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A B S T R A C T   

Objectives: We applied a novel Outbreak Costing Tool (OCT), developed by the US Centers for Disease Control and 
Prevention (CDC), to estimate the costs of investigating and responding to an anthrax outbreak in Tanzania. We 
also evaluated the OCT’s overall utility in its application to a multisectoral outbreak response. 
Methods: We collected data on direct costs associated with a human and animal anthrax outbreak in Songwe 
Region (December 2018 to January 2019) using structured questionnaires from key-informants. We performed a 
cost analysis by entering direct costs data into the OCT, grouped into seven cost categories: labor, office, travel 
and transport, communication, laboratory support, medical countermeasures, and consultancies. 
Results: The total cost for investigating and responding to this outbreak was estimated at 102,232 United States 
dollars (USD), with travel and transport identified as the highest cost category (62,536 USD) and communication 
and consultancies as the lowest, with no expenditure, for the combined human and animal health sectors. 
Conclusions: Multisectoral investigation and response may become complex due to coordination challenges, thus 
allowing escalation of public health impacts. A standardized framework for collecting and analysing cost data is 
vital to understanding the nature of outbreaks, in anticipatory planning, in outbreak investigation and in 
reducing time to intervention. Pre-emptive use of the OCT will also reduce overall and specific (response period) 
intervention costs for the disease. Additional aggregation of the costs by government ministries, departments and 
tiers will improve the use of the tool to enhance sectoral budget planning for disease outbreaks in a multisectoral 
response.   

1. Introduction 

Anthrax (Bacillus anthracis) is a zoonotic bacterial infection that 
primarily affects herbivores, although all mammals are vulnerable to the 

disease [1]. B. anthracis spores can survive in soil for years, if not 
exposed to ultraviolet rays [2]. Livestock species, including cattle, 
sheep, and goats, as well as wild ruminants, are highly susceptible to 
infection through ingestion of soil contaminated with B. anthracis spores 
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[2]. Human infection is usually via contact with infected animals or 
animal products [3] and may manifest as cutaneous, inhalational or 
gastrointestinal infection [4]. The worldwide incidence of anthrax is 
generally decreasing, however, the disease is endemic throughout Africa 
[2]. 

In Tanzania, this frequently reported bacterial zoonosis [5,6], has 
been prioritized alongside rabies, viral haemorrhagic fevers (including 
Rift Valley fever), zoonotic avian influenza, human African trypanoso-
miasis and brucellosis [7,8]. Through the Global Health Security Agenda 
(GHSA), Tanzania is addressing anthrax prevention and control and has 
developed the National Strategy for Prevention and Control of Anthrax in 
Humans and Animals, 2018–2023. This strategy was supported by the 
Food and Agriculture Organization of the United Nations (FAO) and 
received funding from the United States Agency for International 
Development (USAID) [9]. 

The FAO, the World Health Organization (WHO), and the World 
Organization for Animal Health (OIE) have performed a series of eval-
uative assessments in Tanzania [10–12]. These assessments, in 
conjunction with the global One Health guidance [13], highlight both 
the need for the implementation of standardized outbreak investigation 
tools and sustainable funding for outbreak response that incorporates a 
One Health approach. The One Health approach is defined by the 
Tripartite (WHO, FAO, and OIE) as an approach used to address a health 
threat at the human-animal-environment interface, across all relevant 
sectors and disciplines, with the ultimate goal of achieving optimal 
health outcomes for both people and animals [13]. Cost analyses for 
infectious disease outbreaks, especially those that involve multisectoral 
investigations, are not routinely implemented. Additionally, studies that 
have estimated the costs of investigating and responding to outbreaks 
have often focused on high-income countries [14,15], with only a few 
examples from low- and middle-income countries [16]. Reasons for this 
disparity include lack of detailed cost data availability and the absence 
of a standardized approach for collecting such data [14]. Costing tools 
that facilitate a One Health approach are limited. However, if costs of 
investigating and responding to outbreaks could be collected using a 
standardized and multisectoral approach, planning and informing sus-
tainable funding for multisectoral outbreak investigation and response 
activities could be greatly improved. Specifically, availability of cost 
data could: increase budget transparency, allow adaptation and incor-
poration of the most cost-effective response activities; reduce response 
times to outbreak alerts by improving access to funding; facilitate 
development of an outbreak costing database that could be used as a 
baseline estimate in the case of future human and animal disease out-
breaks; and improve national capacity to respond to, and limit the scale 
of, infectious disease outbreaks. 

