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SUMMARY

Anthrax is a highly dangerous disease of animals and humans caused by the spore-forming bacterium Bacillus anthracis. Currently, the disease is widespread
in many countries of the world. Many regions of the Russian Federation are anthrax-endemic. A large number of anthrax treatment, diagnosis and prevention
tools are developed using hyperimmune serum. Currently known commercial hyperimmune sera are produced by 2-month long immunization of horses, which
is a long and expensive process. This suggests the need to develop faster and cheaper ways to produce anti-anthrax hyperimmune sera; such possible ways
became the objective of this study. A live culture of Bacillus anthracis 55-VNIIVViM vaccine strain, used to produce live vaccines against animal anthrax, was used
in the experiments. Rabbits were used as animal models. Based on the findings the method of rabbit immunization was selected. The optimal method included
intravenous injection of the antigen in increasing amounts according to the following scheme: injection [ — 0.5 cm?; injection Il — 1. cm?; injection Ill -2 cm? at a dose
of 100 million mc/animal in 1 cm?, with 4-day interval between injections. This scheme made it possible to produce the serum with a high antibody titer equal
to 14 log,. For long-term storage of the serum produced, the freeze-drying modes were optimized, giving 2% residual moisture content of the finished product.
The analysis of the freeze-dried serum storage terms showed that the initial activity and physico-chemical properties of the product are maintained for 30 months.
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(nocob nonyyeHnsA 1 XpaHeHNA runepUMMYHHO
CMbUpeA3BeHHON CbIBOPOTKM

C. B. BaHoBa, J1. A. MenbHuKoBa, A. I1. PoguoHos, B. B. EBcTudeeB
OIBHY «®enepanbHblil LLEHTP TOKCMKONOMUYECKON, panalloHHOi 11 bruonornyeckoit 6esonacHocTu» (OT6HY «OLTPB-BHUBIA»),
r. KazaHb, Pecny6bnuka Tatapctan, Poccua

PE3IOME

(nbupckan A3Ba — 0c060 onacHas MHPeKLMOHHaA 60ne3Hb XKIUBOTHBIX 1 YenoBeKa, Bbi3biBaeMas cnopoobpasytoweit 6akTepueii Bacillus anthracis. B HacToAwee
BpemaA JaHHoe 3a60/1eBaH1e LWNPOKO PacpoCTPaHEHO BO MHOTMX CTpaHax Mupa. Hekotopble pernoHbl Poccuitckoi Degepauun ABAAIOTCA SHAEMUYHBIMU N0
cubupckoii A38e. bonbLLoe YNCIO CPeACTB Tepanuu, AMArHOCTUKM U NPOGUAAKTUKN cubpeA3BeHHOIl MHGeKLMY pa3pabaTbiBaloTCA Ha OCHOBE FUNEPUMMYHHbIX
CbIBOPOTOK KPOBMY. /3BeCTHble B HacTOALLIee BPeMA KOMMepUeCKIe CbIBOPOTKY KPOBI ONYYatoT MyTem runepuMMyHI3aLui NoLuajeid, ANALLeiica B TeyeHue 2 MeC.
11 NpeACTaBnALLed ANUTENbHbIA U JOPOroCTOALLMIA npoLecc. laHHbIi GaKT cBUAETENbCTBYET 0 HEOOXOAUMOCTI Pa3paboTkin Gonee ObICTPLIX 1 AeLueBbIX
(noco60B NoNyYeHA rUNepUMMYHHbIX MPOTUBOCUOMPEA3BEHHBIX CbIBOPOTOK KPOBY, UTO M ABUAOCH Liefblo paboTbl. B onbiTe ncnonb3osanu Xusyto KynsTypy
BaKLWHHOrO Wwramma 55-BHUNBBUM Bacillus anthracis, kotopbiii npumeHAeTca B Poccvin AnA c03[aHINA XKUBbIX IEKAPCTBEHHDIX NPpenapaToB NpoTue CMbMpCKoii
A3Bbl XKUBOTHbIX. B KauecTBe Mopeny AnA MoNyYeHUA CbIBOPOTOK KPOBY Obini BbIOPaHbI kponuky. B pesynbtate npoBeseHHoit paboTbl nogobpaH cnocob
TUNepUMMYHU3aLIMM KPONNKOB, BKNOUAIOLLVI BHYTPUBEHHOE BBEAEHME aHTUreHa B HapacTatoLem o6beme no cxeme: [ nhbekuma —0,5 cv?; Il ukbekuma — 1cv’;
11l uHbekums — 2 cov® B fo3e 100 MAH M. K./ron. B 1 cm® ¢ MHTepBanom Mexnay BBefieHuAMI 4 cyT. Yka3aHHas (xema iana BO3MOXHOCTb MOJTyUHTb CbIBOPOTKY
KPOBH € BbICOKMM TUTPOM aHTUTEN, PaBHbIM 1410g,. [115 40NITOCPOYHOTO XpaHeH 1A oY UEHHOI CbIBOPOTKM 0TPABOTH PEXUM ee N0GUIN3aLIM, N03BONMBLUNI
[0CTUYb OCTATOYHOI BMAXKHOCTU FOTOBOTO Npenaparta B 2%. lpu u3yyeHun AANTENbHOCTY XpaHeH A NMOGUAM3MPOBAHHOI CbIBOPOTKY BbIN0 YCTaHOBNEHO, UTO
CXOAHAA aKTUBHOCTb 1 GU3NKO-XMMUYECKMe CBOICTBA NpenapaTa CoXpaHAKTCA B Teueie 30 Mec.

