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Aim. The aim of this study was to screen soil samples of 17 anthrax burial sites in Eastern and Southern Ukraine
for the presence of B. anthracis. Methods. Soil samples were collected from anthrax grave sites located in Kharkiv,
Sumy and Mykolaiv regions (diseased animals dated from 1946 to 2003). Isolation of B. anthracis from collected soil
samples was performed with the GABRI method. From single colonies without hemolysis, that were inactivated with
peracetic acid- containing 2 % Terralin PAA solution, DNA was extracted and analyzed by qPCR for the presence of
chromosomal marker dhp61, as well as the markers pag4 and capC located on virulence plasmids pXO1 and pXO2,
respectively. Results. Eleven field trips were conducted from July, 2016 to October, 2018 in which 369 soil samples
from 17 burial sites in Kharkiv, Sumy and Mykolaiv oblasts were collected from different depths of presumed anthrax
carcass sites. In most cases (12 out of 17 cases), the current status of these burial sites was deteriorated and not prop-
erly accounted for. It was possible to obrain viable B. anthracis isolate was obtained from 50 cm depth at the grave
site near Koviagy village, Valky district, Kharkiv region (49.92373°N, 35.48951°E). This isolate was named KhR/
VD/Kov2-2-05-3 and deposited in the Collection of Animal Infectious Pathogens of the National Scientific Center
“Institute of Experimental and Clinical Veterinary Medicine”, Kharkiv, Ukraine. The contamination level of soil at
the isolation site reached about 10* CFU per g as determined by plate counting. qPCR analysis of this isolate identi-
fied both the dhp61 B. anthracis chromosomal and the pagA virulence plasmid marker. However, the plasmid pXO2
marker, required for capsule-formation could not be detected. Conclusions. The anthrax burial sites were created
between the 1920s and 1960s, however, only approximate locations could be found and demarcated. In most cases the
status of the sites was unsuitable for sampling. Nevertheless, isolation of B. anthracis in one case in the Valky district
shows that old anthrax burial sites (13.500 exist in Ukraine) still pose a risk as potential source of the infection and
therefore require more attention and surveillance, for which a surveillance plan will be developed.
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INTRODUCTION

Anthrax is a zoonotic disease to which mainly grazing
herbivores, but also omnivores, carnivores and human
are susceptible. Under adverse conditions the causative
pathogen Bacillus anthracis is able to form spores that
may remain viable in the environment, especially in
soil, for many decades. Due to this biological feature
and its high virulence, this pathogen is still of great sci-
entific and epidemiological importance in many areas
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of the world. Each year, more than a million (mainly
wild) animals and about 20,000 people in 82 countries
around the world get infected with anthrax (Logvin et
al, 2017). This pathogen is easy to multiply and has a
high recalcitrance in the environment. Laboratory pro-
duced anthrax spores of pathogenic strains therefore
represent a potential threat related to bioterrorism, as
they are easy to produce and store (Hoffmaster et al,
2001; Keim et al, 2004; Eitzen et al, 1997).

Over the years many (24 954) enzootic and epizootic
outbreaks of anthrax have been recorded in Ukraine,
although in the last 15 years more sporadically (Koro-
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tych et al, 1976; Skrypnyk et al, 2012; Bezimennyi et al,
2014; Bobylyova and Mukharska, 2001; Bobylyova and
Mukharska, 2002; State Scientific and Research Institute
of Laboratory Diagnostics and Veterinary and Sanitary
Expertise [SSRILDVSE], 2014). In recent years, the
epizootic situation concerning anthrax in Ukraine has
decreased (largely due to the reduction in total numbers
of livestock). However, there is still a significant risk of
new outbreaks, mainly due to the large number of old
animal burial sites (13,500) and their unresolved cur-
rent status. It was repeatedly established by researchers
from Russia (Dugharzhapova et al, 2016; Shishkova et
al, 2011), Albania (Peculi et al, 2015), Brazil (Salgado,
2020) and Italy (Fasanella et al, 2015, Braun et al, 2015),
that these burial sites of anthrax infected animal car-
casses pose a particular risk as natural reservoir of this
pathogen. In addition, there are most likely unknown
soil foci of the pathogen originating from herding or war
(World War II) casualties. A hypothesis therefore can be
that these burial sites are important extant sources of the
pathogen. Reported facts of increased informal-illegal
slaughtering of infected animals and eating of illegally
slaughtered meat, i.e. anthrax outbreak in Georgia (Kr-
acalik et al, 2014), as well as recent case Minyailivka
village, Odesa region, Ukraine (Ministry of Health of
Ukraine, 2018; 112 Ukraine, 2018), serve as proof of
particular danger posed by uncontrolled anthrax foci.
Therefore, these sites require careful attention and con-
stant monitoring by state laboratory facilities according
to governmental regulatory guidelines. In particular,
data on epizootic anthrax foci must be documented in
special district register of the epizootic condition, which
should be permanently stored in the district veterinary
department, as well as marked on the epizootic map of
the district, indicating the date, number of sick and dead
animals, the exact location of the infection. Also, fenc-
ing and compliance with appropriate sanitary condition
of anthrax burial sites and biothermal pits should be
properly controlled. Strict observance of veterinary and
sanitary requirements during carrying out agricultural,
construction and other works, associated with the move-
ment of soil are also the key points to control the disea-
se. (Ministry of Agriculture of Ukraine & State Depart-
ment of Veterinary Medicine, 2000).

