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Abstract

Background: Anthrax is an infectious fatal zoonotic disease caused by Bacillus anthracis. Anthrax outbreak was confirmed
in samples of wild animals following rumors of the outbreak in wild animals, livestock, and humans in Selela ward, Monduli
district of Northern Tanzania. Therefore, a multi-sectoral team was deployed for outbreak response in the affected areas.

Objectives: The aim of the response was to manage the outbreak in a One Health approach and specifically: (i) To determine
the magnitude of anthrax outbreak in humans, livestock, and wild animals in Selela ward, (ii) to assess the outbreak local
response capacity, (iii) to establish mechanisms for safe disposal of animal carcasses in the affected areas, and (iv) to mount
effective control and preventive strategies using One Health approach in the affected areas.

Materials and Methods: This was a cross-sectional field survey using: (i) Active searching of suspected human cases
at health facilities and community level, (ii) physical counting and disposal of wild animal carcasses in the affected area,
(iii) collection of specimens from suspected human cases and animal carcasses for laboratory analysis, and (iv) meetings
with local animal and human health staff, political, and traditional leaders at local levels. We analyzed data by STATA
software, and a map was created using Quantum GIS software.

Results: A total of 21 humans were suspected, and most of them (62%) being from Selela ward. The outbreak caused deaths
of 10 cattle, 26 goats, and three sheep, and 131 wild animal carcasses were discarded the majority of them being wildebeest
(83%). Based on laboratory results, three blood smears tested positive for anthrax using Giemsa staining while two
wildebeest samples tested positive and five human blood samples tested negative for anthrax using quantitative polymerase
chain reaction techniques. Clinical forms of anthrax were also observed in humans and livestock which suggest that wild
animals may contribute as reservoir of anthrax which can easily be transmitted to humans and livestock.

Conclusion: The rapid outbreak response by multi-sectoral teams using a One Health approach managed to contain
the outbreak. The teams were composed of animal and human health experts from national to village levels to control
the outbreak. The study testifies the importance of multi-sectoral collaboration using One Health approach in outbreak
preparedness and response.

Keywords: anthrax outbreak, human — livestock and wild animal’s interface, response, Tanzania.

Introduction mainly herbivores, causing fatalities in the major-
ity of infected cases [2]. Infection in human occurs
when B. anthracis penetrates through skin abrasions
or mucous membranes when there is a contact with
infected anthrax carcasses or animal products, inha-
lation of spores, or consumption of undercooked
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Anthrax is a zoonotic infectious disease caused
by a Gram-positive, rod-shaped spore-forming bacte-
rium called Bacillus anthracis [1]. The disease affects
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animals. It may also represent a significant burden
which is both poorly reported and misdiagnosed [4].
The soil is the primary reservoir of B. anthracis [5].

Herbivores are infected when they graze in an
area where the soil or water sources have been con-
taminated by B. anthracis spores [3]. Anthrax out-
breaks are often associated with low-lying areas with
soil that has high moisture, calcium, prolonged periods
of hot and dry weather, organic content, and alkaline
pH [1]. Insects have been implicated in the spread of
anthrax outbreaks, including both transmissions of a
disease by biting or carrion flies spreading the spores
onto vegetation which is then consumed by browsing
animals [3,6,7]. Spores can persist in the soil under
extreme weather and environmental conditions for an
extended period [8].

The burden and economic impacts of anthrax
in domestic animals are not fully understood [9].
However, epizootics occur each year, resulting in mas-
sive deaths of animals, and spill over to humans often
occurs by direct contact with infected animals or their
products such as meat, hides, bones, and other materi-
als. Estimates show that a total of 2000-20,000 human
anthrax cases are being reported annually world-
wide [2]. Endemic hotspot areas for anthrax outbreaks
exist in most parts of the world including Africa, Asia,
United States, and Australia [10]. China, for instance,
has experienced three large-scale anthrax outbreaks
with 112,000 human cases from 1956 to 1997 [11].
Another outbreak affected 124 animals of different
species: 81 cattle, 15 sheep, 9 goats, and 11 horses
in Basilicata region and 8 deer of Pollino National
Park in Italy [12,13]. In Bangladesh, a multi-sectoral
team investigated 14 anthrax outbreaks and identified
a total of 140 animal carcasses and 273 human cases
of cutaneous anthrax in the recent years [14,15]. Other
studies have reported a total of 52 cases of cutane-
ous anthrax, and 24 cases of oropharyngeal anthrax
in humans after anthrax was found in water buffa-
loes in March-April 1982 in Chiang Mai, Northern
Thailand [4].

