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ABSTRACT

Anthrax is a zoonotic disease classified as a highly hazardous infection.

Until the mid-20th century, the capabilities of regulatory services were insufficient to prevent the emergence of new infection
hotspots. Each year, mass livestock die-offs and human cases of this disease were recorded.

Public unawareness of the disease’s causes and the lack of proper disposal methods for deceased animals led to widespread
soil contamination with anthrax spores across extensive territories of Russia, particularly in southern regions. The disposal of
infected cattle and other animals involved the creation of burial sites. In practice, however, these often turned into “murrain
fields,” where animal remains lay exposed. Only in the 1950s was there a shift toward ash-based burial methods for cattle.
The current state of monitoring for anthrax-affected sites and burial grounds, coupled with decreased oversight by veterinary
services, does not exclude the possibility of animal and human anthrax cases. However, these cases are predominantly
sporadic, appearing as outbreaks.

In Russia, anthrax-prone areas are monitored at multiple levels. Collected information is compiled into reference materials,
facilitating differentiated planning of preventive measures based on regional characteristics.

The existing registry of anthrax-affected sites in Russia no longer meets current demands. Modern electronic databases
and geographic information systems contribute to identifying common patterns of anthrax territorial distribution in Russia
and understanding the persistence of activity in affected locations. These tools enable efficient data collection, analysis,
and synthesis to prevent deterioration of the epizootiological and epidemiological situation.
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Tekywaa o6cTtaHoBKa no cubupckou sa3se
Ha TeppuTtopuu Poccuiickou ®epepauuu

B.0. Nemanbauros!, B.H. ®unses?

1 AcTpaxaHcKas NpoTUBOYYMHas CTaHuus, AcTpaxaHb, Poccus;
2 ACTpaxaHCKMiA rocyAapCTBeHHbI MeAMLMHCKWIA yHuBepcuTeT, AcTpaxaHb, Poccus

AHHOTALIMA

Cubupckas s3Ba — 3aboneBaHue, BXOAsLLEe B rpynny 300HO30B 1 OTHOCALLeecs K 0c060 onacHbIM MHDEKLMAM.
Bo3MoKHOCTM KOHTpONMpYIOLLMX CITY6 10 cepefyHbI MPOLLIOr0 BeKa He MO3BOISANIM NPef0TBPaTUTb BO3HUKHOBEHME CBEXUX
o4aroB UHdeKUMK. ExxeroHo perucTpupoBany MaccoBbIi MafEX CeNbCKOX03ANCTBEHHBIX MBOTHBIX U Cllydan 3aboneBaHus
NOfei 0T JaHHOW NaTosorum.

He3HaHue npuunH 3ab0neBaHNS Y HaCeNeHUs U OTCYTCTBUE BO3MOXHOCTEN AJ1S1 3aXOPOHEHMS NaBLUMX KMBOTHbIX MPUBENX
K 3apaKeHuio criopaMu cMBMPCKOM A3Bbl MOYBbLI 0OLWIMPHBIX TeppuTopuiA Poccuiickon Oenepaunn, 0CODEHHO B HOMKHBIX peru-
oHax. [py1 yTUnM3aumum nafLero KpynHoro poratoro CKoTa M MPOYMX XMBOTHBIX MPeAycMaTpuBanoch GopMMpoBaHME CKOTO-
MOMMSIBHWKOB, HO Yalle B peaflbHOCTU MOoSyYanucb «MOpOBbIE MOJIS», TAE HA OTKPbLITOM NOBEPXHOCTU HAXOAWUMUCL OCTaHKM
ymepLuero ckota. Tonbko B 50-e rofbl bbin ocyLLecTBAEH NePexof, K 30/1bHbIM 3aXOPOHEHWAM KPYMHOro poraToro cKoTa.
CoBpeMeHHOe COCTOsIHME YYETa CTaLMOHAPHO HEeGaronoyyHbIX MyHKTOB U CUOMPES3BEHHBIX 3aXOPOHEHUH B COYETAHUM CO
CHXEHMEM KOHTPOJIS CO CTOPOHbI BETEPMHAPHBIX CYKO He MCKIIoYaeT 3ab0s1eBaeMOCTU CUOMPCKON S3BOM KMUBOTHBIX U JHO-
A€W, HO NP1 3TOM OHa HOCUT B OCHOBHOM CMOpPaAMYeCKUiA XapaKTep B BUAE BCMbILLEK CUBMPCKON A3BbI.