In 2018, the US Centers for Disease Control and Prevention (CDC), in 
collaboration with RTI International (formerly Research Triangle Insti-
tute), developed an Outbreak Costing Tool (OCT) that can be used to 
conduct cost analysis for a range of disease outbreak scenarios [17]. The 
OCT was developed to strengthen global health security by enhancing 
countries’ ability to prevent, detect, and respond to public health 
emergencies and infectious disease threats. The tool is applicable to both 
human and animal specific disease outbreaks and outbreaks that require 
a multisectoral response (e.g., zoonotic disease outbreaks), allowing for 
the incorporation of costs from multisector stakeholders. In the case of 
outbreaks that require a multisector response, the implementation of 
this tool can help facilitate the costing of collaborative outbreak in-
vestigations and response activities through improving understanding, 
communication and reporting. The OCT was first piloted in this study, 
where its application could assist the Tanzanian human, animal and 
environmental health ministerial sectors in planning future activities 
and addressing One Health challenges with respect to estimating the 
costs of outbreak investigation and response and could potentially assist 
other countries in the same way. It should be noted that other health 
specific costing tools have been utilized for health programming and 
evaluation of disease outbreaks, foodborne illnesses and zoonoses 

including CostIt [18]; SurvCost 1.0 [19]; WHO-CHOICE [20–26]. 
Our study’s primary aim was to use the OCT to retrospectively 

generate a cost estimate for investigation and response activities asso-
ciated with an anthrax outbreak. The secondary aim was to evaluate the 
utility of the OCT in its application to a multisectoral infectious disease 
outbreak investigation and response. 

2. Methods 

2.1. Outbreak location 

Between December 2018 and January 2019, an outbreak of human 
and livestock anthrax occurred in the Momba District, Songwe Region, 
situated in Tanzania’s southern highlands. A multisectoral response was 
mounted from the national to regional level through to the affected 
district. The 2017 census estimated a human population in excess of 
198,269 for Momba District [27], with this rural community comprising 
largely agro-pastoralist populations [28]. The predominant small holder 
livestock species in this area are poultry, followed by cattle, goats, pigs, 
and sheep [29]. 

2.2. Outbreak description and response 

On January 3, 2019, the Ward Councillor for Nzoka Ward in Momba 
District, Songwe Region, notified the district and regional authorities of 
a suspected anthrax outbreak in Nzoka Village. The national health 
authority, the Ministry of Health, Community Development, Gender, 
Elderly and Children (MoHCDGEC) dispatched a team for investigation 
on January 10, 2019. Upon outbreak investigation, it was found that 81 
suspected human cases were reported between December 9, 2018, and 
January 7, 2019 (Fig. 1). Suspected human cases had symptoms 
including rash, blisters, ulcers and inflamed oedematous skin. Forty-four 
(54.3%) suspected human cases were female (Fig. 2). The median age of 
suspected human cases was 25 years (range: 1–75 years) for 79 (97.5%) 
of suspected human cases for whom age data was available (Fig. 2). Four 
(4.9%) fatalities of 81 suspected human cases were reported, two of the 
four (50.0%) fatalities were female and the median age was 49 years 
(range: 13–70 years). These four clinically suspected human case fatal-
ities were laboratory confirmed as anthrax by Gram staining for bacilli 
demonstration and real-time polymerase chain reactions at the Tanza-
nian Veterinary Laboratory Agency on January 15, 2019. Subsequent 
samples were dispatched in batches for testing. Diagnostic testing for the 
outbreak was conducted in accordance with the government of Tanzania 
and WHO-FAO-OIE case definitions for confirmed human anthrax [3,7]. 

Sixteen cattle deaths were reported during the human outbreak by 
the Ministry of Livestock and Fisheries (MoLF) [30]. Two cattle car-
casses earlier consumed by the human cases were identified as the 
probable source of human infection. Samples were not collected from 
carcasses due to a number of reasons, including lack of stereotypical 
anthrax symptoms, slaughtering and handling of meat from potentially 
infected carcasses without inspection by a designated livestock officer 
[6], and a delay in human diagnosis. Following the confirmation of 
human anthrax, no further livestock carcasses nor wildlife carcasses 
were reported. Therefore, animal confirmatory testing was not per-
formed during the outbreak period. 

