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ABSTRACT

This review examines anthrax diagnostic tools registered in the national Veterinary Drugs Registers and Medicines and
Medical Devices Registers of the Eurasian Economic Union (EAEU). Actually, throughout the entire territory of the EAEU,
there are natural soil foci of anthrax, which causes annual cases of infection of animals and people. Continuous monitoring of
the epidemiological situation in the EAEU countries should be ensured by modern diagnostic tools. All diagnostic tools used
for epidemiological surveillance must be registered in the national registers of the EAEU countries. For all test systems and
diagnostic kits included in the registers of the EAEU countries, the authors provide comparative characteristics that reflect the
sensitivity and specificity of diagnostic tools. An analysis of various methods for identifying the anthrax pathogen, focused
on modern molecular diagnostic technologies, is presented. The authors discuss the most important problems associated with
improving the efficiency of modern methods for detecting the bacterium Bacillus anthracis. Some considerations about the
shortcomings in certain areas of early diagnosis of the anthrax microbe are also provided. The authors present a number of

proposals that should improve the efficiency of the currently available anthrax monitoring system.
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INTRODUCTION

The Eurasian Economic Union (EAEU) [1] includes five
countries, four of which are unfavorable for anthrax (Kazakh-
stan, Kyrgyzstan, Armenia and Russia). Only in Belarus, the
epidemiological situation with anthrax has remained stable
since 1995 — over the past 28 years, no cases of disease have
been recorded among people [2]. Nevertheless, the threat of
anthrax is also relevant for Belarus, since anthrax cattle burial
grounds are located on its territory, at least in the Vitebsk re-
gion, and cases of animal diseases are sporadically recorded
[2].

Severe situation in terms of the anthrax spread is on the
territory of the Republic of Kazakhstan, where 1778 perma-
nently unfavorable for anthrax settlements, 2433 epizootic and
2249 soil foci of anthrax are registered [3]. According to the
“Scientific and Practical Center for Sanitary and Epidemio-
logical Expertise and Monitoring” of the Ministry of Health
of Kazakhstan (https://rk-ncph.kz/), the average anthrax cases
since 2009 is 6 people per year.

At present, anthrax continues to pose a serious problem
for the Russian Federation, where more than 35,000 station-
ary anthrax sites (SNPs) are registered and 3,193 anthrax an-
imal burial grounds are registered [4]. According to statistics
over the past twenty years in Russia, the average incidence of
anthrax is about ten people per year [5, 6].

In the Republic of Kyrgyzstan, the average anthrax cases
since 2005 is about 19 people per year [7, 8]. At the same
time, according to the National Statistical Committee of the
Kyrgyz Republic, from 2011 to 2022, the average case num-
ber is about 13 people per year [9]. In Kyrgyzstan, 1,445 soil
foci were identified, and in 2012, 1,235 soil foci were offi-
cially registered [8].

The Republic of Armenia does not maintain epidemio-
logical statistics for anthrax. From separate sources [5, 10],
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it was possible to establish the number of cases in different
years (2012-2014, 2019, 2021); on average, over these years,
the incidence was about 9-10 people per year.

Currently, there are no effective and environmentally
friendly methods and means for anthrax foci elimination [11].
B. anthracis cells are able to live and multiply in soil amoebas
and plant rhizosphere [12, 13] and are spread from the anthrax
focus by earthworms [14], which makes possible the constant
presence of anthrax in the affected areas. Thus, a well-estab-
lished system for the early diagnosis of anthrax is necessary
throughout the EAEU.

Anthrax diagnostic tools registered in EAEU countries

In the EAEU countries, a number of diagnosticums and
test systems for the anthrax detection are currently registered.
It should be noted that in all EAEU countries, except for Ar-
menia, such test systems and reagents can only be used after
they are registered in the Veterinary Drugs Register or Med-
icines and Medical Devices Register, depending on the sub-
ject of diagnosis [15]. In Armenia, according to national leg-
islation, the import, sale and use of medical equipment and
medical devices (which includes diagnostic tools) is allowed
without state registration. However, in connection with Arme-
nia’s accession to the EAEU, the national legislation is being
harmonized. Thus, an updated version of the law «On Medi-
cal Assistance and Services to the Population» and a number
of related laws regarding the process of registration and circu-
lation of medical devices have already been adopted. But the
Register of Medical Devices of Armenia is still under devel-
opment. Table 1 provides information on anthrax diagnostic
tools included in the registers of the EAEU countries.

Immunobiological diagnostic tools

Among the veterinary diagnostics, diagnostic sets de-
signed to detect specific antibodies to B. anthracis in the
blood of animals using the indirect hemagglutination reac-



tion (IHA) prevail. These drugs include anthrax precipitating
serum, which is registered in Armenia (paragraph 1.1 of Ta-
ble 1), Kazakhstan, Russian Federation and Kyrgyzstan (para-
graph 1.2 of Table 1). The IHA method makes it possible to
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detect specific antibodies against anthrax in the blood of sick
animals; the reaction of IHA must be placed in parallel with
the reaction of indirect hemagglutination inhibition to confirm
the specificity of antibodies [16]. To do this, anthrax bacterial

Table 1 — Anthrax diagnostic tools included in the registers of the EAEU countries.

