organization.

6. Shaheenur Islam S, Chakma S, Taslima Akhter AHM, Ibrahim N,
Talukder F, Chowdhuary GA, 2018. Investigation of animal
anthrax outbreaks in the human-animal interface at risky dis-
tricts of Bangladesh during 2016-2017. J Adv Vet Anim Res
5: 397-404.

7. Wurcel AG, Merchant EA, Clark RP, Stone DR, 2015. Emerging
and underrecognized complications of illicit drug use. Clin
Infect Dis 61: 1840-1849.


http://www.ajtmh.org
mailto:tluong1@ufl.edu
mailto:thangdthg@gmail.com
mailto:binhnongnghiephg@gmail.com
mailto:m.walker@ufl.edu
mailto:jkblackburn@ufl.edu
mailto:htth@nihe.org.vn
mailto:htth@nihe.org.vn
mailto:pqt@nihe.org.vn
mailto:ttmh@nihe.org.vn
mailto:ykhang.pmd@gmail.com
mailto:ykhang.pmd@gmail.com
mailto:long.dahvn@gmail.com
mailto:ptlong.vndah@gmail.com
mailto:ptlong.vndah@gmail.com
https://creativecommons.org/licenses/by/4.0/

502

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Berger T, Kassirer M, Aran AA, 2014. Injectional anthrax - new
presentation of an old disease. Euro Surveill 19: 20877.

Kracalik I, Abdullayev R, Asadov K, Ismayilova R, Baghirova M,
Ustun N, Shikhiyev M, Talibzade A, Blackburn JK, 2014.
Changing patterns of human anthrax in Azerbaijan during the
post-Soviet and preemptive livestock vaccination eras. PLoS
Negl Trop Dis 8: €2985.

Li Y et al.,, 2017. Epidemiology of human anthrax in China,
1955 — 2014. Emerg Infect Dis 23: 14-21.

Bordier M, Roger F, 2013. Zoonoses in South-East Asia:
a regional burden, a global threat. Anim Health Res Rev 14:
40-67.

Oyetola WD, Diallo K, Kreppel K, Kone PS, Schelling E, Bonfoh
B, Bada Alambedji R, 2021. Factors influencing the transbor-
der transmission of brucellosis in cattle between Cote d’lvoire
and Mali: evidence from literature and current key stake-
holders. Front Vet Sci 8: 630580.

International Labour Organization. NATLEX: Viet Nam. Available
at: https://www.ilo.org/dyn/natlex/natlex4.detail?p_isn=84337.
Accessed November 5, 2021.

Vietnam Ministry of Health, Agriculture, and Rural Development,
2013. Guidelines for Coordination for Prevention and Control of
Animal to Human Diseases. Available at: https://thuvienphapluat.
vn/van-ban/The-thao-Y-te/Thong-tu-lien-tich-16-2013-TTLT-
BYT-BNNPTNT-phong-chong-benh-lay-truyen-190971.aspx.
Accessed November 5,2021.

Vietnam Ministry of Health, 2015. Instructions for Information
Report and Declaration of Diseases, Communication Diseases.
Available at: https://thuvienphapluat.vn/van-ban/The-thao-Y-
te/Thong-tu-54-2015-TT-BYT-che-do-thong-tin-bao-cao-va-
khai-bao-benh-dich-benh-truyen-nhiem-299842.aspx.
Accessed November 5, 2021.

Ha Giang Provincial Department of Statistics, 2021. Ha Giang -
30 Years of Re-establishment through Statistics. Ha Giang,
Vietnam: Ha Giang Provincial Department of Statistics.

Tran ND, Nguyen TH, Pham TCH, Vu DT, Ngu DN, Dang DA,
2015. The situation of communicable diseases in the northern,
Vietnam, 2000-2014. VUPM XXV: 21-30.

Hoang TTH et al., 2020. Epidemiological and comparative geno-
mic analysis of Bacillus anthracis isolated from northern Viet-
nam. PLoS One 15: e0228116.

Database of Global Administrative Areas, 2021. GADM Database
of Global Administrative Areas, version 3.6. Available at: www.
gadm.org. Accessed April 19, 2022.

Worldpop, 2022. Population Counts: Unconstrained Individual
Countries 2000-2020 UN Adjusted (100m resolution).
Available at: https://www.worldpop.org/geodata/listing?id=69.
Accessed December 14, 2022.

Gaughan AE, Stevens FR, Linard C, Jia P, Tatem AJ, 2013. High
resolution population distribution maps for Southeast Asia in
2010 and 2015. PLoS One 8: €55882.