In the view of the above, the goal of this work was to
carry out a limited survey of 17 anthrax burial sites in
Eastern and Southern Ukraine.

MATERIALS AND METHODS

For this research, 369 soil samples were taken from
17 anthrax animal burial sites in Kharkiv, Sumy and
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Mykolaiv oblasts (regions) dug in 1946-2003. The
majority of burials (12 out of 17) were studied in
Kharkiv region since, according to Skrypnyk et al.
(2012), one of the biggest numbers of grave sites in
the country are located in this region. Samplings in
Mykolaiv region were conducted in close coopera-
tion with specialists of Regional Laboratory Center in
frames of the Cooperation Agreement between NSC
“IECVM” and Mykolaiv RLC from 04.10.2017. We
also collected samples in southern part of Sumy re-
gion since one of the biggest natural foci of anthrax
was located in this area (Bezimennyi et al, 2014).
Samples were collected together with specialists from
the local district veterinary services with the permis-
sion of the State Veterinary and Phytosanitary Service
of Ukraine (now — State Food and Consumer Service
of Ukraine), the State National and Scientific Insti-
tute of Laboratory Diagnostics and Veterinary and
Sanitary Expertise and the State Scientific and Con-
trol Institute of Biotechnology and Microorganism
Strains (#15-9-1-18/27215 from 11.20.2015). Data on
the locations of anthrax burial sites in the north-east
of Ukraine was kindly provided by the Main Depart-
ments of Veterinary Medicine in Kharkiv, Sumy and
Mykolaiv oblasts.

Sampling. All samplings were performed using
personal protective equipment (PPE) (overalls, re-
spiratory masks, goggles, nitrile gloves and protec-
tive shoes). At each burial site, several samples were
taken, the average distance between dig or drill holes
being 2-3 m. From each point, one soil sample was
withdrawn from upper ground layer (0—10 cm); sam-
ples from deeper soil layers (one sample from each
10 cm of soil layer, 5-10 soil samples from each spot)
were collected using a 1 m-length metal so-called
Dr Piirckhauer’s Soil Sample Drill for Medium to
Heavy Soils. If necessary, a metal extension of 1 m
was attached to the auger. The auger was forced into
the ground using a hammer of 3 kg weight with plas-
tic stoppers. Once the required depth was reached, a
column of earth was punched out of the ground and
the soil was filled into separate 50 ml plastic tubes
from a depth of 10 cm each. In total of 6-11 sam-
ples from each point were placed in separate zipper
plastic bags, which, in turn, were folded into plastic
containers for transportation. After sampling from
each collection point, the auger was treated with a
fresh disinfectant solution (2 % terralin PAA solu-
tion, Schiilke, France), and was washed and lubri-
cated after each field work. Upon completion of field
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works, all personal protective equipment and dispos-
able materials used were incinerated.

Semi-selective isolation of B. anthracis from soil
samples. To detect B. anthracis spores in collected
samples, the GABRI method (Fasanella et al, 2013)
was used. In contrast to the classical one, this method
significantly reduces bacterial and fungal contaminants
from cultivated samples, which inhibit the growth of B.
anthracis (Fasanella et al, 2013). Semi-selective blood
agar medium (Carl Roth, Germany) with the addition
of 5 % sterile defibrinated sheep blood and antibiotics
(polymyxin B — 20 mg/ml, trimethoprim — 25 pg/ml
and sulfamethoxazole — 40 pg/ml) was used for mi-
crobiological studies. All studies were performed in a
Thermo Electron MSC-Advantage™ Class Il Biolog-
ical Safety Cabinet (Thermo Scientific, USA) accord-
ing to the GABRI-method protocol (Fasanella et al,
2013). Supernatant from each soil sample was inocu-
lated on three Petri dishes with blood agar. After 36
hours of cultivation at 37 °C, non-hemolytic colonies
were re-inoculated onto Columbia agar (Merck-Mil-
lipore, USA) medium prepared with the addition of
5 % sheep blood and antibiotics (see above). For each
sample, colonies from three blood agar plates were re-
inoculated on one separate plate with Columbia agar
divided into three sectoral parts and incubated, aero-
bically, for 24 hours at 37 °C. The viability of cultures
and the contamination of soil with B. anthracis spores
were determined using quantitative indices such as the
number of CFU per 1 g of soil and the average num-
ber of colonies per one Petri dish. In order to prepare
positive control of GABRI, 7.5 grams of soil collected
from garden in the city of Kharkiv were tested for po-
tential contamination with B. anthracis spores. After
confirmation of spores’ absence, this sample was arti-

ficially contaminated with the suspension containing
500 spores of B. anthracis Sterne 34F2 vaccine strain.