Anthrax is epizootic throughout Africa, lead-
ing to considerable economic losses of livestock and
wild animals, costs for laboratory testing and carcass
disposal (burning or burial), and severe, sometimes
fatal infection in humans. In Zimbabwe, during 1995-
2005, a total of 282 outbreaks and 2978 animal cases
(livestock and wildlife) were reported [16]. Anthrax is
one of the major threats to animals and humans in the
Western part of Zambia, in 2010, it affected 45 cat-
tle and three humans [17]. A total of 306 hippopotami
died from a confirmed anthrax outbreak in the Queen
Elizabeth National Part of Uganda in 2004. It was rep-
resenting 11.63% of the total hippo population in the
park [18].

In Tanzania, studies show that anthrax outbreaks
are frequently occurring in the country, for instance,
in 1998, 2003, 2006, and 2009, many species were
affected including livestock, humans, and wildlife.

Overall, seropositivity was found higher in carnivores
from Serengeti National Park and Ngorongoro Crater
by 90% and 57%, respectively, and significantly lower
in herbivores by 46% and 14%, respectively [19]. In
humans, hospital records show that 7,538 cases were
suspected for anthrax and 8 cases were confirmed
for gastrointestinal form with four deaths (case fatal-
ity rate 50%) during 1999-2006 [5]. Recent reports
indicate the occurrence of the anthrax outbreak in
Rombo district of Northern Tanzania affecting four
people leaving one died after acquiring infection from
infected cattle in 2016 [20]. However, the available
statistics on the magnitude of anthrax in the country
might not be exhaustive, due to poor surveillance sys-
tems and diagnostic capacities in both human and ani-
mal sectors [21].

Anthrax has become a disease of public health
and economic importance because of'its increased inci-
dences both in humans and animals and also impair-
ing the livelihood of human beings [22]. It might be
exacerbated by the increased proximity to wildlife
protected areas, human behavior of consuming raw
or undercooked carcasses from sick or dead animals,
poor farming practices, and mismanaged cross-border
movement of animals (livestock and wildlife) from
one area to another as far as neighboring countries are
concerned [23-25]. Control measures against anthrax
outbreaks addressed in Tanzania include targeted rou-
tine livestock vaccination, intensified disease surveil-
lance, multi-sectoral response to outbreaks, and health
education to communities at risk [23].

The Government of Tanzania through the Prime
Minister’s Office has developed a National One
Health Strategic Plan for the period 2015-2020. The
plan has a clear focus on ensuring the implementa-
tion of human and animal health services by engag-
ing various sectors to enhanced collaboration among
livestock, wildlife, and human health sectors for pre-
vention and control of zoonotic diseases [26]. These
teams are currently centered at the national level, and
plans are underway to replicate these teams at region,
district, ward, and village levels countrywide.

Early November 2016 rumors circulated about
massive deaths of animals and existence of suspect
human anthrax cases in Selela ward, Monduli dis-
trict of Northern Tanzania. The initial report showed
that 80 wildebeests, 6 impala, and 28 cattle deaths
were reported to the District Executive Officer. After
preliminary laboratory investigation results, the
District Commissioner announced the existence of
anthrax outbreak in that area. The Monduli District
Medical Officer (DMO) communicated the outbreak
information to the Ministry of Health, Community
Development, Gender, Elderly, and Children that
there were two suspected cases of human anthrax in
Mto wa Mbu and Mbaash Dispensaries. The human
suspect cases were also reported through the elec-
tronic integrated diseases surveillance and response
(e-IDSR) system.
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The One Health Coordination Unit, under the
Disaster Management Department of the Prime
Minister’s Office, formulated a multi-sectoral
response team of experts from human, livestock, and
wildlife sectors to the region, district, and the affected
villages. This team constituted experts from the Prime
Minister’s Office (National One Health Coordination
Unit), Ministry of Health, Community Development,
Gender, Elderly and Children, Regional Medical
Officer’s office, Tanzania Wildlife Research Institute
(TAWIRI), DMO, District Veterinary Officer (DVO),
and the District Game Officer. The main aim of the
response was (i) to create and strengthen regional, dis-
trict, and village multi-sectoral teams to manage the
outbreak, (ii) to determine the magnitude of anthrax
outbreak in humans, livestock, and wild animals, and
(iii) to sensitize the community on their involvement
in the disease prevention and control, the team also
intended to address challenges facing the commu-
nity on prevention and control of anthrax, and other
epidemics.