Ne Name of the diagnostic tool Manufacturer Country .Of fegls-
tration
1. Veterinary purpose
1.1 | Precipitating serum against anthrax «Antigen» LLC, Kazakhstan Armenia
1.2 | Precipitating anthrax serum from horse blood FCE «Orlovskaya bio factory», Russia Kazakhstan - Russia
Kyrgyzstan
1.3 | Standard bacterial anthrax antigen «Antigen» LLC, Kazakhstan Kazakhstan
1.4 | Standard bacterial anthrax antigen FCE «Orlovskaya bio factory», Russia | Russia
15 Test .system for Bacillus an.thraczs species identi- “Vetbiohim” LLC, Russia Armenia
fication by polymerase chain reaction
1.6 | Set of reagents «PCR-F-anthrax-factor» «VetFaktor» LTD, Russia Russia
2. Medical purpose
21 Eluoresce:ilt 11Errziun(;)glolbuhr}11.f0r Zn(t?razdlagn(i.s— «Medgamal» Branch of FSBI «RIE Russi
. ¢, non-adsorbed, dry, lyophilized (for diagnostic | V' o ‘G Gamalei”, Russia ussia
purposes)
A set of reagents for the immunochromatographic
2.2 | rapid detection and identification of spores of the | FBUN SSC PMB, Obolensk village, RF | Russia
anthrax pathogen (IC-test B. anthracis)
RSE on the REM “National Scientific
2.3 | Anthrax antigen erythrocytic diagnosticum, d Center for Especially Dangerous Infec- Kazakhstan
' gen ety y & um, ary tions named after M. Aikimbaev”, Min-
istry of Health of Kazakhstan
RSE on the REM “National Scientific
Anthrax immunoglobulin erythrocytic diagnosti- | Center for Especially Dangerous Infec-
2.4 cum, dry tions named after M. Aikimbaev”, Min- Kazakhstan
istry of Health of Kazakhstan
Diagnostic phage-test-kit for identification of an- . .
25 thrax pathogen (Phage-test-kit «Obolensk R1») FBUN SSC PMB, Obolensk village, RF | Russia
RSE on the REM “National Scientific
Diagnostic bacteriophage «A» against anthrax; dry | Center for Especially Dangerous Infec-
26 and liquid tions named after M. Aikimbaev”, Min- Kazakhstan
istry of Health of Kazakhstan
Test system for B. anthracis pXO1+ DNA detec- . .
2.7 tion by PCR (GenSib) FKUZ RosNIPCHI «Microbe», RF Russia
A set of reagents for Bacillus anthracis DNA de-
tection in biological material and environmental
2.8 | objects by polymerase chain reaction (PCR) with | FKUZ RosNIPCHI «Microbe», RF Russia
real-time hybridization-fluorescence  detection
«AmpliSense Bacillus anthracis-FRT»
A set of reagents for Bacillus anthracis DNA
(pXO1 and pX02) detection in biological material .
29 and environmental objects by real-time PCR «7R «TR Bio», Kazakhstan Kazakhstan
Bio® Bacillus anthracis»
Kit «CAMOMILE-Bacillus anthracis-PCR» for
2.10 I?aczl.lus .anthr.aczs DNA. (pXOl anq pX02) detec- «Diamed Asia Test», Kazakhstan Kazakhstan
tion in biological material and environmental ob-
jects by real-time PCR
A set of reagents for the detection of DNA patho-
2.11 | gens of plague, anthrax and tularemia by real-time | FBUN SSC PMB, Obolensk village, RF | Russia
PCR «MULTI-FLU»
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antigen, which is registered in Kazakhstan (paragraph 1.3 of
Table 1) and the Russian Federation (paragraph 1.4 of Table
1), is introduced into the reaction. Both reactions are carried
out in special round-bottom polystyrene plates, the total reac-
tion time from serum preparation to analysis of the results is
about five hours. The main disadvantages of this method are
its low sensitivity and cross-specificity with other species of
the genus Bacillus [17]. Also, the disadvantages of the method
include the lack of numerical data and a subjective assessment
when analyzing the results of precipitation, since at low an-
tibody titers it is almost impossible to find the difference be-
tween “agglutinated” and “non-agglutinated” wells.

Also in Kazakhstan is registered “Anthrax antigen eryth-
rocytic diagnosticum” (paragraph 2.3 of Table 1), which in-
cludes both anthrax precipitating serum and anthrax bacte-
rial antigen. This diagnosticum is intended both for IHA and
IHA-inhibition performance in the human serum. Also, im-
munobiological diagnostic products for medical purposes in-
clude «Anthrax immunoglobulin erythrocytic diagnosticum»
(item 2.4 of Table 1), registered in Kazakhstan, and registered
in the Russian Federation «A set of reagents for the immuno-
chromatographic rapid detection and identification of spores
of the anthrax pathogen (IC-test B. anthracis)» (item 2.2 of
Table 1) and «Fluorescent immunoglobulin for anthrax diag-
nostic» (item 2.1 of Table 1).

«Anthrax immunoglobulin erythrocytic diagnosticumy is
intended for the detection of B. anthracis specific antigens,
both in blood and in tissues, or in pathological material [16].
For this diagnosticum, the reactions of IHA and IHA-inhibi-
tion are also put in parallel to assess the specificity of the an-
tibodies used; agglutinating serum is additionally added when
IHA-inhibition is performed. This method is very specific,
but has low sensitivity [18, 19]. At the same time, the search
for bacterial antigens can be carried out in virtually any type
of material (including pathological), and not only in serum.