Sample preparation for gPCR. Non-hemolytic col-
onies on Columbia agar with a diameter of more than
1 mm after 24 hours of cultivation at 37 °C, were
further analyzed by real-time PCR (qPCR). For this
purpose, the growth of single colonies was trans-
ferred with a disposable loop into individual plas-
tic tubes, subsequently inactivated with 2 % terralin
PAA solution for 30 minutes at room temperature,
centrifuged for 2 minutes at 6000 g, washed twice
with PBS, centrifuged again and resuspended in 50
ul of nuclease-free Milli-Q water. DNA Obtained
samples were diluted 1:10 and aliquoted into several
microtubes (10 pl to each tube). DNA extracted from
the culture of the vaccine strain Sterne 35F2 was
used as positive control. A negative control contain-
ing 5 pl water instead of bacterial DNA was included
in each PCR run. After qPCR studies, aliquots were
stored at minus 70 °C.

gPCR. Specific primers (TIB MolBiol, Germany)
were used for detection of anthrax-specific chromo-
somal and plasmid markers as described by Antwer-
pen et al (2008), Liang et al (2016) and Hadjinico-
laou et al (2009). Primers as well as reference DNA
of pathogenic Ames 3013 strain and the Sterne 34F2
attenuated non capsule forming (pXO2 plasmid nega-
tive) strain of B. anthracis were kindly provided by
the Bundeswehr Institute of Microbiology as part of
the international “Ukrainian-German programme for
biosecurity and zoonotic risk management at the EU
external borders”. The samples were analyzed for the
presence of the specific chromosomal marker dhp61
(forward 5°CGT AAG GAC AAT AAA AGC CGT

Table 1. Compositions of reaction mix components used for all four primer pairs

Amount per 1 reaction, pl
Reagent dhp61 chromosomal pagAd (pXO1 capC (pXO02 gyrd (Bacillus
marker plasmid marker) plasmid marker) multispecies marker)

Water, nuclease free 14.38 12.30 13.25 14.38

10x PCR buffer 2.5 2.5 2.5 2.5
25MM Mg 1.5 3.0 2.0 1.5
dNTP mix 0.5 0.5 0.5 0.5
Jforward primer 0.5 0.75 0.25 0.5
reverse primer 0.5 0.75 1.25 0.5
Tag-polymerase, 5 U/ul 0.13 0.2 0.25 0.13
Template DNA 5 5 5 5
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TGT3’; reverse S’CGA TAC AGA CAT TTA TTG
GGA ACT ACA C3’; probe 6FAMTGC AAT CGA
TGA GCT AAT GAA CAA TGA CCC TTAMRA)
(Antwerpen et al., 2008). Later dhp61-positive sam-
ples were tested for the presence of the pXO1 plasmid
marker pagA, (forward 5’GTA CAA GTG CTG GAC
CTA CG3’; reverse 5S’CAC TGT ACG ATC AGA
AGC C3’; probe 6FAMACC GTG ACA ATG ATG
GAA TCC CTG ABBQ) (Xudong Liang et al., 2016)
and the pXO2 plasmid marker capC, (forward 5’CCT
GCA GGT TTA GTT GTA CCT3’; reverse 5’ACC
TGT AAT TAG CGT TGC CG3’; probe 6FAMAGC
ACT CGT TTT TAA TCA GCC CGTBBQ) (Hadjini-
colaou et al., 2009). B. anthracis isolates were dif-
ferentiated from other bacilli by detecting a Bacillus
multispecies gyr4 marker using primers described by
Hurtle et al. (2004) (forward 5’ATG TCA GAC AAT
CAA CAA CAA GC3’; reverse 5’GCA ATG AGT
GTT ATC GTT CTC G3’; probe 6FAMTAT TAG
CCA TGA ATC GCG TBBQ). The reaction mix was
prepared using AmpliTag Gold reagents manufactured
by Applied Biosystems (USA). For each testing, sepa-
rate reaction mixtures were prepared (table 1) and, as
for the detection of pagAd and capC, concentrations
of components were used according to our previous
qPCR validation results (Beloyvan et al, 2019; Biloi-
van et al, 2019a).