Materials and Methods

Ethical approval

The study was approved by the National Health
Research Review Committee of the National Institute
for Medical Research (NIMR), Tanzania (Reference
Number.  NIMR/HQ/R.8aVol.IX/2286).  Verbal
informed consent was sought from all human sub-
jects before being involved with study activities. For
underage, parents or guardians consented on their
behalf. We observed confidentiality at all times during
the study, names or personal identifications were not
used nor disclosing personal details including lab-
oratory results without prior permission. Moreover,
during human blood sampling, pre-counseling was
conducted, and all measures were taken to make sure
minimal pain is inflicted to study participants. All
confirmed cases were treated according to Tanzania
Standard Treatment Guidelines for anthrax.

Study design

This study was designed as a cross-sectional sur-
vey employing both quantitative and qualitative meth-
ods in data collection.

Study area

We conducted this study in Monduli district of
the Northern part of Tanzania. Monduli district is one
of the districts of Arusha region with the majority of
people keeping animals. The district forms a part of
the Great East African Rift Valley, characterized by
some isolated mountains in the flat and rolling plains.
Steep escarpments extend along the Western border of
the district with the highest point being 2900 m above
sea level and the lowest near Lake Natron, 600 m
above sea level. The district is located in the middle
of one of Tanzania’s most important world renowned
wildlife and nature-based tourism regions. About 95%
of the land area of the district is made up of game

controlled arecas where wildlife migrates to the wet
season from the surrounding National Parks.

Administratively, the district is divided into
three divisions (Manyara, Makuyuni, and Kisongo),
15 wards, and 48 villages. The district is part of the
northern tourist circuit, surrounded by some of the
world’s most famous natural attractions. To reach
those attractions, tourists must travel through Monduli
district. They include the following, to the West of
Monduli district (Serengeti National Park - with vast
herds of wildlife, including the wildebeest migration,
Tarangire National Park - with a high concentration of
different species of animals, particularly elephants in
this low intervention National Park. The park is well
known for its tree-climbing pythons, Lake Manyara
National Park with tree-climbing lions, groundwa-
ter forests, hot springs, and Ngorongoro crater and
conservation area). The main economic activities of
Monduli district are livestock keeping, agriculture
production, and tourism. More than 90% of the dis-
trict population is engaged in livestock keeping and
agricultural activities. The major ethnic group of this
district is the Maasai (whose main activity is livestock
keeping), and they constitute about 40% of the entire
population. The second ethnic group is the Waarusha
who constitute about 20% of the population, and they
practice livestock keeping and agricultural activities.
The rest of the population who are not indigenous
constitutes 40%, and their main activities are farming
and trading [27].

Response to anthrax outbreak and field survey

A suspect case of human anthrax was defined as
any person with an acute onset of illness character-
ized by several clinical forms including (i) localized
form - skin lesions and (ii) systemic forms - gastro-
intestinal, pulmonary, and meningeal. A confirmed
case was any suspect case with the above symptoms
and laboratory confirmation of B. anthracis from a
clinical specimen [28,29]. A suspected animal case
of anthrax occurs when the animal suffers a sudden
death accompanied with one of the following signs:
Lack of rigor mortis (legs not stiff), blood oozing
from the nose, mouth, and other natural body open-
ings, subcutaneous swellings, rapid bloating, and dark
non-clotting blood [30]. Additional symptoms in cat-
tle, horses, sheep, and some wild herbivores include
fever, dyspnea, agitation, and convulsions followed
by death [31].

During field surveys, the following methods
were used to find cases and collect data (i) active
searching of suspect human anthrax case at health
facilities and community level, (ii) species identi-
fication and physical counting of carcasses of wild
animals in the affected areas, (iii) collection of spec-
imens from suspected human cases and carcasses
of wild animals for laboratory analysis, (iv) bury-
ing and burning of carcasses of wild animals fol-
lowed by disinfection of the burial area using lime
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or 10% formalin, and (vi) meetings with local politi-
cal and traditional leaders at the district headquarters
and Selela ward, and also visiting households with
reported anthrax human cases to observe the herd sta-
tus and search for active human cases at community
level. During the visits, sensitization on the mode of
transmission, prevention, and control of anthrax was
done. At the end of the survey, carcasses of dead wild
animals were either buried in a pit of 6 ft and dis-
infected with 10% formalin or incinerated. The field
work for this outbreak response was done during the
2" and 3" weeks of November 2016.