KnioueBble cnoBa: Bacillus anthracis, runepuMMyHu3aLnA, CbIBOPOTKA, aHTUTEH, (MGI/IpCKaﬂ A3Ba, aHTUTENa
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INTRODUCTION

Anthrax is a deadly infectious disease caused by
the spore-forming bacterium Bacillus anthracis [1, 2].
To date, outbreaks of this infection continue to be regis-
tered both among animals and among people in many
countries of the world [3-5]. In addition, there is a constant
risk of the disease introduction from other countries [6].
According to the World Organization for Animal Health,
in 2019, anthrax was registered in 46 countries of the world,
in 2020 - in 23,in 2021 -in 22,in 2022 in 16 countries [7].
Many regions of the Russian Federation are endemic for
anthrax [8, 9]. In most cases, the disease is sporadic, in-
volving a small number of animals. However, the anthrax
outbreak that occurred in Yamal demonstrates the risk
of complicated situation [10, 11]. This fact makes the de-
velopment of diagnostic, prevention and therapeutic tools
to control this highly dangerous disease an urgent matter.

The test kit for determination of antibody titers in sera
of anthrax-vaccinated animals by indirect immunohem-
agglutination test (IHA) [12] shall be standardized in
the process of its development, including determination
of the antigen activity. Moreover, in addition to determina-
tion of antibody levels in vaccinated animals, a confirma-
tion test using known positive control serum is required.
Subsequently, this serum will be included as the reagent
for the developed test kit.

Currently known commercial hyperimmune sera
are obtained by long-term (for 2 months) immunization
of horses [13]. This suggests the need to search for faster
and cheaper ways of hyperimmune anthrax serum pro-
duction. The novelty of this study consists in the proposal
of a rabbit immunization scheme, which allows obtaining
of highly active anthrax hyperimmune serum in a short
time.

In this regard, the goal was to develop a method for hy-
perimmune anthrax serum production, which will serve as
a control for serological testing to determine the antibody
level in animals vaccinated against anthrax.

MATERIALS AND METHODS

Strain. B. anthracis 55-VNIIVViM (pX01+/pX02-) vaccine
strain was used as an immunizing antigen.

Nutrient media. For the cultivation of B. anthracis,
meat-peptone agar (MPA) and meat-peptone broth (MPB),

5% blood agar, 12% gelatin, skimmed milk and Hottinger
broth produced by the FSBSI“FCTRBS-ARRVI” (Russia) were
used.

Laboratory animals. In order to obtain hyperimmune
anthrax serum, 2.5-3.0 kg chinchilla rabbits after a 30-day
quarantine, were used. Fifteen animals in total were divid-
ed into three groups (5 animals per each).

Experiments on animals were conducted in compli-
ance with the requirements of Directive 2010/63/EU of
the European Parliament and of the Council of 22 Septem-
ber 2010 on the protection of animals used for scientific
purposes.

Reagents and test kits. 0.9% sodium chloride solution
(Grotex LLC, Russia) was used to harvest the culture from
the agar surface, as well as a diluent for IHA test.

For IHA test, the anthrax antigenic erythrocyte diagnos-
ticum was used (FSBSI“FCTRBS-ARRV!’, Russia).

Methods. The strain biological properties were tested
according to MG 4.2.2413-08 “Laboratory diagnostics and
detection of the anthrax causative agent™'.