DNA amplification was performed on a Fast 7500
Real-time PCR system manufactured by Applied Bio-
systems (table 2). Amplification of dhp61 and gyrd
fragments were performed as described by Antwerpen
et al (2008) and Hurtle et al. (2004), respectively. For
pagA and capC amplification, annealing temperatures
were previously validated (Beloyvan et al, 2019; Biloi-
van et al, 2019a).

For further DNA extraction, B. anthracis dhp61-posi-
tive isolates were re-inoculated into liquid LB-medium
and harvested. For this purpose, liquid cultures were

Table 2. Amplification parameters for all four DNA fragments

aerobically cultivated for 24 hours at 37 °C and centri-
fuged for 2 minutes at 6000 g. Then, broth supernatant
was removed from the tube, bacterial pellet was inacti-
vated with 2 % terralin PAA solution, washed with PBS
twice and resuspended in Milli-Q water as described
above. Subsequently, DNA was extracted using Innu-
PREP DNA Mini Kit manufactured by AnalytikJena
(Germany). Obtained DNA samples were re-examined
for the presence of chromosomal and plasmid markers
of anthrax pathogen. Broth cultures of PCR-positive
samples were transferred on Microbank™ cryovial
systems and stored at minus 70 °C.

RESULTS

During the period from July 2016 to October 2018,
11 field expeditions to anthrax cattle burial sites were
conducted in Kharkiv, Sumy and Mykolaiv oblasts.
Burials are located near the villages:

— Zavody, Izum rayon (district), Kharkiv oblast,
(49.176°N, 36.991°F; 1960);

— Kostiv (49.51444°N, 35.39013°E; 1953), Dobro-
pillya (49.96807°N, 35.71525°E; 1961), Koviagy
(49.92373°N, 35.48951°FE; 1964), Snizhkiv (49.
47675°N, 35.32195°E; 1959), Sharivka (49.917277°
N, 35.786629°F; 1958), Valky rayon, Kharkiv oblast;
—Verkhnya Samara (48.38375°N, 36.39876°E; 1946),
Vilne-1 (48.80983°N, 36.62448°F, 1951), Blyzniuky
rayon, Kharkiv oblast;

— Nyzhche Solone (49.18574°N, 37.40158°E; 1956),
Gorokhuvatka (49.18828°N, 37.30499°E; 1961),
Borivska Andriivka (49.35194°N, 37.67881°F;
1971), Klymivka (49.22170°N, 37.41113°E; 1986),
Borova rayon, Kharkiv oblast;

— Timiryazivka (50.96°N, 34.34°E; 1994), Bilopillya
rayon, Sumy oblast;

— Sinyushin Brid (48.09466°N, 30.48597°E; 1946),
Stanislavchik (48.07595°N, 30.47147°E; no data),
Pervomaysk rayon, Mykolaiv oblast;

Amplification parameters
Stage Cycles
dhp61 pagA capC gyrd

Initialization 95 °C -5 min 95 °C -5 min 95 °C — 5 min 95 °C — 5 min 1
Denaturation 95 °C — 15 sec 95 °C — 15 sec 95 °C - 15 sec 95 °C - 15 sec 40
Annealing 55 °C - 20 sec 62 °C - 20 sec 60 °C - 20 sec 55 °C - 20 sec

Elongation 72 °C —40 sec 72 °C —40 sec 72 °C —40 sec 72 °C —40 sec

Final elongation 72 °C — 1 min 72 °C — 1 min 72 °C — 1 min 72 °C — 1 min 1
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— Malakhovo (46.54507°N, 31.21481°E; 1959),
Dmytrivka (46.56664°N, 31.20349°E; 2003), Ber-
ezanka rayon, Mykolaiv oblast.

In total, 369 soil samples were collected of 17 loca-
tions only (1 in Sumy, 4 in Mykolaiv and 12 in Kharkiv
regions).

The conditions of the burial sites were unsatisfac-
tory in most of cases. 12 out of 17 locations did not
have distinct warning signs and were not fenced. In
addition, the locations of eight of these sites were
inaccurate, and 11 of them were located nearby crop
fields (50 meters and closer), posing a significant risk
of further spread of contamination during soil cultiva-
tion. According to Hugh Jones & Blackburn (2009),
B. anthracis spores longer stay viable in humus soils
rich with calcium, phosphorus and magnesium, than
in sands or loams. The soils in Kharkiv and Sumy
regions are predominantly humus-rich. Loamy soils
were only identified in burial sites near the villages
of Kostiv and Dobropillya in Valky rayon and in the
nearby village Nyzhche Solone, where the surface
ground layer was humus-rich and the deeper layers
loamy. In contrast to the Eastern regions of Ukraine,
loamy soils predominated in sampling areas in the
Mykolaiv oblast. Chernozem soil was only found at
the burial site nearby Stanislavchyk village in the Per-
vomaysk district.