«Fluorescent immunoglobulin for anthrax diagnostic» is
used to set up the method of fluorescent antibodies (MFA) of
smears from a bacterial suspension, materials from corpses,
smears-imprints from animal and human organs. The active
substance is an immunoglobulin fraction of anthrax serum la-
beled with fluorescein-5-isothiocyanate (FITC) [20]. Smears
are microscoped in a fluorescent microscope with a system of
selected light filters and an immersion lens. Spores and veg-
etative cells of B. anthracis, stained with luminescent immu-
noglobulins, give a bright glow to the cell periphery. Such
luminescence is called specific, in contrast to nonspecific lu-
minescence, which is characterized by a uniform, dim lumi-
nescence of the entire cell surface [21]. The time of setting up
the method to obtain the result takes from two to six hours. It
should be taken into account that the specificity of this method
is no more than 70% due to the presence of cross-reacting an-
tigens in representatives of the B. cereus group [22]. It should
also be noted that the sensitivity of this method is low [23]
and in diagnosing anthrax, it is used only as an additional one.

The last of the immunobiological diagnostic kits registered
in the EAEU is “A set of reagents for the immunochromato-
graphic rapid detection and identification of spores of the an-
thrax pathogen (IC-test B. anthracis)”. A specific target, the
presence of which in the sample is detected by this test, is
the B. anthracis spore antigen. B. anthracis spores present in
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the sample interact with gold-labeled antibodies, after which
the stained antigen-antibody complex accumulates in the test
zone of the membrane [24]. This kit produces results after
15-20 minutes of incubation, that is, the total time for setting
up the analysis does not exceed half an hour. The sensitivity
of the kit is low (10® spores / ml), which allows usage of this
diagnosticum only as an addition to bacteriological methods
for identifying anthrax, it was also shown that this IC-test
shows the presence of cross-reactions with closely related
saprophytes [19].
Diagnostic bacteriophages

There are two registered diagnostic bacteriophages —
Phage-test-kit «Obolensk R1» (item 2.5 of Table 1), regis-
tered in Russian Federation, and Diagnostic bacteriophage
«A» against anthrax (item 2.6 of Table 1), registered in Ka-
zakhstan. The anthrax bacteriophage susceptibility test is one
of the key tests in obtaining the final results of a complete lab-
oratory analysis [19, 21]. Bacteriophages used to identify B.
anthracis cultures principally differ in the spectrum of anthrax
strains they lyse, as well as in the specificity of their action
[19, 25]. Most often, the results of determined lytic activity
of phages in various studies are not always unambiguous and
depend on the microorganism panels used [19].

Thus, Gamma A-26 bacteriophage (‘“Bacteriophage di-
agnostic anthrax “A”) in one study [26] showed lytic activ-
ity against 97.9% of B. anthracis strains out of 47 studied,
and a specificity of 95.8% (69 out of 72 strains heterologous
microorganisms were resistant to bacteriophage). Accord-
ing to the results of another study [25], both Gamma A-26
and R/D-Ph-6 (bacteriophage of the “Obolensk R1” test kit)
showed a lytic effect in 99.1% of cases (test panel of 114
strains of B. anthracis ). Golovinskaya et al. [27] evaluated
the specificity of bacteriophages with 74 strains of genus Ba-
cillus that do not belong to the species B. anthracis. It was
shown that R/D-Ph-6 had 100% specificity, and for Gamma
A-26 non-specific lysis was observed in 5 strains, thus, its
specificity was 93.2%.

The average time to obtain the result of specific lytic activ-
ity against an isolated suspicious Bacillus strain ranges from
5 (preliminary results are possible) to 18 hours [26]. It should
also be noted that this method requires dishes with a monocul-
ture of a bacterial strain isolated from the test sample, which
adds at least two days to the total analysis time. In addition
to the duration of the analysis, the lack of 100% specificity
and sensitivity should be taken into account. For this reason,
combinations of various bacteriophages are often used [25].

Molecular biological methods based on PCR

The most sensitive and specific of the currently available
anthrax diagnostic tools are test kits based on the polymerase
chain reaction (PCR) principle [23]. Less sensitive and more
labor-intensive test systems based on the classical (by the fi-
nal product) PCR are presented in the registries of the EAEU
countries in three sets — two for veterinary use and one for
medical use. Diagnostic kits for veterinary purposes include
«Test system for Bacillus anthracis species identification by
polymerase chain reaction» (item 1.5 of Table 1), registered
in Armenia, and «PCR-F-anthrax factor» (item 1.6 of Table
1) registered in Russian Federation. Diagnostic kit for medi-
cal purposes — «Test system for B. anthracis pXO1+ DNA de-



Eurasian Journal of Applied Biotechnology. No.4, 2023

tection by PCR (GenSib)» (item 2.7 of Table 1) is registered
in Russian Federation.