Laboratory diagnosis

The DVO initially collected specimen from three
wildebeests which included the impression blood
smears. The specimens were sent to the Tanzania
Veterinary Laboratory Agency (TVLA), Northern
zone in Arusha for laboratory analysis, where meth-
ylene blue staining technique diagnosed B. anthracis,
the causative agent of anthrax. Additional tissue sam-
ples of wild animals (6 wildebeest, 2 grant gazelle,
and one rabbit) and five human blood samples (5
ml each) were taken into an EDTA vacutainers from
suspected cases. All samples were transported at a
refrigeration temperature to the TVLA in Arusha for
further laboratory analysis using polymerase chain
reaction (PCR) techniques. We used the QIAamp
Mini DNA Kit (Qiagen, Germany) for the DNA
extraction following manufacturer’s instructions.
Homogenized tissues were mixed with QIAGEN
Protease (proteinase K) and a lysis buffer proportion-
ally, and the mixture was incubated at 56°C for 10
min. Afterward, proteins were precipitated by addi-
tion of 200 pl ethanol to the sample mixture by pulse
vortexing for 15 s. The mixture was then centrifuged
in the 1.5 ml microcentrifuge tube to remove drops
from inside the lid. The lysate was passed through a
QIAamp Mini spin column and added 500 pl buffer
AW1 without wetting the rim and then centrifuged
at 8000 rpm for 1 min. DNA was eluted using 50
ul of sterile water and stored at —20°C until a real-
time quantitative PCR (qPCR) for B. anthracis was
performed. The detection of B. anthracis was done
by aliquoting 122 ul (24 reactions) of grade water
in Eppendorf then Dynamo Color flash master mix,
primer (R and F), probe 10 uM, and grade water were
added. After vortexing, the master mix for 10 s and
in each well of the PCR plate, 22.5 pul of the master
mix, and 2.5 pl of DNA template and control sam-
ple were added into a PCR plate. The mixture was put
into the PIKO - real-time qPCR machine which was
connected to a computer with an installed software
and the results were read according to a quick guide
of PCR analysis procedure version 4 of 2016 with a
CQ value range of 25-35. From each sample, we ran
against anthrax (B. anthracis) virulence plasmid Pag
(pOX1) and Cap (pOX2) as described by Fasanella
et al. [32]. Control-positive DNA used was obtained

from the Finnish Defense Forces Center for Bio-threat
Detection (MIL - Con).

Data management and analyses

A checklist was prepared to capture quantita-
tive data of human, suspect cases, and the variables
collected were: The location of the cases, age, sex,
date of disease onset, signs and symptoms, specimen
taken, date of specimen collection, type of drugs given
(if the patient presented to a health facility), and the
outcome of treatment (died or recovered). The quali-
tative information was obtained by observation during
house-to-house visits and while conducting meetings
with local officials. A map to indicate locations of the
human cases was drawn on the Quantum GIS software
(http://www.qgis.org/en/site/forusers/index.html).
Data were entered in the Microsoft Excel Spreadsheet
and analyzed by producing pivot tables and graphs.
Furthermore, the databases were transferred to STATA
(SE/14 for Windows, StataCorp, and College Station,
TX) for additional statistical analyses [33].

Findings dissemination strategy

We disseminated the findings of the study to
responsible officials in Selela ward, Monduli dis-
trict in Arusha region and at the national level
through reports, and meetings and recommendations
were made for further control and prevention of the
outbreak.

Results

Laboratory investigation confirmed anthrax
through methylene blue staining and real-time qPCR
techniques. Other samples did not amplify either with
Pag (pXO1) nor did Cap (pX0O2) that was run with
control samples amplified with a standard curve CQ
value average of 34.59. As mentioned earlier, live-
stock carcasses (10 cattle, 26 goats, and three sheep)
were not available for sampling as they were reported
to have either been consumed or hidden by owners.
Atotal of 131 carcasses of wild animals were counted,
the majority (83%) being wildebeest. Other carcasses
of wild animals (16%) were for grant gazelle and 0.8%

Table-1: Distribution of human cases and animal
carcasses identified in Selela ward following anthrax
outbreak, November 2016.

