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SUMMARY
Anthrax remains a global problem, both for veterinary and human medicine, due to the wide spread of its soil foci throughout the world. The ability to sporulate 
is the main feature of Bacillus anthracis, which allows the pathogen to persist in the environment for a long time. Understanding the ecology of B. anthracis 
is essential for successful control of this infection. This review analyzes the data from the global literature, reflecting the modern understanding of the vital 
functions of the anthrax agent in various ecological niches. As a result of the work, it was revealed that many links in the chain of B. anthracis lifecycle in 
the abiotic environment remain poorly understood. A more in-depth study is required for issues related to the mechanisms, ways of living and evolution of 
the anthrax causative agent outside the animal body. A separate section of the review describes the problems of anthrax foci in soil. It is shown that today 
there are no effective and environmentally friendly methods and means of their elimination. In addition, the question of the expediency of their use remains 
open. According to some researchers, the increasingly emerging initiatives for the elimination or conservation of anthrax burial sites are not only useless, 
but also harmful, since they exclude the possibility of further predicting the risks associated with soil foci that surround livestock burial sites and cannot be 
decontaminated. The study and new approaches to solution of the highlighted issues will make a significant contribution to solving the global problem of 
protecting animals and people from this infection.
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Особенности природной очаговости сибирской язвы 
и экологии Bacillus anthracis

РЕЗЮМЕ
Сибирская язва остается глобальной проблемой как для ветеринарной, так и для гуманной медицины в связи с широким распространением ее почвенных 
очагов во всем мире. Способность к споруляции является главной особенностью Bacillus anthracis, позволяющей возбудителю сохраняться в окружающей 
среде в течение длительного времени. Понимание экологии B. anthracis необходимо для успешной борьбы с данной инфекцией. В настоящем обзоре 
проведен анализ данных мировой литературы, отражающих современное представление о жизнедеятельности возбудителя сибирской язвы в раз-
личных экологических нишах. В результате работы выявлено, что многие звенья в цепи жизнедеятельности B. anthracis в абиотической среде остаются 
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surrounded by several layers of proteins called the coat 
proteins. 

The coat protein surface is distinguished by folds, which 
extend along the long axis of the spore, and allow the spore 
to withstand the core growth during its germination [6–10]. 

INTRODUCTION
The main feature of the causative agent of anthrax (Ba-

cillus anthracis) is the ability to form spores that persist in 
the environment for decades until they get the possibility 
to penetrate into a susceptible organism. B. anthracis in 
spore form is a perfect infectious agent. To date, there are 
a large number of works devoted to the processes occur
ring in B. anthracis infected macroorganism [1, 2]. However, 
aspects concerning B. anthracis relationships in soil eco
systems and the environment are still poorly understood. 
This review analyzes the life cycle of B. anthracis in various 
ecological niches.

Bacillus anthracis spore and sporulation
The spores are formed in the environment or in labora

tory conditions when grown on nutrient media, provided 
there is an access of oxygen, lack of nutrients, high hu
midity, and temperature of 26–37 °C. One vegetative cell 
is capable of forming a single spore, which is located in 
the center or subterminally. At temperatures above 43 °C 
or below 12 °C, sporulation does not occur.

Sporulation is triggered by the lack of a nutrient sub
strate. In this case, the spo0A gene encoding the protein 
of the same name is activated. Then, by phosphorylation 
the Spo0A protein is activated into Spo0A~P, causing the 
expression of more than 200 genes. These genes are re
sponsible for sporulation. When the endospore formation 
is complete, the mother cell wall is lysed, releasing the 
mature spore into the environment [3].

The B. anthracis spore consists of the core, surrounded 
by coats: the cortex, the coat proteins and the exospo
rium (Fig. 1) [4].

The spore core consists of a chromosome tightly bound 
to acidsoluble proteins [5]. The interaction between DNA 
and proteins, high levels of dipicolinic acid, calcium and 
other ions provide protection from a variety of adverse 
effects, including elevated temperatures and ultraviolet 
radiation. 

