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Naturally occurring anthrax disproportionately affects the
health and economic welfare of poor, rural communities in
anthrax-endemic countries. However, many of these countries have limited anthrax prevention and control programs.
Effective prevention of anthrax outbreaks among humans
is accomplished through routine livestock vaccination programs and prompt response to animal outbreaks. The Centers for Disease Control and Prevention uses a 2-phase
framework when providing technical assistance to partners
in anthrax-endemic countries. The first phase assesses
and identifies areas for improvement in existing human and
animal surveillance, laboratory diagnostics, and outbreak
response. The second phase provides steps to implement
improvements to these areas. We describe examples of
implementing this framework in anthrax-endemic countries.
These activities are at varying stages of completion; however, the public health impact of these initiatives has been encouraging. The anthrax framework can be extended to other
zoonotic diseases to build on these efforts, improve human
and animal health, and enhance global health security.

A

nthrax is a zoonotic bacterial disease caused by Bacillus anthracis, which primarily inhabits herbivorous
wildlife and livestock and is usually fatal among these animals. Human infections can result in a high mortality rate
if not diagnosed and treated promptly. Humans contract cutaneous anthrax through direct contact of skin or mucosal
membranes with B. anthracis–infected animals as they are
slaughtered or butchered or by handling by-products (1–3).
Ingestion anthrax results from consuming raw or undercooked meat salvaged from infected animals. Inhalation
anthrax causes severe disease but rarely occurs naturally
in humans; it is acquired through inhaling B. anthracis
spores aerosolized during contact with or processing of
contaminated hides, bones, hair, or wool (2). In addition,
an incident of injection anthrax, associated with the use of
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B. anthracis‒contaminated heroin, has been reported in Europe (4). Among these forms, cutaneous anthrax is the most
common, comprising ≈95% of naturally occurring human
infections (3). In addition to the naturally acquired forms
of anthrax, B. anthracis is designated as a potential bioweapon, and the risk of acquiring anthrax from laboratoryproduced B. anthracis spores emphasizes the importance
of anthrax surveillance, prevention, and control in anthraxendemic countries (5,6).
B. anthracis spores can survive in the soil for many
years and are distributed worldwide, although the disease
is endemic to Africa, Central Asia, the Middle East, and
South America (7,8). The pathogen has a substantial economic and public health impact in countries with limited
resources for the development of anthrax control and outbreak response programs. In anthrax-endemic areas, the
high mortality rate among livestock can disrupt the subsistence livelihood for families and distress the local agricultural sector. Contact with B. anthracis–infected carcasses and by-products routinely leads to human infections
and can affect whole communities through the practice of
slaughtering sick animals to recoup income or food from
the lost animals (3,9).
The foundation of anthrax control is vaccination of
livestock accompanied by rapid outbreak response to limit
environmental contamination and human exposure. Animal outbreak response relies heavily on effective surveillance and availability of rapid and reliable laboratory diagnostics. However, countries with underresourced public
and veterinary health surveillance programs and laboratory
capacity are disproportionately affected by this disease (8).
The need to strengthen global capacity to prevent, detect, and respond to public health threats such as anthrax
is increasingly being recognized by endemic countries because of their desire to meet requirements under the International Health Regulations 2005 (10) and Global Health
Security Agenda (GHSA) (11). One component of the Centers for Disease Control and Prevention (CDC) GHSA (12)
activities is an effort to prioritize zoonotic diseases on the
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basis of criteria selected by the host country (13). In the 7
countries where this prioritization has occurred, 4 countries
ranked anthrax as 1 of the top 5 zoonotic diseases of major
public health concern (14). CDC is committed to building
anthrax prevention and control capacity in countries prioritizing anthrax as a public health threat or otherwise requesting assistance.
Framework for Enhancing Anthrax Prevention
and Control
CDC’s Bacterial Special Pathogens Branch, part of the
Division of High-Consequence Pathogens and Pathology
in the National Center for Emerging and Zoonotic Infectious Diseases, works with governments and other international partners to support activities in anthrax-endemic
countries that strengthen human and animal anthrax surveillance, enhance laboratory capacity, develop control
strategies, and foster collaborative outbreak investigations. The goal of these activities is to reduce anthrax in
persons who come in contact with infected animals or
their by-products and to reduce the economic effect associated with livestock loss. To achieve these goals, CDC
developed a comprehensive framework compiled from
multiple published guidelines that outlines a start-tofinish approach to prevent and control anthrax (15). The
principles and methods described in the framework can be
applied in any anthrax-endemic country and can be modified to address specific gaps.
The framework is subdivided into 2 phases, assessment
and implementation (Table), and includes instructions on
performing assessments (laboratory, epidemiologic, situational); providing recommendations; and implementing
interventions to prevent and control anthrax. Anthrax-endemic countries have already started applying the framework principles and have successfully completed some
activities, with some ongoing (online Technical Appendix
Table, https://wwwnc.cdc.gov/EID/article/23/13/17-0431Techapp.pdf).
Table. Framework for enhancing anthrax prevention and control
in endemic countries
Phase no., title
Activities
Phase I—assessment
Establishment of partnerships
Surveillance and outbreak response
assessment
Laboratory assessment
Vaccination assessment
Phase II—implementation Project identification
Enhancement of surveillance
Enhancement of outbreak response
capacity
Enhancement of diagnostic capacity
Development of targeted studies
Implementation of prevention and
control measures
Development and dissemination of
educational materials
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Phase I—Assessment
Establishment of Partnerships

