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ABSTRACT

One of the aspects important for strain collection maintenance is the optimization of existing methods and development of new techniques for microbial strain
preservation, that is why the improvement of previously developed methods for authentic strain preservation is an urgent task. The article provides information on
the maintenance of Burkholderia mallei 5584 (Master seed) using previously developed technique, which was supplemented with new stages in accordance with
modern requirements for strain collections of highly dangerous disease agents. The previous strain maintenance technique involved its storage in its native state,
which facilitated accumulation of genetic mutations and, ultimately modification of bacterial cell properties. To extend the storage time of this strain and to ensure
the stability of its biological properties, the freeze-drying method was used. Skimmed milk was used as a cryoprotectant. Freeze-drying was performed under
selected conditions. This technique allows for the strain sub-culturing on sensitive models once every 5 years, which is more expedient and safe from an economic
and biological point of view. For safe handling of Burkholderia mallei 5584 production strain, an inactivation technique using gamma rays at 30 kGy was developed,
which allowed to achieve microbial suspension sterility and preserve the bacterial cell structure. When comparing the previously developed and supplemented
techniques, it was found that the improved technique of Burkholderia mallei 5584 (Master seed) maintenance makes it possible to avoid the loss of its biological
properties needed for the production of high-quality laboratory diagnostic agents used for timely disease detection in susceptible animals by diagnostic tests.
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ABNAGTCA aKTyanbHoIl 3adaveit. B cTatbe npuBefieHa nHdopmauma no noaaepxaHuio Npon3BoACTBEHHOro Wramma Burkholderia mallei 5584 (Master seed)
C MCNONb30BaHKMeM pa3paboTaHHoil paHee CMCTEMbI, KOTOpas bbina JONONHEHa HOBbIMM TanamMu CONAcHO COBPEMEHHbIM TpeboBaHNAM, NpebABAAEMbIM
K KONNeKLMOHHBIM GOHAAM LTaMMOB Bo306yauTeneil 0co6o onacHbix 6one3Heii. lpeablayLuas (xema NoAAepXaHNA LITaMMa NpesycMaTpUBana ero XpaHeHue
B HATWBHOM BHJ€, UTO CTIOCOOCTBOBANIO HAKOMMIEHNIO TeHETNYECKIX MyTaLWii 1, Kak CTiefiCTBUE, U3MEHEHI0 CBOCTB GaKTepuanbHoil KneTku. [1ns yBenuyenus
CPOKOB XpaHeHWA JAHHOIO LUTaMMa 1 0becneyeHna CrabunbHOCTY ero 61MONOrMYecKIX CBOIACTB NPUMeHeH MeToZ nnodunusauun. B kauecTse kpuonpotektopa
MCnoNb30Bany 06e3xmpeHHoe MooKo. CybniMaLIMoHHYI0 CyLLKY TPOBOAMAY NO BbIOPaHHOMY pexxumy. [laHHbI/ METOZ AAeT BO3MOXHOCTb MacCipoBaTh LUTaMM
Ha YyBCTBUTENbHbIX MOAENAX OfUH Pa3 B 5 N1eT, uTo 6onee BbIrOAHO 11 6e30MacHo ¢ SKOHOMIUECKOIA 1 Bronoruyeckoil Tovek 3peHns. [ina 6esonacHoii pabotb
C NPON3BOACTBEHHBIM LUTaMMOM 5584 B036yauTena cana pa3paboTaH MeToZ ero MHaKTUBaLMM ramma-nyyamu npu 30 KIp, KoTopblii no3BonmMn J06UTbCA CTe-
PUNLHOCTI MUKPOBHOIA B3BECU 11 COXPAHUTb CTPYKTYpPY OaKTepuanbHbIx Knetok. Mpu cpaBHeHUM paHee pa3paboTaHHOI U JONONHEHHOI (XeM YCTaHOBNEHO, YTO
YCOBEPLUEHCTBOBAHHAA CMCTeMa NoaAepxaHus Wramma Burkholderia mallei 5584 (Master seed) no3gonseT ckniounTb yTpaty ero 61onornyeckinx CBOMACTB,
HeobX0AMMBIX 1A POM3BOACTBA KaUeCTBEHHDIX CAMHBIX AMArHOCTUKYMOB, UCMOMb3YeMbIX 1A (BOEBPEMEHHOTO BbIABNEHUA 3a00/1€BaHNA Y BOCIPUUMUUBBIX
KUBOTHBIX NPY NPOBEAEHUM ANATHOCTUYECKUX UCCTIeZl0BAHMIA.

