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Abstract  Bacillus anthracis, the causative agent of anthrax, is a Gram-positive bacterium that poses serious 
concerns for public health and biodefense and capable of forming resilient spores enables prolonged environmental 
survival, and it can infect hosts through cutaneous, inhalational, gastrointestinal or injection routes. The 
pathogenicity of bacteria is primarily attributed to its poly-D-glutamic acid capsule and a tripartite exotoxin complex 
consisting of protective antigen, edema factor and lethal factor, which collectively facilitate immune evasion and 
systemic spread. While herbivores are particularly vulnerable, all warm-blooded animals, including humans, are 
susceptible to infection. Natural outbreaks are frequently associated with contaminated soil, making geographic and 
ecological surveillance essential in endemic regions. Vaccination, particularly with protective antigen (PA)-based 
vaccines, is the most effective preventive strategy, although challenges in vaccine tolerance and accessibility remain. 
Recent advances in molecular epidemiology and genomic sequencing have enhanced the tracking of outbreak 
sources and strain variation. Prompt administration of antimicrobial therapy and monoclonal antibody use are critical 
for successful treatment. Additionally, proper carcass disposal, environmental decontamination, and active 
surveillance are crucial for breaking the transmission cycle and managing outbreaks. Understanding the molecular 
pathogenesis, host susceptibility and immunological responses is essential for advancing diagnostics, therapeutics 
and control measures. 
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1. Introduction 

Many zoonotic diseases including brucellosis, anthrax, 
rabies, leptospirosis, plague, echinococcosis, mycetoma, 
leishmaniasis, taeniasis/cysticercosis, and schistosomiasis 
are frequently neglected, particularly in low-resource 
settings [1,2,3,4]. The majority of these neglected diseases 
predominantly affect impoverished communities, largely 
due to inadequate sanitation, poor environmental hygiene 
and insufficient access to healthcare services. Among 
them, anthrax stands out as a highly contagious and 
potentially fatal bacterial zoonosis. It primarily affects 
herbivorous ungulates and is caused by Bacillus anthracis, 
an aerobic, Gram-positive, spore-forming, rod-shaped 
bacterium [1,4]. All warm-blooded animals, including 
humans, can be infected, although herbivores are the 
primary hosts [5]. Humans are typically incidental hosts, 
acquiring the infection through contact with infected 
animals, contaminated animal products or ingestion of 

undercooked contaminated meat. While transmission 
occurs between animals and from animals to humans, 
there is no documented evidence of human-to-human 
transmission. The endospores of B. anthracis are highly 
resistant to environmental stressors, such as desiccation, 
heat, ultraviolet radiation, gamma irradiation, and many 
common disinfectants [6]. These spores can remain viable 
in dry soil for decades but can be effectively destroyed by 
boiling at 100°C for 10 minutes. 

Anthrax is classified into four clinical forms based on 
the route of exposure: cutaneous, gastrointestinal, 
inhalational, and injectional the latter being associated 
with the use of contaminated injectable drugs [7]. In 
humans, the disease is typically contracted through  
direct or indirect exposure to infected animals or animal-
derived materials. Anthrax infection is believed to initiate 
when Bacillus anthracis endospores enter the host and are 
phagocytosed by macrophages, within which they 
germinate into vegetative bacilli [8]. In cases of 
experimental inhalational anthrax, alveolar macrophages 
play a pivotal role not only in facilitating spore germination 
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but also in transporting the resulting bacilli to regional 
lymph nodes, enabling systemic dissemination [9]. 

Spore germination is a complex process involving the 
detection of chemical germinant, the activation of 
germination operons, changes in membrane permeability, 
and the activation of enzymes responsible for degrading 
the spore’s outer layers [10,11]. The virulence of Bacillus 
anthracis is largely attributed to two plasmids: pXO1 and 
pXO2. The pXO1 plasmid (184.5 kb) encodes the anthrax 
toxin components: protective antigen (pagA), lethal factor 
(lef), and edema factor (cya) [12]. The pXO2 plasmid 
contains genes responsible for synthesizing a poly-D-
glutamic acid capsule, which helps the bacterium evade 
host immune defenses. 

The aim of this paper is to provide a detailed overview 
of the biology and pathophysiology of Bacillus anthracis, 
the agent responsible for anthrax. with emphasis on its 
structural features, elucidate its infection mechanisms and 
virulence determinants. Additionally, it highlights the 
range of susceptible hosts and discusses current 
approaches for diagnosis, prevention, and control. By 
consolidating available scientific insights, this paper seeks 
to inform the development of more effective strategies to 
mitigate the impact of anthrax in both animal and human 
populations. 