CDC collaborates with anthrax-endemic countries that
request assistance to improve surveillance and diagnostic capacity. Upon request, CDC identifies key working
partners in these countries to initiate collaborations. Cooperative agreements are established with host country
partners to strengthen existing and develop new anthraxrelated activities and provide technical and financial assistance. The One Health approach, involving both human
and animal health stakeholders, is used for the promotion
of cross-sectoral integration and coordination of activities
for the detection, prevention, and response to endemic anthrax (16). CDC works with host country representatives
to identify a complete cadre of partners and stakeholders to collaborate on anthrax activities. This cadre might
include the ministries of health, agriculture, wildlife,
and forestry; national institutes; local universities; hospitals; animal industry; and professional organizations.
In addition, international organizations like the World
Health Organization, the World Organisation for Animal
Health, and the Food and Agriculture Organization of the
United Nations are usually identified as partners for incountry activities.
Partnering with CDC country offices and local
Field Epidemiology and Laboratory Training Programs
(FELTPs) has proven to be an effective mechanism for
building collaborations on anthrax. Work in the countries
of Georgia, Ghana, India, and Bangladesh was facilitated
by CDC country offices and FELTP staff, who provided
expertise and assistance with forging relationships with
multiple agencies, navigating the political environment,
assisting with the outbreak response, and promoting needed and beneficial proposed studies. CDC usually engages
with national-level partners; however, anthrax is typically
endemic only in focal regions. Thus, control programs
are most useful when targeting disease-endemic areas. In
countries with >1 disease-endemic region, phased implementation improves the likelihood of success. Factors
such as status of surveillance, burden of disease, partners,
security, and funding should be considered when selecting a region for initial implementation. Once partnerships
and agreements are in place, appropriate assessments
of ongoing anthrax-related activities and capacities can
be conducted.
Surveillance and Outbreak Response Assessment

Surveillance assessments progress according to the published protocols for the assessment of disease surveillance
and response that are modified to be anthrax-specific and
address each country’s needs (17,18). The initial assessment includes a review of information collected by the
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surveillance systems for both human and animal anthrax;
a report of flow and timeliness; the distribution of anthrax-affected areas throughout the country; the burden
of disease (number of outbreaks, illnesses, hospitalizations, deaths, associated costs); and available studies and
reports describing anthrax in the country. It is critical to
discuss the existing national anthrax surveillance systems’ strengths, weaknesses, and barriers, with a focus
on anthrax case definitions, case reporting processes, surveillance data quality, outbreak investigation protocols,
and intersectoral collaboration, which provide valuable
information on areas for collaboration and project development to enhance anthrax surveillance.
Laboratory Assessment