Nevertheless, B. anthracis could be isolated from
a soil sample taken from 50 cm depth at the place
of mass burial of anthrax infected animals nearby
the village of Koviagy, Valky rayon, Kharkiv oblast
(49.92373°N, 35.48951°E). According to the docu-
ments, eight cattle and one pig carcass, which died
from anthrax were buried at this site in 1964. How-
ever, according to locals, anthrax carcasses were still
buried at this site at least four times in the period from
1953 to 1964. This grave site is located in a depres-
sion, 20 meters long, 10 meters wide and 5 meters
deep, located on the edge of a crop field near the for-
est plantation. Numerous bone fragments of animals
(cattle, pigs) have also been found in this deepening.
No demarcations, i.e. fencing or warning signs of this
anthrax burial site were observed.

According to GABRI results, three out of 19 sam-
ples collected at the grave site near Koviagy village
were positive. In positive samples taken at depths of
10, 50 and 80 cm (marked as KhR/VD/Kov2-2-01-1,
KhR/VD/Kov2-2-05-3 and KhR/VD/Kov2-2-08-2, re-
spectively), greyish rough and irregular-shaped colo-
nies without hemolysis were observed (Fig. 1). Also,
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Fig. 1. 36-hour old B. anthracis culture isolated from Kovi-
agy soil sample on blood agar: positive colonies are rough,
greyish and non-hemolytic

the anthrax-typical beaten-egg-white effect appeared
when growth of the colony was lifted with an inocula-
tion loop. These colonies were inoculated on Columbia
agar with the addition of 5 % defibrinated sheep blood
and incubated for 24 hours at 37 °C.

Quantitatively, the contamination level of the soil
samples was about 104 CFU/g or an average of 15, 68
and 62 colonies per Petri dish for KhR/VD/Kov2-2-
01-1, KhR/VD/Kov2-2-05-3 and KhR/VD/Kov2-2-08-
2, respectively. Colonies with similar morphology to
B. anthracis were also obtained from the following soil
samples:

— Borivska Andriivka, Borova rayon, Kharkiv oblast
— 5 samples;

— Dobropillya, Valky rayon, Kharkiv oblast —5 sam-
ples;

— Gorokhuvatka, Borova rayon, Kharkiv oblast —
1 sample;

— Malakhove, Berezanka rayon, Mykolayiv oblast —
4 samples;

— Sharivka, Valkiv district, Kharkiv region — 2 samples.

Isolated colonies from these samples were also
spread out on Columbia agar plates with the addition
of 5 % defibrinated sheep blood and incubated for
24 hours at 37 °C. A total of 14 colonies were isolated
and inactivated from samples from Borivska Andri-
ivka, 8 — from Dobropillya, 2 — from Gorokhuvatka,
9 — from Malakhovo and 5 — from Sharivka and ana-
lysed by qPCR.

The chromosomal B. anthracis marker dhp6l was
detected only in KhR/VD/Kov2-2-05-3 isolate from
Koviagy. The ct value was 22.13 (Fig.2).
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Fig. 3. Detection of the pagA virulence plasmid marker in qPCR. DNA of B. anthracis strain Sterne 34F2 was used as posi-

tive control

Furthermore, the dhp61 positive isolate KhR/VD/
Kov2-2-05-3 was tested for the presence of pagd and
capC markers, which are specific for pXO1 and pXO2
anthrax plasmids, respectively (Fig. 3).

As shown in Figure 3, the KhR/VD/Kov2-2-05-3
isolate contains only the pXO1 plasmid marker pagA.

8

Therefore, it was characterized as a possible non-viru-
lent variant of B. anthracis.

Analyses of other 38 isolated strains failed to detect
the chromosomal marker dhp61. In order to determine
their relationship to the genus Bacillus, these samples
were analysed for the multispecies gyr4 housekeeping
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gene (according to Hurtle et al, 2004). Samples with a
DNA concentration greater than 100 ng/ul were dilut-
ed (Table 3).

Thus, 34 positive samples were identified as B. ce-
reus sensu lato bacilli, i.e. bacteria that are genetically
closely related to B. anthracis.