KnioueBbie cnosa: can, Burkholderia mallei, naccax, nuodunuzuzauna, buonoruyeckue cBoiicTea, ramma-o6nyyetue
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XapaKTepuCTvK LWTaMMoB Bo36yavTeneli 3apasHbix 1 0C060 0NacHbIX 6one3Heit XUBOTHBIX 1 MX CTaBUNbHOCTY B NPOLieCce ANNTENbHOT0 XpaHeHus».
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INTRODUCTION

Freedom from contagious and highly dangerous infec-
tious diseases, in particular from glanders, is ensured by
the veterinary service, responsible for anti-epidemic mea-
sures aimed at prevention of the pathogen introduction
into the Russian Federation using systematic monitoring
of the animal health status among horse populations (don-
keys, mules), as well as containment and eradication of the
disease in case of its occurrence [1].

Glanders is an infectious disease of equine animals,
caused by the bacterium Burkholderia mallei, which of-
ten develops chronic infection. Under natural conditions,
feline predators can also be infected (when eating meat
of glanderous animals). The infection can be also trans-
mitted to camels and humans [2, 3, 4, 5]. This pathogen is
classified as pathogenicity group Il (hazard) agent. No spe-
cific preventive or therapeutic agents against glanders
have been developed yet, and therefore the disease is an
exceptional issue for the biological safety of the Russian
Federation [6, 7].

Since the late 50s of the last century to the present,
glanders has not been reported in Russia. Although there
have been cases of glanders suspicion during this period,
none of them have been confirmed [8]. To date, a glanders
outbreak was reported in the Zabaikalsky Krai followed by
the introduction of quarantine (Resolution of the Zabai-
kalsky Krai Governor of 18.02.2023 No. 8."). The risk of oc-
currence of new glanders cases can not be excluded due

' On the establishment of restrictive measures (quarantine) in the
territory of Chita city: Resolution of the Zabaikalsky Krai Governor
of 18.02.2023 No. 8. https://media.75.ru/documents/152305/8-
ot-18-02-2023.pdf

to the infection presence in the countries bordering Russia
(Mongolia and China), where the veterinary legal require-
ments are often not observed, in particular, illegal livestock
exchange/movement and import of animal raw materials
can occur [1, 9]. Besides modern international contacts,
involving glanders-susceptible animals (trade, tours of
circuses and animal theaters, equestrian competitions,
international auctions, etc.), can create an unpredictable
glanders situation.

Currently, glanders is often reported from Mongolia,
Turkey, Iran, Iraq, the Arabian Peninsula countries, Brazil,
China, India, and the Philippines [9, 10, 11, 12, 13, 14].
According to the World Organization for Animal Health,
the Food and Agriculture Organization of the United Na-
tions, and the World Health Organization, there is a ten-
dency in the world of increased glanders cases in hu-
mans and animals, which qualifies it as a re-emerging
infection.

To prevent the occurrence, importation and introduc-
tion of this disease into the country, diagnostic measures
are taken using glanders diagnostic agents produced by
the Kursk Biofactory — BIOK company (glanders positive
serum for complement fixation test — CFT; B. mallei antigen
for CFT; mallein and B. mallei colored antigen for plate ag-
glutination test — AT) using production strain Burkholderia
mallei 5584. It is provided by the State Strain Collection,
containing pathogens of highly dangerous diseases used
in the veterinary medicine and livestock industry, where
the strain is stored in native and freeze-dried states with
its biological properties maintained. A number of authors
proved that the storage of microorganisms in their na-
tive state does not satisfy the current standards, since
mutations accumulate during the sub-culturing process
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ultimately resulting in modification of their original bio-
logical properties [15, 16, 17, 18]. Taking into account,
that one of the aspects important for strain collection
maintenance is the optimization of existing methods
and development of new techniques for microbial strain
preservation, the improvement of previously developed
methods for authentic strain preservation is an urgent
task [19, 20, 21, 22].

Based on the above, the aim of the work was to im-
prove the production strain maintenance technique for
Burkholderia mallei 5584 (Master seed), used to preserve
its viability and biological properties.

MATERIALS AND METHODS

Activities associated with the maintenance of the Bur-
kholderia mallei 5584 (Master seed) were performed in
the “State Microbial Collection” of the Federal Center for
Toxicological, Radiation and Biological Safety.

The strain is stored in its native form on beef-extract
glycerol agar and is subcultured every 30 days followed by
testing of its biological properties once a year. The strain
stored in freeze-dried state (skimmed milk cryoprotectant)
is tested for its viability and compliance with the proper-
ties stated in its accession form every 5 years and in vivo
passaging using sensitive models (golden hamsters) once
avyear.