Similar to surveillance assessments, laboratory assessments were developed by modifying existing assessment
tools and incorporating evaluations for anthrax diagnostic procedures (2,3). Assessment of laboratory capacity
includes identifying existing national, regional, and local laboratories performing anthrax diagnostics. Then,
various aspects of the laboratories are evaluated, such as
the existing workforce, established diagnostic and logistic capacity, available equipment, facility infrastructure,
and waste management. Laboratory assessment findings
and the diagnostic capacity that countries request for use
within their laboratory system are used to determine the
needs for appropriate training, facility improvements,
and diagnostic algorithms to ensure the safety of all facility staff.
Numerous diagnostics ranging from basic Gram stains
to more specialized culture and molecular diagnostics (e.g.,
PCR) are available for identifying B. anthracis. Each has
varied sensitivity and specificity and requires varied technological skills and laboratory resources. Diagnostic capacity varies by country. Most underresourced countries
will base their outbreak response on clinical signs and microbiological stains and culture. However, some countries
have successfully developed PCR and culture capability to
detect and confirm anthrax from clinical specimens. Fortunately, the absence of costly Biosafety Level 3 laboratory facilities is not a limiting factor for safely conducting
B. anthracis diagnostics. Diagnostic procedures, including
molecular diagnostics and bacterial culture, can be safely
conducted by trained laboratory staff under Biosafety Level
2 conditions, with handling of infectious material in certified biosafety cabinets (19,20).
Vaccination Assessment

Animal vaccination is a vital tool to prevent and control anthrax in animals and, thus, prevent infection in humans (3).
During vaccination assessments, information is collected
on the following: the type of vaccine and bacteria strain

used; production site; vaccination coverage of livestock;
affordability; and logistics for storage, distribution, and
delivery. Although the vaccine is available and subsidized
through the government in some countries, vaccine cost is
often the livestock owners’ responsibility. Information on
vaccination policies and regulations, such as timing, frequency of administration, record keeping, vaccine administration personnel, and minimum age of animals at vaccination, are also collected. Assessment of animal vaccination
status is laborious and the information is rarely readily
available. Collaboration with vaccine production agencies
and commercial partners is essential to obtain these data.
Phase II—Implementation
Project Identification

After the assessments, convening multisectoral meetings
to discuss priority activities for enhancing anthrax surveillance, diagnostic, and outbreak response capacities and
prevention and control measures can ensure a more efficient use of available resources and government ownership
of activities. Anthrax stakeholder workshops can help to
identify high-risk areas to implement activities and to define and discuss in-country surveillance and laboratory capacity. For example, CDC collaborated with international
partners to engage key stakeholders in the country of Georgia through a series of workshops held during 2013–2015
to improve existing systems, promote integration of human and animal anthrax surveillance, and promote rigorous scientific investigations. Similarly, in 2017, CDC organized the Anthrax Surveillance, Prevention, and Control
in Ethiopia Meeting, which provided government agencies
representing both human and animal health the opportunity
for technical discussions of ongoing anthrax activities in
Ethiopia, including surveillance, outbreak response, and
laboratory diagnostic capacity. The workshop facilitated
intersectoral discussions and collaboration to enhance anthrax surveillance and control and identify priority needs
for anthrax work in Ethiopia. In addition, CDC assisted
partners to coordinate the Bangladesh-India Cooperative
Workshop on Anthrax with the goal to strengthen anthrax
detection and diagnostics through a coordinated international approach.
Enhancement of Surveillance, Outbreak Response,
and Diagnostic Capacity