Vietnam Department of General Statistics, 2020. Preliminary
Results of the 2019 Viet Nam Population and Housing Census.
Available at:  https://www.gso.gov.vn/wp-content/uploads/
2019/12/Ket-qua-toan-bo-Tong-dieu-tra-dan-so-va-nha-o-
2019.pdf. Accessed October 23, 2021.

Barro AS, Kracalik IT, Malania L, Tsertsvadze N, Manvelyan J,
Imnadze P, Blackburn JK, 2015. Identifying hotspots of
human anthrax transmission using three local clustering tech-
niques. Appl Geogr 60: 29-36.

Kulldorff M, 1997. A spatial scan statistic. Commun Stat Theory
Methods 26: 1481-1496.

Kracalik IT, Malania L, Tsertsvadze N, Manvelyan J, Bakanidze
L, Imnadze P, Tsanava S, Blackburn JK, 2013. Evidence of
local persistence of human anthrax in the country of Georgia
associated with environmental and anthropogenic factors.
PLoS Negl Trop Dis 7: e2388.

Ministry of Agriculture and Rural Development, 2016. Provision
on the Prevention and Control of Terrestrial Animal Diseases.
Available at: https://thuvienphapluat.vn/van-ban/The-thao-Y-
te/Thong-tu-07-2016-TT-BNNPTNT-phong-chong-dich-benh-
dong-vat-tren-can-313499.aspx. Accessed November 5, 2021.

Nakanwagi M, Ario AR, Kwagonza L, Aceng FL, Mwesigye J,
Bulage L, Buule J, Sendagala JN, Downing R, Zhu B-P, 2020.
Outbreak of gastrointestinal anthrax following eating beef of

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

LUONG, NGUYEN, AND OTHERS

suspicious origin: Isingiro District, Uganda, 2017. PLoS Negl
Trop Dis 14: e0008026.

Woods CW, Ospanov K, Myrzabekov A, Favorov M, Plikaytis B,
Ashford DA, 2004. Risk factors for human anthrax among
contacts of anthrax-infected livestock in Kazakhstan. Am J
Trop Med Hyg 71: 48-52.

Mwenye KS, Siziya S, Peterson D, 1996. Factors associated
with human anthrax outbreak in the Chikupo and Ngandu vil-
lages of Murewa district in Mashonaland East Province, Zim-
babwe. Cent Afr J Med 42: 312-315.

Kasradze A, Echeverria D, Zakhashvili K, Bautista C, Heyer N,
Imnadze P, Mitrskhulava V, 2018. Rates and risk factors for
human cutaneous anthrax in the country of Georgia: national
surveillance data, 2008-2015. PLoS One 13: e0192031.

Doganay M, Metan G, 2009. Human anthrax in Turkey from
1990 to 2007. Vector Bome Zoonotic Dis 9: 131-140.

Food and Agricultural Organization of the United Nations. Asses-
sing the Implementation of Circular 16 in Viet Nam: One Health
Guidelines for Coordinated Prevention and Control of Zoonotic
Disease. Available at: https://www.fao.org/3/i6412e/i6412e.
pdf. Accessed October 7, 2021.

Thuan NTB, Lofgren C, Lindholm L, Chuc NTK, 2008. Choice of
healthcare provider following reform in Vietham. BMC Health
Serv Res 8: 162.

Ahlheim M, Fror O, Heinke A, Keil A, Duc N, Dinh P, Saint-Macary
C, Zeller M, 2008. Landslides in Mountainous Regions of Northern
Vietnam: Causes, Protection Strategies and the Assessment of
Economic Losses. Stuttgart, Germany: Universitat Hohenheim.

Nderitu LM et al., 2021. Spatial clustering of livestock anthrax
events associated with agro-ecological zones in Kenya,
1957-2017. BMC Infect Dis 21: 191.

Munang’andu HM, Banda F, Siamudaala VM, Munyeme M,
Kasanga CJ, Hamududu B, 2012. The effect of seasonal varia-
tion on anthrax epidemiology in the upper Zambezi floodplain
of western Zambia. J Vet Sci 13: 293-298.

Duteurtre G, Cesaro J-D, Huyen LTT, Ives S, 2020. Livestock
Development, Land-Use Reforms and the Disinterest for Pas-
tures in the Northern Highlands of Vietnam. Montpellier,
France: CIRAD. Available at: https://extension.colostate.edu/
docs/pubs/ag/anthrax-guide.pdf. Accessed January 4, 2023.

Suverly NA, Kvasnicka B, Torell R., 2010. Anthrax: A Guide for Live-
stock Producers. Available at: https://extension.colostate.edu/
docs/pubs/ag/anthrax-guide.pdf. Accessed February 20, 2022.

Finke E-J, Beyer W, Loderstadt U, Frickmann H, 2020. Review: The
risk of contracting anthrax from spore-contaminated soil - a mili-
tary medical perspective. Eur J Microbiol Immunol (Bp) 10: 29-63.

