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Abstract. Anthrax refers to particularly dangerous infections with high mortality, which, with untimely diagnosis and
the absence of etiotropic therapy, can reach 90%, and with the pulmonary form — 100%. According to WHO, from two
to twenty thousand cases of anthrax in humans are registered annually in the world, including fatal cases, more often
in developing countries. In August 2023, an anthrax outbreak was identified in Kazakhstan. In Russia, over the past
15 years, only about 10-30 cases of this disease in humans have been registered annually, while the last two ones
were recorded in March 2023 in Chuvashia. At the same time, the risk of anthrax outbreaks in the country exists due
to the large number of soil anthrax foci, both registered and not accounted for, spontaneous sanitation of which cannot
be expected. The exposure of such foci can be facilitated by the currently increased risks of man-made and natural
disasters, as well as stable trends in increasing the temperature regime. This is confirmed by the outbreak of anthrax
in the Yamalo-Nenets Autonomous Okrug in July 2016, the provoking factor of which is considered to be an abnormally
high temperature (more than 34 °C for several days). The increased relevance of this disease is also associated with
a sharp increase in the threat of bioterrorism in modern conditions, the potential agent of which is the causative agent
of anthrax. Due to the high resistance of the pathogen spores in the environment, the aerosol mechanism of disease
transmission, the possibility of obtaining antibiotic-resistant strains and strains that cause disease in the immune body,
the anthrax causative agent is one of the most likely infectious agents that can be used to create biological weapons.

Keywords: anthrax, epidemiology, pathogenesis, clinical manifestations, diagnosis, treatment, prevention, anthrax
vaccines, biological weapons
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Pestome. Cubupckas si3Ba (@HTpaKc) OTHOCKUTCS K 00060 ONacHbIM MHEKLMSM C BbICOKOW NTETANbHOCTbIO, 4OCTUraK-
LLel Npu HECBOEBPEMEHHOMN LMArHOCTUKE 1 OTCYTCTBUM aTMOTPONHON Tepanuu 90%, a npu neroyHon dpopme — 100%.
Mo paHHbIM BO3, exerogHo B MMpe pernctpupyeTtcs OT ABYX 4O ABaALaTh ThiCaY Cry4YaeB cMBUpCKO S3Bbl Y Ntoae,
B TOM YuCIIe C NeTanbHbIM UCXOAO0M, Yallle B pa3BuBatoLLmxca ctpaHax. B asrycte 2023 r. 6bina BbiSiBEHa BCMbILLKA
cnbumpckoit 5138l B KasaxctaHe. B Poccun 3a nocnegHue 15 net exerogHo peructpupytotes okono 10-30 cnyyaes aToro
3aboneBaHus y nogei, npu aToM nocnegHue aea obinn 3acukcupoBaHsl B MapTe 2023 r. B Yysalumn. HecmoTps Ha
HW3Ky'0 3a60NeBaeMOCTb B L|eSIOM, PUCK BO3HUKHOBEHWS BCMbILLIEK CUOMPCKON A3BbI B CTPAHE OCTAETCS BbICOKAM 13-3a
B0rbLLIOr0 YMCra NOYBEHHBIX CMOMPES3BEHHBIX 04aroB Kak 3aperncTpUPOBaHHbIX, TaK U HEYUYTEHHbIX, CAMOMNPOM3BOIbHOM
CaHaLuu KOTOPbIX OXuaaTh He NPUXoaUTCs. BCKPbITUIO Taknx 04aroB MoryT cnocobCcTBOBaThL BO3POCLUME B HACTOSLLEE
BPEMS PUCKM TEXHOTEHHbIX U NPUPOLHBIX KaTacTPod, a TakKe YCTONYMBbIE TEHAEHLM B OTHOLLEHWUN NOBLILLEHWS TEM-
nepaTypHOro pexuma. 3To NOATBEPXKAAET BCMbilka cMBUPCKOM 3Bkl B AMano-HeHeLKoM aBTOHOMHOM OKpyre B Uiofie
2016 r., npoBoLMpYIOLLMM haKTOPOM KOTOPOW CHUTAETCS aHOMasbHO BbicOkas Temnepatypa (bonee 34 °C B TeyeHue
HecKonbkux aHel). MoBbIeHne akTyanbHOCTU JaHHOrO 3aboneBaHns CBA3aHO TakKe C pe3kum BO3pacTaHneM B CO-
BPEMEHHbIX YCMOBUSIX Yrpo3bl B1OTEPPOPU3MA, NOTEHLMAMBHBIM areHTOM KOTOPOTo ABNSETCS BO30yAUTENb CMBUPCKO
5138bl. BcneacTue BLICOKOI YCTOMYMBOCTH CMOP BO30YANTENS BO BHELLHEN CPEAE, a3p030/IbHOT0 MexaHu3Ma nepegaym
3aboneBaHns, BO3MOXHOCTM MOMYYeHNUs aHTUOUOTUKOPE3UCTEHTHBIX LUITAMMOB U LUTAMMOB, BbI3bIBalOLMX 3ab0neBaHume
B MMMYHHOM OpraHu3mMe, Bo3byauTenb COMPCKOI A3Bbl ABNSETCH OAHUM U3 Hanbonee BEPOATHbIX MHDEKLMOHHbIX
areHToB, KOTOpbIe MOrYT ObITb MCMONb30BaHbI N5 CO3A4aHNS BUONOTMYECKOTO OPY XK.