The GenSib test system is based on the detection of the
pagA gene fragment (plasmid pXO1) and is one of the first
test systems for anthrax PCR diagnosis that has passed accep-
tance tests and was approved for use [28]. This test system
uses two pairs of primers, BA1-BA2 (outer), flanking a 409
nt region of the pag4 gene located on the pXOl plasmid, and
VAZ-BAA4 (internal), providing amplification of a 154 nt DNA
fragment [29]. The product of the PCR reaction is analyzed in
a 1.5-2.5% agarose gel. For this test system, 100% specificity
was shown, and sensitivity was defined as 10 - 1000x10° cell/
ml (on pure B. anthracis cultures) and 100 - 1000x10° cell/ml
(on biological material and environmental objects artificially
infected with B. anthracis). Since the test system was devel-
oped and approved for use at the dawn of PCR diagnostics era
(acceptance tests, examination and approval lasted from 1998
to 2004) [29], it lacks both the detection of reference genes
and internal control. Sensitivity is also determined in units of
«millions of cells per milliliter», which is dubious for mod-
ern molecular biological methods.

The “PCR-F-anthrax-factor” kit allows specific amplifi-
cation of a fragment of the Bacillus anthracis genome (200
nt PCR product) and internal positive control DNA (500 nt
PCR product) in a multiplex polymerase chain reaction. De-
tection of amplification products occurs in agarose gel. The kit
includes an Internal Control (Bacteriophage T4 DNA), pos-
itive and negative controls. The sensitivity for this test sys-
tem is not specified, as well as the bacterial target gene [30].

The last classic PCR kit registered for veterinary usage in
EAEU is the «Test system for the identification of the species
Bacillus anthracis by polymerase chain reaction» manufac-
tured by Vetbiohim (Moscow). This test system consists of
three kits: for DNA extraction, for detection of B. anthracis
DNA by PCR, and for electrophoresis [31]. In this test sys-
tem, B. anthracis DNA is identified by detection of the capsu-
lar formation gene (CapB), that is, the presence of the pXO2
plasmid in the analyzed material is determined. The kit con-
tains positive (plasmid) and negative controls; the size of the
fragment detected after PCR is 300 nt. Neither the sensitivity
nor the specificity of the test system is specified.

The registries of EAEU countries include four test systems
for B. anthracis DNA detection using real-time PCR (qPCR),
two of which are registered in Russian Federation (items 2.8
and 2.11 of Table 1) and two in Kazakhstan (items 2.9 and
2.10 of Table 1). Of all currently used tools for detecting the
anthrax microbe, test systems based on qPCR are the most
sensitive and specific [23, 32], but also the most expensive.

The “AmpliSense Bacillus anthracis-FRT” reagent kit
(item 2.8 of Table 1) is designed to detect B. anthracis DNA
in biological material and environmental objects by PCR with
hybridization-fluorescence detection in the «real time» mode
[33]. This kit is used to determine the plasmid composition
of Bacillus anthracis by detecting the pagA gene (plasmid
pXO1) and the capA gene (plasmid pXO2). The diagnostic
kit includes an internal control that is added to the samples
prior to DNA extraction and serves as a marker of the qual-
ity of the extraction procedure and the presence of PCR in-
hibitors. Thus, this multiplex test system detects three targets
—two B. anthracis plasmid genes (fluorescent probes labeled

with FAM and JOE) and an internal control gene (fluorescent
probe labeled with ROX). The sensitivity of this test system in
the study of pure cultures of B. anthracis was 1 x 103 spores/
ml [34]. At the same time, field trials of “AmpliSense Bacil-
lus anthracis-FRT” revealed a number of shortcomings of the
kit [23] — the target pagA gene was detected only in 32% of
positive samples (confirmed by bacteriology), while the capA
gene was detected in 89%. The obtained results contradicted
the phenotypic properties of the cultures, since all of them
were typical virulent strains, so the sensitivity of the test sys-
tem for determining the plasmid composition of B. anthracis
is insufficient.

Two test systems registered in Kazakhstan — «7R
Bio® Bacillus anthracis» and «CAMOMILE-Bacillus an-
thracis-PCRy, are designed to detect B. anthracis DNA
(pXO1 and pX02) in biological material and environmental
objects by real-time PCR time. These sets are in fact the same
set; in addition, both sets are produced at the same produc-
tion site and are represented by one authorized representative
(Diamed LLP) [35, 36]. In both sets, B. anthracis is identified
by the pagA gene (pXO1) and capA gene (pX0O2). The ampli-
fication reaction is carried out in the reaction mixture in the
presence of an internal control, since it is part of the PCR mix
of the kit. Thus, the internal control in this test system serves
only to determine the presence of inhibitors in the analyzed
sample. To detect the fluorescence signal DNA probes labeled
with fluorophores HEX (for IC), FAM (for pagA), and ROX
(for capA) are used. For both test systems, the sensitivity is
indicated as 1000 GE/ml for pXO1 and pXO2 DNA in stan-
dard samples of manufacturer; the specificity is 100% also ac-
cording to the company’s standard panel of negative DNA ex-
tracts. These references to standard samples of the enterprise,
when indicating sensitivity and specificity, show the need
for unification and standardization of units of measurement.
The only difference between these test systems is their pos-
itive controls — “CAMOMILE-Bacillus anthracis-PCR” has
a single positive control (PC) containing specific pXO1 and
pXO2 DNA fragments, while “7R Bio® Bacillus anthracis”
has two separate positive control samples «PC pXO1» and
«PC pXO2».