DISCUSSION

According to archival data from regional laboratory
centers, 13,500 animal grave sites with a history of an-
thrax are officially registered in Ukraine. A total of 144
anthrax animal burial grounds are located in Kharkiv
oblast (State Institution “Kharkiv Regional Laboratory
Center of the Ministry of Health of Ukraine”, 2018). In
addition, there are most likely many more, unknown
soil foci that have been contaminated with the patho-
gen during the burial of animals at the beginning of the
past century or after cattle movements during World
War II. Due to the fact that these burial sites are the
main reservoirs of the pathogen, they require special
attention and constant monitoring of their condition by
the state laboratory facilities. The unsatisfactory condi-
tion of most burials can be due to insufficient demarca-
tion as well as poor or incorrect administration in the
municipalities. Another important fact is that many cat-
tle grave sites were dug more than 50 years ago. When
these sites were established (1920s—1960s), there were
no GPS satellite navigation systems. Information on
their location was recorded in anthrax logs, which pro-
vided only approximate descriptions of the sites’ loca-
tion based on nearby landmarks. Over the years, the
landscape has changed steadily, the terrain and vegeta-
tion have undergone major changes and most anthropo-
genic infrastructure has either seen major alterations or
disappeared completely. In addition, many people have
already died who were able to specify the exact loca-
tion of these animal burial sites.

In addition, the soil type plays a significant role in
the survival of B. anthracis spores. Soils with a high
concentration of calcium, phosphorus and magnesium
are more favorable for a longer survival of B. anthracis
spores, whereas in sandy and loamy soils the survival
of spores is significantly reduced (Hugh Jones & Black-
burn, 2009). This may have been an influence of ab-
sence of B. anthracis in samples from animal burial sites
with loamy soils (nearby Kostiv, Dobropillya, Nyzhche
Solone, Sinyushin Brid, Malakhivka and Dmytrivka).
However, Van Ness (1971) noted that anthrax out-
breaks mainly occur in the dry summer months after
the rainy season, typically in May-June. These climatic
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aspects and the fact that spores have a high flotation ca-
pacity, indicate that water plays an important role in the
ecology of this pathogen. Rainwater that washes away
the soil, tends to collect in the landscape depressions,
leading to the accumulation of spores. This increases
the likelihood of the animals becoming infected with

Table 3. The qPCR results of the multispecies gyr4 marker
from isolated colonies of soil samples

Sample Dilution ct value
Borivska Andriivka-1/1-1a - 35.71
Borivska Andriivka-1/1-1b - 37.13
Borivska Andriivka-1/1-1c¢ — 3541
Borivska Andriivka-1/1-2 — 37.69
Borivska Andriivka-1/1-4 - negative
Borivska Andriivka-1/2-2 — 32.76
Borivska Andriivka-1/3-1 — 37.14
Borivska Andriivka-1/3-2 - 35.79
Borivska Andriivka-1/3-3 — 38.81
Borivska Andriivka-1/3-4 — 35.90
Borivska Andriivka-1/4-1 - 35.76
Borivska Andriivka-1/4-2 1:20 negative
Borivska Andriivka-1/4-4 - 38.89
Borivska Andriivka-1/5-4 — 16.97
Dobropillya-1-01-1 - 35.58
Dobropillya-1-01-3 1:10 32.99
Dobropillya-1-05-2 1:15 36.52
Dobropillya-1-08-1 1:15 38.47
Dobropillya-1-08-3 1:5 36.48
Dobropillya-1-09-2 1:10 36.72
Dobropillya-1-09-3 - negative
Dobropillya-1-10-3 - negative
Gorokhuvatka-3-06-3a - 21.77
Gorokhuvatka-3-06-3b — 20.21
Malakhove-2-06-1/2 1:10 36.00
Malakhove-2-06-2/1 1:20 36.13
Malakhove-2-06-2/2 1:25 3543
Malakhove-2-06-3/2 1:10 31.07
Malakhove-2-09-3/3 1:50 37.63
Malakhove-2-10-1/1 1:50 33.28
Malakhove-2-10-1/2 1:50 35.30
Malakhove-3-06-1/1 1:25 27.55
Malakhove-3-06-1/2 1:25 31.17
Sharivka-1-09-1/1 1:50 24.80
Sharivka-1-09-1/2 1:5 30.10
Sharivka-1-09-1/3 1:100 19.29
Sharivka-1-09-2/3 1:50 35.47
Sharivka-1-10-1/1 1:25 34.41
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anthrax spores during grazing. However, it takes time
and certain natural phenomena to create such second-
ary anthrax foci that can cause new infections in animal
pastures (Van Ness, 1971, Cherkasski, 2002, Revich &
Podolnaya, 2011). A typical example of such a depres-
sion is the burial site located nearby Koviagy village,
Valky rayon, Kharkiv oblast. This burial is a large de-
pression 20 meters long, 10 meters wide and 5 meters
deep, located on the edge of an agricultural crop field in
a forest plantation. The soil in this area is predominantly
humus-rich. According to local veterinarians, burials of
anthrax-infected animal carcasses have occurred here
several times since 1964. Furthermore, it was possible
to isolate B. anthracis from the soil sample taken at a
relatively shallow depth (50 cm). Besides, numerous
animal bone fragments could be observed in the area.
It can be explained that animal carcasses could not be
buried deep into the ground or ground layer could be
partially washed out with rainwater, leaving carcass re-
siduals on the surface.