KnioueBble cnoBa: CI/I6I/1pCKa$I f13Ba, AaNNAEMNONOrnd, naTtoreHes, KnmHnyeckmne nposaBneHnd, ouardHoCTnka, nevyeHme,

npodunakTika, BakLMHbI NPOTUB CUBMPCKOI 513Bbl, GUONOTMYECKoe Opyxue

ANTHRAX EPIDEMIOLOGY

Anthrax is ubiquitous almost all over the globe and
registered everywhere except Alaska, Greenland and
the Arctic Ocean islands. According to the World Health
Organization (WHO), the global human incidence is es-
timated at two to twenty thousand cases per year [7, 9].
In recent decades, anthrax remains relevant for deve-
loped countries, including the Russian Federation [13],
where it occurs in isolated cases [14], potentially possi-
ble within certain regions of the country. Thus, in Russia,
on average, about 10-30 anthrax cases in humans are
reported per year, with the last two recorded in March
2023 in Chuvashia. In 2023, animal anthrax cases were
registered in five regions of the Russian Federation: the
Chuvash Republic, Tambov, Ryazan, Voronezh oblasts
and the Republic of Tyva. According to WHO, there
are 250-300 outbreaks of anthrax among animals in
the world each year and about one million animals die.
Many animals, primarily herbivores — cattle, camels,
deers (especially reindeers), horses, donkeys, etc. — are
susceptible to anthrax. Animals are most often infected
orally by two routes: alimentary, by eating infected food,
including bone meal, grass or soil, or by water, by drin-
king water from water bodies contaminated with effluents
from enterprises processing raw materials of animal ori-
gin or groundwater communicating with soil anthrax foci.
A necessary condition for the oral mechanism is damage

of the gastrointestinal tract (GIT) mucosa, which is ob-
served when coarse food is consumed or in inflammatory
diseases. Less frequently, a vector-borne mechanism of
transmission is carried out. Carriers may be gadflies, fire
flies, in whose mouth apparatus the pathogen remains
viable for up to 5-7 days, mosquitoes, midges, as well as
various species of ticks. Anthrax is characterized by sea-
sonality, the greatest number of outbreaks is registered in
the warm season, from May to September, when animals
graze on pastures, but isolated outbreaks of anthrax are
possible in winter when using infected fodder. Sick an-
imals excrete the pathogen in saliva, urine, feces, and
all organs and tissues of an anthrax-dead animal contain
huge amounts of bacilli. Thus, 1 ml of blood of such ani-
mals contains 109 microbial cellsThe anthrax pathogen
enters the environment, primarily the soil, from sick ani-
mals and humans, or from the burial of dead animal car-
casses. There it forms spores and can persist for a very
long time, remaining highly virulent, which determines the
stationarity of anthrax. In the Russian Federation, prac-
tically every fifth settlement has a territorial connection
with anthrax-affected stationary points, where there are
burials of corpses of animals killed by anthrax [10].
According to the indicators of the anthrax epizoo-
tic process, the territory of Russia is divided into three
zones:
1) zone of sporadic occurrence — the territory north of
56° latitude (Murmansk, Leningrad, Pskov, Novgorod
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and other regions) and eastern regions of Trans-
baikal;

2) zone of periodic occurrence — territory between 56
and 52° latitude (Moscow, Smolensk, Nizhny Novgo-
rod, Irkutsk and Kemerovo oblasts, Tatarstan and oth-
ers);

3) zone of stable occurrence — from 53° latitude to
southern borders (Kursk, Voronezh, Rostov, Volgo-
grad and other regions).

In the general structure of anthrax morbidity, diseases
among humans account for 1-2%. The mechanisms of
human infection are diverse: contact, oral, aerogenic, and
vector-borne transmission mechanisms can occur, with
the contact mechanism being the main one, accounting for
90-99% of all cases of infection [4, 5]. As a rule, B. anthra-
cis gets on human skin by direct contact during the care of
sick animals, their slaughter, carcass cutting, as well as by
contact with soil, water, raw materials of animal origin and
finished products made of fur, leather, wool, bristles. Ca-
ses of infection have been described by walking barefoot on
contaminated soil, by striking with a pick contaminated with
infected soil, by using shaving brushes made of contamina-
ted bristles, by injecting therapeutic drugs with needles con-
taminated with spores of the pathogen, and by wearing fur,
leather and wool products infected with spores. Thus, du-
ring the Russo-Japanese War (1904-1905), an outbreak of
anthrax (about a thousand patients) was described among
the soldiers of the Russian army in the Far East, associated
with the supply of sheepskin coats infected with B. anthracis
spores. As already mentioned, a prerequisite for infection is
the violation of the integrity of the skin, the presence of mac-
ro- or micro-damage on the skin. Oral mechanism (alimen-
tary route) of transmission is possible through consumption
of infected meat and meat products, milk without sufficient
thermal treatment. Transmissible mechanism of transmis-
sion is realized by the bite of blood-sucking insects. The
aerogenic mechanism of transmission, which is realized by
air and dust, requires the presence of B. anthracis spores
aerosol in the air, which is created at enterprises proces-
sing raw materials of animal origin, use of organic fertilizers,
collection of waste materials, etc. The incidence of anthrax
among humans is sporadic with isolated group outbreaks,
with humans being an epidemiologic dead end. As a rule,
human-to-human infection is not observed, a person is not a
source of infection. This may be due to several reasons: the
short duration and low intensity of excretion of the pathogen
from the patient's body, changes in its properties, and the
absence of transmission mechanisms characteristic of the
disease between people. Three types of anthrax diseases
can be distinguished in humans due to the peculiarities of
their labor activity and everyday life: occupational-agricul-