The last of the registered test systems is a set of reagents
for the detection of DNA of the causative agents of plague,
anthrax and tularemia by real-time PCR «MULTI-FLU» (item
2.11 of Table 1). This kit defines four targets: one gene from
each pathogen and one internal control [37]. Fluorophore-la-
beled DNA probes detect IC (by Cy5), a fragment of the Y.
pestis methyltransferase gene (by ROX), a fragment of the
ISFtu$5 insertion element gene of F. tularensis (by HEX), and
a fragment of the sspE gene of the B. anthracis chromosome
(by FAM). The kit contains a positive control sample (PC),
which is the same for all three types of bacteria, a negative
control sample (NC), and negative inner control for sample
isolation (NIC). The PC contains fragments of the target genes
of Y. pestis, F. tularensis, B. anthracis, and the NIC contains
an internal control sequence, which is also added to the sam-
ple of negative isolation control during isolation. Thus, during
real-time PCR, the fluorescent signal through the Cy5 chan-
nel is detected only in NC and NIC, which makes it possible
to evaluate the performance of the test system components
(by NC) and the quality of the DNA extraction procedure
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(by NIC). The set has a sensitivity of 1x10* m.c. / ml (mil-
lions of cells) of each of the bacteria and diagnostic sensi-
tivity — not less than 85%. Only diagnostic specificity is in-
dicated (the proportion of correct negative results in clinical
trials) — at least 90%.

DISCUSSION AND CONCLUSION

Such is a brief overview of the diagnostic tools included in
the registers of the EAEU countries. Analyzing the informa-
tion above, attention is drawn to the disproportion in the avail-
ability of diagnostic tools for veterinary and medical sciences
— for the needs of veterinary, six positions have been entered
in the registers of the EAEU countries, and for the needs of
medicine — eleven. Moreover, out of six diagnosticums reg-
istered for veterinary use, four are sera and antigens for [HA,
and two are test systems based on classical PCR. Not a sin-
gle kit based on real-time PCR (the most specific and sensi-
tive diagnostic method at the moment) has been registered for
the needs of veterinary. Such diagnostic support is clearly not
enough, since it is predominantly animals that are infected —
they can become infected directly from soil anthrax foci and,
therefore, are the primary and most numerous sources of in-
fection for humans. Of course, diagnosticums based on IHA
are the cheapest and do not require complex and expensive
equipment, but they are also the least specific and sensitive.
The development and registration of a separate qPCR test sys-
tem for the needs of veterinary will entail serious labor and
financial costs, and will also take a long time. We propose to
consider at the legislative level the possibility of using reg-
istered medical diagnostic tools for the needs of veterinary
without any additional research and checks. Since these test
systems have already passed all the tests when they were reg-
istered as medical devices, their use as certified diagnostic kits
for veterinary is fully justified. The cost of real-time PCR test
systems makes it impossible for them to be widely used for
routine veterinary checks, but in the analysis of animal prod-
ucts (meat, milk, skin) for which infection is suspected, or in
the case of epidemic outbreaks, when speed and accuracy of
analysis are required, these test systems should be used first.

In addition to the “veterinary-medicine” disproportion,
there is also a strong bias in relation to individual state regis-
tries, that is, in some EAEU countries; there is a lack of reg-
istered diagnostic tools in case of epidemic outbreaks. Thus,
in the registries of Armenia and Kyrgyzstan there are no test
systems for medical purposes and in the veterinary registries
of Kazakhstan and Kyrgyzstan there are no sensitive PCR test
systems. Since the harmonization of the legislative bases of
the EAEU countries continues and the “Unified Register of
Medical Devices Registered within the EAEU” (https://por-
tal.eacunion.org/) is currently being created, it is likely that
after all approvals are completed, the registration of a diag-
nostic tool in one of EAEU states will mean the possibility of
its application in all other states.

The next important point related specifically to PCR test
systems (both classical and real-time PCR) is the lack of com-
mon units for measuring their sensitivity. So, at present, dif-
ferent test systems use such sensitivity units as GE/ml (ge-
nome equivalent), spores/ml, m.c. /ml (millions of cells per
milliliter) and copies/reaction. First of all, spores and millions
of cells per milliliter are standard units for bacteriology, but
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for molecular biological methods they are not accurate due
to the presence of a nucleic acid isolation step. Depending
on the extraction method and on the isolation kit, the amount
of DNA extracted from the same number of cells will change
(sometimes even multifold), so these units of measurement
cannot be universal.