B Poccuiickon QOefepaunm cyLlecTByeT HECKONIbKO YPOBHEN HaA30pa 3a Hebnaronoy4HbIMM Mo CMOUPCKOI A3Be TeppPUTOpH-
amu. CobpaHHas nHdopMaums 0606LLaeTcs B BUAE CMpaBOYHbLIX MaTepuanos, YTo obneryaeT npoBeaeHune oudpdepeHUMpo-
BaHHOr0 MJIaHMPOBaHUA NPOGUNAKTUYECKUX MEPOMPUSATUIA C YYETOM PErMoHalbHbIX 0C0BeHHOCTEN.

Kapactp craumroHapHo Hebnaromony4HbIx NyHKTOB Mo cubupckoii s3Be B Poccuitckon Oepepaumnn nepectan cooTBETCTBOBATh
CYLLieCTBYHOLLMM MOTPeOHOCTAM. YCTaHOBNEHMIO 00LIMX 3aKOHOMEPHOCTE TeppUTOpUabHOT0 pacnpocTpaHeHus cubupcKom
a3Bbl B Poccuiickoin ®enepaumny v NpUYMH COXPAHEHUS! aKTUBHOCTM CTaLMOHapHO HebarononyyHbIX MyHKTOB crocobeTByT
COBPEMEHHbIE 3/IEKTPOHHbIE 0a3bl JaHHbIX reOMHPOPMaLMOHHbIX cucTeM. 3T0 no3BoniseT obecneumnTb cbop, aHanus u 0606-
LLeHWe MHbOPMaLMY B LieNsX NpeoTBPaLLEeHUs YXYALLEHUS 3MU300510r0-3MMUAEMUOIOMUYECKON CUTYaLuK.

KnioueBble cnoBa: cmﬁmpcxaﬂ A3Ba; CVI6VIp9$I3B9HHbIE 3aX0pOHeHUd; KaaacTp; CTauMoHapHo He6J'IaI'0I'I0ﬂyLIHbIe MYHKTbI;
FEOMHdJOpMaLIMOHHbIe CUCTEMBI.

Kak uutmpoBartb:
[emanbavHos B[, ®unaes B.H. Texylas obcTaHoBKa no cubupcKoit a3se Ha Tepputopun Poccuiickoin ®egepauim // 3nnaeMmonorvis U MHhEKLMOHHbIE
6onesnn. 2024. T. 29, N2 5. C. 393-402. DOI: https://doi.org/10.17816/EID636451

Pykonucb nonyyena: 24.09.2024 Pykonucb ogo6pena: 17.01.2025 Ony6numkoBaHa online: 04.02.2025
V-2
3KOe®BEKTOP CraTba nocTynHa no nuueH3nn CC BY-NC-ND 4.0 International

© 3Ko-BekTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/EID636451
https://doi.org/10.17816/EID636451

REVIEW

INTRODUCTION

Anthrax is a zoonotic disease classified as a highly
hazardous infection. The pathogen is a Gram-positive bacillus
that exists in a vegetative form in an infected animal's body
and as spores in soil.

In humans, infection occurs primarily through
contact, affecting the skin and oral mucous membranes
and resulting in specific types of carbuncles, bullae, and
erysipeloid lesions. In some cases, the disease manifests
as generalized forms—gastrointestinal or pulmonary
anthrax. Fatal outcomes in all forms are caused hy
infectious-toxic shock.

The incubation period averages 2—4 days (up to 14 days).
After recovery, immunity is unstable, and reinfection is
possible.

Anthrax most commonly affects cattle, less frequently
small ruminants, as well as horses and camels. Infection
occurs via the alimentary route during grazing on
contaminated land or via bites from bloodsucking insects,
i.e., through vector-borne transmission.

In humans, sources of infection include sick animals and
animal products. The main transmission routes are contact,
alimentary, and vector-borne.

In the general population, anthrax incidence is sporadic.
Occasionally, group outbreaks are observed. Cases occur
predominantly in the summer and autumn, due to the
seasonal features of anthrax.