Species affected Human cases and Frequency (%)

animal carcasses

International Journal of One Health, EISSN: 2455-8931

Human cases, sex Male 11 (52.38)
Female 10 (47.62)
Human cases, age <5 9 (42.85)
group
6-15 7 (33.33)
16 - 25 3(14.28)
>26 2 (9.54)
Livestock carcasses Cattle 10 (25.64)
Goats 26 (66.67)
Sheep 3 (7.69)
Wildlife carcasses  Wildebeest 109 (83.21)
Grant gazelle 21 (16.03)
Rabbit 1 (0.76)
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for the rabbit. Out of 21 human, suspected cases, the
majority were under 5 years of age (42.85%) followed
by the age group of 6-15 years (33.33%) as shown in
Table-1.

Five villages were visited, these included
Selela, Mbaash (Selela ward), Mungere (Mto wa
Mbu ward), and Oltukai (Lake Manyara ward) for
active searching of anthrax suspected cases and dis-
semination of health education on prevention and
control of anthrax outbreak. We observed that the
Maasai communities were still engaging themselves
in activities which are posing a risk for anthrax
transmission. All the livestock kept by the Maasai in
Monduli district were not vaccinated against anthrax.
The Maasai spend most of their time taking care of
their animals, and the grazing environment makes
their animals become in contact with wild animals.
Due to their intimate contact with livestock and their
products, the Maasai are predisposed to different
zoonotic diseases including anthrax. The local peo-
ple were observed dressing dead domestic and wild
animals for consumption, and this was mostly done
by women and children. The dried hides and skins
from such animals were used as bedding materials,
ropes or donkey luggage pockets and wildebeest tail
brush as swats for chasing flies.

In the meetings conducted with local people,
anthrax was reported as being brought by bad spirits
of Maasai ancestors. When anthrax outbreak occurs,
they tend to tie a small piece of animal skin on the
finger as a way of chasing out the bad spirit from the
household which is perceived to protect human from
acquiring anthrax. It was further observed that anthrax

outbreak in livestock, wildlife animals, and humans
occurred at the same time with overlapping dates in
November 2016 (Figure-1). It is an indication that the
existing interactions between animals and humans
in different ways pose risks for anthrax transmission
across the species.

A total of two suspected cases of human anthrax
were reported from livestock keeping households
identified during community-based case search-
ing, and all had skin lesions suggestive of cutaneous
anthrax. All patients were treated at Mto wa Mbu
health centre, Selela, Mungere, Mswakini, Oltukai,
and Simangori dispensaries and recovered. On history
taking at health facilities where they were attended, it
was found that all of the human anthrax patients had
a history of coming into direct contact with carcasses
(touching or butchering) of dead animals whose
causes of death was not established.

The human index case was reported on
5% November 2016 (Figure-1) through the e-IDSR
system, and this was preceded with the verbally
reported deaths in livestock and wild animals in Selela
Village. The 21 human anthrax suspected cases were
mostly (61.9%) from the villages of Selela ward. Other
affected wards in different proportions were Eslalei
(28.6%), Lepurko (4.8%), and Mswakini (4.8%)
(Figure-2). The incubation period of anthrax infection
in humans is up to about 5-7 days depending on the
microbial load. The number of cases started to decline
after a national multi-sectoral team was deployed to
the affected areas as it is illustrated in the epidemic
curve of the human anthrax outbreak in Selela ward
(Figure-3).
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Figure-1: Trend of anthrax outbreak occurrences at the human, livestock, and wildlife interface in Selela ward in Monduli

district, November 2016.
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Figure-2: Map of Monduli district, showing the distribution of human anthrax cases in Selela ward, November 2016.

Actotal of eight affected households were visited,
all were close to where wildebeest carcasses were
found, and most of the members of the households
admitted to having consumed meat from carcasses.
The household herds reported grazing their livestock
in proximity to places where some of the decompos-
ing wildebeest were scattered on the ground. It was
also reported that there were few livestock extension
officers for providing extension and veterinary ser-
vices to livestock and meat inspection. This led to
livestock keepers treating their animals themselves.
Livestock keepers requested to a response team to
investigate on the suspected poisonous grass called
endule in the Maasai language which is believed to
cause livestock mortalities at the beginning of every
rainy season.