2. Literature Review 

2.1. Structural and Functional 
Characteristics of Bacillus anthracis 

The cytoplasmic membrane represents a fundamental 
structural and functional component of the bacterial cell, 
serving as the principal boundary essential for cellular 
viability. It is composed of a phospholipid bilayer 
interspersed with integral and peripheral membrane 
proteins, which collectively regulate the bidirectional 
movement of molecules and facilitate signal transduction 
processes critical for cellular adaptation and survival. In 
Bacillus anthracis, the phospholipid composition of the 
cytoplasmic membrane demonstrates distinct fatty acid 
profiles in comparison to related species such as Bacillus 
thuringiensis and Bacillus cereus, suggesting species-
specific variations in membrane architecture and function 
[13]. Earlier studies suggested that B. anthracis lacked 
membrane-associated polysaccharides such as 
lipoteichoic acids (LTAs), which are characteristically 
present in the membranes of other Gram-positive 
bacteria. Although glycerol phosphate polymers have not 
been isolated from B. anthracis [14], membrane proteins 
(MPs) have been recognized as critical components due 
to their functional roles. Consequently, these proteins are 
considered promising targets for the development of 
vaccines and novel therapeutics. Proteomic analyses 
have facilitated the identification of several novel MPs 
expressed during spore germination and the early stages 
of vegetative growth, which are crucial phases in the 
establishment of infection [15,16]. 

The peptidoglycan (PG) layer of Bacillus anthracis is 
targeted by β-lactam antibiotics such as penicillin G and 
amoxicillin. However, these antibiotics are not specific to 
B. anthracis, and both intrinsic and inducible resistance to 

β-lactams have been reported in clinical isolates [17,18]. 
Direct studies on the B. anthracis membrane remain 
limited, aside from investigations on lysine modifications 
of phospholipids, with comparative analyses often relying 
on the model Gram-positive bacterium Bacillus subtilis, 
which has a low GC content genome [19]. Recent 
investigations have elucidated the involvement of specific 
membrane lipids and proteins in the regulation of 
virulence determinants. Notably, the expression of toxin 
and capsule biosynthesis genes is transcriptionally 
upregulated in response to bicarbonate and carbon dioxide, 
which act as host-associated environmental cues [20,21]. 
An ATP-binding cassette (ABC) transporter responsible 
for bicarbonate uptake has been characterized in B. 
anthracis, comprising transmembrane permease 
components essential for bicarbonate metabolism [22]. 
Deletion of the genes encoding this transporter results in 
the abrogation of bicarbonate-induced toxin gene 
expression and leads to complete attenuation of virulence 
in murine infection models. 

The mutant strain lacking the bicarbonate transporter is 
avirulent in a murine infection model, indicating that 
bicarbonate transport is essential for B. anthracis virulence. 
A transposon mutagenesis approach has been employed to 
identify regulators of toxin gene expression. Additionally, 
many bacteria and archaea, including B. anthracis, 
assemble S-layers (surface layers) as their outermost 
envelope structure [23]. These S-layers form crystalline, 
porous lattices with unit dimensions ranging from 3 to 100 
nm and pore sizes between 2 and 10 nm, serving as 
protective barriers with selective permeability [24]. 

Following germination, B. anthracis emerges as a 
single vegetative cell, which rapidly elongates and 
undergoes division to form chains of 4 to 16 cells during 
the mid-logarithmic phase of growth [25]. As the 
bacterium transitions into the stationary phase, the average 
chain length decreases to 2–4 cells, eventually leading to 
predominantly short chains or individual cells [25]. 
Prolonged chain formation has been shown to hinder host 
cell invasion and provides partial protection against 
phagocytosis by macrophages [26]. 

2.2. Pathophysiology of Anthrax Infection in 
Animal 

Non-human primates (NHPs), including rhesus 
macaques, cynomolgus macaques, and African green 
monkeys, are widely considered the most relevant animal 
models for investigating inhalational anthrax. Their high 
susceptibility to infection with toxigenic strains of 
Bacillus anthracis, particularly via the respiratory route, 
makes them predictive of disease progression and 
pathology in humans. In contrast, murine models exhibit 
comparable susceptibility to both toxigenic and 
nontoxigenic encapsulated strains, indicating that in mice, 
the poly-γ-D-glutamic acid capsule is the primary 
virulence determinant, and disease pathogenesis is largely 
independent of anthrax toxin [27]. 