The cortex is the inner part of the spore, surrounded by 
a membrane and peptidoglycan layer, which in turn are 

 мало изученными. Более глубокого изучения требуют вопросы, касающиеся механизмов, способов существования и эволюции возбудителя сибирской 
язвы вне организма животного. Отдельным разделом обзора представлены проблемы почвенных очагов сибирской язвы. Показано, что на сегодняшний 
день не существует эффективных и безвредных для окружающей среды методов и средств их ликвидации. Кроме того, остается открытым вопрос о целе-
сообразности их применения. По мнению некоторых исследователей, все чаще возникающие инициативы ликвидации или консервации сибиреязвенных 
скотомогильников не только бесполезны, но и вредны, так как исключают возможность в дальнейшем прогнозировать риски, связанные с почвенными 
очагами, которые окружают скотомогильники и не могут быть обезврежены. Изучение и новые подходы к решению освещенных вопросов внесут свой 
значительный вклад в решение глобальной проблемы защиты животных и людей от данной природно-очаговой инфекции.

Ключевые слова: Сибирская язва, экология, Bacillus anthracis, почвенные очаги, природная очаговость, скотомогильник, стационарно неблаго получный 
пункт.
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Fig. 1. Thin-section electron micrograph of a Bacillus 
anthracis spore (Sterne strain). Core (Cr), cortex (Cx),  
coat (Ct), interspace (IS) and exosporium (Exo) 
are indicated [4]

Рис. 1. Строение споры возбудителя сибирской язвы: 
Cr – ядро, Cx – кортекс, Ct – белковая оболочка,  
IS – промежуток, Exo – экзоспориум [4]
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These coat proteins perform a number of important 
functions: 

1) prevent the penetration of large molecules and toxic 
substances; 

2) protect against the aggressive action of other micro
organisms [11–13]. 

In general, the protective functions of these structures 
allow spores to remain dormant for many years [14, 15]. 

The exosporium is the outermost structure of the spore, 
in most Bacillus species it is separated from the underlying 
structure by interspace, the composition and functional 
purpose of which remains a mystery. The exosporium 
consists of a basal membrane surrounded by hairlike pro
jections. The collagenlike glycoprotein BCLA is the main 
component of these projections. Thanks to the hairlike 
projections of the outer structure, the spores can adhere 

to the soil fragments, which allows them to stay on the sur
face and enter the body of animals during grazing. In re
cent years, the BCLA protein has been given special atten
tion as a possible antigen for vaccine deve lopment [16, 17]. 
The BCLA protein, composing the exosporium, interacts 
with the phagocytes of the host organism, thereby pro
moting the penetration of the pathogen into the cell and 
its subsequent germination – the process by which the 
spores stop being dormant [4].

Germination is initiated by presence of essential nut
rients, which is detected by receptors in the inner mem
brane of the spore. The binding of the receptors leads to 
a cascade of successive reactions, including the influx of 
water, the release of cations and dipicolinic acid, the pH 
rises to 7.7, and the glycopeptide cortex is hydrolyzed. 
When pH changes, intracellular enzymes are activated, 
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Fig. 2. Transmission electron microscopy analysis of B. anthracis-Acanthamoeba castellanii interactions [27]: 
A and B – Micrographs show spores of strain 9131 contained in A. castellanii phagosomes (open arrowheads) after 6 (A) 
and 12 h (B) of coculture at 37 °C, respectively; C – A vegetative Sterne spore within an A. castellanii trophozoite  
in a phagosome after 6 h of coculture; D – Vegetative forms of Sterne inside and outside amoebas after 12 h  
of infection (black arrows). N – nucleus; vf – vegetative form

Рис. 2. Просвечивающая электронная микроскопия взаимодействия B. anthracis с почвенной амебой [27]:  
А и В – находящиеся внутри амебы Acanthamoeba castellanii споры штамма 9131 B. anthracis и начало 
их прорастания через 6 (A) и 12 ч (B) совместного культивирования при 37 °С; С – прорастание штамма Sterne 
B. anthracis внутри амебы; D – вегетативные формы штамма Sterne B. anthracis внутри и снаружи амебы через 
12 ч после совместного культивирования (черные стрелки). Обозначения: N – ядро; vf – вегетативная форма
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After study of closely related species, similar stu dies 
were conducted in the laboratory conditions, which con
firmed the capacity of B.  anthracis to germinate in the 
rhizosphere of some plants  [26] and inside soil amoe
bas (Fig. 2) [27], which significantly expanded knowledge 
about its life cycle and the capacity to dictribute in the 
environment.