The Laigwanan are the highly respected tradi-
tional leaders whose orders and directives are obeyed
by the whole community within the locality. We edu-
cated and sensitized them on how to prevent transmis-
sion of anthrax and on early health-seeking behavior
to a nearby health facility once any member of the
family gets sick. They were also requested to ensure
that sick and dead animals are immediately reported to
the nearby livestock field officer and other authorities.
The aim of using them was for easier dissemination of
anthrax knowledge to the community because they are
key people in the society. Finally, a local multi-sec-
toral group of experts and local leaders was formed
in Selela ward to ensure early reporting of suspected
anthrax cases and other epidemic-prone diseases in
humans and animals.
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Figure-3: Epidemic Curve of human anthrax cases in Selela ward, Monduli district, November 2016.

The team consisted ofward livestock field offi-
cers, Clinical Officer, Community Development
Officer, Ward Health Officer, Community Health
Worker, Wildlife Officer, Agriculture Extension
Officer, Village Chairperson, Village Executive
Officer, Ward Executive Officer, and Councilors.
The terms of reference were developed to describe
the roles and responsibilities of each team member,
and the official launching of the established team was
proposed to be done in January 2017. A One Health
Multi-sectoral Team was also developed at Arusha
regional level comprising members from Monduli
district (Human, livestock and wildlife Departments),
TAWIRI, TANAPA, Tanzania Wildlife Authority,
Nelson Mandela African Institute of Science and
Technology, and Regional Secretariat (Veterinary
Services, Human health, and Tourism Services). The
developed team agreed to conduct joint meetings once
per week and developed outbreak response action
plan for the year 2016-2018.

Discussion

The findings on the carcasses such as body fluids
including blood oozing from different natural orifices,
excessive bloating, laboratory results of specimens
taken from the carcasses, and the PCR assays con-
firmed that the animals died of anthrax. The skin lesions
on human cases who attended health facilities after
consuming carcasses also provided strong evidence
to support the diagnosis of anthrax. The finding that

human smear results were negative may be attributed
to the effect of antibiotics taken after anthrax was sus-
pected. Similar findings were observed in Chama dis-
trict, Zambia, where the diagnosis of anthrax in human
specimen was masked by antibiotic treatment initiated
before blood sampling [34,35].

Clinical presentation in suspected humans cou-
pled with a history of adequate exposure to infected
animals and their products such as consumption of
raw or undercooked meat and evidence of physical
contact with infected carcasses are of great importance
in initial diagnosis even before laboratory results. The
advanced laboratory tests such as real-time PCR or
serology (ELISA) serve as confirmatory tests, but
most of the times, they are not readily available in typ-
ical field settings and also are not cost effective. The
ideal laboratory test for anthrax should be sensitive,
specific, and inexpensive [36]. Laboratory culture
technique should be considered as a backup diagnos-
tic procedure to support the conventional investiga-
tions, requiring standardized equipment, materials,
and instructions at the levels of diagnosis [37].

As a control measure, burning of carcasses was
the method of choice as scavengers had already opened
most of the carcasses. This is because burying was,
however, tedious, and costly as it required extensive
workforce for excavating the burial pit of 6 ft deep.
Burning also destroyed and killed spores that contam-
inated bushes and served as a preventive measure for
disease transmission to other grazing and browsing
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animals. In the current outbreak, wildebeests were the
most affected wild animals, followed by grant gazelle
and rabbit. All carcasses of wild animals, irrespective
of the species, showed classical features of anthrax
including exuding blood in natural body openings.
As anthrax outbreak is dependent on the existence of
susceptible hosts [38], intensified surveillance using a
One Health approach, vaccination of livestock, proper
disposal, and liming of the disposal sites of livestock
and wild animal carcasses are the most efficient
approaches for prevention and control of future occur-
rences of outbreaks. These may also serve as ways to
reduce transmission of anthrax to humans [2].

It was evident that health-seeking behavior
among members of the village with anthrax outbreak
requires urgent attention. The eight households vis-
ited had cases with active skin lesions suggestive of
being anthrax infection, but none of the cases had
a history of attending to the nearby health facility
for medical attention. Some cases vividly showed
signs and history of using traditional ways including
smearing cow dung on skin lesions. Eating carcasses
were observed to be one of the common practices
in Selela ward besides some of the on-going aware-
ness campaigns and health education interventions.
We suggested different intervention methods includ-
ing the use of the influential local leaders known as
Laigwanan and political leaders. Some pastoralists in
the Maasai community mostly consider the extent of
decomposition of a dead animal which they want to
consume rather than potential risks of zoonotic dis-
ease transmission [23].