Occupational anthrax is classified into three types:
industrial, contact, and agricultural. Most cases occur in
males [1, 2].

REGISTRY OF SANITARY HAZARD
POINTS AND ANTHRAX BURIAL SITES
IN THE RUSSIAN FEDERATION

The primary route of infection for animals is ingestion of
anthrax spores from soil foci located at sites where diseased
or forcibly slaughtered livestock have been buried.

It should be noted that until the mid-20th century, simple
burial methods were practiced, and only since 1953 has an
ash-based method with preliminary incineration been used.
The situation is aggravated by the presence of “murrain
fields,” i.e., territories without clear boundaries where mass
animal die-offs related to anthrax epizootics were observed
in the past.

In recent decades, certain progress has been achieved
in controlling anthrax within Russia; however, outbreaks
among animals and humans continue to be reported annually.
This is facilitated by the expansion of agricultural activities
and various natural and climatic factors, such as floods
and droughts.

To prevent contact with soil foci at burial sites, a registry
of permanently hazardous points and anthrax burial
sites across Russia (2005) was established. This registry
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compiled all available information at that time and introduced
standardized terminology for epidemiologists describing
anthrax foci [3].

Anthrax epizootic focus is a location of the source or
transmission factor of the infection agent within boundaries
where transmission to susceptible animals or humans is
possible (e.g., pasture, watering place, livestock facility,
animal product processing enterprise, etc.).

Anthrax epidemic focus is an epizootic focus where
human cases of the infection have occurred.

Soil foci are animal burial grounds, biothermal pits, and
other sites of carcass disposal of animals deceased from
anthrax.

Anthrax-affected location (AAL) is a settlement, livestock
farm, pasture, or geographic locality where an epizootic or
epidemic focus has been identified regardless of how long
ago it emerged.

Depending on the time of emergence, periods, and intervals
of activity, AALs are classified as new or old. Old ones are
further subdivided into manifest (active), continuously active
(interval of manifestations 1-4 years); recurrent (no more
than once every 5 years); and non-manifest (no activity for
more than 10 years).

CURRENT SITUATION OF ANTHRAX
BURIAL SITES IN THE RUSSIAN
FEDERATION

Characteristics of Anthrax Burial Sites

Class 1 hazard. Area up to 1000 meters in diameter with
a solid fence at least 2 meters high. Along the perimeter,
there is a trench up to 1.4 meters deep and 1.5 meters wide
with an external embankment of excavated soil [4].

According to the Registry, there are approximately
35,000 AALs and about 14,000 anthrax burial sites (ABSs)
in Russia. It has also been established that necessary
characteristics are often missing: type and frequency of
burials, number and species of animals, current condition,
and geographic coordinates [5, 6].

Dissatisfaction with the existing situation has led to
the adoption of a set of measures aimed at improving the
situation through the creation of an interagency plan for
anti-epizootic activities in Russia.

To improve the current anthrax situation, a package of
preventive measures was outlined and reflected in the decree
of the Chief State Sanitary Doctor of the Russian Federation.

The primary focus within the scientific research project
“Improvement of Comprehensive Epidemiological Monitoring
and Prevention of Anthrax in the Russian Federation” was the
creation of a unified electronic database of AALs and ABSs
based on geographic information system (GIS) technologies.
Additionally, regions were categorized according to the
degree of epidemiological risk.
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GEOGRAPHIC INFORMATION
TECHNOLOGIES IN ANTHRAX
EPIDEMIOLOGICAL SURVEILLANCE

A systematic approach to identifying epidemiological
and epizootic patterns to enhance the effectiveness of anthrax
prevention measures involves the application of currently
relevant technologies.

Monitoring hazardous sites as indicators is important for
establishing the anthrax enzootic area. An AAL represents
a high-risk zone for anthrax epizootics. To prevent deterioration
of the situation, current information from all available
sources is analyzed. The collected data require continuous
synthesis of informational resources. A multidisciplinary
approach based on GIS technology ensures analysis of the
current significant epidemiological situation, considering
the geography and characteristics of existing foci to forecast
the changes of the situation over time.

In accordance with these requirements, information on
AALs and ABSs was collected in the regions and incorporated
into the Russian anthrax registry using GIS technologies.