Suspension for immunization of laboratory animals
with concentrations of 100 and 500 million mc per 1 cm?3,
depending on the scheme, was prepared from a strain
grown on MPA at 37 °C for 2 days.

The antibody titer increase was monitored by IHA test
every 3 days in U-bottom plates (OOO “MiniMed", Russia)
before the next administration of the antigen, according
to the manufacturer instructions for the diagnosticum
used. 0.2 cm? of 0.9% sodium chloride solution was added
to all the wells of the plate using a multichannel pipette.
0.2 cm?® of the obtained and control (negative) serum
were added to the first wells of the rows, and then two-
fold serial dilutions were performed. After preparation of
the corresponding serum dilutions, 0.05 cm? (50 pL) sus-
pensions of anthrax antigenic erythrocyte diagnosticum
were added into all wells. The plates were carefully sha-
ken to mix the reaction components and left at 10-20 °C
for 1.5-2.0 hours. After exposure, the results were read.

Blood was collected from producing animals total-
ly from the heart. Blood was collected into sterile glass

' MG 4.2.2413-08 Laboratory diagnostics and detection of the anthrax
causative agent: methodical guidelines. Moscow: Rospotrebnadzor
Federal Center of Hygiene and Epidemiology; 2009. 69 p. Available at:
https://files.stroyinf.ru/Data2/1/4293752/4293752010.pdf.
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cylinders with 0.9% sodium chloride solution pre-moist-
ened walls, placed in a thermostat for coagulation
for 45-60 minutes, then the clot was separated from
the cylinder walls by circular movements using a glass
sterile stirring rods and put in the refrigerator at 4 °C for
24 hours. The separated serum was decanted from the clot
using a sterile pipette after activity testing.

The obtained sera were freeze-dried using LZ-9.2
freeze-dryer (Frigera, Czech Republic).

The obtained serum was evaluated for the following pa-
rameters: appearance, colour, impurities, solubility, activity
after during long-term storage, moisture content of the
freeze-dried product.

The appearance, colour,impurities were checked visually.

To determine the solubility, 1 cm? of 0.9% sodium chlo-
ride solution was added to the bottles with serum. After
that, the bottles were shaken and dry mass dissolution
process was monitored.

The activity of the obtained freeze-dried serum during
long-term storage at 4 °C was determined after 3,6, 9, 12,
15, 18, 24, 30, 36 and 42 months by IHA test using eryth-
rocyte antigenic anthrax diagnosticum. Serum stability
values were calculated in log,.

Determination of moisture content of lyophilized se-
rum was performed according to GOST 24061-20122

The obtained data were statistically processed using
Mann — Whitney U-test. The test results are presented as
M £ S_, where M is the average value, S, is the standard
deviation. Differences were considered statistically sig-
nificant at p < 0.01 (after adjustment for the number of
comparisons) [14].

TEST RESULTS

The aim of first working stage was to study the basic
biological properties of B. anthracis 55-VNIIVViM strain.

After inoculation of the strain on MPA and MPB and
cultivation for 24 hours, cultural, morphological, tinctorial
properties were studied, motility was recorded.

Flat, dull greyish, rough (R-form) colonies were ob-
served on MPA (Fig. 1A) with darkened centre and fringed
edge with put out curled protrusions (Fig. 1B).

24 hours after inoculation in MPB, the medium re-
mained transparent, a loose cotton wool-like sediment
formed at the bottom (Fig. 1C). When shaking the test tube,
the broth did not become cloudy, the sediment was hardly
broken into small flakes.

The broth culture was smeared, Gram-stained and
microscoped. Typical chains consisting of anthrax gram-
positive rods were observed in the smears (Fig. 1D).

The analysis of the basic biological properties of B. an-
thracis 55-VNIIVViM strain showed that its properties are
typical for its species (Table 1).

The aim of the next working stage was the search
for optimal immunization scheme for laboratory animals
to obtain active hyperimmune anthrax serum. The pre-
pared antigen was administered using three schemes: 1) in
increasing volumes intravenously: | injection - 0.5 cm?;
Il injection - 1.0 cm?; Il injection - 2.0 cm? at a dose of
100 million mc/animal per 1 cm?® with 4 day-interval be-

2 GOST 24061-2012 Medicine remedies biological lyophilized
for veterinary use. Method for determination mass moisture. Available at:
https://docs.cntd.ru/document/1200103299.

in .
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i

Fig. 1. B. anthracis 55-VNIIViM morphology:

A - R-shaped colonies on MPA;

B - B. anthracis ‘curly hair’ colonies (8 x 40);