Livestock keepers in Selela ward requested for
the investigation of the toxic grass called endule in
Maasai language as they believed it was the cause of
animal deaths every year. We collected samples of
the reported toxic grasses to the NIMR laboratory for
investigation but the results were not conclusive. To
support toxicological investigation determination of
seeds or plant materials in the rumen or stomach con-
tent or feces on autopsy and postmortem lesions are
required to rule out plant poisoning [39].

The teams discovered several unreported deaths
of wild animals during the survey. The local commu-
nity associated the deaths to the fresh, lush pastures
that follow long periods of drought season. It might
be the basis for them to consume all the livestock car-
casses in addition to some wild animals which died
close to their bomas. Pastoralists might be aware of the
risks associated with consumption of raw milk, blood,
or raw or undercooked meat, but they still practice
these risky behaviors particularly in rural areas [24].
The Maasai community has a belief that, drinking raw
blood is important for young boys who have just been
circumcised, as they believe that, raw blood replen-
ishes nutrients lost during the procedure. On the other
hand, lack of appropriate health education, poverty, or
economic reasons can facilitate anthrax transmission
as community members may tend to consume raw

or undercooked meat, milk, or blood from animals
infected with anthrax [40].

In Selela ward, it was evident that anthrax out-
break occurred at the human/livestock/wild animal’s
interface and this was facilitated by the existing inter-
actions between them. Shortage of experts (livestock
field officers and clinical officers) in this ward was
reported which also contributes to late reporting
of suspected human and animal cases, and hence,
delayed response to the outbreaks. In most occasions,
many anthrax outbreaks, especially from peripheral
areas, are unlikely to have been properly diagnosed
and reported timely to the district level leading to
delayed outbreak response.

As opposed to the animal health sector where
disease reporting at the village level is still a prob-
lem, the human/public health sector has the e-IDSR
system, that allows a health facility to report cases
of prioritized diseases to the higher levels of action.
When the first case of human anthrax presented to the
Mbaash dispensary in Selela ward with skin lesions
suggestive of anthrax, headache, and fever, the facil-
ity clinician immediately fed the information onto the
e-IDSR system using his mobile phone. It enabled all
the higher levels including the Ministry of Health to
get notified of the outbreak occurrence, so appropriate
interventions were employed.

In Chama district, Zambia, the IDSR system
reported two suspected cutaneous human anthrax
cases, and the next day, a multi-sectoral response team
was constituted and deployed to respond [41]. The
animal health surveillance system in Monduli district
is not well structured, with lack of veterinary exten-
sion officers to report or record deaths of livestock in
the village and to the higher levels. It illustrates the
challenges facing the veterinary sector and the need to
address some of the issues for an effective One Health
approach.

The previous analysis of anthrax epidemiologi-
cal data in the world indicates the following estimated
ratios: (i) 1 human cutaneous anthrax case to 10 anthrax
livestock carcasses; (ii) 1 incidence of enteric human
anthrax to 30-60 anthrax-infected animals eaten; and
(ii1) in humans, 100-200 cutaneous cases for each
enteric case that occurs [42]. The clinical appearance
of cutaneous anthrax is similar to a malignant pustule
surrounded by edema at the infection site [43].

Selela ward has a National Park nearby and the
surrounding bushy areas with free movement of wild
animals. Studies have indicated that wild animals as
being the reservoir of many human infectious diseases
including anthrax [44]. It is estimated that more than
third of new, emerging, or re-emerging human infec-
tious diseases since an early 21% century have been
caused by pathogens originating from animals or
products of animal origin [45]. Viruses, bacteria, and
parasites have had their reservoirs in a host of animals
such as those found in the wild, peri-domestic, and
domestic [44].
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The wide array of host species and the complex
natural history of the pathogens concerned, pose big
challenges for effective surveillance, prevention, and
control of zoonotic diseases [1]. Several factors have
been shown to facilitate the spillover of new diseases
from livestock and wild animals into humans. These
include environmental changes, population increase,
microbiological adaptation to hosts and environment,
and human practices and behavior [46]. Therefore,
there is a need for various sector’s collaboration
during anthrax outbreak investigation and response
including sharing the standards for livestock vaccina-
tion, meat inspection, and food hygiene in the country,
East Africa Community (EAC) region and beyond.