The growth properties and cell morphology of
the strain stored in native and freeze-dried forms were
studied in second-generation cultures grown on beef-
extract glycerol agar, beef-extract glycerol broth and Pav-
lovsky potato agar. The tinctorial properties were studied
by microscopy of Gram-stained smears; motility was evalu-
ated by the hanging drop method using light microscopy.
The fermentative activities were tested by inoculation in
Hiss’ medium and skimmed milk, as well as by the for-
mation of hydrogen sulfide in beef-extract glycerol agar
and indole in Strogov growth medium inoculated with
culture, using test papers (lead acetate papers and oxalic
acid papers, respectively), placed above the surface of the
medium. The catalase test was performed by adding 3%
hydrogen peroxide to the grown culture.

The strain pathogenicity was evaluated by inoculation
of sensitive laboratory animals (golden hamsters), fol-
lowed by an assessment of glanders consistent clinical
signs, post-mortem lesions in lungs, liver, and spleen and
isolation of the pathogen pure culture.

In order to study the agglutination properties of the
Burkholderia mallei 5584 (Master seed), an antigen and
antiserum were prepared, which were tested by plate AT.
Serum was prepared by triple immunization of rabbits
with inactivated Burkholderia mallei 5584 (Master seed)
cells at a concentration of 2 x 10° microbial cells/cm? by
injection into the marginal ear vein at three-day intervals:
the first injection was 0.5 cm?, the second injection was
1.0 cm?, the third injection was 2.0 cm?. Total exsanguina-
tion of rabbits was performed on day 7 post last injection.

The serum was tested for its antigenic properties (using
plate and tube AT and tube CFT).

To determine the specificity, closely related B. pseudo-
mallei and Alcaligenes faecalis were used [23]. The strains

2 Glanders laboratory diagnosis: guidelines. Moscow: Federal Center for
Hygiene and Epidemiology of Rospotrebnadzor; 2011. 22 p.

were inoculated on beef broth glycerol agar and meat-
peptone agar, incubated at 37 °C for 48 hours, washed
with 0.85% NaCl solution and tested by AT and CFT in ac-
cordance with SanPiN 3.3686-21°.

The production strain biological properties were main-
tained in accordance with the accession form by passag-
ing in golden hamsters, infected subcutaneously in the
occipital area.

The experiments with the laboratory animals were
performed in accordance with the general ethical prin-
ciples of the European Convention for the Protection
of Vertebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, March 18, 1986). The ex-
periments were scientifically substantiated and approved
by the Bioethics Commission of the Federal Center for
Toxicological, Radiation and Biological Safety (Protocol
No. 10 of 11.09.2023).

To obtain the antigen, the Burkholderia mallei
5584 (Master seed) was inactivated with gamma rays
using “Issledovatel” device (Russia) at previously deter-
mined radiation dose of 30 kGy in the radiobiology de-
partment®.

When optimizing the inactivation modes, doses of 15,
20, 25, 30, 35 kGy were used. For this purpose, cell suspen-
sions with concentrations of 10° microbial cells/cm?* were
prepared using sterile 0.85% NaCl solution. The inactiva-
tion was tested by inoculation of cells on growth media
(beef-extract glycerol agar and broth) followed by incu-
bation for 10 days at 37 °C.

The freeze-drying conditions were optimized using
LZ-9 freeze-dryer (Frigera, Czech Republic). Skimmed milk
and sucrose-gelatin medium were used as cryoprotectants.

In this work, the technique of the production strain
maintenance for the Burkholderia mallei 5584 (Master
seed) was used [22], which was supplemented with new
stages that meet modern requirements for the storage of
collection strains.

RESULTS AND DISCUSSION

To improve the quality and conformity of production,
reference and vaccine strains, the comprehensive study
of the stability of their biological properties is needed
with the focus on their characteristic genetically fixed
features: morphological, biochemical, antigenic and
others [17, 24, 25]. The viability and biological proper-
ties of the Burkholderia mallei 5584 (Master seed) were
studied using the previously developed and supple-
mented maintenance technique for the strain used for
the production of diagnostic agents, in accordance with
the modern requirements for the microorganism sto-
rage [8, 22, 26].

The obtained results showed that the strain grew on
beef-extract glycerol agar in the form of translucent
smooth shiny colonies, becoming confluent on day
3-5 after inoculation on the medium surface (Fig. 1A).