The collected data were summarized and analyzed
by specialized institutions of Rospotrebnadzor (research
institutes) with integration of geoinformation databases of
AALs and ABSs into the GIS data.

Subsequently, Russian territories were ranked using
modern statistical data processing methods to identify
possible deterioration of the epizootic-epidemiological
situation in specific regions regarding anthrax.

ANTHRAX REGISTRY
AND GEOINFORMATION TECHNOLOGIES

To determine the distribution of anthrax within specific
territories, search activities are conducted to identify all types
of AALs. The compiled information at all levels is summarized
as analytical materials, which is necessary for a discrete
approach in forming preventive measures considering the
characteristics of particular regions.

The use of GIS technologies significantly facilitates
statistical processing of existing data on anthrax enzootic areas
for summarizing and forecasting epizootic-epidemiological
development scenarios.

During the formation of the AAL and ABS registry based
on GIS 7, data on AALs and ABSs were collected and regional
databases were created, which were then consolidated at
the anthrax monitoring center. Afterwards, specialized
Rospotrebnadzor institutions summarized and analyzed the
data, integrating geoinformation databases of AALs and
ABSs into GIS.

Multifactorial analysis ranked districts and regions of
Russia by risk of epizootic-epidemiological complications
related to anthrax. This enabled the formulation of a set of
preventive measures based on scientific principles, important
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for planning construction and land use to prevent exacerbation
of the epizootic-epidemiological anthrax situation in specific
Russian subjects.

Currently, active reevaluation and correction of existing
data are underway, which is reflected in regional registries
(particularly in the North Caucasus [NCFD] and Southern
[SFD] Federal Districts) [7].

OVERALL ANTHRAX SITUATION
IN THE RUSSIAN FEDERATION, 2004-2023

From 2004 to 2023, the total incidence of anthrax among
humans amounted to 182 cases, with no indication of a decline
in the annual number of reported cases. The incidence
demonstrated a wave-like pattern, with distinct “spikes”
corresponding to large epizootics [8]. A clear correlation
between human and livestock incidence is illustrated in Fig. 1.

Confirmed anthrax episodes among the population were
registered in 24 administrative regions during the study
period. Cases of disease manifestation have been recorded
almost annually in southern regions of Russia (the Republic
of Dagestan, North Ossetia, Volgograd Region, Stavropol
Territory), as well as in Altai Region, and the Orenburg, Omsk,
and Tambov Regions. The outbreak nature of the disease is
noted, predominantly affecting rural populations, which is
explained by their involvement in livestock farming [9, 10].

Investigation of cases revealed that the main causes
were forced slaughter of livestock with carcass processing
and sale without veterinary inspection, and, less frequently,
care of sick animals. This pattern was especially evident
during the 2010 outbreaks in the Republic of Dagestan and
Krasnodar Region [11].

A notable case occurred in 2016 in the Yamalo-Nenets
Autonomous District, where 36 people and over 2500 reindeer
were infected. The investigation showed that following the
cessation of animal vaccination in 2007, the territory was
classified as anthrax-free. Due to an anomalously hot summer
and permafrost thawing, anthrax spores migrated to the soil
surface, infecting livestock during grazing within the range
of unaccounted ABSs (animal burial grounds and “murrain
fields”). Consumption of raw meat resulted in a significant
number of rare oropharyngeal anthrax cases [12].

In 2023, 7 anthrax outbreaks with 19 human cases were
reported in 5 subjects across 3 federal districts (Volga,
Siberian, Central) in Russia. In nearly all instances, forced
slaughter of animals occurred in the absence of vaccination
and veterinary control [13].

Thus, the occurrence of sudden anthrax epizootics
among animals and human cases indicates a high
likelihood of contaminated soil areas caused by AALs and
unaccounted ABSs.