During stakeholder meetings, CDC and other partners offer ideas and assistance on activities countries could undertake to enhance their anthrax-related activities, with a focus
on improving the areas identified as gaps or weaknesses
during assessments. Surveillance can be enhanced by developing an organized reporting system agreed upon by
stakeholders, encouraging local (human and animal) health
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providers to report cases, conducting training courses, providing resources and equipment, and integrating human
and animal surveillance data. Anthrax outbreak response
can be improved by supporting activities, such as training
of response personnel, developing standard operational
procedures for joint outbreak investigations, and establishing joint-investigation response teams. Defining clear roles
and responsibilities for each agency before an outbreak
investigation is critical for an efficient outbreak response.
On-site training sessions on outbreak investigations and
anthrax diagnostics can target identified gaps and support
surveillance of other diseases. In 2016 in Bangledesh, CDC
conducted a training on field collection methods for cutaneous lesions and eschars, which included training for sample
collection of not only cutaneous anthrax but also other eschar-associated diseases such as poxviruses.
Enhancing outbreak response and surveillance capacity directly affects the country’s ability to detect and contain
anthrax outbreaks. In 2012, a national, intersectoral working group was formed in Georgia to investigate a human
anthrax outbreak. This group evolved into a One Health
surveillance team to improve intersectoral communication and provide more rapid response to anthrax investigations in Georgia. Later, the team promptly identified a
human anthrax case in Tbilisi linked to illegally sold meat
and traced it back to the seller, preventing a possible outbreak in a dense urban setting (21). This team also spurred
development of regional rapid response teams to improve
surveillance and outbreak response at the local level and
developed and disseminated educational materials throughout Georgia. The team affected anthrax control nationwide
when they identified animal anthrax reporting issues,
which led to targeted interventions in the highest risk districts. These interventions included reinstatement of animal
vaccination campaigns in these areas, which resulted in a
decline of human anthrax cases (22). Furthermore, in 2009
and 2010, CDC assisted the Bangladesh Ministry of Health
with its response to multiple anthrax outbreaks, affecting
>270 persons. Since this time, CDC has maintained collaborations providing technical support, consultation, and
laboratory confirmation for annually occurring anthrax outbreaks throughout Bangladesh (23,24).
Development of standard operational procedures for
specimen collection and transportation, as well as establishment of laboratory diagnostics that are reliable, appropriate, safe, and sustainable, are necessary steps for
enhancing anthrax surveillance. Standard diagnostics include microscopy and culture, which are both relatively
reliable and sustainable diagnostic techniques. However,
biosafety concerns are inherent to culturing bacteria, and
identification of culture isolates typically requires confirmation by either PCR or susceptibility to gamma phage,
which are not typically available in many anthrax-endemic
S150

countries. Increasing a country’s ability to perform molecular diagnostics decreases the turnaround time for specimen processing and diagnostic results (12). Thus, CDC
encourages the use of molecular methods such as PCR for
confirmation at the national reference laboratories. While
these diagnostic protocols are being developed and implemented, CDC offers confirmatory testing, such as culture
and PCR, for human specimens at the CDC Zoonoses and
Select Agent Laboratory in Atlanta, Georgia, USA (24).
CDC also performs anthrax serologic assays not available
in most anthrax-endemic countries, including assays that
detect anthrax lethal factor (LF) and anti-protective antigen IgG and measure anthrax lethal toxin neutralization
activity levels. CDC has conducted these tests to confirm
human outbreaks in Bangladesh; they are specifically useful for identifying outbreaks after implementation of antimicrobial drugs (23).
In Bangladesh, CDC used laboratory assessments to
identify public health and veterinary laboratories capable
of conducting various diagnostic methods and those requiring training and resources to improve methodology, biosafety, and biosecurity to ensure their anthrax diagnostic
capabilities. CDC has assisted Bangladesh with diagnostics during anthrax investigations since 2009. A variety of
diagnostic methods, including M’Fadyean staining, culture, immunohistochemistry, anti-protective antigen ELISA, toxin neutralization assays, and LF detection by mass
spectrometry, were used during outbreaks. This collaborative effort was of great benefit to both CDC and Bangladesh. CDC testing allowed for the first confirmation of
human cutaneous anthrax cases in Bangladesh since 1986
and provided CDC invaluable data on the performance of
newer tests such as the LF detection test. Unlike patients
with inhalation and ingestion anthrax, patients with cutaneous anthrax often do not display systemic illness or
bacteremia; thus, the value of testing patient blood for antibodies and LF was unclear. However, these assays were
found useful even for diagnosis of cutaneous cases; 18
of 26 probable and confirmed cases of cutaneous anthrax
were positive (23).
A 2015 assessment of the anthrax diagnostics and
laboratory facilities at the Veterinary Services of Ghana,
Ghana Health Services, and the Noguchi Memorial Institute for Medical Research in Ghana identified the need for
confirmatory diagnostics at the national level. This need
was confirmed during discussions with national anthrax
surveillance staff, as was the need for a rapid diagnostic
test (RDT) to presumptively diagnose animal cases. CDC
assisted in training 6 veterinarians from the Veterinary
Services of Ghana to use the RDT and collect specimens
from animals suspected of dying of anthrax for confirmation and RDT validation. In 2016, the 6 newly trained
veterinarians conducted 3 regional training courses,
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extending capacity to 61 veterinarians. Technology transfer of confirmatory diagnostic methods is planned for
2017‒2018. These efforts to improve diagnostic capacity
in Ghana have prompted the development of an electronic
notification system for more rapid response to suspected
anthrax animal deaths, with the aim to improve surveillance and outbreak response. The use of gamma phage
was recently introduced by CDC to veterinary partners in
India as a method for diagnostic confirmation of culturepositive isolates in laboratories without PCR capabilities.
The use of simple nonmolecular methods, such as infection with gamma phage, has the potential to widen surveillance efforts to bacteriology laboratories where molecular diagnostic capacity is not present.
Development of Targeted Studies