As for genomic equivalents and copies per reaction, these
units of measurement are virtually identical if only one copy
of detectable gene is presented in the genome. However, this
does not apply to the PCR test systems we have considered,
except for MULTI-FLU, since only in MULTI-FLU the tar-
get is the sspE chromosomal gene, which is present in a sin-
gle copy on a single chromosome of B. anthracis. This bacte-
rium, like the entire B. cereus sensu lato group, is a monoploid
species [38], but monoploidy (or haploidy, as is customary
for eukaryotic species) extends only to the genetic mate-
rial of the chromosome, since the virulent plasmids pXO1
and pXO2 are present in the bacterial cell in multiple cop-
ies. Moreover, the number of copies of plasmids is different
for different strains of B. anthracis. Thus, in the most com-
plete study of 412 strains [39], the average number of their
copies per cell was found to be 3.86 and 2.29, respectively,
for plasmids pXO1 and pXO2. Since B. anthracis in all PCR
kits included in the registries of the EAEU countries (except
for “MULTI-FLU”) is detected by one or more genes of the
pXO1 and/or pXO2 plasmids, the number of genomic equiv-
alents will differ greatly for different strains. At the same time,
such a unit of measurement as “copy/reaction” is universal,
since it absolutely unambiguously determines the minimal
number of target copies that can be detected in one PCR re-
action. And it concerns neither the volume of the introduced
sample, nor the number of cells from which the sample was
extracted. In many foreign test systems for B. anthracis detec-
tion, sensitivity is indicated precisely in copies per reaction —
«RealArt™ B. anthracis PCR» (Roche), «ViPrimePLUS Ba-
cillus anthracis qPCR Kit» (VivanTechnologies), «Bacillus
anthracis genesig Advanced Kit» (Primerdesign Ltd). In addi-
tion, the transition to sensitivity in copies per reaction is rela-
tively simple, since all test systems are provided with plasmid
positive controls with known sequences (and hence molecular
weights), it will not be difficult to calculate the copy number
and build a calibration curve from dilutions in copies.

Analysis of the PCR test systems presented on the inter-
national market and those included in the EAEU registers re-
vealed the need to develop a test system based on real-time
PCR, which would detect one target gene of both virulent
plasmids pXO1 and pXO2, a chromosomal target and refer-
ence gene or internal control sequence. Such a complex sys-
tem is necessary because of the high homology between B.
cereus sensu lato group, which includes Bacillus anthracis.
It is known that there are strains of B. anthracis lacking one
or both virulent plasmids [40] and isolates of B. thuringien-
sis and B. cereus containing plasmids or fragments of plas-
mids pXO1 [41] or pXO2 [42]. Thus, the need to determine
the “chromosomal signature” of B. anthracis is obvious, but
at the same time, the virulence of strains directly depends on
the presence of plasmids, so the determination of plasmid tar-
get genes is also necessary. At the same time, for such a test
system, it is necessary to have control over the course of the
amplification and assess the quality of nucleic acid extraction
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— for samples obtained from cells of eukaryotic or prokary-
otic organisms, it would be logical to determine the reference
gene, and for environmental samples — inner control [43].

Work in this direction was carried out at the Stavropol
Anti-Plague Institute — multiplex qPCR «Bacillus anthracis
multiplex 3 FRT» was developed there to determine the gene
of edema factor cya (pXO1), the encapsulation gene capC
(pX02), the chromosomal sap gene and the internal control
sample, which is a modified fragment of the lambda phage
genome [44]. Apparently, the experimental test system is
still under development, since in the latest available publica-
tion [23], the developers changed the chromosomal sap gene
to the prophage region 03 (the name of the test system was
shortened to “Bacillus anthracis 3 FRT”). The Central Ref-
erence Laboratory of Kazakhstan is also developing a multi-
plex qPCR test system «Anthrax Screener 18S™». In this sys-
tem, the RNA18S1 gene region, which is highly conservative
in 18S rRNA of all vertebrates [43], is detected as a reference
gene; two genes BA 5358 and BA 5361 of the lambda Ba03
prophage [45], as well as the cya gene of the pXO1 plasmid
and gene /4 of the plasmid pXO2.

In addition to molecular biological methods for diagnos-
ing the anthrax pathogen, immunological methods, or rather
their extreme one-pointedness, also attract attention. The most
common, and in the veterinary field, the only immunological
test systems are IHA-diagnosticums. Their widespread us-
age is explained by their low cost and minimal requirements
for laboratory equipment. Not a single ELISA test system
has been registered in any of the EAEU countries, although
ELISA test systems have both higher sensitivity and higher
specificity compared to erythrocyte diagnosticums [32]. Un-
like IHA-diagnosticums, ELISA test systems require a special
reading device — a plate-reader, but at the same time they pro-
vide numerical data and not a subjective difference «by eye».
If, when developing an ELISA test system, modern molecu-
lar biological methods are applied, in particular, obtaining B.
anthracis antigens using genetic engineering, then the speci-
ficity and sensitivity of such test systems will increase multi-
fold compared to IHA-diagnosticums.

In particular, it is known that a powerful humoral immune
response occurs in the body in response to anthrax toxins: PA
(protective antigen), LF (lethal factor), and EF (edematous
factor) [46]. ELISA test systems based on the detection of an-
tibodies (IgG) to the protective antigen — «Anthrax Protective
Antigen IgG ELISA» (Sigma-Aldrich, Abnova, Creative Di-
agnostics) are currently presented on the international mar-
ket. However, it is known that the immune response to LF in
patients [47] is stronger and occurs faster compared to the re-
sponse to PA. In addition, PA is the main component of an-
thrax vaccines, which makes it difficult to differentiate cases
of infection from vaccination. Therefore, the development of
an ELISA test system aimed at detecting antibodies to a lethal
factor is a promising direction in the diagnosis of B. anthracis.
Based on the logic of the development of epidemiological dis-
eases diagnostics, ELISA kits should first become an alterna-
tive, and eventually completely replace IHA-diagnosticums in
the field of veterinary. It is in veterinary medicine that ELISA
kits will be more in demand compared to PCR kits. This is pri-
marily due to the simplicity of sample preparation for ELISA,
the lower cost of both the test system itself and the necessary

accompanying reagents. Thus, it is advisable to develop and
implement a domestic (for the entire EAEU) ELISA test sys-
tem for detecting antibodies to B. anthracis.