According to Rospotrebnadzor recommendations, in
2023, 10,275 people (10,119 adults and 156 children) were
vaccinated against anthrax in 70 Russian subjects, achieving
111.95% of the planned target (9178 persons). Revaccination
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Fig. 1. Anthrax incidence trends in animals and humans in Russia, 2004-2023.

was conducted in 69 subjects, immunizing 32,696 individuals Currently, there is a need to identify previously
(32,571 adults and 125 children). The revaccination plan was  unaccounted and “lost” burial sites. The application of
fulfilled by 94.03% [14]. computer technologies and modern engineering systems,

According to the Ministry of Agriculture, the such as GIS, allows highly accurate mapping for the detection
epidemiological situation of anthrax in the agricultural animal  of unknown and “lost” anthrax hazardous sites.

population in Russia in 2023 was deemed unfavorable. The We propose to examine this situation using modern
changes in this unfavorable situation since 2004 are shown  technologies based on the example of the Astrakhan Region
in Fig. 2 [8]. and neighboring areas.

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fig. 2. Anthrax incidence trends in Russia, 2004-2023.
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ANTHRAX SITUATION

IN THE SOUTHERN REGIONS

OF THE RUSSIAN FEDERATION
WITH THE USE OF GEOGRAPHIC
INFORMATION TECHNOLOGIES

Anthrax Situation in the North Caucasian
and Southern Federal Districts

The southern part of Russia (SFD and NCFD) has
traditionally been characterized by high anthrax incidence in
both livestock and humans. This is due to intensive livestock
farming and a combination of soil and climatic conditions
favorable for the persistence of the etiological agent of
anthrax in the environment. Since 2016, a set of measures
has been implemented in these federal districts, as well as
across Russia, to improve the anthrax situation. The collected
data have been analyzed, including through the use of GIS
technologies, and used to update the electronic databases
of AALs (Table 1) [15].

Table 1. Data on anthrax-affected locations in Southern Russia
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The SFD and NCFD account for 3.61% of the total area
of Russia, yet concentrate 12% of all AALs. In the SFD,
over 80% of AALs are located in Krasnodar, Rostov, and
Volgograd Regions. According to Rospotrebnadzor, over
900 unregistered “murrain fields” have been identified in
Volgograd Region alone. High AAL density and proportional
distribution are notable. In the neighboring NCFD, the
Republic of Dagestan, Stavropol Territory, and the Chechen
Republic (81% of AALs) are the most problematic ones. In
total, 3845 AALs and 350 ABSs have been recorded [15].

Between 2004 and 2023, 81 human cases of anthrax
and 210 cases in farm animals were reported (Fig. 3). The
main source of infection for humans was unvaccinated
cattle, as well as small ruminants and pigs. Epidemiological
investigations revealed that all infections were associated
with violations of basic sanitary standards and inadequate
oversight by regulatory authorities. Human contact with
infected animals (either through animal care or processing
of animal products) resulted in contact transmission of the
causative agent. All reported patients had the cutaneous
form of anthrax. Secondary sepsis and anthrax meningitis led

Territory Total number perN rl;rl;t[’]elzmz Proportion, % of acTi?rriit;f]zears o;r (;tt;:vciltl;ta)t'iaoar:'s
Southern Federal District
RR 797 789 34.71 1803-2014 113
VR 727 6.44 48.66 1900-2016 76
KT 555 7.35 31.44 1923-201 65
RK M 7.82 19.81 1922-1995 53
AR 125 2.55 28.80 1934-2008 43
RK 99 1.32 3122 1956-2011 46
RA 75 9.63 32.19 1947-1998 37
SFD 2589 6.14 33.26 - -
North Caucasian Federal District
RD 516 10.26 31.64 1882-2022 81
ST 361 5.46 4756 1879-2022 89
CR 142 8.78 39.01 1939-2010 62
RSO-A 89 11.14 40.45 1878-2009 74
KBR 81 6.50 45.0 1946-1999 47
KChR L6 3.22 31.08 1923-1999 45
RI 21 6.72 17.21 1956-2005 33
NCFD 1256 144 35.99 - -
Total 3845 6.79 34.63 1803-2023 -

Note. RR, Rostov Region; VR, Volgograd Region; KT, Krasnodar Territory; RK, Republic of Kalmykia; AR, Astrakhan Region; RA, Republic of
Adygea; SFD, Southern Federal District; RD, Republic of Dagestan; ST, Stavropol Territory; CR, Chechen Republic; RSO-A, Republic of North
Ossetia—Alania; KBR, Kabardino-Balkar Republic; KChR, Karachay-Cherkess Republic; R, Republic of Ingushetia; NCFD, North Caucasian

Federal District.
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Fig. 3. Anthrax incidence trends in humans and livestock in Southern Russia, 2004-2023.

to 4 fatal outcomes (Republic of North Ossetia—Alania:
2 cases in 2006 and 1 in 2007; Republic of Kalmykia: 1 case
in 2004), representing 50% of all anthrax-related deaths [15].
Analysis of anthrax outbreaks revealed that in several
cases, no link could be established between the infection and
AALs or ABSs registered in official databases. This suggests
the existence of previously unidentified areas where livestock
were infected, highlighting the need for their identification.