tural, which account for more than 60%, occupational-in-
dustrial which account about 20%, and non-occupational
(casual) which account about 15% [6]. At the same time,
the occupational-agricultural and non-occupational types
of the disease are characterized by seasonality: they oc-
cur more often in the summer-autumn period and coincide
with the corresponding epizootics in domestic animals. The
occupational-industrial type does not depend on the time of
year. The occupational-agricultural type of anthrax is cha-
racteristic of people working in public livestock farming, of
the mechanisms of transmission is more often contact, oral
(alimentary) route is possible, rarely vector-borne route is
possible. Infection occurs, as a rule, by vegetative forms of
B. anthracis. The latest anthrax outbreak in Yamal in July
2016 [6, 15] belongs to the occupational-agricultural type,
as the source of infection was reindeer, and reindeer her-
ders and their family members became ill.

The occupational-industrial type is characteristic of peo-
ple working in industries that process raw materials of ani-
mal origin. This type of anthrax is characterized by contact
and aerogenic transmission mechanisms, and infection oc-
curs with spore forms of the pathogen. For the first time this
type of anthrax was described in the middle of the XIX cen-
tury in England at enterprises of the textile industry, it is
also known under the names “wool sorters’ disease”, “rag
makers’ disease”. The latter was common in Russia among
collectors of landfill rags contaminated with excreta and an-
imal dung. The unprofessional type is observed: in people
who have had contact with a sick animal in the private sec-
tor or accidentally; during consumption of infected meat or
products contaminated with soil containing spores; during
use of fur and other products.

Sanitary and Epidemiological Rules 3.1.7.2629-10 “An-
thrax Prevention” provide definitions of the following con-
cepts important for epidemiologic surveillance and antisybri-
asis measures: epizootic center, epidemic center, stationary
unfavorable point, soil hotspot and threatened area:

“Epizootic center is the location of the source or factors
of transmission of the infectious agent within the boundaries
in which the transmission of the agent to susceptible ani-
mals or humans is possible (pasture area, watering hole,
livestock house, livestock processing plant and others).

An epidemic center is an area where a case or cases
of human disease have been reported.

Stationary unfavorable point is a settlement, livestock
farm, pasture, tract, on the territory of which an epizootic
focus has been detected, regardless of the period of time
of its occurrence.

Soil hotspot is a cattle burial ground, biothermal pit and
other places where corpses of animals killed by anthrax are
buried.
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Threatened area is animal farms, populated areas, ad-
ministrative districts where is a threat of anthrax cases in
animals or people”.

Currently, 8 thousand anthrax-infected cattle burial
grounds are registered in Russia. In fact, the official statis-
tics figures are greatly underestimated, as there are a large
number of unrecorded cattle burial grounds in many areas.
In the Russian Federation, there are more than 35,000 sta-
tionary anthrax-unfavorable points [4, 8] with soil anthrax
foci, most of them located in Siberia and southern Russia.
A settlement in which human or animal disease has once
occurred is considered to be permanently anthrax-prone.
Thus, the main sources of infection for humans are the or-
ganism of a sick animal and soil anthrax foci. Mass vaccina-
tion of animals is currently underway, so the role of soil an-
thrax foci in maintaining B. anthracis as a species in nature
is crucial. In natural conditions they are sanitized extremely
slowly, the factors contributing to sanitation are insolation,
antagonism of microorganisms, bactericidal action of some
plants. In this connection, the study and analysis of sibiri-
azvirus soil foci depending on soil-bioclimatic and geogra-
phical factors and the problem of their decontamination are
very important.

Various chemical preparations are used for decontami-
nation of soil outbreaks, the most effective ones being dry
chlorine lime mixed with soil in the ratio of 1:10 and then
moistened with water, and 5% formaldehyde in double treat-
ment (Gruinard Island). There are prospects for application
of biological methods of soil disinfection. Anthrax antagonist
microbes can be used for this purpose. These include acti-
nomycetes, B. subtilis, B. mesentericus, B. mycoides. Spe-
cific anthrax bacteriophages can be used, but B. anthracis
strains resistant to them are found in nature. The All-Rus-
sian Research Institute of Veterinary Sanitation, Hygiene
and Ecology has developed a method of decontamination
of anthrax cattle burial grounds by burning, which is widely
used in Canada [6, 8].