Outbreak response livestock vaccination was conducted until 
January 16, 2019, covering 64,348 animals across the Momba District. 
Other prevention and control measures employed included a provision 
of health education to communities in the affected village on how to 
prevent transmission of the disease, raising health seeking behaviour, 
safe disposal of carcasses and strengthening surveillance activities both 
in human and livestock sectors. There was no local government emer-
gency budget available for this outbreak, and all direct costs were pri-
marily incurred by the Tanzanian national government (i.e., MoLF and 
the MoHCDGEC) and a number of development partners, including the 
FAO, US CDC, WHO, and USAID. 
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2.3. Questionnaire data collection for outbreak costs 

Data on costs associated with the outbreak were collected from May 
to June 2019, from all sectors involved, including human, animal and 
environmental health government representatives. Twenty human, an-
imal and environmental health sector government officials were 
approached in-person (three human health, eight animal health, and 
two One Health specialists), by phone (two human health and one ani-
mal health specialist) and email (two human health, one animal health 
and one environmental health specialist) for participation in outbreak 
costing data collection. Those individuals with knowledge of costs 
associated with the outbreak were selected as initial key-informants. 
Following informed consent, respondents completed a structured ques-
tionnaire pertaining to one of seven OCT independent cost categories: 
labor, office materials and equipment, travel and transport, communi-
cation, laboratory support, medical countermeasures, and consul-
tancies. Each cost category questionnaire was designed to answer every 
field within each OCT cost category. When a respondent did not have 

knowledge on specific aspects of a cost category, either the respondent 
conferred with a colleague for further information or the respondent 
made a suggestion of a knowledgeable colleague that could complete the 
remaining cost category fields, and this individual was approached for 
participation. Questionnaire responses were cross-verified by additional 
government officials where possible to generate more robust costing 
estimates and reduce questionnaire bias [31]. This cross-verification 
was conducted by additional key-informant questionnaire administra-
tion at the regional, zonal or national government levels. 

2.4. Outbreak Costing Tool (OCT) description 

Costing analysis for the investigation and response costs associated 
with the anthrax outbreak was performed using the OCT. The OCT 
offered a standardized, Excel-based approach to recording and sum-
marizing outbreak costing data. While the costing tool allowed entry of 
information from multiple sectors, it did not allow the breakdown of 
costs incurred by each sector, thus all costs incurred were represented as 
totals across all sectors involved. Questionnaire data were entered into 
each spreadsheet of the OCT. Within the OCT, seven cost-related cate-
gories were split into one labor and six non-labor activities, with non- 
labor cost categories including: office materials and equipment, travel 
and transport, communication, laboratory support, medical counter-
measures, and consultancies. Individual cost items listed within the OCT 
for each non-labor cost category are given in Table 1. 

Per cost category, the OCT incorporated individual items associated 
with that category, the quantity and total cost per item, and the per-
centage cost for each item in relation to three pre-defined outbreak 
periods. These outbreak periods included: the initial response period (i. 
e., preparation, outbreak verification, outbreak diagnosis, case verifi-
cation, case diagnosis, case definition construction, case recording, 
epidemiology description, hypothesis development, hypothesis evalua-
tion and finalization, and reconciling evidence); the outbreak response 
period (i.e., implementing infection control and prevention measures); 
and the follow-up and reporting period (i.e., initiating or maintaining 
surveillance and dissemination of findings). A results spreadsheet sum-
marized the data, facilitating interpretation of outputs. All cost estimates 
were calculated in local currency, Tanzanian shillings (TSH), and con-
verted to equivalent United States dollars (USD), using the average ex-
change rate for June 2019 (1 TSH = 0.000434 USD [32]). 
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Fig. 1. Timeline of the number of reported suspected human anthrax cases (n = 81) during the outbreak period in Songwe Region, Tanzania, from December 2018 to 
January 2019. 
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anthrax cases (n = 79 with data available) during the outbreak period in 
Songwe Region, Tanzania, from December 2018 to January 2019. 
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2.5. Descriptive statistics 

Total suspected human anthrax cases were evaluated over the 
outbreak period. Confirmed human cases were visualized by age and sex 
distributions. For each of the seven cost categories and three outbreak 
periods summarized using the OCT, total costs and cost proportions, 
presented as total percentage costs, were visualized using R software 
version 3.6.1 [33] and the ggplot2 R package [34]. 