Anthrax Situation in the Astrakhan Region

Currently known AALs are predominantly located in the
interfluve of the Volga and Akhtuba rivers and adjacent areas.
The climate, landscape, and soil characteristics promote
prolonged persistence of anthrax spores.

In recent decades, efforts have been made to develop
electronic databases using ArcGIS 10 technology to determine
the geographic coordinates of both existing and newly
identified AALs. Based on these data, reference materials
have been compiled to provide an overview of general
features and to clarify the locations of hazardous sites.

According to available information, the majority of the
125 AALs (up to 60%) originated in the 1940s, primarily in
the northern districts of the Astrakhan Region (Chernoyarsky,
Akhtubinsky) and in areas adjacent to the delta (Volodarsky,
Kamyzyaksky). To date, of the 166 known ABSs, only
15 have been reliably verified and investigated, all of which
failed to meet basic sanitary requirements. The lack of
data on the remaining sites remains a concern due to the
potential risk of infection for both humans and livestock.
The most “well-known” ABSs include: Petropavlovka village
of Narimanovsky District, Seitovka village of Krasnoyarsky

DAl https://doiorg/10.17816/EID636451

District, Dianovka village of Volodarsky District (1993 outbreak:
1 case in cattle, 1 human case), and Ushakovka village of
Chernoyarsky District (2008 outbreak: 4 human cases).

No human cases of anthrax have been reported in the
region over the past 15 years. The last confirmed outbreak
occurred in 2008 in the Ushakovka village, where a new ABS
was identified. Four individuals became infected following
the forced slaughter of small ruminants (a goat and four
sheep) without veterinary oversight. The meat was partially
distributed to other regions (Kaluga Region). Manifestation
of the cutaneous form of anthrax developed on day 10 in
individuals who had traveled to visit friends or relatives in
the Volgograd Region. Treatment was provided at Regional
Infectious Diseases Hospital No. 1. Two additional individuals
were managed in the infectious diseases ward of the
Chernoyarsk Central District Hospital. In total, 34 people were
examined as contacts, and over 500 head of livestock were
vaccinated.

Currently, five districts are classified as anthrax-endemic:
Chernoyarsky, Volodarsky, Akhtubinsky, Kamyzyaksky, and
Yenotayevsky [16, 17].

Active vaccination of domestic and farm livestock,
conducted since the mid-20th century, has significantly
reduced the number of anthrax outbreaks. In 2023,
vaccination coverage was as follows: 83.2% of cattle, 53.8%
of small livestock, 41.1% of horses, 58.3% of camels, and
48% of pigs. As shown in Fig. 4, the relative proportion of
vaccinated farm animals has remained stable from 2014 to
2023, despite scheduled slaughter and natural herd attrition.
No cases of anthrax in animals were reported during this
period [18].
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Fig. 4. Vaccination trends of livestock against anthrax in the Astrakhan Region, 2013-2024.

CONCLUSION

Anthrax remains a significant zoonosis in Russia, with
near-ubiquitous distribution across the SFD, NCFD, and
border areas.

The epizootic and epidemiological situation of anthrax
in southern Russia continues to be unstable, characterized
by periodic manifestations ranging from sporadic
cases to large-scale epizootics and group outbreaks
in humans.

Within the Astrakhan Region, four districts exhibit elevated
to high anthrax risk levels, with the highest risk observed in
the Chernoyarsky District.

The presence of a substantial number of soil reservoirs,
primarily old and unregistered ABSs, contributes to the
unfavorable situation amid incomplete implementation of
preventive measures and violations of veterinary-sanitary
regulations.

Stabilization of the anthrax situation in the region can only
be achieved through consistent execution of a comprehensive
prevention program and the implementation of anti-epidemic
measures via interagency collaboration.
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