Despite the utility of established animal models, they 
do not always accurately replicate human responses to 
medical countermeasures. For instance, rabbits exhibit 
limited responsiveness to vaccine formulations that rely 
on Toll-like receptor agonists as adjuvants, thereby 

 



78 American Journal of Microbiological Research  

restricting their applicability in evaluating such 
immunomodulatory strategies [28]. If the rabbit 
inhalational anthrax computational model becomes 
sufficiently robust to accurately simulate key host–
pathogen interactions and disease outcomes, it could be 
re-parameterized for human application, thereby 
enhancing our understanding of anthrax pathogenesis in 
humans. It is important to note that the outcome of 
inhalational anthrax is strongly influenced by the 
anatomical site and quantity of spore deposition in the 
lungs, both of which are species-specific parameters that 
must be accounted for in comparative pathogenesis 
studies [29]. 

Developing host-specific computational models of 
inhalational anthrax necessitates precise characterization 
of spore deposition patterns within the respiratory tract. 
The lung comprises two anatomically and 
immunologically distinct regions: the lower alveolar 
region and the upper conducting airways (including the 
trachea and bronchi). The alveolar macrophages are the 
primary immune cells responsible for encountering and 
internalizing inhaled B. anthracis spores in the alveolar 
region, thereby initiating a cascade of host–pathogen 
interactions. These interactions ultimately determine the 
infection outcome either leading to spore clearance and 
host survival or spore germination and bacterial 
proliferation resulting in disease [30,31].  

The susceptibility of a mouse strain to lethal toxin (LT) 
does not necessarily correlate with its overall 
susceptibility to Bacillus anthracis infection [32]. The 
attenuated B. anthracis Sterne strain is frequently 
employed in murine models due to its practical advantages, 
i.e., it expresses major virulence factors (LT, edema toxin 
[ET], and protective antigen [PA]) while lacking the 
pXO2 plasmid required for capsule synthesis, thereby 
allowing studies under Biosafety Level 2 (BSL-2) 
containment conditions [33]. The Sterne strain expresses 
the major virulence factors—lethal toxin (LT), edema 
toxin (ET), and protective antigen (PA). In contrast, 
research involving fully virulent strains, such as the Ames 
strain, which also produces LT, ET, and PA, must be 
conducted under Biosafety Level 3 (BSL-3) containment 
due to the heightened pathogenic risk. 

Murine anthrax models have employed a range of 
exposure routes, including subcutaneous, intraperitoneal, 
intranasal and intratracheal administration [34], though 
immune responses and disease outcomes can vary 
depending on the route and strain used. In addition to mice, 
Hartley guinea pigs (Cavia porcellus) have been 
extensively utilized in anthrax vaccine studies over the 
past four decades, but with limited predictive success [35]. 
Post-vaccination survival following challenge with 
virulent strains (e.g., Ames strain) is inconsistent, and 
immunogenicity data derived from guinea pigs often fail 
to translate effectively to other animal models or to 
humans [35,36]. Inhaled spores may also deposit within 
the tracheobronchial region, where they interact with the 
mucociliary escalator; a defense mechanism comprising 
ciliated epithelial cells that facilitate the clearance of 
inhaled particles via coordinated upward movement of 
mucus. A defining feature of inhalational anthrax in 
guinea pigs is the early detection of B. anthracis within 
the tracheobronchial lymph nodes (TBLNs), preceding its 

appearance in the bloodstream or distal tissues. The 
primary clearance mechanism in this region involves 
ciliated epithelial cells, which facilitate the upward 
movement of inhaled particles via the mucociliary 
escalator, expelling them from the respiratory tract [37]. 