CDC supports activities aimed at understanding anthrax
epidemiology in endemic countries. After a human anthrax
outbreak in 2012, CDC collaborated with national and international partners in Georgia to conduct epidemiologic studies to determine the probable sources of environmental and
animal exposure. The studies found that humans who had
contact with sick or dead animals were at greatest risk of
developing anthrax (25). CDC also provided technical support for the development and implementation of a matched
case–control study to identify risk factors for animal anthrax
deaths in Georgia during 2013–2015. This study confirmed
the need for regular vaccination of livestock, which was reinstated by the Ministry of Agriculture (22). In Bangladesh,
CDC are co-investigators with country partners on a study to
identify host risk factors associated with cutaneous anthrax
infections, aiming to identify vulnerable populations. In this
study, risk factors related to animal husbandry practices, socioeconomics, and the geographic distribution of B. anthracis are being investigated with the goal to focus future surveillance, prevention, and control strategies in Bangladesh.
Improving Implementation of Prevention and
Control Measures

In Georgia and Bangladesh, surveillance assessments and
historical outbreak data were used to target anthrax prevention and control in specific, high-prevalence regions.
Spatial modeling of disease distribution can help improve
identification and prediction of high-risk areas for anthrax.
CDC provided support to partners in Ghana and at the University of Florida (Gainesville, FL, USA) to hold trainings
on Geographic Information Systems and spatial modeling
for anthrax surveillance. These trainings included 6 Geographic Information Systems webinars with 31 regular participants, followed by 6 days of in-person class to solidify
the spatial analytic methods. This same collaboration also
resulted in an anthrax predictive risk map for Ghana created by using ecologic niche and random forest modeling.

The model is guiding renewed efforts to train medical staff
on case identification in high-risk areas and will be used to
guide targeted anthrax vaccination campaigns (26).
Development and Dissemination of
Educational Materials