The last factor that we would like to discuss in our analy-
sis is the fact that B. anthracis not only belongs to the patho-
gens of group II (group A according to the CDC standards),
but is also a successfully used bioweapon [46, 48]. As the an-
thrax spore attacks in the United States in 2001 showed, the
speed of diagnosing this biological threat is insufficient. With
covert and massive aerosolization of spores, the initial diag-
nosis of anthrax in the United States would have been a com-
plete failure. This is because the initial symptoms of inhaled
anthrax mimic those of the flu, so by the time a correct diag-
nosis is made it is too late to do anything. In addition, even
after establishing the fact of a biological attack, at the initial
stage it is difficult to diagnose which of the possible biologi-
cal agents was used. In particular, the pulmonary form of an-
thrax is extremely similar symptomatically to the pulmonary
form of plague, tularemia, as well as melioidosis and legio-
nellosis [48].

Thus, it becomes necessary to create a diagnostic system
in which all biological agents that give similar symptoms
by military (or terrorist) use would be simultaneously deter-
mined. The possibilities of qPCR (the most sensitive method)
are limited by the number of detectable fluorescent dyes — a
maximum of 4-5 simultaneously, while at least three target
genes are required for the full detection of anthrax alone. The
only solution to this problem at the moment is the technology
of microarrays (DNA-microarray) or as they are also called
DNA-chips or biochips. This approach, in addition to good
sensitivity and high specificity [49], makes it possible to si-
multaneously detect several thousand targets. For example,
Applied Biosystems’ «GeneChip E. coli Genome 2.0 Array»
DNA-chip detects 10,000 targets. Currently, this technology
is used mainly for analysis of the expression of complete ge-
nomes (transcriptomes), microRNA profiles, or for genotyp-
ing. With such an excess number of recognizable targets, each
pathogen can be detected by several hundred specific DNA
sequences. In addition to pathogen detection and identifica-
tion, microarrays are ideal for characterizing genetic differ-
ences between isolates of the same species at the strain level
[50]. For example, Zwick et al. [50] designed and applied a
custom analysis panel for 56 B. anthracis strains. The overall
time to obtain results was much faster with DNA-chip com-
pared to conventional sequencing methods, and typing results
were comparable.

Thus, based on the foregoing, we made the following gen-
eral conclusions on the availability of diagnostic tools for de-
tecting anthrax on the territory of the EAEU:

1) insufficient provision of veterinary with diagnostic kits.
It is necessary to be able to use kits registered for medical use
in veterinary needs. The disproportion between the EAEU
states in registered diagnostic tools needs to be leveled.

2) the need to determine the common sensitivity measure-
ment units to all PCR test systems. Since plasmid controls are
used in all PCR test systems, it is possible to proceed to the
determination of sensitivity in copies per reaction for test sys-
tems already included in the registers. This will also enable
the EAEU test systems to enter the international market, as a
significant part of imported PCR kits indicate the sensitivity

15



Reviews

in copies per reaction.

3) the need to develop and add to the registries a gPCR
test system in which both chromosomal and plasmid genes
would be determined simultaneously as target genes, along
with the mandatory determination of a reference gene or an
internal control gene.

4) immunological diagnostic methods are represented
mainly by IHA-diagnosticums; there are no ELISA test sys-
tems in the registries of the EAEU countries. ELISA test sys-
tems for the determination of anthrax antibodies in the blood
of infected animals should become the basis for epidemiolog-
ical surveillance in the field of veterinary.

5) from the standpoint of biosafety for the detection of
dangerous and especially dangerous pathogens, it is necessary
to develop technologies for DNA-chips. It would be timely to
develop a chip that can simultaneously identify pathogens that
have similar symptoms at the initial stage of infection. For
example, detection of plague, anthrax, tularemia, melioidosis
and legionellosis pathogens on a single biochip.
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TYHWUIH