ANTHRAX PATHOGENESIS

The entry gate for anthrax is most often microdamage to
the skin; less frequently, the pathogen can enter the body
through damaged Gl mucosa or through the epithelium of
the upper respiratory tract (Fig. 1). An important factor in
the development of infection is the form of the pathogen
that entered the organism (spore or vegetative). For some
time after penetration into the organism, spores behave as
inert bodies (in particular, they are not capable of adhesion),
at the same time they are taken up by macrophages and
delivered by them to regional lymph nodes, where spores
can be detected as early as 4-5 hours after infection. Then

the process of spore germination into vegetative cells be-
gins, which can occur both at the site of introduction and
in regional lymph nodes. In macrophages vegetative cells
divide, they form capsules, which promotes their rapid exit
from phagocytes with subsequent multiplication in the lym-
phatic system, while the capsule prevents phagocytosis
of vegetative forms. Multiplication of the pathogen in the
area of the entrance gate and regional lymph nodes and its
production of exotoxin are the cause of impaired vascular
permeability, impaired microcirculation, local serous-hemor-
rhagic edema, inflammation, necrosis and loss of sensitivity
in the gate of infection.

In the most common cutaneous form, a focus of he-
morrhagic-necrotic inflammation with brown pigment
(hemosiderin) is formed in the deep layers of the dermis
and regional lymphadenitis develops. In the alimentary
route of infection, the introduction of B. anthracis is pos-
sible throughout the Gl tract, more often it occurs in the
small intestine, and an important factor is the presence
of micro-damage to the intestinal epithelium as a result
of inflammatory diseases. In the aerogenic mechanism
of infection, spores are taken up by alveolar macropha-
ges, which carry them to tracheobronchial and mediasti-
nal lymph nodes, where they germinate within 1-3 days
(orpersist in alveoli or lymph nodes for up to 60 days),
break their barrier function and penetrate into the blood-
stream. As a result of exotoxin production, edema and
necrotic changes, hemorrhagic mediastinitis and pleuritis
develop, followed by generalization of the process and the
emergence of secondary hemorrhagic sybilliform pneu-
monia with further fatal outcome. In all forms of infection,
the generalization of the process may lead to the deve-
lopment of anthrax sepsis, which may be primary or sec-
ondary. The formation of septic foci in various organs and
tissues with acute serous-hemorrhagic, hemorrhagic, less
often fibrinous-hemorrhagic inflammation, replacement of
lymphoid tissue in the spleen and lymph nodes by mac-
rophages and incomplete phagocytosis of the pathogen is
characteristic. Increasing toxinemia leads to the synthesis
of a large number of proinflammatory cytokines, primarily
tumor necrosis factor (TNF), interleukin-1 (IL-1) and others,
and causes increased vascular permeability, the develop-
ment of hemorrhagic manifestations, edema and hemosta-
sis in organs and tissues. All this may eventually lead to
the development of infectious toxic shock, Disseminated
intravascular coagulation (DIC) and death of the patient.

Thus, the greatest role in the pathogenesis of anthrax
belongs to the action of the B. anthracis toxin, and the sep-
tic course may occur either as a result of primary generali-
zation or as a complication of the local form with the deve-
lopment of secondary generalization.
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MaToreHe3 cnbupessBeHHol MHdekunn y mnekonutarowmx (CynotHuukui, http://supotnitskiy.ru/book/book4-2-2.htm): 1 — Hus-

KOYPOBHEBOE NpopacTaH1e U PocT B yYacTke MH(MLMPOBAHNA BeAYT K NOKaNbHOMY OTEKY U HEKPOTMYECKOMY MOPAXKEHMIO KOXH;
2 — HU3KOYpOBHEBOE NpopacTaHKe M POCT B yyacTke MHMLUPOBAHUS BeAYT K MaCCUBHOMY BbINOTY, OTEKY CIIM3UCTON U HEKpO-
TUYECKOMY NOPAXKEHNIO KULIEYHUKA; 3 — nuMdoreHHoe U remaToreHHoe pacnpoctpaHenue B. anthracis. MAPKK (mitogen-activated
protein kinase kinase) — muToreH-akTMBMpoBaHHbII Genok kuHa3bl kuHasbl; TNF — dhaktop Hekposa onyxoneii; IL — nHTepnei-

kuH (Dixon T.D. et al., 1999)

CLINICAL MANIFESTATIONS OF ANTHRAX

The incubation period for anthrax can last from a few
hours to 14 days (more often 2-3 days). For vegetative
forms the incubation period is usually short; for spore
forms it is longer. In contact transmission and cutaneous
form of the disease, the incubation period is 2-14 days,
while in case of aerogenic and alimentary infection it
may be reduced to a few hours. Cutaneous, inhalational
(pulmonary), gastrointestinal and septic forms of anthrax
are distinguished. The Iseptic form may be primary or se-

condary (Fig. 2). The International Classification of Dis-
eases (ICD-10) includes cutaneous (A22.0), pulmonary
(A22.1), gastrointestinal (A22.2), anthrax sepsis (A22.7),
other forms of anthrax (A22.8), and anthrax unspecified
(A22.9).