3 SanPiN 3.3686-21 Sanitary and epidemiological requirements for the
prevention of infectious diseases: approved by Resolution of the Chief
Sanitary Inspector of the Russian Federation No. 4 on 28.01.2021.
https://docs.cntd.ru/document/573660140 (date of access 15.11.2022).
4Shashkarov V. P, Gainutdinov T. R,, Idrisov A. M., Guryanova V. A.,
Vagin K. N,, Vasilevsky N. M., etc. Methodological recommendations

on the use of ionizing radiation for inactivation of livestock infectious
disease pathogens. Kazan: MeDDoK; 2021. 17 p.
https://doi.org/10.31016/fctrb-viev-2020-2
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Fig. 1. Growth of Burkholderia mallei strain 5584
(Master seed) on beef-extract glycerol agar (A)

and beef-extract glycerol broth (B). The ring and pellicle
are indicated with a red arrow on the surface

of the growth medium

The bacterial culture on beef peptone glycerole broth on
day 3-5 caused turbidity of the medium, a pellicle and
aring formed on its surface (Fig. 1B). A viscous precipitate
was observed at the tube bottom, spinning and breaking
when shaken.

When Pavlovsky potato agar was used, amber honey-
like growth appeared on day 2 (Fig. 2A), mucous growth
of a darker color appeared on day 5 (Fig. 2B).

In the hanging drop, the cells were immotile, but
Brownian motion was observed. A smear of the Burkholde-
ria mallei 5584 (Master seed) prepared from a 2-day culture
and Gram-stained, looked like granular round-end rods

[a] '

- g

Fig. 2. Growth of Burkholderia mallei 5584 (Master seed)
on Pavlovsky potato agar: 2-day culture (A);
5-day culture (B)

when studied by microscopy with oil immersion. The bac-
teria were gram-negative, colored pink, and caused milk
to coagulate without further peptonization (Fig. 3A).
During the growth, the test strips changed their color in
the broth which suggested the formation of hydrogen
sulfide by bacteria (Fig. 3B); 12% gelatin was not liquefied
(Fig. 3C), indole and catalase were not formed (the color of
the test strip did not change).

The culture of the Burkholderia mallei 5584 (Master
seed) did not change the color of the Hiss’ medium
to yellow and did not cause the formation of gas bubbles
in floats, since it did not ferment sugars.

"i i

Fig. 3. Milk coagulation without further peptonization (A); formation of hydrogen sulfide (B);
no liquefaction of 12% gelatin (C) by Burkholderia mallei 5584 (Master seed)
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For safe handling of pathogens of I-Il pathogenicity
groups (hazard), in particular when preparing antigens
and hyperimmune sera, the pathogens must be inactiva-
ted by various methods (physical, mechanical, chemical,
etc.). The previous technique of strain maintenance inclu-
ded inactivation of cells by autoclaving at a temperature
of 120 °C for 15 minutes, which resulted in their complete
destruction. Therefore, a gamma radiation dose was se-
lected for the Burkholderia mallei 5584 (Master seed). The
results are given in Table 1.

It was found that 30 and 35 kGy irradiation completely
killed the strain; therefore, a dose of 30 kGy was used in
further work.

Plate agglutination test for the agglutination properties
of the glanders serum obtained against gamma-irradia-
ted antigen showed positive reaction in the form of small-
grained agglutinate formed within 1-2 minutes.

The pathogenicity of the strain was tested by infection
of golden hamsters by injecting a 2-day culture grown on
beef-extract glycerol agar at 37 °C for 48 hours, washed
off with saline solution at a dose of 1 x 10° microbial
cells/cm® subcutaneously into the occipital area. Animals
died on day 5-10.The autopsy revealed the following glan-
ders-consistent post-mortem lesions: a purulent necrotic
lesion at the injection site, multiple necrotic 2-3 mm no-
dules in internal organs (liver, spleen, lungs). A pure bac-
terial culture was isolated from inoculations made from
internal organs, heart blood and injection site.

Table 2

Table 1
Determination of Burkholderia mallei 5584 (Master seed)
inactivation dose by gamma irradiation

No. Gamma radiation dose, kGy Antigen inactivation
1 15 -
2 20 -
3 25 -
4 30 +
5 35 +

Testing of the antigenic properties of the Burkholderia
mallei 5584 (Master seed) using sera from inoculated labo-
ratory animals showed that tube AT titre was 1:1600, CFT
titre — 1:320, plate AT titre - 1:120.

The resulting serum gives cross-reactions in AT and
CFT with B. pseudomallei - 1:1600 and Alcaligenes faeca-
lis — 1:40.