By monyna Eypa3usuiblk 5KOHOMHKAIBIK 01aK MemiiekeTTepiHiy (EADO) meanuuHanblk OyiHbpIMaapsl )oHE YITTHIK
JIopi-ZIopMeKTep Ti31IiMI MEH BETEpUHAPIIBIK IperapaTTap Ti3iiMiHe KipreH ci0ip jkapachIHBIH JMarHOCTHKAChIHA apHAJFaH
OyiipiMaap kapacteipeutra. Ic xy3inge EADO-HbIH OYKiN aymMarbIH/Ia KaHyapiap MEH ajaM/ap apachblH/a KbUI CalbIH
aypy JKaFJaiylapblH TyIbIpaThIH Ci0ip KapachIHBIH TAOUFU TOMBIPaK omakrapel 0ap. EADO ennepiHiy MHISMHOIOTASITBIK
JKaraalbl 3aMaHayy TUarHOCTUKANIBIK KypaigapbIMeH cibip )KapachlHa TYpaKThl OaKblIaHybl KaXKeT. DMUAEMUOIOTHSITBIK
Kajiaranay YIIiH KOJIIaHbUIATBIH OapIbIK JHarHOCTUKANBIK Kypainap EADO ennepiHiH YITTHIK Ti3iTiMAEpiHae TipKeTyi
tuic. EADO enpepiniH Ti3UTiMIepiHe eHri3iiren 0apibIK TeCT-KyHenep MeH ANarHOCTHKAJIBIK KUBIHTBIKTAp YIIiH aBTopIiap
JIMAarHOCTUKAJIBIK KYpaJIAap/AblH Ce3IMTaIbIFbl MEH €PEKILEIiriH KOPCETETIH CaBICTRIPMAIIbl CHIIATTaMaIap/ibl KENTipei.
Kazipri MoseKyJIsIpiIbIK THarHOCTUKAIBIK TEXHOJIOTUsUIapFa OarbITTaFaH ci0ip sKapachlHbIH KO3ABIPFBIIIBIH aHBIKTAYbIH
OpPTYPJIi SMIICTEPIH KOJIJaHyIbIH TaJIaybl YChIHBbUIAABI. ABTOpHap Bacillus anthracis GakTepusIChIH aHBIKTAY/IBIH 3aMaHayH
oAICTEepiHIH THIMIIIITIH apTThIpyFa OaillaHbICTBI MaHBI3/IBI MaceseNepAl TalKbuIal, cibip jkapachl KO3bIpFaIllbIHBIH
epTe AMarHOCTHKACHIHBIH JKEKEJIEreH OarbITTapbIHIarbl KEMITUTIKTEPIi KapacTelpyFa cananbl. CoHiaii-ak aBTopiap cidip
yKapachIHBIH OaKbLIay )KYHECIHIH Ka3ipri Ke3/eri THIMIUIITIH apTThIpyFa THiC OipKaTap YChIHBICTAp bl KEJITIpei.

Tyiiin ce3nep: Bacillus anthracis, tuarHocTuka aicrepi, OMoKayincizuik, cidip sxapacsl, Eypa3usiabsik IKOHOMUKAIBIK
Opnaxk, Tect-xymenep.
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ABCTPAKT

B HacrosiiiemM 0030pe paccMaTpuBaIOTCs CPEACTBA JUATHOCTHKU CHOUPCKOH SI3BbI, BHECEHHBIEC B HAITMOHAIbHBIE PeecTpbl
BETEpUHAPHBIX MPEnapaToB U PeecTprl IeKapCTBEHHBIX CPEICTB U METUIIMHCKUX M3AeNHi cTpaH EBpasuiickoro DxoHOMHYE-
ckoro Coroza (EADC). dakruuecku Ha Beeit Teppuropun EADC nprcyTCTBYIOT IPUPOIHBIE TIOYBEHHBIE 04ard CHOUPCKON
SI3BBI, YTO BBI3bIBAET €KETOHBIC CIIy4an 3apakeHUs IKMBOTHBIX U JIIoiel 3TUM 3a0osieBaHueM. [10cTOSHHBIN KOHTPOJIb 32
SMHEMUOJIOrnYeckol 00cTaHoBKoW B cTpaHax EADC noikeH o0ecieuuBaThCcss COBPEMEHHBIMH CPEACTBAMHU JIHArHOCTUKU
cHOUpCKOii s13BBI. Bee nuarHocTryeckre cpeacTBa, UCIONIb3yeMble JIIsl SMUIEMHOIOIMYECKOr0 Ha/l30pa, IOJKHBI ObITh 3a-
PETUCTPUPOBAHBI B HAIIMOHAIBHBIX peecTpax cTpad EADC. Jlns Bcex BHecEHHBIX B peecTprl cTpad EADC TecT-cuctem u
JIMarHOCTUKYMOB aBTOPBI IPUBOJISIT CPABHUTENBHBIE XapPAKTEPUCTHKH, OTPAXKAIOLINE YYBCTBUTEIBHOCTD U CIEHUPUIHOCTD
CPEJICTB AMArHOCTHKH. [IpMBOMTCS aHAIM3 UCTIONB30BAHMUS PA3JIMUHBIX METO/IOB BBISIBICHHS BO30OYANTENsI CHOMPCKOIA SI3BBI,
AKIEHTUPOBaHHBIN HA COBPEMEHHBIX MOJIEKYJISIPHO-IHarHOCTHYECKUX TEXHOJIOTHSIX. ABTOPaMH 00CYkIat0TCsl HanboJiee Bax-
HbIE [TPOOJIEMBI, CBSI3aHHBIE C TIOBBIIIEHHEM 3()(PEKTHBHOCTH COBPEMEHHBIX METOOB JIeTeKLun 0akrepun Bacillus anthracis
Y BBIHOCSITCSI HA PACCMOTPEHHE HEJJOPaOOTKH 10 ONpeIesIEHHBIM HAIIPABJICHHUSM PaHHE! TMarHOCTUKH CHOMPES3BEHHOTO MHU-
kpoba. Taioke aBTOpamMu MPUBOAUTCS PSIJI IIPEUIOKEHHHN, TOJDKEHCTBYIOLIHUX MOBBICUTH d((EKTUBHOCTh MMEIOLICHCSI Ha Ha-
CTOSILIMHA MOMEHT CHCTEMbl MOHHUTOPHHIa CHOMPESI3BEHHOTO MUKPOOa.

KuoueBble cioBa: Bacillus anthracis, MeTosibl AMarHOCTHKH, OM00E30MacHOCTb, cuOMpCKas s3Ba, EBpasuiicknuii DKoHO-
muueckuit Coro3, TeCT-CUCTEMBI
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