Cutaneous anthrax is the most common form, accounting
for 95-99% of all anthrax cases. The skin of the upper limbs
(about 50% of all cases) and head (20-30% of all cases)
is mostly affected, while the trunk (3-6%) and legs (1-2%)
are less frequently affected, with the exposed skin most-
ly affected. The cutaneous form is usually subdivided into
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Fig.1. Pathogenesis of anthrax infection in mammals (Supotnitskiy, ht

tp://supotnitskiy.ru/lbook/book4-2-2.htm): 1 — low-level germina-

tion and growth at the site of infection lead to local swelling and necrotic skin lesions; 2 — low-level germination and growth in the

site of infection lead to massive effusion, swelling of the mucou

s membrane and necrotic lesions of the intestine; 3 — lymphog-

enous and hematogenous spread of B. anthracis. MAPKK — mitogen-activated protein kinase kinase; TNF — tumor necrosis factor;

IL — interleukin (Dixon T.D., et al., 1999)

carbunculous (accounting for 99.1% of cutaneous manifes-
tations), edematous (0.4%), bullous (0.4%), erysipeloid or
rust-like (0.1%). Already by the end of the first day develops
a pronounced intoxication syndrome that lasts 5-7 days:
fever with a rise in temperature to 38-40 °C, chills, hea-
dache, weakness, sleep disorders, decreased appetite. At
first, a reddish itchy spot similar to an insect bite is formed
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l Forms of anthrax l
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Primary septic

Hapy»xHasa naun
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(skin and mucous)

at the site of introduction of the pathogen (Fig. 3). After a
few hours, the spot turns into a papule, then into a vesicle
2-3 mm in diameter, containing serous, then bloody fluid.
The vesicle either by scratching or spontaneously opens,
thus forming an ulcer with a dark brown or black bottom and
raised edges, surrounded by a corolla of secondary pus-
tules, due to which it increases. The skin around the ulcer is
edematous and hyperemic.

A day later, the ulcer reaches the size of 8-15 mm.
At the same time as the size of the ulcer increases,

Fig

Puc. 2.
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BropuuHas MepeuyHas

ernyzipeloid

Secondary Primary

BucuepanbHas Visceral
JlerouHas, Kuwe4Has
Pulmonary intestinal

BropuyHo- /
cenTuyecKas
Secondary septic

.2.  Forms of the anthrax (compiled by the authors)

®opmbI cubupckon A3BbI (COCTaBNEHO aBTOpaMm)
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Fig. 3.  Anthrax carbuncle formation. (URL: redkie-bolezni.com)
Puc. 3. 0O6pa3zoBaHue cubupessseHHoro kapbyHkyna. (URL: redkie-bolezni.com)

CumnTombl (Mpn KoxHoM dopme, Hanbonee pacnpoctpaHeHHom) / Symptoms (for the cutaneous form, the most common)

WHKy6auyoHHbIit nepuog: 12-14 aHeit / Incubation period: 2-14 days

1. MosiBnsieTcs 3yasiiee
KpacHoBaToe MATHO,
noxoxee Ha yKyc
Hacekomoro / An itchy,
reddish, insect bite-like
macula appears

4. Tlpun pacyecbiBaHUn
ny3bIpek CpblBaeTcs,
obpasyeTcs s38a ¢
yepHbIM aHom / When
scratched, the vesicle
breaks off, forming an
ulcer with a black bottom

7. BO3HUKAET OTeK,
KOTOPbIif HAaYMHaET
ObICTPO pacnpocTpa-
HaTbes / An edema
begins to spread
quickly

® B

Teuenue / Course of the disease

PocT s138bI npopomkaetcs 5-6 aHei /
Ulcer growth continues for 5-6 days

Bonesoli cuHapom otcyTcTByeT /
There is no pain syndrome

Fig. 4.
Puc. 4.

Development of clinical manifestations in cutaneous anthrax
Pa3BuTME CHMNTOMOB NPy KOXHOM thopMe CUOMPCKON A3BbI

regional lymph nodes become enlarged and thickened,
but remain mobile and painless. After 2-3 weeks, due to
necrosis, the central part of the ulcer turns into a pain-
less dense scab, which quickly turns black and increases
in size (Fig. 4). The scab rises above the skin surface,
is surrounded by a pronounced zone of hyperemia and
looks like a black coal on a red background (“coal on
fire”), which is the basis for the name of the disease —
anthrax (coal). There is a yellowish border between the
black scab and the red area, making the ulcer tricolor
(Fig. 5). By the fourth week, the scab is detached and a
crater-shaped ulcer with a granulating floor and purulent

3. PasBuBaetcs Be3u-
Kyna — nysblpek, Ha-
MOSHEHHBIN CEpPO3HbIM
COAepKMMbIM, 3aTeM
kpoBbto / A vesicle
develops -— a bubble
with serous contents

2. Koxa Ha nopaxeHHOM
yyacTke ynnoTHseTcs,
3yn yeunueaetcs / The
skin on the affected area
thickens, the itching
intensifies

5. MoaHnMaeTcs Tem-
nepatypa, nosBAsTCS
ronoBHasi 6o1b, pac-
CTPOWCTBO annetuta /
Temperature rises, hea-
dache, loss of appetite

6. Kpas 513Bbl Ha-
YMHAIOT Npunyxarb,
0bpasys BocnanuTenb-
HbIit Banuk / The edges
of the ulcer begin

to swell, forming an
inflammatory edema

8. [1Ho 513BbI BCe Oonee
3anagaer, no kpasm
0bpa3yroTcs HoBble
Be3uKkynbl / The bottom
of the ulcer becomes
deeper, new vesicles
are formed

9. AAsBa gocTuraet
pasmepa 8-15 mm
(cnbnpesseHHbIN
kapbyHkyn) / The
ulcer reaches a size
of 8-15 mm (anthrax
carbuncle)

Mpw 6naronony4Hom TeyeHnn GonesHn cnycts 5-6 gHeir Temnepary-
pa CHUXaeTcsl, CaMOUyBCTBUE YNyYLIAeTCsl, yMeHbLIAETCS OTEK, paHa
3axmBaeT ¢ 0bpasosaHnem pybua / With a successful course of the
disease, after 5-6 days the temperature decreases, health improves,
swelling decreases, the wound heals with the formation of a scar

discharge is formed; it subsequently undergoes secon-
dary scarring.