In addition, domestic researchers have found that 
B. anthracis spores can persist and spread in the soil with 
earthworms. It was found that 50–70% of spores retain 
their properties and virulence in the worm gut for 30 days 
(the study period) [28].

No less interesting is the life cycle of B. anthracis, in
teracting with bacteriophages that mediate phenotypic 
changes and cause the appearance of lysogenic variants of 
the pathogen with a pronounced improvement in survival.

In the course of longterm studies, various B. anthracis 
phages were identified (Fig. 3) [29], including for vaccine 
strains with low virulence, such as Sterne, Pasteur, and Vol
lum [30]. As for field strains, soil isolates of B. anthracis of
ten contain phage plaques when cultured [26]. In addition, 
studies of more than 160 natural B. anthracis isolates re
covered from the environment and from diseased animals 
showed that more than 20% of them were infected with 
various phages. Free, infective phages for B. anthracis are 
also found in many environments, including sewage, tan
nery effluent, animal hair, soil and water at or near anthrax 
carcasses, as well as soil at nonendemic areas [29].

As an example of the bacteriophagemediated variabi
lity of B. anthracis, the results of studies published in the 
early 21st century can be cited. The strains of bacilli isolated 
from wild apes in African countries: Cameroon and Côte 
d’Ivoire are described in the papers. The studied bacteria 
were characterized by the motility, resistance to penicillin 
and diagnostic gamma phage, the ability to form a capsule 
not only after induction by CO2 and bicarbonate, the secre
tion of protective antigen and lethal factor. These strains 
had both the toxin and the capsule plasmid pBCXO1 and 
pBCXO2, with sizes corresponding to the B. anthracis viru

the spore coats are destroyed, and vegetative metabo
lism reactivates, including the production of powerful 
virulence factors [18]. 

Ecology of B. anthracis in soil
To date, there are several different theories of the B. an-

thracis ecology in soil. The first was put forth in 1941 [19]. 
According to this theory, the pathogen is able to germi
nate in certain «incubator areas», that is, in soils rich in or
ganic matter, calcium, with a pH greater than 6.0 and an 
ambient temperature above 15.5 °C. Sporadic outbreaks of 
anthrax occur as a result of the pathogen germination in 
the surface soils under certain climatic and environmental 
conditions, contributing to accumulation of high concen
trations, able to infect grazing animals. 

A competing hypothesis suggests that these local accu
mulations emerge from the physical pooling of spores in 
rainwater depressions because of the spores hydrophobic 
surface character [20–22]. Furthermore, vegetative cells of 
B. anthracis were suggested to be unable to successful
ly сompete with resident soil microbiota and have never 
been found in natural environments. Also the clonal ge
netic character of this microorganism, isolated from infec
ted animals, argues against frequent episodes of soil pro
liferation. This statement is inconsistent with the fact that 
probe sequencing of soils contaminated with B. anthracis 
spores showed the presence of isolates that lack one or 
both virulence plasmids [23, 24]. The latter is indicative 
of the active metabolism of the pathogen in the environ
ment, but its further fate in the soil is disputable.

Over time, an increasing number of laboratory results 
contradicted the established opinion that B. anthracis is 
an obligate pathogen and is able to reproduce exclusive
ly in susceptible animals. For example, other members of 
the genetically homogeneous group B. cereus sensu lato 
were discovered as common inhabitants of the inverte
brate gut [25], and as saprophytes in the rhizosphere of 
plants [26]. This gave rise to the assumption that the B. an-
thracis germination is not limited to the animal body. 
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Fig. 3. Transmission electron micrographs of bacteriophages negatively stained with 2% uranyl acetate [29]. 
The bacteriophages infecting B. anthracis include, (A) Wβ, (B) Wip1, (C) Wip2, (D) Wip4, (E) Wip5, (F) Frp1, 
(G) Frp2, (H) Htp1, and (I) Bcp1. An extract from the gut of the earthworm Eisenia fetida is shown (J)  
with two distinct and uncharacterized phages indicated by arrows