In order to preserve the purity of unique production
and reference microorganism strains, they are passaged
in vivo using sensitive laboratory animals [15, 27, 28, 29].
In this regard, in order to maintain the biological pro-
perties of the production strain Burkholderia mallei 5584
(Master seed), as stated in its accession form, it was pas-
saged in golden hamsters. At the same time, a pure strain

Original and supplemented techniques of Burkholderia mallei 5584 (Master seed) maintenance

No. Initial technique

with testing of biological properties once a year

Improved technique

Regular subculturing of the strain stored in native state on beef-extract glycerol agar (every 30 days),

2 | Notdone

Testing of viability and biological properties (once every 5 years)
of a freeze-dried strain culture

3 | Passage in sensitive models (golden hamsters) once a year

Passage in sensitive models (golden hamsters) once 5 years

4 | Notdone

Freeze-drying of the isolated culture after passage

beef-extract glycerol broth and Pavlovsky potato agar

Testing of the cultural properties and colony morphology by inoculation on beef-extract glycerol agar,

6 | Testing of tinctorial properties and cell morphology by microscopy of Gram-stained smears

7 | Testing of cell motility and Brownian motion by microscopy of culture in the hanging drop

8 | Indole formation

9 | Testing for catalase

10 | Formation of hydrogen sulfide

11 | Testing of fermentative activities by inoculation in Hiss’medium and skimmed milk

12 Inactlvat.mn of the strain by autodlaving at 120 °C Inactivation of the strain by gamma irradiation at 30 kGy for 2 hours
for 15 minutes
13 | Not done Testing of agglutination properties in plate AT using glanders serum

14 | Testing of pathogenicity by inoculation of culture to golden hamsters

1 testing by plate AT and CFT

Testing of antigenic properties and antigenic specificity by immunization of rabbits and serum
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culture was isolated, which was tested for authenticity
and put in further storage in native state, with subse-
quent sub-culturing on the beef-extract glycerol agar
every 30 days.

The previous strain maintenance technique of the Bur-
kholderia mallei 5584 (Master seed) involved its storage in
its native state, which facilitated accumulation of genetic
mutations and, ultimately modification of bacterial cell
properties [22]. Since the primary task of microbial collec-
tions is to preserve strains in an unchanged state for a long
time, a freeze-drying stage was added. The freeze-drying
step included the following:

- freezing of the culture for 12 hours;

- transfer of the culture to the freezer, plate tempera-
ture -52°C;

- vacuuming;

- freeze-drying in automatic mode for 12 hours;

- heating (p) after 17 hours from the moment of culture
loading at the following parameters: plate temperature
+10 °C, ambient temperature 0 °C;

- heating (p + 1) after 18 hours with the following pa-
rameters: plate temperature +20 °C, ambient temperature
+5 °C, vacuum 0.5 trr;

—end of drying after 24 hours: plate temperature +32 °C,
ambient temperature +25 °C, vacuum 0.05 trr.

After drying, the bacteria were tested for viability and
compliance with the data in the accession form, then
put into storage in a freeze-dried state at +4 °C and after
5 years the viability and biological properties were tes-
ted [30].

In parallel, the native strain culture was maintained
with sub-culturing every 28-30 days on beef-extract gly-
cerol agar and comparative testing of biological properties
was performed once a year.

After storage of the Burkholderia mallei 5584 (Master
seed) for 5 years using an improved maintenance tech-
nique, it was found that it retains its viability, without loss
or change of its morphological, biochemical, serological
and virulent properties.

Thus, the improved maintenance technique for Bur-
kholderia mallei 5584 (Master seed) includes the steps
shown in Table 2.

The use of the freeze-drying allowed to increase
the storage terms of the Burkholderia mallei 5584 (Master
seed) and ensure the stability of its biological properties
throughout the entire storage period.

In addition, freeze-drying allowed passaging of the
strain in sensitive laboratory animals once every 5 years,
which is more expedient and safe from an economic and
biological point of view.

Handling of strains of pathogenicity groups I-Il (hazard)
poses a threat of potential escape of a biological agent
into the production area air, human habitat and personnel
infection. Reliable methods for their inactivation must be
developed for this purpose. In our case, the gamma irra-
diation method was used. At the same time, the optimal
dose of 30 kGy was determined, which made it possible to
inactivate the strain and preserve the structural integrity
of bacterial cells, being the antigens for hyperimmune sera
preparation and serological reactions.

Thus, the improved technique for the Burkholderia mal-
lei 5584 (Master seed) maintenance meets modern require-
ments for collections of pathogens of highly dangerous
diseases for a long periods.

CONCLUSION

Thanks to the work performed, the technique for the
Burkholderia mallei 5584 (Master seed) maintenance was
improved, ensuring the preservation of its biological pro-
perties necessary for the production of high-quality labo-
ratory diagnostic agents used during annual diagnostic
tests for the timely detection of diseased animals.
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