Usually one carbuncle is formed, but there can be se-
veral, sometimes the number of them can reach 10-20 and
more, the size of carbuncles can vary from a few millime-
ters to ten centimeters in diameter. The main distinguishing
feature of the anthrax carbuncle is the absence of pain in
the area of necrosis, practically painless is also the area
of edema. The edematous form is characterized by the
development of extensive edema without visible carbuncle.
In the bullous form blisters with hemorrhagic content are
formed immediately. In the erysipeloid form erythema with
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Fig. 5.
Puc. 5.

Anthrax carbuncle. (URL: www.sibmedport.ru)
CunbupesaBeHHbIN kapoyHkyn. (URL: www.sibmedport.ru)

whitish blisters develops, after opening of which shallow
quickly drying ulcers are formed. Lethality in the cutane-
ous form, if untreated, may reach 20%, while treatment
reduces to 2-3%. Intestinal anthrax is characterized by
general intoxication, sharp cutting pain in the epigastric
region, vomiting and diarrhea with an admixture of blood.
The tongue is dry and covered with white plaque. Pulmo-
nary anthrax is very severe. Against a background of high
fever there is pain when breathing, cyanosis, dyspnea,
wheezing, cough with frothy bloody sputum. The increase
in peribronchial lymph nodes prevents the outflow of lymph
and provokes pulmonary edema. Characteristic is a very
rapid deterioration of the patient's condition and increa-
sing changes in the lungs. Mortality, even with treatment,
is up to 90% of cases. Septic or generalized form is rare.
It is characterized by a decrease in body temperature, the
development of infectious toxic shock, hypoxia, acidosis,
multiorgan failure and disseminated intravascular coagu-
lation. The death occurs on the 2-3rd day with the phe-
nomena of acute collapse.

ANTHRAX AS A BIOLOGICAL WEAPON

Terrorism is currently one of the most acute and urgent
problems, acquiring a global, international character in the
modern world [6, 17]. It is very tempting for numerous ter-
rorists to use biological weapons, which are no less dange-
rous than other types of weapons of mass destruction. The
concept of bioterrorism has emerged, i.e. the threat of using
means of mass destruction of biological (bacteriological)
nature for terrorist purposes. Currently, there are at least
40 infectious agents that can be used as biological wea-
pons. Among them, several pathogens, including anthrax,
pose the greatest threat.

The latter fulfills most of the requirements for a poten-
tial biological weapon agent: it affects humans and animals,

has a rapid effect, is highly virulent, extremely stable in the
external environment, penetrates the organism by various
routes, is easily cultivated in laboratories, and the selection
of antibiotic-resistant strains is possible. The most probable
way to use such a weapon is to atomize an aerosol contai-
ning spores, which would lead to a predominantly pulmo-
nary form of the disease with high lethality. According to
certain calculations, if an area of 20 km? is sprayed with
sybillivorous spores for 2 hours over a city with a population
of five million people, 500 thousand people will be exposed
to the risk of infection, and the predicted number of people
who fall ill may be 250 thousand, of whom 125 thousand
are fatal [6].

The first serious use of B. anthracis as a biological
weapon was carried out by nationalists against the aborigi-
nes of South Africa and Rhodesia (Zimbabwe) to suppress
the liberation movement in 1978-1980. The major outbreak
of anthrax in April 1979 in the Sverdlovsk region was con-
nected, according to the main version, with the accidental
release of pathogen spores from the laboratory of the mili-
tary camp (Sverdlovsk-19) through damaged filters. Accor-
ding to another version it was made with enemy sabotage.
In favor of the latter is the fact that foreign radio stations
reported an anthrax epidemic on the 5th of April, while the
first diagnosis was made on the 10th of April [16]. According
to official data, 64 people died during the entire epidemic,
while according to unofficial data there were more than a
thousand deaths.

In 1993, the Japanese sect Aum Shinrikyo attempted
bioterrorism by spreading B. anthracis in offices, which for-
tunately was unsuccessful. As of 2001, at least 17 countries
already had bacteriological weapons at their disposal. New
genetically modified strains of B. anthracis with increased
virulence, polyantibiotic resistance, and the ability to cause
disease in the immune system (such cultures are called
vaccine-resistant) are constantly being developed. Work is
under way to insert genes encoding the synthesis of an-
thrax toxin into the genome of other microorganisms, such
as B. cereus and B. thuringiensis, for which there are no
effective vaccines.