Healthcare and community education materials are another
aspect of the prevention and control of anthrax. The CDC
framework for enhancing anthrax surveillance provides an
outline for assessing and implementing anthrax prevention
activities in endemic countries. The manual is provided in
both English and French and has been distributed to human
and animal health partners. In addition, international collaborations have improved communications between CDC
and anthrax subject matter experts in anthrax-endemic
countries, enabling a more direct, efficient, and mutually
beneficial exchange of expertise on anthrax surveillance.
Therefore, CDC developed an anthrax toolkit including a
series of culturally specific illustrations to communicate
anthrax prevention messages. In Cameroon and Mali, these
illustrations were used successfully in field manuals for anthrax outbreak control to disseminate a clear One Health
message that informs high-risk groups of the health implications of anthrax.
Impact and Next Steps
Anthrax causes serious public health problems and has
high economic significance in affected countries (9,21).
Enhancing surveillance, outbreak response, and diagnostics will prevent anthrax cases in both animals and humans
and, thus, will reduce death, illness, and economic losses
associated with anthrax. The framework for the control
and prevention of anthrax promoting the One Health approach developed by CDC has shown positive public
health effects in anthrax-endemic countries (16,27). The
epidemiology of anthrax involves animal, human, and
environmental components. Linking human and animal
anthrax surveillance and tracing animal outbreaks to their
source is imperative for the implementation of effective
control measures. Laboratories with enhanced diagnostic capabilities can serve as regional reference facilities,
and trained staff can assist with regional anthrax and
other zoonotic outbreaks. This work also enhances global
health security by supporting the GHSA, which aims to
rapidly detect, respond, and control public health emergencies such as anthrax outbreaks.
CDC has provided support for the activities discussed
and has seen substantial progress in anthrax prevention
and control efforts in each partnering country. Despite the
success of the framework activities, additional operational
research and other capacity-enhancing activities can and
should still be considered. These include assisting countries with building integrated human and animal anthrax
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surveillance, testing vaccine efficacy, investigating best
practices for carcass disposal, and partnering for community education campaigns. In addition, field testing novel,
point-of-care diagnostic methods can advance rapid disease detection and biosecurity and enhance diagnostic capacity in endemic areas. Overall, on the basis of positive
outcomes from past and ongoing activities, we recommend
the continuation of ongoing efforts to support enhancement
of anthrax surveillance and diagnostics. The anthrax framework can be adjusted to improve One Health surveillance,
prevention, and control of multiple zoonotic diseases in
anthrax-endemic countries.
Acknowledgments
The authors would like to acknowledge the opportunity to work
with numerous public and animal health partners, supporting
their activities to enhance anthrax surveillance, diagnostics, and
prevention. Specifically, we thank Sean V. Shadomy and staff
from the following institutions: the CDC country offices in
Bangladesh, Ethiopia, India, and Georgia; the Institute of
Epidemiology Disease Control and Research in Bangladesh and
icddr,b; Ministry of Health and Ministry of Livestock and
Fisheries in Ethiopia; National Center for Disease Control,
National Food Agency, and the Laboratory of the Ministry of
Agriculture in Georgia; Colorado State University (Fort Collins,
CO, USA); the US Department of Agriculture Foreign
Agricultural Service; Ghana Field Epidemiology and
Laboratory Training Program, Ministry of Health, Ministry
of Food and Agriculture, and the Noguchi Memorial
Institute for Medical Research in Ghana; Spatial Epidemiology
& Ecology Research Laboratory; and Manipal University and
National Institute of Veterinary Epidemiology and Disease
Informatics in India.
Dr. Vieira is an epidemiologist with the Bacterial Special
Pathogens Branch, Division of High-Consequence Pathogens
and Pathology, National Center for Emerging and Zoonotic
Infectious Diseases, Centers for Disease Control and
Prevention. He works as a senior consultant and provides
technical assistance and guidance to programmatic and scientific
features involving highly pathogenic zoonotic diseases. His
research interests are preventing and controlling anthrax and
other emerging bacterial infections, in addition to surveillance
capacity-building projects in several countries.
References
1.
2.
3.
4.

Fasanella A, Galante D, Garofolo G, Jones MH. Anthrax
undervalued zoonosis. Vet Microbiol. 2010;140:318–31.
http://dx.doi.org/10.1016/j.vetmic.2009.08.016
Shadomy SV, Smith TL. Zoonosis update. Anthrax. J Am Vet Med
Assoc. 2008;233:63–72. http://dx.doi.org/10.2460/javma.233.1.63
World Health Organization. Anthrax in humans and animals, 4th
ed. Geneva: The Organization; 2008.
Hicks CW, Sweeney DA, Cui X, Li Y, Eichacker PQ. An overview
of anthrax infection including the recently identified form of