2.3. Pathophysiology of Anthrax Infection in 
Human 

Sporulation in Bacillus anthracis occurs within the 
mother cell in response to adverse environmental 
conditions. The mature spore consists of a central 
protoplast containing dipicolinic acid, surrounded by a 
peptidoglycan-rich cortex embedded with cortex-lytic 
enzymes, and an outermost exosporium layer. The 
exosporium is structurally complex and contains at least 
21 identified proteins, including an arginase enzyme and 
minor amounts of protective antigen [38]. Spore 
germination is initiated by specific environmental cues, 
notably purine nucleosides such as inosine, which act 
through germinant receptors located in the spore 
membrane. Upon germination, the vegetative cells 
synthesize a poly-γ-D-glutamic acid capsule and express a 
tripartite exotoxin consisting of protective antigen (PA), 
lethal factor (LF), and edema factor (EF) [38]. These 
virulence factors are critical for immune evasion and 
pathogenesis. The host macrophage engulfs the spores and 
reacts by recognizing pathogen associated molecular 
patterns with its toll-like receptors and NOD-like receptors 
and the defense by the organism to macrophage signaling is 
complex but, germinating spores may release toxins 
intracellularly which modify macrophage functions [39]. 
Vegetative bacilli also release lethal toxin; the toxin enters 
macrophages and inhibits further spore phagocytosis [40]. 
Multiple studies have explored the molecular mechanisms 
involved in Bacillus anthracis spore phagocytosis, 
germination, and their subsequent escape from host immune 
cells to promote systemic infection. Notably, macrophages 
that internalize a larger number of spores are more likely to 
harbor a subset that survive, germinate, and develop into 
vegetative bacilli [41]. 

2.4. Mode of Infection and Susceptible Host 
of Bacillus anthracis 

2.4.1. Mode of Infection 
Bacillus anthracis infects hosts through exposure to its 

spores, which are the dormant and highly resilient form of 
the bacterium. The spores can enter the body through four 
primary routes: cutaneous (via skin abrasions), 
inhalational (via respiratory tract), gastrointestinal (via 
ingestion of contaminated meat), and injection (through 
contaminated needles, primarily among intravenous drug 
users) [42,43]. Upon entry, the spores are phagocytosed 
by macrophages and dendritic cells then carry them to 
regional lymph nodes, where they germinate into 
vegetative bacilli [37,44]. Shortly after germination, B. 
anthracis initiates the production of its principal virulence 
factors: protective antigen (PA), edema factor (EF), and 
lethal factor (LF), which together form edema and lethal 
toxins, which play pivotal roles in immune suppression, 
disruption of cellular signaling, and induction of systemic 
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disease [45]. The resulting impairment of host defenses 
facilitates bacterial dissemination and contributes to the 
extensive tissue damage and lethality associated with 
anthrax infections [46,31]. 

2.4.2. Susceptible Host 
Anthrax primarily affects herbivorous mammals, 

including cattle, sheep, goats, horses, and antelopes, which 
serve as natural hosts due to their high likelihood of 
ingesting or inhaling spores from contaminated soil or 
vegetation [47]. Nevertheless, all warm-blooded animals, 
including humans, are potentially susceptible to infection, 
although the degree of vulnerability varies among species 
[48,49]. The degree of host susceptibility appears to be 
species-specific and may involve factors such as immune 

system differences or variation in cellular receptors. For 
instance, mice demonstrate a high sensitivity to anthrax 
toxins but exhibit relative resistance to spore-mediated 
infection, whereas pigs, though more resistant to the 
toxins, can succumb to low doses of spores [49,50]. Non-
human primates, especially macaques, serve as accurate 
models for human inhalational anthrax due to their high 
susceptibility to aerosolized spores [27].Additionally, co-
infections and immunosuppressive conditions may 
exacerbate host susceptibility. Secondary infections can 
alter immune dynamics, impairing the host’s ability to 
mount effective responses and thereby increasing disease 
severity [51,52]. The detailed mechanism of transmission 
of anthrax in different host species is shown in Figure 1. 

 
Figure 1. Mechanism of transmission of anthrax (Ogunleye et al 2024) [53] 

2.5. Host Susceptibility and Co-infections in 
Anthrax 

Anthrax primarily affects herbivorous animals, 
although all mammalian species exhibit some degree of 
susceptibility to Bacillus anthracis [48,49]. The variability 
in susceptibility among species is not fully understood but 
is believed to involve differences in host-specific 
physiological or immunological factors. For example, rats 
exhibit a high sensitivity to anthrax toxins yet show 
remarkable resistance to spore-mediated infection, 
suggesting that early immune containment or barriers to 
spore germination may play a critical role in resistance 
[44].Conversely, pigs, while more resistant to anthrax 
toxins, can succumb to relatively small spore doses, 
indicating complex host-pathogen dynamics [48,50]. In 
natural ecosystems, both animal and human hosts 
frequently harbor co-infections with a range of micro- and 
macro-parasites. These concurrent infections may interact 
synergistically or antagonistically, influencing pathogen 
transmission dynamics, virulence, and clinical outcomes. 
Such interactions can occur through direct competition for 
host resources or indirectly via modulation of the host’s 
immune responses [51]. Co-infections have been shown to 
dysregulate immune function, increasing host 
vulnerability to secondary infections [54,52] and are 

associated with higher pathogen loads, prolonged disease 
course, and more severe pathological manifestations [54]. 