In Septeber 2001, an act of bio-terrorism was attemp-
ted in the USA by mailing mail containing anthrax spores,
resulting in 22 people falling ill (11 of them felt ill with cu-
taneous anthrax and 11 felt ill with inhalational anthrax)
and 5 deaths. This made obvious the potential danger of
B. anthracis as an agent of bioterrorism and drew increased
attention to the problem, resulting in the development of
effective methods of treatment, prophylaxis and rapid diag-
nosis of anthrax. In 2001, only for the study of the genome
of B. anthracis one of the scientific centers of the United
States was allocated 200 thousand dollars. However, not
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only acts of bioterrorism are dangerous, but also negli-
gence when working with especially dangerous pathogens
in specialized laboratories. After the events of 2001, under
the pretext of combating bioterrorism, numerous biological
research centers — laboratories for prevention of bioter-
rorism — were established in the USA and other coun-
tries. As of 2006, there were officially more than 400 such
institutions in the U.S. alone, carrying out secret Pentagon
programs. In June 2014, at the State Bioterrorism Pre-
vention Laboratory in Atlanta, USA, B. antrhacis was han-
dled in a routine laboratory not designed to handle highly
dangerous pathogens, and the samples tested were not
neutralized, exposing 75 people in the laboratory to the
threat of infection. In May 2015, as a result of criminal
negligence, live spores of B. antrhacis (68 parcels in total)
were sent by regular post from a military laboratory at the
Utah Proving Ground, USA, to 24 laboratories in 11 states
and 5 countries (South Korea, Australia, Canada, United
Kingdom, Japan).

Thus, such laboratories can become a source of new
threats for spreading the pathogen worldwide.

PRINCIPLES OF LABORATORY DIAGNOSTICS

Effective anthrax therapy requires a diagnosis as soon
as possible, but physicians rarely encounter this infection,
making them less alert to it. In 10-40% of cutaneous infec-
tions, patients are diagnosed as “carbuncle”, “furuncle”, “in-
sect bite” and other similar cases and sent for surgical treat-
ment. A significant difficulty is the recognition of generalized
anthrax. At the slightest suspicion of anthrax it is necessary
to conduct laboratory diagnostics [1, 3, 12], which is carried
out in strict accordance with the current instructions and
rules (guidelines 4.2.2413-08, 4.2.2941-11). Microscopic,
bacteriologic, biological methods, serodiagnosis, allergodia-
gnosis, and molecular biological methods [11], in particular
molecular typing methods [2, 5], are used. These microbio-
logical methods make it possible to confirm the etiology of
the disease, while biochemical methods make it possible to
assess its severity. For direct anthrax diagnostic methods
(microscopic, bacteriological, biological and rapid diagnos-
tic methods), the material to be examined is the content of
vesicles, carbuncles, scabs, sputum, feces, blood, cerebro-
spinal fluid and sectional material. Materials from cadavers
should be taken and examined as soon as possible after
death, as extraneous microflora develops rapidly, making
it difficult to isolate a pure culture. Clinical material is col-
lected in medical and preventive institutions in protective
clothing at the admission of the patient before the start of
antibiotic therapy according to guidliness 4.2.2941-11. For
this purpose a special kit is used — “universal stack for the

collection of material from people and from environmental
objects for the study of especially dangerous infectious
diseases”. Laboratory personnel shall be provided with pro-
tective clothing and personal protective equipment for work
with microorganisms of pathogenicity group 1.

ANTHRAX TREATMENT AND PREVENTION

Complex therapy of anthrax patients includes two
main directions: etiotropic antimicrobial and specific anti-
toxic therapy and nonspecific symptomatic and antishock
therapy. The following antibacterial drugs are used for the
treatment of anthrax in Russia: beta-lactams (benzylpe-
nicillin, ampicillin), tetracyclines (tetracycline, doxycycline),
fluoroquinolones (ciprofloxacin, pefloxacin, ofloxacin), and
rifampicin. Until recently, penicillin was the main drug for
the treatment of anthrax, but nowadays, due to the emer-
gence of strains producing beta-lactamases, it should be
used only if sensitivity to it has been confirmed. Reserve
drugs include aminoglycosides (gentamicin, amikacin, si-
zomycin), since resistance to antibiotics of this group de-
velops slowly. It is possible to use both individual drugs and
their combinations, such as penicillin and tetracycline, cip-
rofloxacin and rifampicin. Antibiotics are most effective in
cutaneous anthrax, while combinations are recommended
in septic anthrax. In all cases, treatment should be star-
ted as early as possible from the onset of the first clinical
symptoms. In the development of sepsis and toxinemia, the
use of antimicrobials may be ineffective and even worsen
the patient’s condition due to the death of microbes and
the release of a large amount of exotoxin that has not yet
had time to leave the cells. Neutralization of the toxin in
moderate and severe anthrax requires administration of
large doses of antisybriasis equine immunoglobulin, which
contains active gamma- and beta-globulin fractions iso-
lated from the blood serum of hyperimmunized horses. In
addition to neutralizing the toxin, the drug inhibits spore
germination and capsule formation (inhibition of glutamine
polypeptide synthesis). Recently, the use of sibiriazoon
immunoglobulin has been discontinued due to frequently
developing allergic reactions. Anti-sybriasis human im-
munoglobulin, immunoglobulin based on Fab-fragments,
preparations based on monoclonal antibodies to the pro-
tective antigen, lethal factor and polyglutamine capsule of
B. anthracis, inhibitors of cell receptors of the protective
antigen and others are being developed.

Nonspecific prophylaxis of anthrax in humans includes
a set of veterinary and medical-sanitary measures (Sanitary
and Epidemiologic Rules 3.1.7.2629-10). These include:

« vaccination of susceptible animals, which is effec-

tive, but does not ensure complete elimination of
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the pathogen due to its prolonged persistence in
the soil;

+ identification, accounting and elimination of sybirae-
mic foci;

* sanitary and epidemiological control in anthrax-
affected areas, as well as during the procurement,
processing, transportation and storage of raw mate-
rials of animal origin;

+  prophylactic, current and final disinfection, incinera-
tion rather than burial of corpses of infected animals
and raw materials,

+ sanitary and educational work with the population,
etc.