S152

disease in injection drug users. Intensive Care Med. 2012;38:
1092–104. http://dx.doi.org/10.1007/s00134-012-2541-0
5. Goel AK. Anthrax: a disease of biowarfare and public
health importance. World J Clin Cases. 2015;3:20–33.
http://dx.doi.org/10.12998/wjcc.v3.i1.20
6. Schmid G, Kaufmann A. Anthrax in Europe: its epidemiology,
clinical characteristics, and role in bioterrorism. Clin
Microbiol Infect. 2002;8:479–88. http://dx.doi.org/10.1046/
j.1469-0691.2002.00500.x
7. Hugh-Jones M, Blackburn J. The ecology of Bacillus anthracis.
Mol Aspects Med. 2009;30:356–67. http://dx.doi.org/10.1016/
j.mam.2009.08.003
8. Shadomy SV, Idrissi AE, Raizman E, Bruni M, Palamara E,
Pittiglio C, et al. Anthrax outbreaks: a warning for improved
prevention, control and heightened awareness. Rome: Food and
Agriculture Organization of the United Nations; 2016 [cited 2017
Jun 23]. http://www.fao.org/3/a-i6124e.pdf
9. Misgie F, Atnaf A, Surafel K. A review on anthrax and its public
health and economic importance. Acad J Anim Dis. 2015;4:
196–204.
10. World Health Organization. International Health Regulations
(2005). 3rd ed. [cited 2017 Apr 27]. http://apps.who.int/iris/
bitstream/10665/246107/1/9789241580496-eng.pdf
11. Wolicki SB, Nuzzo JB, Blazes DL, Pitts DL, Iskander JK,
Tappero JW. Public health surveillance: at the core of the global
health security agenda. Health Secur. 2016;14:185–8.
http://dx.doi.org/10.1089/hs.2016.0002
12. Balajee SA, Arthur R, Mounts AW. Global health security:
building capacities for early event detection, epidemiologic
workforce, and laboratory response. Health Secur. 2016;14:424–32.
http://dx.doi.org/10.1089/hs.2015.0062
13. Rist CL, Arriola CS, Rubin C. Prioritizing zoonoses:
a proposed One Health tool for collaborative decision-making.
PLoS One. 2014;9:e109986. http://dx.doi.org/10.1371/
journal.pone.0109986
14. Salyer SJ, Silver R, Simone K, Barton Behravesh C. Prioritizing zoonoses for global health capacity building—themes from One Health
zoonotic disease workshops in 7 countries, 2014–2016. Emerg Infect
Dis. 2017;23(Suppl):S57–64. https://doi.org/10.3201/eid2313.170418
15. Centers for Disease Control and Prevention. Framework for
enhancing anthrax prevention & control. 2016 [cited 2017 Feb 28].
https://www.cdc.gov/anthrax/resources/anthrax-framework.html
16. Bengis RG, Frean J. Anthrax as an example of the One Health
concept. Rev Sci Tech. 2014;33:593–604. http://dx.doi.org/
10.20506/rst.33.2.2309
17. World Health Organization. Protocol for the assessment of national
communicable disease surveillance and response systems.
Guidelines for assessment teams. 2001 [cited 2017 Jun 23].
http://www.who.int/csr/resources/publications/surveillance/
WHO_CDS_CSR_ISR_2001_2_EN/en/
18. World Health Organization. Joint External Evaluation tool:
International Health Regulations (2005) [cited 2017 Jun 23].
http://www.who.int/iris/handle/10665/204368
19. World Organisation for Animal Health; World Health Organization;
Food and Agriculture Organization of the United Nations.
Anthrax in humans and animals. 4th ed. Geneva: World Health
Organization; 2008 [cited 2017 Jun 23]. http://apps.who.int/iris/
bitstream/10665/97503/1/9789241547536_eng.pdf
20. US Department of Health and Human Services, Centers for Disease
Control and Prevention, National Institutes of Health. Biosafety in
microbiological and biomedical laboratories. 5th ed. Atlanta: US
Department of Health and Human Services; 2009 [cited 2017 Jun
23]. http://www.cdc.gov/biosafety/publications/bmbl5/index.htm
21. N. Kirtzkhalia. Anthrax—Georgia: (Tbilisi) human. ProMed. 2013
Aug 24 [cited 2017 Jun 23]. http://www.promedmail.org, archive
no. 20130826.1901988.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, Supplement to December 2017

Surveillance in Anthrax-Endemic Countries
22.