2.6. Immunization and Host Response to 
Vaccination 

The currently licensed anthrax vaccine consists of 
protective antigen (PA) adsorbed onto aluminum 
hydroxide as an adjuvant [17]. A series of multiple 
immunizations is required over an 18-month period, 
followed by annual booster doses in order to achieve and 
maintain adequate protective immunity [55]. However, 
this vaccination schedule can induce undesirable local 
reactogenicity in some recipients [56]. Numerous efforts 
have been made to improve both the safety profile and 
immunogenicity of the anthrax vaccine. These include 
reformulating PA with different adjuvants [57], employing 
recombinant or mutant forms of PA [58], expressing PA 
via attenuated Salmonella vectors [59], and developing 
attenuated Bacillus anthracis strains deficient in one or 
more toxin components [20]. 

Vaccination continues to be the most affordable and 
effective method for decreasing vulnerability to anthrax 
infection and to accelerate the development of protective 
immunity following exposure to Bacillus anthracis [60]. 
Protective immunity is primarily mediated by neutralizing 
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antibodies directed against the bacterial protective antigen 
(PA), which decrease pathogenicity by blocking anthrax 
toxin binding to host cells, inhibiting spore germination, 
and enhancing macrophage-mediated phagocytosis and 
killing of spores [57]. The currently licensed human 
anthrax vaccine adsorbed (AVA) requires a series of six 
vaccinations over an 18-month period, followed by annual 
booster doses, to induce and maintain protective IgG anti-
protective antigen (PA) antibody titers. This immunization 
schedule can cause undesirable side effects in some 
vaccine recipients. In the 1930s, Sterne developed live 
attenuated Bacillus anthracis strains (“live-spore 
vaccines”), which remain widely used worldwide for the 
immunization of domesticated animals [56]. 

A contraindication to vaccination includes a history of 
hypersensitivity reactions to the vaccine. Severe injection-
site or systemic reactions have been reported with the 
licensed AVA. In cases where vaccination of previously 
sensitized individuals is necessary, pretreatment with 
antihistamines and nonsteroidal anti-inflammatory drugs 
may be beneficial, although this approach has not been 
formally evaluated.Similar to AVA, protection conferred 
by recombinant PA (rPA)-based vaccines is primarily 
antibody-mediated [9]. Titers of toxin-neutralizing 
antibodies, which represent the most reliable correlate of 
protection against lethal anthrax challenge [61], can be 
induced to comparable levels by rPA vaccines and AVA 
[62,63]. Furthermore, the rPA molecule can be truncated 
[64] or modified [65,66,67] without compromising its 
ability to elicit a protective humoral immune response. 

2.7. Infected Host Treatment and 
Management of Bacillus anthracis 

The treatment of Bacillus anthracis infection depends 
on the clinical form of anthrax and the stage of disease at 
the time of diagnosis. Prompt initiation of appropriate 
antimicrobial therapy is crucial for improving survival, 
especially in cases of inhalational exposure anthrax, which 
is defined by swift progression and elevated mortality 
rates [68,69]. The first-line treatment includes high-dose 
intravenous antibiotics such as ciprofloxacin or 
doxycycline, often combined with one or more additional 
agents like rifampin, clindamycin, or vancomycin 
depending on disease severity and susceptibility profiles 
[70]. For uncomplicated cutaneous anthrax, oral antibiotics 
such as ciprofloxacin, doxycycline, or amoxicillin for 7–10 
days are usually effective [43]. Anthrax toxins contribute 
substantially to pathogenesis; therefore, monoclonal 
antibody therapies targeting protective antigen (e.g., 
raxibacumab and obiltoxaximab) have been developed and 
are recommended alongside antibiotics for systemic disease 
[68,71]. Individuals exposed to B. anthracis spores but not 
yet symptomatic receive 60 days of oral antibiotic 
prophylaxis with ciprofloxacin or doxycycline, combined 
with a 3-dose vaccine series when indicated, to prevent 
disease development [69]. Challenges in the clinical 
management of anthrax include delayed diagnosis, 
potential antimicrobial resistance, and complications 
arising from toxin-mediated tissue damage. These factors 
underscore the necessity for early recognition, rapid 
initiation of therapy, and a multidisciplinary approach to 
patient care [43,70] 