Microbiologically, the causative agent of anthrax can
be easily isolated from the environment and it grows
well on solid media, in particular, on blood agar. How-
ever, the isolations of the pathogen from the soil are
often accompanied by a considerable amount of other
microbial flora. Contaminants such as fungi, bacte-
ria and especially spore-forming saprophytic bacteria
closely related to B. anthracis (B. thuringiensis, B. ce-
reus, B. mycoides etc.) complicate the isolation of de-
sired strains (Turnbull, 1999). In order to minimize the
vegetative microflora, samples were heat-treated in a
first step (Dragon & Rennie, 2001). However, the tem-
perature increase is ineffective against spore-forming
bacteria, making the use of selective nutrient media
mandatory. Dragon and Rennie (2001) showed that the
use of selective nutrient media plays a key role in the
isolation of B. anthracis spores from environmental
samples. PLET agar (Polymyxin — Lysozyme — EDTA —
Thallous acetate) and CHRA (Anthracis Chromogen-
ic Agar) are semi-selective media that can inhibit the
growth of many saprophytic bacteria groups and stim-
ulate bacilli growth (Marston et al., 2008). However,
thallium acetate is highly toxic itself and its use re-
quires strict work safety and environmental protective
measures (Tomaso et al, 2006; Turnbull, 2008). As for
CHRA, Marston et al, (2008) noticed in their studies,
that it is less sensitive to B. anthracis, than PLET agar.

Although such classical methods for isolation of
B. anthracis spores is quite complex and time-consum-
ing compared to other molecular methods, including
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PCR, it is still considered to be one of the most sensi-
tive methods for pathogen detection in environmental
samples (Gulledge et al, 2010). Molecular techniques
based on the extraction of B. anthracis DNA directly
from environmental samples are often not sufficiently
effective since B. anthracis spores are quite resistant
to chemicals. Additionally, organic inhibitors present in
the samples can significantly reduce the efficiency of
DNA amplification (Ryu et al, 2003).

The GABRI method was used for microbiological
investigations of soil samples. Its effectiveness in us-
ing more selective media as compared to the classical
ones was experimentally demonstrated by Fasanella et
al. (2013). This method allows a more efficient isola-
tion of B. anthracis spores due to inactivation of veg-
etative (background) microflora, which can inhibit the
growth of anthrax colonies on blood agar by heating
samples in a water bath and by adding antibiotics to the
culture medium (trimethoprim, sulfamethoxazole and
polymyxin B), as well as Fosfomycin before cultiva-
tion. In addition, the washing steps with 5% Tween-20
allow the separation of bacterial spores from soil par-
ticles by breaking hydrophobic bonds. By applying this
GABRI method, several environmental B. anthracis
isolates could be successfully obtained by Fasanella
et al. (2013). In our work, the appearance of rough
greyish non-hemolytic colonies was observed after
36 hours of incubation on blood agar showing typical
morphological characteristics of B. anthracis. qQPCR
results have shown that the obtained isolate is a pos-
sible avirulent B. anthracis variant, but we still need to
do further studies on the one isolate to be sure about.
Isolation of pathogenic STI isolates in Caucasus, Yaku-
tia and Western Siberia were reported by Pisarenko et
al (2019). Moreover, both pXO1 and pXO2 plasmids
may be lost long storage within ground waters and also
under certain other environmental or laboratory condi-
tions (Turnbull et al, 1992; Marston et al, 2005). There-
by, in order to make more clear statements about origin
of obtained isolate as well as to differentiate it precisely
from other bacilli, it is necessary to use complex ap-
proaches, including state-of-art phylogenetic methods.