3. Results 

In total, 18 of 20 (90.0%) government officials from district to na-
tional level and cutting across multiple sectors, who are directly 
involved in the outbreak investigation and response activities were able 
to provide information to populate the questionnaire cost data. The 
remaining two individuals were not directly involved in the outbreak 
response but contributed technical information. An estimated 5045 
labor hours were spent on outbreak investigation and response activities 
by at least 29 district, region, zonal and national government employees 
across human, animal and environmental health sectors. 

The total cost for the entire multisectoral outbreak response, 
including projected hours for ongoing activities, was approximately 
102,232 USD (235,016,666 TSH) across all sectors. The total estimate 
for labor costs was 14,957 USD (34,384,666 TSH), the remaining non- 
labor cost categories combined were estimated at 87,276 USD 
(200,634,483 TSH). The category with the highest cost was travel and 
transport and the lowest cost categories were communication and con-
sultancies, reporting zero costs. The lack of reported cost for the 
communication cost category was due to the provision of free of charge 
health education services by local media houses and the engagement of 
traditional and religious leaders in educating the affected communities. 
The travel and transport cost category represented approximately 61.2% 
of the total outbreak investigation and response costs. Medical coun-
termeasures accounted for 14.9%, labor costs 14.3%, laboratory support 
8.1% and office materials and equipment 1.2% of the total costs (Fig. 3). 

Multisectoral outbreak investigation and response activity costs for 
the three outbreak response periods (initial response, outbreak response, 
and follow-up and reporting periods) are shown in Fig. 4. The outbreak 
response period was the costliest of the three outbreak periods, 

representing 74.3% of the overall costs (75,944 USD; 175,583,746 TSH), 
then follow up and reporting at 14.2% (14,498 USD; 33,329,177 TSH). 
The initial response was estimated at 11.5% (11,790 USD; 27,103,742 
TSH). Considering cost category distribution per response period, travel 
and transport incurred the majority of costs during the outbreak 
response period. 

Breaking down costs broadly into labor and non-labor across all 
sectors, the greater percentage of labor costs were nearly evenly split 
between the initial response (39.4%) and the outbreak response (44.2%) 
periods, with follow-up and reporting making up the remainder (16.4%) 
of labor costs. Whereas the majority of the non-labor costs were 

Table 1 
Outbreak Costing Tool individual cost items for each non-labor cost category.  

Office materials and 
equipment 

Travel and 
transport 

Communication Laboratory support Medical countermeasures Consultancies 

Stationeries Fuel costs Airtime for national 
radio broadcasts 

Personal protective 
equipment 

Drugs for prevention: 
Vaccines 

Database development 

Printing/copies Rented or hired 
vehicles 

Airtime for national 
television broadcasts 

Syringes Antibiotic prophylaxis Database management 

Rented building space Parking Advertisements in 
national newspapers 

Pipettes Quarantine Data collection 

Rented equipment Purchased vehicles Airtime for local radio 
broadcasts 

Reagents Closing of food premises Data analyses 

Rented furniture Maintenance and 
repair costs 

Airtime for local 
television broadcasts 

Shipment of 
materials 

Animal culls Field epidemiology 

Internet Lodging Advertisements in local 
newspapers 

Specimen collection Disposal or decontamination 
of contaminated items 

Biology/entomology 

Cellular data Per diem expenses 
(e.g., food) 

Wall poster 
advertisements 

Specimen transport Water chlorination Training 

Speciality software Airfare for 
deployed personnel 

T-shirts to raise outbreak 
awareness 

Specimen 
processing 

Impregnated bed nets Risk communication and media trainings 

Mobile phones Taxi and bus fares  Identification of 
pathogens  

Development of case management 
guidelines for safety hazards (e.g., 
zoonotic, food safety) 

