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РЕЗЮМЕ
Сибирская язва – особо опасная инфекционная болезнь животных и человека, вызываемая спорообразующей бактерией Bacillus anthracis. В настоящее 
время данное заболевание широко распространено во многих странах мира. Некоторые регионы Российской Федерации являются эндемичными по 
сибирской язве. Большое число средств терапии, диагностики и профилактики сибиреязвенной инфекции разрабатываются на основе гипериммунных 
сывороток крови. Известные в настоящее время коммерческие сыворотки крови получают путем гипериммунизации лошадей, длящейся в течение 2 мес. 
и представляющей длительный и дорогостоящий процесс. Данный факт свидетельствует о необходимости разработки более быстрых и дешевых 
способов получения гипериммунных противосибиреязвенных сывороток крови, что и явилось целью работы. В опыте использовали живую культуру 
вакцинного штамма 55-ВНИИВВиМ Bacillus anthracis, который применяется в России для создания живых лекарственных препаратов против сибирской 
язвы животных. В качестве модели для получения сывороток крови были выбраны кролики. В результате проведенной работы подобран способ 
гипериммунизации кроликов, включающий внутривенное введение антигена в нарастающем объеме по схеме: I инъекция – 0,5 см3; II инъекция – 1 см3; 
III инъекция – 2 см3 в дозе 100 млн м. к./гол. в 1 см3 с интервалом между введениями 4 сут. Указанная схема дала возможность получить сыворотку 
крови с высоким титром антител, равным 14 log2. Для долгосрочного хранения полученной сыворотки отработан режим ее лиофилизации, позволивший 
достичь остаточной влажности готового препарата в 2%. При изучении длительности хранения лиофилизированной сыворотки было установлено, что 
исходная активность и физико-химические свойства препарата сохраняются в течение 30 мес.
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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 I – 0.5 cm3; injection II – 1 cm3; injection III – 2 cm3 at a dose 
of 100 million  mc / animal in 1 cm3, with 4-day interval between injections. This scheme made it possible to produce the serum with a high antibody titer equal 
to 14 log2. 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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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 Euro pean 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-ARRVI”, Russia).

Methods. The strain biological properties were tested 
according to MG 4.2.2413-08 “Laboratory diagnostics and 
detection of the anthrax causative agent”1.

Suspension for immunization of  laboratory animals 
with concentrations of 100 and 500 million mc per 1 cm3, 
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 cm3 of 0.9% sodium chloride solution was added 
to all the wells of the plate using a multichannel pipette. 
0.2  cm3 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 cm3 (50 μL) 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 

1 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.

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), 
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tween injections; 2) once at a dose of 500 million mc/ani-
mal per 1 cm3 intravenously; 3) twice at a dose of 100 mil-
lion mc/animal per 1 cm3 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. 

 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 cm3 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 log2.

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 ± SD, where M is the average value, SD 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: I  injection – 0.5 cm3; 
II  injection – 1.0 cm3; III  injection – 2.0 cm3 at a dose of 
100 million mc/animal per 1 cm3 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.
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Fig. 1. B. anthracis 55-VNIIViM morphology:  
A – R-shaped colonies on MPA;  
B – B. anthracis ‘curly hair’ colonies (8 × 40);  
С – B. anthracis typical ‘cotton wool’-like growth in MPB;  
D – morphology of Gram-stained B. anthracis cells

A

C

B

D

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

No. Indicator (property) B. anthracis  
55-VNIIVViM properties

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

1 Motility – –

2 Hemolytic properties – –

3
Proteolytic properties:

12% gelatin
skimmed milk

+
+

+
+

4 Capsule formation – –

5 Susceptibility to penicillin + +

6 Spore formation + +

“+” – yes; “–” – no.
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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 homo geneous 
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).

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 log2, 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-
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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 log2);  
B – reaction to normal serum (serum of non-immunized animal); C – reaction to saline solution

Table 2
Different modes of serum freeze-drying 

Days
Mode 1 Mode 2

time stage time stage

1

11:30 1. Turning on the freeze-drier 8:00 1. Turning on the freeze-drier

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

2
8:00 1. Turning on the heating (t in the chamber +10 °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 +35 °C) 11:00 2. Turning off the freeze-drier (t in the chamber +35 °C)
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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 of immunized 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 

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 log2 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 
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Fig. 4. Visual evaluation of freeze-dried hyperimmune 
serum: A – freeze-drying mode 1; B – freeze-drying mode 2

Fig. 5. Activity of freeze-dried hyperimmune rabbit serum during long-term 
storage at 4 °C (* statistically significant difference, p < 0.01)

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

Parameter Serum characteristics

Appearance Dry solid matter in the form of a tablet

Colour Creamy white colour

Solubility When 1 cm3 of 0.9% NaCl solution was added,  
it dissolved within 1–3 minutes

Activity Agglutinates antigenic erythrocyte anthrax  
diagnosticum in 1:16384 dilution 

Moisture content, % 2.0
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4 days: 0.5 cm3 with the first administration, 1.0 cm3 with 
the second one and 2.0 cm3 with the third administration 
at 100 million spores per 1 cm3 concentration. After hy-
perimmunization the serum with an antibody level equal 
to 14 log2 was obtained, which corresponds to 1:16384 ti-
ter. In similar studies, M. Caldwell et al. hyperimmunized 
horses 12 times with 1.0 cm3 of spore vaccine based on 
B. anthracis Sterne strain once a month, which allowed to 
obtain an antibody titer of 16.25 log2 [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 μg. 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 log2 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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