Selela ward is a few kilometers from the border
with Kenya, some livestock keepers cross the border
to Kenya with their livestock, and there is also a free
movement of wild animals across the Tanzania-Kenya
border to Selela ward. The report of the EAC meeting is
noted that Tanzania had developed country initiatives
for cross-border diseases outbreak investigation and
response. It was through sharing of information, sur-
veillance data, laboratory confirmation and response
initiatives in satellite laboratories, cross-border meet-
ings, the establishment of cross-border diseases sur-
veillance committees, and joint field simulations/
investigations between Burundi, Rwanda, Kenya,
Uganda, and Tanzania [47]. This approach can, there-
fore, be expanded to involve livestock and wildlife
sectors using One Health approach in the EAC region.

About 95% of the members of the community
of Selela ward are livestock keepers, and 5% are
involved in crop production and business. The occur-
rence of anthrax in wild animals and the spillover to
livestock and human is a wakeup call for a targeted:
(i) Comprehensive multi-sectoral strategy involv-
ing routine vaccination of susceptible livestock (cat-
tle, sheep, and goats) in anthrax hotspot areas using
quality-assured and tested vaccines; (ii) enhanced sur-
veillance system (with clear case definition) both in
the public health and animal health sectors to ensure
timely reporting and investigation of sudden death in
livestock and wild animals; (iii) rapid disposal of dead
livestock and wild animals, contaminated bedding
materials and control of scavengers; (iv) extensive
public awareness and compliance with general hygiene
principles, including use of personal protective equip-
ment by people who might be in contact with sickened
or dead animals; (v) laws and regulation enforcement
pertaining to anthrax control including quarantine of
infected animals and animal products, and last but
not least, enhanced communication and collaboration
between countries to strengthen cross-border networks
and strategies to curb zoonotic outbreaks.

Moreover, the next step for our project will be
to map for a more detailed ecological niche modeling
to better understand the epidemiologic knowledge of
anthrax outbreaks. It will also assist to explore for a
normalized difference vegetation index to get a better

idea of how specific location might be associated with
lives of grazing animals which are getting exposed to
risks of disease transmission.

Limitation

The outbreak response did not test the statistical
significance of the documented potential risk factors
for anthrax transmission in Selela ward. Therefore, a
qualitative anthropological study is recommended to
measure the significance of the mentioned cultural-re-
lated practices that propagated disease transmission
in the Maasai pastoralist communities living in the
wildlife-livestock interface areas. The team did not
find any livestock carcass, and hence, no sample was
collected from livestock, it is possible that animals
were consumed after they died. The intake of antibiot-
ics before collection of blood samples from suspected
cases compromised the confirmation of anthrax in
humans.

The team had to use a translator to communicate
with the Maasai as the majority of them did not speak
Kiswahili which is the national language. Therefore,
awareness of anthrax, health education, and other
relevant outbreak information had to be translated
to Maasai language. To some extent, this could not
ascertain whether the right information was conveyed.

Conclusion

Anthrax outbreak was confirmed in wild animal
samples taken from Selela ward, Monduli district,
Arusha region in Northern Tanzania. The sudden death
of animals with carcasses showing signs of anthrax
was the first clear indication of the disease in animals.
Clinical manifestation of cutaneous anthrax in human
cases who consumed the meat from carcasses of
dead domestic and wild animals during the outbreak
cemented the diagnosis of an anthrax outbreak.

Although vaccination for livestock is consid-
ered to be among the most important interventional
methods to prevent and control anthrax outbreaks in
both humans and animals, no anthrax vaccination for
livestock was observed during this outbreak response
as in Tanzania vaccination is a private enterprise.
Therefore, most livestock keepers do not consider
it a cost-effective exercise, and hence, they either
cannot afford to, or they opt not to vaccinate their
animals. The authors would, therefore, recommend
for anthrax vaccine to be a public good under a pub-
lic-private partnership scheme. The study concludes
that for an effective zoonotic diseases prevention and
control, multi-sectoral coordination, communica-
tion, and collaboration using a One Health approach
is paramount.
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