C - B. anthracis typical ‘cotton wool-like growth in MPB;
D — morphology of Gram-stained B. anthracis cells

Table 1
Major biological properties of B. anthracis 55-VNIIVViM strain

B. anthracis 55-VNIIVViM
according to Bergey’s manual

B. anthracis
55-VNIIVViM properties

Indicator (property)

1| Motility

2 | Hemolytic properties - -

Proteolytic properties:
3 12% gelatin + +
skimmed milk + +

4 | Capsule formation - -

5 | Susceptibility to penicillin + +
6 | Sporeformation + +
" yes; "'~ o,

tween injections; 2) once at a dose of 500 million mc/ani-
mal per 1 cm? intravenously; 3) twice at a dose of 100 mil-
lion mc/animal per 1 cm? intradermally along the spinal
column into five points on each side with a 5 day-interval
between injections.

In the process of rabbit immunization, the dynamics
of the antibody titer growth was monitored by blood col-
lection and IHA test every 3 days. The use of 55-VNIIVViM
vaccine strain as an antigen made it possible to obtain
an active immune anthrax serum. The results of rabbit
hyperimmune serum activity testing after using three
schemes of hyperimmunization are shown in Figure 2.

During the entire period of laboratory animal hyperim-
munization, an increase in the antibody titer was observed.
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Fig. 2. Specific antibody titer dynamics in sera of hyperimmunized rabbits

(* statistically significant difference, p < 0.01)

Fig. 3. Activity of produced hyperimmune rabbit sera tested by IHA test using RBC anthrax antigen:
A~ reaction to produced hyperimmune serum (antibody titer 14 log );
B - reaction to normal serum (serum of non-immunized animal); C - reaction to saline solution

The highest level of specific antibodies in rabbit sera was
observed after the first scheme immunization: after an-
tigen injection by day 18, the titer reached the value
of 14 log,, which is equivalent to 1:16384 serum dilution
(Fig. 3). Therefore, this scheme was used for the develop-
ment of diagnostic products.

Sera used as components of diagnostic test kits remain
active better and are more easily transported when freeze-

Table 2
Different modes of serum freeze-drying

dried ones [15]. Therefore, tests were conducted to choose
the optimal lyophilization conditions. For this purpose,
sera was freeze-dried using two different modes (Table 2).

When two freeze-drying modes were compared, it was
found that mode 1 makes the serum homogeneous
of creamy white colour (Fig. 4A). Mode 2, in which
freeze-drying process took a longer time, made the pro-
duct excessively dry (Fig. 4B).

11:30 | 1.Turning on the freeze-drier

8:00 1. Turning on the freeze-drier

1 12:00 | 2.Loading of sera into the freeze-drier at —35 °C

8:30 2. Loading of sera into the freeze-drier at —35 °C

16:00 | 3.Turning off the freezing at —37 °C

16:00 | 3.Turning off the freezing at —36 °C

8:00 1. Turning on the heating (t in the chamber 410 °C)

8:00 1. Turning on the heating (t in the chamber +10 °C)

11:00 | 2.Turning off the freeze-drier (t in the chamber 435 °C)

11:00 | 2.Turning off the freeze-drier (t in the chamber +35 °C)

VETERINARY SCIENCE TODAY. 2023; 12 (3): 215-221 | BETEPUHAPUA CETOAHA. 2023; 12 (3): 215-221



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTUHATNBHBIE CTATbY | BETEPUHAPHAA MUKPOBUONOT A

Table 3
Physico-chemical and biological parameters of freeze-dried serum

Fig. 4. Visual evaluation of freeze-dried hyperimmune
serum: A — freeze-drying mode 1; B - freeze-drying mode 2

Parameter Serum characteristics
Appearance Dry solid matter in the form of a tablet
Colour Creamy white colour
Solubilit When 1.cm? of 0.9% NaCl solution was added,
y it dissolved within 1-3 minutes
Activit Agglutinates antigenic erythrocyte anthrax
y diagnosticum in 1:16384 dilution
Moisture content, % 2.0

Serum activity, log,
IS o ® = IN] S

N

140, 1
0 I

Before
freeze-drying

2 14.0
3

42 .34 14.0 128
1248 130 12.2
*
‘105
*
6 9 12 15 18 24 30 36

Months of storage after freeze-drying

Fig. 5. Activity of freeze-dried hyperimmune rabbit serum during long-term

storage at 4 °C (* statistically significant difference, p < 0.01)

After lyophilization, the quality control of the obtained
serum was performed. The physico-chemical and biologi-
cal parameters of the serum are given in Table 3.