2.8. Managemental Aspects of Bacillus 
anthracis Infection 

2.8.1 Disposal of Infected Animal Carcasses 
Post-mortem examinations of animals suspected to have 

died from anthrax are widely discouraged and often 
prohibited to prevent environmental contamination and 
further spread of the disease [72]. The three primary 
carcass disposal methods employed are deep burial, 
incineration or rendering, and a combination of 
incineration and burial [72].The methods for safe disposal 
of animal carcasses during an outbreak are as shown in 
Figure 2. 

 
Figure 2. Methods for disposal of wildlife carcass during anthrax 
outbreak (A) preparation of fire for burning dry carcasses, (B) placement 
of carcasses on the fire, (C) collection of carcasses, and (D) burial 
followed by lime powder application for site decontamination [73] 

Rendering is a sterilization process applied to raw 
materials derived from infected animals, enabling their 
safe economic reuse through deep sterilization techniques. 
In contrast, burial as a standalone method is considered 
inadequate as a long-term disposal method due to the 
potential persistence of resilient Bacillus anthracis spores 
in the soil. Incineration, including the thorough burning of 
soil beneath carcasses, is strongly recommended to 
sterilize residual exudates and spores; however, its 
effectiveness depends on the proper execution and may 
still fall short of complete spore eradication under 
suboptimal conditions [17]. 

2.8.2. Disinfection and Decontamination 
Disinfection and decontamination are essential 

strategies for preventing the transmission of anthrax by 
eliminating Bacillus anthracis spores from contaminated 
surfaces, thereby interrupting the infection cycle. However, 
a significant challenge lies in accurately identifying all 
areas of contamination, particularly in endemic regions 
where old burial sites may serve as long-term reservoirs of 
viable spores. In contrast, such control interventions tend 
to be more effective in non-enzootic areas, where the 
absence of established spore reservoirs and the 
implementation of proactive containment practices help 
prevent the formation of new contaminated zones [72]. 

Various chemical agents are effective for disinfecting 
surfaces and decontaminating soils, including high-
pressure hot water, steam, hydrogen peroxide, 
formaldehyde, glutaraldehyde, peracetic acid, and 
chlorine-based solutions. Formaldehyde at concentrations 
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of 5–10% is notably effective for soil decontamination. It 
is advisable to test these agents on a small scale prior to 
extensive application to confirm efficacy and safety [72]. 

3. Conclusion and Recommendations 

Anthrax remains a major threat to both public and 
veterinary health, particularly in endemic regions and 
resource-limited settings. The disease caused by B. 
anthracis can manifest in various clinical forms depending 
on the route of exposure. The high environmental 
persistence of spores, coupled with potent toxins encoded 
by virulence plasmids (pXO1 and pXO2), makes the 
pathogen exceptionally resilient and dangerous. 
Understanding the complex interplay between host 
susceptibility, spore germination, toxin activity, and 
immune response is essential for effective disease 
control. While current vaccines for both humans and 
animals have demonstrated efficacy, challenges related 
to accessibility, adverse effects, and rigid immunization 
schedules limit their widespread application. 
Furthermore, carcass management and environmental 
decontamination are critical in breaking the transmission 
cycle,these measures are often difficult to implement 
effectively in endemic regions. 

Based on the above conclusion, the following 
recommendations were forwarded: 

√  Enhance active surveillance in endemic areas, 
particularly among livestock and wildlife, to enable 
early detection and rapid response to outbreaks. 

√  Expand vaccination programs for at-risk livestock 
and occupationally exposed humans, utilizing 
proven PA-based vaccines, and invest in research 
for improved, more accessible vaccines. 

√  Implement strict protocols for carcass disposal, 
decontamination, and movement control during 
outbreaks to prevent environmental contamination 
and further transmission. 

√  Educate farmers, veterinarians, and at-risk 
communities about anthrax transmission, 
prevention, and the importance of reporting 
suspicious animal deaths. 

√  Encourage collaboration between veterinary, 
medical, and environmental sectors (One Health 
approach) to ensure coordinated and effective 
anthrax control and prevention. 
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