Emergency prophylaxis is carried out when anthrax
cases appear among animals or people, as well as when
there is a threat of aerosol contamination in case of bio-
terrorism. It is carried out in the area of an active an-
thrax focus using antibiotics of different groups no later
than five days after possible contamination — contact
with infected animals or livestock products. Rifampicin,
doxycycline, ampicillin, oxacillin, ciprofloxacin orally;
gentamicin intramuscularly in maximum doses for five
days are recommended for use. Equine anti-anthrax
immunoglobulin can also be used: adults in a dose of
20-25 ml, adolescents from 14 to 17 years can get 12 ml,
children can get 5 ml (methodological recommendations
0100/3556-04-34).

The optimal duration of emergency prophylaxis for
suspected aerogenic anthrax infection has not been pre-
cisely determined. In 2001 in the USA, people at risk of
such infection were given emergency prophylaxis with
a course of an antimicrobial therapy (ciprofloxacin, do-
xycycline or amoxicillin) for 60 days, using 3.75 million
tablets. The need for prolonged preventive antibiotic
therapy is due to the effect of delayed spore germina-
tion in the lungs. Spores can persist in the alveoli for
several weeks (up to 8 weeks or more), while antibiotics
are active only against vegetative cells and germinating
spores.

Vaccines are used for early anthrax prophylaxis (they
create immunity lasting up to one year). Two vaccines are
currently registered and used in Russia:

1) anthrax live dry vaccine for subcutaneous and scarifi-

cation, containing live spores of the vaccine strain STI
(after the name of the Sanitary and Technical Institute
where the vaccine was developed);

2) combined liquid anthrax vaccine for subcutaneous
administration, contains a mixture of live spores of
vaccine strain STI-1 and purified concentrated pro-
tective anthrax antigen adsorbed on aluminum hy-
droxide.

An aerosolized vaccine has also been developed.

Risk contingents subject to prophylactic vaccination in-
clude:

« animal handlers and other persons professionally
engaged in the pre-slaughter housing of livestock,
as well as slaughtering, skinning and cutting of car-
Ccasses;

+ persons engaged in the collection, storage, trans-
portation and primary processing of raw materials
of animal origin;

+ laboratory personnel working with material suspec-
ted of being infected with anthrax;

«  persons performing certain work in anthrax-enzootic
areas (agricultural, agro- and hydromeliorative, con-
struction and other work related to excavation and
movement of soil; procurement, field, geological,
survey, expeditionary);

« military personnel in the presence of epidemiologi-
cal indications.

Foreign countries use chemical vaccines based on a
protective antigen produced by a capsule-free nonproteo-
lytic avirulent strain of B. anthracis adsorbed on aluminum
hydroxide or alum. The best known vaccines from this group
are the American AVA — Anthrax Vaccine Adsorbed (cap-
sule-free strain V770-NP1-R) and the British AVP — An-
thrax Vaccine Precipitated (avirulent strain Sterne 34F2)
with a 30% increased amount of lethal factor.

Despite their efficacy, the existing vaccines have a num-
ber of drawbacks, which necessitates additional work on
their improvement aimed at increasing immunogenicity and
reducing reactogenicity. To increase the immunogenicity
of recombinant vaccines, it is proposed to use B. subtilis,
B. brevis and others synthesizing capsular polypeptides of
B. anthracis. Vaccines based on recombinant DNA, poly-
valent vaccines, including those against anthrax, etc., are
being developed. Most researchers agree that a full-fledged
chemical vaccine should contain antigens aimed at the pro-
duction of anti-spore, anti-capsule and anti-toxic immunity
in the body.

CONCLUSION

In modern conditions, anthrax maintains a global nosoare-
al and continues to be an urgent problem for many countries,
including the Russian Federation. Vaccination of susceptible
animals does not ensure elimination of the pathogen from en-
vironmental objects. The unpredictable long-term survival of
B. anthracis spores in soil allows the pathogen to retain not
only viability but also virulence. Hyperendemic foci remain on
the territory of the country, the activation of which can oc-
cur as a result of natural disasters and climatic changes, as
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well as anthropogenic impact and man-made disasters. We
should not forget about the threat of importation of infected
raw materials of animal origin into the territory of the country
from neighboring countries, as well as the increasing threat
of bioterrorism. The emergence of not only antibiotic-resistant
but also vaccine-resistant strains of B. anthracis in nature is
alarming. All this indicates the need to create a comprehen-
sive anthrax control program aimed at improving the methods
of its diagnosis, treatment and prevention, as well as the
identification and sanitation of soil anthrax foci.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTOpOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLENnuuu, npoBeAeHne uccneaoa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f06pUNN UHANBHYHO
Bepcuto nepep nybnukauuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SABHbIX U MOTEHUMarbHbIX KOH(IUKTOB UHTEPECOB,
CBA3aHHbIX C Nybrnukauueit HacTosLen CcTaTbMm.

UcTounuk ¢huHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBAHWUS NpU NPOBEAEHUM
“ccnegoBaHus.
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