CONCLUSIONS

The successful isolation of live B. anthracis thus
demonstrates the potentially long-lasting epizootic
and epidemiological risk posed by biological active
old anthrax animal burial sites. Further work in the
surveillance of anthrax burial sites in Ukraine with
microbiological isolation of B. anthracis cultures is
needed. It can be the basis for more detailed further re-
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search, which will give a complete data for the sources
of anthrax in Ukraine, as well as allow to predict its
spread. This will help to carry out more effective con-
trol measures when epizootics occur. Furthermore, to
determine find out the origin of possible, previously
unknown strains occurring in these sites, by comparing
new isolates with the existing collection of Ukrainian
and worldwide B. anthracis strains.
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Merta. [IpoBecTr CKpUHIHT 3pa3KiB IpyHTY 3 17 cubipkoBHX
moxoBanb Cxony Ta [liBmHsS YkpalHM Ha HasBHICTH B HUX
criop B. anthracis. Metoau. 3pa3ku IpyHTY JJIs MOAAIBIIAX
JIOCITI/DKEHb BIIOMpay 3 CHOIPKOBHUX XyT0OOMOTHIIBHUKIB,
posramoBaHux Ha TepuTopii XapkiBcbkoi, CyMcbkoi Ta Mu-
KosaiBchKoi obnacreil (moxoanus 1946-2003 pp.). Buui-
JIeHHS cnop B. anthracis 3 BiniOpaHWX MPoOO IPYHTY MpO-
Bommn 3a MertoioM GABRI. TloommHoki kosoHii 6e3 03HaK
reMoJi3y 1HAaKTUBYBaJIH 2%-HUM PO3YMHOM TeppaiiHy 3
BMICTOM I1€pONTOBOI KHCIIOTH Ta JOCITI/DKYBalIM 3a JIOMO-
Moroto I1JIP-PY Ha HasBHICTH cHEHM(IYHOIO XpPOMOCOM-
Horo Mmapkepa dhp6l, mapkepa pagA mmasmimm pXOl1 i
Mmapkepa capC mnasmign pXO2. PesyabraTn. 3a nepiox 3
nunHsg 2016 p. mo xoBreHs 2018 p. nposeaeHo 11 noaboBux
eKCIIe/IUIIIN, MMiJ] Jac SKUX BimiOpaHo 369 3paskiB IpyHTY
3 17 3aXopoHEHb, NMOTCHLIHHO KOHTAMIHOBaHUX CIIOPAMHU
cuOipKH, po3TalmoBaHUX Ha TepuTopii XapkiBchkoi, Cym-
cbKkol Ta MuxkosaiBebkol obiacreil. B OuibocTi BUIagKiB
CTaH MOXOBaHb € HE3a/0BIIbHNUM, a iX OOJIK HE NMpOBOAH-
ThCSI HAJIOKHUM YHHOM. 3 NpoOu IPyHTY, sIKy Oyno Bimi0-
paHo Ha muOuHI 50 cM Ha Micli CHOIPKOBOTO XymT0OOMO-
ruiIpHUKA mo0im3y cenuina Kop’sru BankiBchkoro paioHy
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XapkiBchkoi obmacti (49.92373° mu.am., 35.48951°cx.1.),
BuALIEHO 130T B. anthracis KhR/VD/Kov2-2-05-3, axuii
30epiraeTeCsi B permo3uTapii BipyCHHX Ta OakTepialbHUX
naroreHiB HamioHanapHOro HaykoBOTO HEHTPY «IHCTHUTYT
CKCIICPUMEHTAIBHOT 1 KJIIHIYHOI BETEPUHAPHOT MEIUIIMHU
(M. XapkiB). PiBeHp kKOHTaMiHAIli 3pa3KiB IPYHTY, 3 SKHX
Oyn0 BuIUIEHO 130J1sIT, ckiaB Omuspko 104 KYO/r. 3a
pesynbraramu [1JIP-PY i30714T € MO3UTHBHUM Ha HAsBHICTH
XpOMOCOMHOT0 Mapkepa dhp6l 30ymHuka cuOipkH, a Ta-
KOX MicTUTh Mapkep pagA mazminu pXO1. IIpote, y Hboro
BIJICYTHS KaIlCys0yTBOpIotoua rraszmiznia pXO2. BucHoBkH.
Binbrmicte cHOIpKOBUX MOXOBaHb Oylia CTBOPCHA B IEPioJ
Mmix 1920 ta 1960 pp. munymnoro cromittsa. OqHAK, B paiioH-
HUX J)KypHaJlax 3 peecTpallii cuOipKoBHX IT0XOBaHb OIHMCAHO
numie iXHI TpuONM3HI Miclle3HaXomKeHHs. B OimbImocTi
BUMAJKIB BifOIp 3pa3kiB IpyHTY OyB yCKIaJHEHUM dYepe3
HEMOXUTUBICTh TOYHOTO BU3HAYEHHS PO3TALIyBaHb LUX TO-
XOBaHb. THM HE MeHIII, (paKT BUIUICHHS 1301TY B. anthracis
3 IpyHTy y BainkiBcbkoMy paiioHi XapKiBChbKOi 007acTi
JIOBOITUTH CEPHO3HY 3arpo3y CTapuX CHOIPKOBUX MOXOBAHB
TPYyMiB TBapHH SK NTEHLUIHHMUX JOKEPEJ 3aXBOPIOBAHHS, a
TOMY BOHH MOTPEOYIOTh MOCTIHHUX CKPUHIHIOBHX JIOCIIJI-
JKEHb Ta HATJISLY.

KurouoBi ciioBa: cubipka, XynoO00MOTHIIBHUKH, IPYHT, CIIO-
pH, oTiMepasHa JaHirorosa peaxiris, JJHK.
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