Solar panels to charge 
phones and 
computers   

Data management   

Global Positioning 
System devices   

Data analysis and 
results   

Mobile hotspots   Waste management    
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Fig. 3. Total cost per individual cost category in United States dollars (USD) for 
an anthrax outbreak in Songwe Region, Tanzania, from December 2018 to 
January 2019. 
Note: The equivalent cost categories of total expenditure in Tanzanian shillings 
(TSH) are as follows: Labor; 34,384,666 TSH (14,957 USD), Office; 2,860,000 
TSH (1244 USD), Travel and Transport; 143,760,000 TSH (62,536 USD), 
Communication; 0 TSH (0 USD), Laboratory Support; 19,112,000 TSH (8314 
USD), Medical Countermeasures; 18,900,000 TSH (8222 USD), and Consul-
tancies; 0 TSH (0 USD). 
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estimated to have been incurred during the outbreak response period 
(77.7%). Non-labor costs for the initial response period and follow-up 
and reporting period, were 7.3% and 15.0%, respectively (Fig. 5). 
Additionally, the use of OCT allowed for the review of the index case and 
reclassification of earlier misdiagnosis. 

4. Discussion 

Our aim was to estimate the costs of multisectoral investigation and 
response activities associated with an anthrax outbreak that occurred in 
Songwe Region, Tanzania, between December 2018 and January 2019. 
We used a novel OCT to collect and analyse cost data associated with 
investigating and responding to the outbreak. In addition, we aimed to 
evaluate the overall utility of the OCT in its application to an infectious 
disease outbreak that required a multisectoral investigation and 
response. To our knowledge, this is the first attempt at using a stan-
dardized outbreak costing tool to estimate the costs of multisectoral 
investigation and response activities for an anthrax outbreak in sub- 
Saharan Africa. 

The OCT was able to estimate comprehensive costs (102,232 USD) 
associated with investigating and responding to an anthrax outbreak in 
Tanzania, divided between labor (15.7%) and non-labor (84.3%) costs. 
These estimated costs cover the entirety of the outbreak, from the initial 
response (12.4%), through to outbreak response (72.4%), and follow-up 
and reporting (15.2%) periods. The transport and travel cost category 
had the largest reported costs, which included vehicle, lodging and 
general travel-related expenses, such as vehicle hire, fuel costs, and per 
diems for outbreak rapid response team members. The second largest 
cost category was medical countermeasures, which comprised drugs 
(both medical and veterinary), and control measures, such as quarantine 
and the closing of food premises. Outbreak items with the greatest cost 
included hired vehicles and vaccines. All cost categories had a per-
centage of total cost split across the three main response periods: initial 
response period, outbreak response period, and follow-up and reporting 
period. The majority of costs were incurred during the outbreak 
response period. In terms of outbreak budget planning, this suggests that 
activities involving the implementation of disease outbreak control and 
prevention measures are the driving cost components during the course 
of an outbreak event. 

Understanding the distribution of estimated costs associated with 
different aspects of outbreak investigation and response activities can 
assist in effective budgeting and planning for future outbreaks. First, the 
ability to detect and reduce the scale of an outbreak is tremendously 
beneficial, as only a portion of the initial outbreak response costs will be 
required, and potential subsequent costs can be avoided. In addition, 
during an outbreak, an effective notification system following the index 
case and a rapid response may reduce the overall costs incurred in 
managing an outbreak. Although, it is evident that cost will be incurred 
during outbreak investigation and response activities, innovative ap-
proaches must be used by technical officers, planners and policy makers 
to reduce the cost burden of such activities where feasible. For instance, 
1) the utilization of more regional and district-level officers to reduce 
long distance travel to outbreak sites, 2) the availability of outbreak 
investigation and response materials and consumables to facilitate rapid 
response, and 3) peace-time coordinated simulation exercises to pre- 
empt cost saving measures before public health events occur, may 
assist in this regard. This tool can also serve as an aid in resource-poor 
settings where budget constraints are more severe and thus can assist 
in priority setting and resource allocation. 