Рис. 3. Просвечивающая электронная микроскопия бактериофагов, выделенных от B. anthracis, 
отрицательно окрашенных 2%-м раствором уранилацетата [29]. Бактериофаги, инфицирующие 
B. anthracis, включают: (A) Wβ, (B) Wip1, (C) Wip2, (D) Wip4, (E) Wip5, (F) Frp1, (G) Frp2, (H) Htp1 
и(I) Bcp1. J – экстракт из кишечника дождевого червя Eisenia fetida (стрелками обозначены 
два неидентифицированных фага)
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lence plasmids pXO1 and pXO2. Genetic analysis of these 
strains revealed a close relationship with both classic 
B. anthracis strains and two uncommonly virulent B. cereus 
and B. thuringiensis isolates. The authors of the study pro
posed that the newly discovered strains share a common 
ancestor with B. anthracis or that they emerged recently by 
transfer of the B. anthracis plasmids to a strain of the B. ce-
reus group [31–34]. These strains were designated B. cereus 
biovar anthracis. These strains were as virulent for mice 
and guinea pigs as wildtype B. anthracis and remained 
virulent after removal of the plasmid encoding capsule 
synthesis. In addition to the polyDglutamate capsule, 
these strains were found to produce a hyaluronic acid 
capsule encoded by the pBXO1 plasmid. Such phenotypic 
changes enabled systemic dissemination, thus providing a 
clear evolutionary advantage [35]. In this regard, it is rele
vant to further study the life of these B. anthracis strains in 
the environment and organisms of susceptible animals as 
pathogens of potentially new infectious diseases. 

Ecology of B. anthracis in the environment 
More than 50 species of animals belonging to 8 orders 

and 23 families are susceptible to the B. anthracis, which 
explains the reason for the wide geographical spread of 
this infection around the world [20]. However, birds are 
not susceptible to this pathogen, nevertheless, they play 
a significant role in the epizootology and epidemiology 
of anthrax, contributing to the spread of spores to new 
territories [36]. 

It is known that the condition for B. anthracis circulation 
in nature is the contamination of the soil with spores after 
the death of a diseased animal. However, if the integrity of 
the carcass is preserved, the bacilli do not sporulate and 
die [37]. Therefore, the activity of scavenger birds has a sig
nificant impact on the circulation of the pathogen: carcass 
consumption contributes to spore formation, and disper
sing the remains leads to widespread contamination of the 
soil with spores. 

Experimental studies of other authors have shown that 
birds, consuming meat of infected animals, can secrete 
spores of the pathogen with excrement for a long time 
and transfer them in the beak and on the paws. Flying over 
long distances, birds can spread spores in areas where 
this disease has not been previously recorded [38]. In our 
country, scavenger birds consuming reindeer carcasses are 
actively involved in the spread of B. anthracis spores. Syn
anthropic birds are also dangerous. For example, studies 
were conducted in the UK to study the role of house spar
rows Passer domesticus in the spread of B. anthracis spores. 
Scientists have found that 2% of these birds are carriers of 
B. anthracis spores. The researchers suggest that in coun
tries with a high incidence of anthrax, the percentage of 
infected sparrows must be higher [36]. 

One of the indicators of anthrax prevalence in nature 
is the circulation of the pathogen among various rodent 
species. Reports on the isolation of B. anthracis from field 
rodents in the Russian Federation regions and the former 
Soviet Union countries evidence that anthrax is latent in 
naturally infected mouselike rodents. B. anthracis cultures 
were repeatedly isolated from clinically healthy field mice 
showing no postmortem changes in organs and tissues, 
which reflects the possibility of unhindered spore disse
mination with these animal species. 

The ability to transfer B.  anthracis spores with 
bloodsucking insects is also very important. Flies, horse

flies, ticks, and mosquitoes feed on the blood of infected 
animals. Then, moving and biting a healthy animal, they 
introduce the pathogen into a new susceptible organism. 
In addition, it was found that, flying into the adjacent ve
getation, they secrete both spores of the pathogen and 
vegetative cells. The researchers noted that B. anthracis 
spores were found on the leaves of plants at a distance of 
1–3 meters from the dead animal carcass [20]. 