The stability testing of the obtained freeze-dried serum
during long-term storage at 4 °C revealed that the initial
titer persists for at least 30 months, followed by a decrease
in activity to 10 log, 36 months after lyophilization (Fig. 5).
Consequently, freeze-drying of rabbit hyperimmune se-
rum makes it possible to maintain high activity of the pro-
duct for a long time.

DISCUSSION

During the study, rabbit anti-anthrax serum with a high
antibody titer was obtained. The search for manufactur-
ing methods of such freeze-dried products is associated
with the need to use it as a control of the developed an-
thrax diagnosticum. Many researchers have demonstra-
ted the effectiveness of using mice, guinea pigs, goats
and horses to produce anti-anthrax sera [16-21]. In our
experiment, rabbits served as models. This made it pos-
sible to obtain a larger volume of serum compared to us-
ing of mice or guinea pigs (the amount of serum from one
mouse varies within 0.5 mL). Whereas larger animals, such

as goats and horses, require higher costs for the keeping
infrastructure.

The preparation of mono- and polyclonal globulins and
sera against B. anthracis antigens is widely described in
the scientific literature [22-26]. However, the production
of polyclonal sera to the antigens of B. anthracis live cells
is not discussed in detail. M. Caldwell et al. described the
production of equine serum after hyperimmunization
with B. anthracis Sterne (pX01+/pX02-) strain [21]. In
the course of our experiment, we also produced serum
against live bacterial cells of B. anthracis 55-VNIIVViM
(pX01+/pX02-) strain, since it is to be used primarily as
a positive diagnostic control and reproduce the properties
of sera ofimmunized animals. The use of live bacterial cells
of the 55-VNIIVViM strain is justified in our case, since it is
used to develop anthrax vaccines in Russia [10]. In a recent
study, it was demonstrated that live anthrax vaccines en-
sure the development of strong and lasting immunity to
the major antigens of this pathogen [27].

Using B. anthracis 55-VNIIVVIM (pX01+/pX02-) strain
cells, three immunization schemes were tested in the ex-
periment. The antibodies were developed best after in-
travenous sequential administration of the antigen every
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4 days: 0.5 cm? with the first administration, 1.0 cm?® with
the second one and 2.0 cm? with the third administration
at 100 million spores per 1 cm?® concentration. After hy-
perimmunization the serum with an antibody level equal
to 14 log, was obtained, which corresponds to 1:16384 ti-
ter. In similar studies, M. Caldwell et al. hyperimmunized
horses 12 times with 1.0 cm? of spore vaccine based on
B. anthracis Sterne strain once a month, which allowed to
obtain an antibody titer of 16.25 log, [21]. In their experi-
ment, C. D. Kelly et al.immunized goats with recombinant
B. anthracis protective antigen (PA83), covalently coupled
to a novel non-toxic muramyl dipeptide (NT-MDP) deriva-
tive at a dose of 100 pg. The antigen was administered on
days 1, 14, 28 and 56. As a result, the authors managed
to obtain the serum with an anti-PA antibody titer equal
to 1:16000 [16]. Thus, the scheme we used made it possi-
ble to obtain a high level of antibodies in a shorter time.

Lyophilization is recognized as one of the best ways
to preserve and store sera [15]. Therefore, two freeze-dry-
ing modes were tested to preserve the obtained serum. It
was found that mode 1 produced a homogeneous creamy
white serum, while mode 2 made the product excessively
dry. In the process of serum freeze-drying, no protectants
were used. R. Brogna et al. also demonstrated that serum
lyophilization using protectants or without them does not
affect the viability of immunoglobulins [28]. The antibody
titer in the lyophilized serum remained at the original level
for 30 months.

The developed method for serum production using
rabbits hyperimmunized against anthrax has a number
of advantages (low cost, ease of production, high antibody
titer) and is a worthy alternative to expensive methods
of hyperimmune equine sera production. The proposed
technology for serum production can be used for the de-
velopment of specific diagnostic products.

CONCLUSION

The studies performed allowed to elaborate the method
for production of highly active hyperimmune anti-anthrax
rabbit serum with an antibody titer equal to 14 log, was
developed.The mode of the obtained serum lyophilization
was optimized, which made it possible to achieve 2% re-
sidual moisture of the finished product. It was established
that storage time of the lyophilized serum without loss
of its original activity and physico-chemical properties is
30 months.
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