The use of the OCT in our project had many strengths. The costing 
tool we used provided a standardized framework for recording and 
analysing data that allowed us to generate rapid cost estimates. The OCT 
is also adaptable to a range of infectious disease outbreak scenarios, and 
the incorporation of multisectoral costs is possible. This aspect is 
particularly useful in the case of zoonotic disease outbreaks, high-
lighting the tool’s utility in facilitating the evaluation of outbreak 
investigation and response activities that require a One Health 
approach. Additionally, the OCT was able to incorporate costs incurred 
by local to national government departments, meaning that a single cost 
analysis could be performed for direct costs incurred in an outbreak. The 
OCT was able to incorporate additional cost categories and items where 
necessary, making the tool flexible to different outbreak scenarios and 
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investigation and response activities. 
Since the costing tool allowed entry of information from multiple 

sectors and did not allow the breakdown of costs incurred by each 
sector, it may present a limitation where sectoral contributions to a 
central budget for field activities have to be implemented among key 
sectors. Another limitation of our investigation was the use of small 
number of participants to obtain the cost data, as this may have influ-
enced the cost estimates generated. Respondent sample size and 
response times could be improved through the prospective collection of 
these data in person, wherever feasible, by a designated government 
representative. It should be noted that the tool was applied approxi-
mately 5–6 months after the outbreak event; hence, the study may be 
subjected to a degree of recall bias. We made an effort to reduce this 
effect by cross-validating the information obtained from the key in-
formants with additional informants within the same institutions. 
However, it is likely that some degree of inconsistency exists in quali-
tative information obtained from respondents, especially where official 
record keeping is limited. Therefore, cost data generated here should be 
considered as an approximate baseline for these anthrax outbreak 
investigation and response activities. 

We have several recommendations for future use of the OCT. The 
OCT could be implemented multiple times for different government 
departments, generating separate cost analyses if required. The OCT 
could be further expanded so as to allow for quick analysis of govern-
ment sector-specific costs incurred. This type of designation could 
highlight where sectors might need to invest more resources or coordi-
nate more effectively across sectors for future response efforts. The OCT 
could also include the estimation of indirect costs associated with in-
fectious disease outbreaks, such as those costs incurred by family 
members of individuals directly affected by the outbreak. The OCT was 
utilized retrospectively in our study, but could possibly be more effec-
tive being implemented prospectively, for example during an outbreak 
simulation exercise. Prospective application would help to reduce recall 
bias by outbreak investigation and response participants. Routine, pro-
spective implementation of the OCT could be performed by regional- 
level, government monitoring and evaluation representatives. Costing 
analysis data could then be assessed during national or subnational 
government after action reviews to ensure effective communication of 
cost analysis results. 

Previously, cost analyses for infectious disease outbreaks have been 
viewed as a challenge due to the general lack of cost data available [15]. 
The availability of simple, fast and adaptable tools, such as the OCT, 
could prove key in effectively collecting robust cost data for infectious 
disease outbreaks. Overall, the availability of multisector costing data 
recorded and analysed in the OCT can be shared with appropriate 
stakeholders to be used as a baseline to estimate costs to guide prepa-
ration for future anthrax or other infectious disease outbreak events, 
such as Rift Valley fever, zoonotic influenza and rabies. This would assist 
in building capacity to respond to outbreaks via the justification for, and 
most effective allocation of, outbreak investigation and response funds. 
The evaluation of the application of this OCT can also assist in its 
effective application to other infectious disease outbreaks, therefore 
helping to address the need for standardized methodology in cost data 
collection and reporting. Particularly in the case of infectious disease 
outbreaks that require a multisectoral response, the implementation of a 
standardized costing tool can help inform and improve One Health 
related preparedness and response activities. 

Of added benefit, the use of the One Health approach and OCT 
allowed for the review and reclassification of the index case (earlier 
misdiagnosis as extra pulmonary tuberculosis, based on the clinical signs 
and symptoms). The application of this tool also assisted national au-
thorities in re-prioritizing response-related resources for this outbreak 
response and possibly in subsequent anthrax outbreaks in Tanzania 
based on lessons learnt [30]. Furthermore by using a One Health 
approach, it opened a network of collaboration between the public 
health and veterinary laboratories in the effective diagnosis of human 

cases of anthrax and allowed the Ministry of Livestock and Fisheries to 
allocate resources for the strategic vaccination of approximately 50,000 
livestock in the affected region [30]. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2021.100259. 
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