Kracalik I, Malania L, Broladze M, Navdarashvili A, Imnadze P,
Ryan SJ, Blackburn JK, 2017. Changing livestock vaccination
policy alters the epidemiology of human anthrax, Georgia,
2000-2013. Vaccine 35: 6283-6289.

Rashid H, Muhammad K, Rabbani M, Khan M, Shabbir M,
Ahmad A, Ali M, Jayarao B., 2020. Seroprevalence of Bacillus
anthracis protective-antigen in nine districts of central Punjab,
Pakistan. J Anim Plant Sci 40: 1336-1340.

Moazeni JG, Jabari A., 2009. Stability and potency studies of
anthrax vaccine (Bacillus anthracis 34F2 Sterne strain) in Iran.
Arch Razi Institute 3Summer: 145-149.

Okoh AE, 1981. An epizootic of anthrax in goats and sheep in
Danbatta Nigeria. Bull Anim Health Prod Afr 29: 355-359.

Dupke S, Barduhn A, Franz T, Leendertz FH, Couacy-Hymann E,
Grunow R, Klee SR, 2019. Analysis of a newly discovered anti-
gen of Bacillus cereus biovar anthracis for its suitability in speci-
fic serological antibody testing. J Appl/ Microbiol 126: 311-323.

Marston CK, Ibrahim H, Lee P, Churchwell G, Gumke M, Stanek
D, Gee JE, Boyer AE, Gallegos-Candela M, Barr JR, 2016.
Anthrax toxin-expressing Bacillus cereus isolated from an
anthrax-like eschar. PLoS One 11: e0156987.

Aminu OR et al., 2020. Practical and effective diagnosis of ani-
mal anthrax in endemic low-resource settings. PLoS Neg/
Trop Dis 14: e0008655.

Ntono V, Eurien D, Bulage L, Kadobera D, Harris J, Ario AR.,
2021. Cutaneous anthrax outbreak associated with handling
dead animals, Rhino Camp sub-county: Arua District, Uganda,
January-May 2018. One Health Outlook 3. doi: https://doi.org/
10.1186/s42522-021-00040-z.


https://www.ilo.org/dyn/natlex/natlex4.detail?p_isn=84337
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-lien-tich-16-2013-TTLT-BYT-BNNPTNT-phong-chong-benh-lay-truyen-190971.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-lien-tich-16-2013-TTLT-BYT-BNNPTNT-phong-chong-benh-lay-truyen-190971.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-lien-tich-16-2013-TTLT-BYT-BNNPTNT-phong-chong-benh-lay-truyen-190971.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-54-2015-TT-BYT-che-do-thong-tin-bao-cao-va-khai-bao-benh-dich-benh-truyen-nhiem-299842.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-54-2015-TT-BYT-che-do-thong-tin-bao-cao-va-khai-bao-benh-dich-benh-truyen-nhiem-299842.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-54-2015-TT-BYT-che-do-thong-tin-bao-cao-va-khai-bao-benh-dich-benh-truyen-nhiem-299842.aspx
https://gadm.org/
https://gadm.org/
https://www.worldpop.org/geodata/listing?id=69
https://www.gso.gov.vn/wp-content/uploads/2019/12/Ket-qua-toan-bo-Tong-dieu-tra-dan-so-va-nha-o-2019.pdf
https://www.gso.gov.vn/wp-content/uploads/2019/12/Ket-qua-toan-bo-Tong-dieu-tra-dan-so-va-nha-o-2019.pdf
https://www.gso.gov.vn/wp-content/uploads/2019/12/Ket-qua-toan-bo-Tong-dieu-tra-dan-so-va-nha-o-2019.pdf
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-07-2016-TT-BNNPTNT-phong-chong-dich-benh-dong-vat-tren-can-313499.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-07-2016-TT-BNNPTNT-phong-chong-dich-benh-dong-vat-tren-can-313499.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Thong-tu-07-2016-TT-BNNPTNT-phong-chong-dich-benh-dong-vat-tren-can-313499.aspx
https://www.fao.org/3/i6412e/i6412e.pdf
https://www.fao.org/3/i6412e/i6412e.pdf
https://extension.colostate.edu/docs/pubs/ag/anthrax-guide.pdf
https://extension.colostate.edu/docs/pubs/ag/anthrax-guide.pdf
https://extension.colostate.edu/docs/pubs/ag/anthrax-guide.pdf
https://extension.colostate.edu/docs/pubs/ag/anthrax-guide.pdf
https://doi.org/10.1186/s42522-021-00040-z
https://doi.org/10.1186/s42522-021-00040-z