Thus, in addition to susceptible animals, there are a 
large number of species that contribute to the mainte
nance and spread of the pathogen in the environment, 
which, in turn, makes it difficult to control this infection 
and requires strict measures for specific prevention of  
anthrax.

Problems of anthrax soil foci
One of the main reservoirs of B. anthracis is the soil, 

which is considered the second source of the disease af
ter infected animals. Infection with B. anthracis spore form 
was reported after contacts with sporecontaminated soil 
in 3–14% out of total number of cases [39]. Sporecontam
inated soil can remain a source of infection for many de
cades. To date, it has been established that anthrax bacillus 
spores can persist for up to 200 years. However, the exact 
period of possible presence in the soil and the ability to 
infect living organisms with B. anthracis spores has not yet 
been established [20].

A retrospective analysis of data on anthrax incidence in 
Russia in the 18th and 19th centuries shows that it was one 
of the most common diseases. During this period, more 
than 100,000 cases were officially recorded in the  country. 
In the 20th century, 69,827 anthrax outbreaks occurred 
on the territory of our country [40]. Many carcasses were 
 buried without prompt control, which led to a wide spread 
of soil foci and an increase in the number of anthrax animal 
burial sites on the territory of Russia.

In the Russian Federation today, there are more 
than 35,000 permanently anthrax infected settlements, 
14,109 animal burial sites, of which 3,193 are anthrax burial 
sites [41]. Abandoned animal burial sites and animal burial 
sites with unknown geographical coordinates are particu
larly dangerous. Many soil foci are not marked on maps or 
on the terrain. Initially, these burials were under the con
trol of local veterinary services, but over many decades, as 
a result of numerous reorganizations and the transfer of 
control functions over animal burial sites from one agency 
to another, the archived data on these animal burial sites 
were lost in most cases. As a result, on the territory of our 
country there are a large number of anthrax soil foci, both 
known and uncontrolled, which pose a great danger of 
potential spread and infection with this highly dangerous 
infection.

To date, Russian scientists have developed a number of 
methods for the disinfection of anthrax soil foci, but there 
are no effective and environmentally friendly methods 
among them. It should also be noted that it is impossible 
to accurately determine the effectiveness of disinfection 
of anthrax soil focus, since, according to researchers, the 
possibility of detecting B. anthracis and isolating it from 
the soil is no more than 1.5% [42]. In this regard, all exis
ting anthrax burials have a potential danger to a greater 
or lesser extent [43]. 

Recently, due to the use of previously abandoned 
land, increase in residential development, there is a need 
for a detailed study of this danger, which,  according to 
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researchers, persists because of violated conditions 
for burial site maintenance [44]. According to available 
data, on the national scale, on average, 37% of biological 
waste disposal sites are in poor veterinary and sanitary 
condition [40]. The situation related to the maintenance 
of burial sites in infected regions poses a potential dan
ger and requires constant monitoring of the state of  
these sites. 

Currently, specialists are developing methods for stu
dying the epizootological and epidemiological danger of 
anthrax burials, aimed at assessing the risks of their pos
sible impact on outbreak occurrence and the spread of 
infection in order to prevent it [42].

According to the researchers, the increasingly emerging 
initiatives for the elimination or conservation of anthrax 
burial sites are not only useless, but also harmful, since 
they exclude the possibility of further predicting the risks 
associated with the soil foci that surround the burial sites 
and cannot be decontaminated [42, 45]. In addition, local 
disinfection of known soil foci is not able to provide its 
complete elimination. Due to the fact that several dozen 
species of wild animals are susceptible to anthrax, which 
are potential carriers of it, it can be assumed that there are 
many other foci in the wild, and with each new animal that 
becomes diseased, their number increases. 

CONCLUSION
One hundred and fifty years of studying the ecology of 

B. anthracis has allowed us to shed light on many aspects 
of the pathogen’s existence in the environment, to estab
lish its connection and interaction with various species 
of living organisms. However, many links in the life chain 
of B. anthracis in the abiotic environment remain poorly 
understood. Questions concerning the mechanisms, ways 
of existence and evolution of anthrax causative agent 
outside the animal’s body also require an indepth study, 
which will make a significant contribution to solving the 
global problem of protecting animals and people from this 
natural focal infection.
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