Kalandadze I, Napetvaridze T, Kokhreidze M. Georgia’s choice:
moving One Health forward—developing the One Health approach
to anthrax control in Georgia. 2015 [cited 2017 Jun 23].
http://www.syndromic.org/storage/documents/One_Health_
Surveillance/ISDS_OHS_CaseStudy4_Georgia.pdf
23. Boyer AE, Quinn CP, Beesley CA, Gallegos-Candela M, Marston CK,
Cronin LX, et al. Lethal factor toxemia and anti-protective antigen
antibody activity in naturally acquired cutaneous anthrax. J Infect
Dis. 2011;204:1321–7. http://dx.doi.org/10.1093/infdis/jir543
24. Chakraborty A, Khan SU, Hasnat MA, Parveen S, Islam MS,
Mikolon A, et al. Anthrax outbreaks in Bangladesh, 2009–2010.
Am J Trop Med Hyg. 2012;86:703–10. http://dx.doi.org/10.4269/
ajtmh.2012.11-0234
25. Navdarashvili A, Doker TJ, Geleishvili M, Haberling DL,
Kharod GA, Rush TH, et al.; Anthrax Investigation Team. Human
anthrax outbreak associated with livestock exposure: Georgia,

26.

27.

2012. Epidemiol Infect. 2016;144:76–87. http://dx.doi.org/10.1017/
S0950268815001442
Kracalik IT, Kenu E, Nsoh Ayamdooh E, Allegye-Cudjoe E,
Polkuu PN, Frimpong JA, et al. Modeling the environmental
suitability of anthrax in Ghana and estimating populations at risk:
implications for vaccination and control. PLoS Negl Trop Dis. In
press 2017.
Babo Martins S, Rushton J, Stärk KD. Economic assessment of
zoonoses surveillance in a ‘One Health’ context: a conceptual
framework. Zoonoses Public Health. 2016;63:386–95.
http://dx.doi.org/10.1111/zph.12239

Address for correspondence: Antonio R. Vieira, Centers for Disease
Control and Prevention, 1600 Clifton Rd NE, Mailstop A30, Atlanta, GA
30329-4027, USA; email: vht8@cdc.gov

August 2015: Surveillance
• Drivers of Emerging
Infectious Disease Events
as a Framework for
Digital Detection
•E
 scherichia coli O157
Outbreaks in the United
States, 2003–2012
• Real-time Microbiology
Laboratory Surveillance
System to Detect
Abnormal Events and
Emerging Infections,
Marseille, France

• Response Strategies
against Meningitis
Epidemics after
Elimination of Serogroup
A Meningococci, Niger
• Phylogeography of
Influenza A(H3N2) Virus
in Peru, 2010–2012

• Health Care–Associated
Infection Outbreak
Investigations in Outpatient
Settings, Los Angeles
County, California, USA,
2000–2012

• Development of
Framework for
Assessing Influenza Virus
Pandemic Risk
• Cutaneous Legionella
longbeachae Infection in
Immunosuppressed
Woman, United Kingdom

• Seasonal Patterns of Buruli
Ulcer Incidence, Central
Africa, 2002–2012

• Occupational Exposure
to Dromedaries and Risk
for MERS-CoV Infection,
Qatar, 2013–2014

• Differentiation of Acute
Q Fever from Other
Infections in Patients
Presenting to Hospitals,
the Netherlands

• Hospital Resource
Utilization and Patient
Outcomes Associated with
Respiratory Viral Testing in
Hospitalized Patients

• Genomic Assays for
Identification of
Chikungunya
Virus in Blood Donors,
Puerto Rico, 2014

• Human–Bat Interactions in
Rural West Africa

• Influenza A Viruses of
Human Origin in Swine,
Brazil

• Susceptibility of Carrion
Crows to Experimental
Infection with Lineage 1
and 2 West Nile Viruses

• Underrecognition of
Dengue during 2013
Epidemic in Luanda,
Angola

• Community-Based
Outbreak of Neisseria
meningitidis Serogroup
C Infection in Men who
Have Sex with Men, New
York City, New York, USA,
2010–2013

• Risk for Mycobacterial
Disease among Patients
with Rheumatoid Arthritis,
Taiwan, 2001–2011
• Prevalence of Hepatitis E
Virus Infection in Pigs at
the Time of Slaughter,
United Kingdom, 2013

• Bartonella spp. and
Coxiella burnetii
Associated with
Community-Acquired,
Culture-Negative
Endocarditis, Brazil
• Detection and Full-Length
Genome Characterization
of Novel Canine
Vesiviruses

• Estimates of Outbreak
Risk from New
Introductions of Ebola
with Immediate and
Delayed Transmission
Control

https://wwwnc.cdc.gov/eid/content/21/8/contents.htm
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, Supplement to December 2017

S153

