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Abstract. The purpose of the study was to obtain luminesserum based on highly purified anthracoid
globulins to diagnose anthrax agents in animalsddte, there are plenty diagnostic agents thaivaiépid

and accurate diagnostics of infectious diseasemiphals. One of them is the luminescent microsamipy
the fluorescent antibody method, which is usednasx@ress method and provides for diagnostics wighi

5 hours. Hyperimmune serum globulins prepared om types of antigens — protective from strain 55
(VNIIVViM) and capsular from Lange-2 strain at fifeld scheme of introduction of these antigens +ewe
used to make luminescent anthracoid serum. Thenksoent serum made on the basis of highly purified
anthracoid globulins has a coloring titer (specéativity) of 1:16. When examining the specificity the
obtained luminescent serum in smears from anthgentastrains, clear fluorescence was observed with
more intense luminescence along the periphery ofahbial cells.

1 Introduction The fluorescent antibody method (FAM) refers to

basic indication methods being quite informative,
Anthrax is an acute infectious disease dangerous toproviding fast and reliable detection of the aganthe
animals and humans. In the past, it caused enormoustages of early diagnostics. Preliminary detentising
damage to livestock production in many countrieshef this method can be given 3-5 hours after the natiri
world and often caused massive diseases of pefjle. received [6].

At present, anthrax in only found in certain cases Positive results obtained by FAM make it possible t
outbreaks, as evidenced by its registration siegish draw preliminary conclusions on the presence of an
most countries of the world. anthrax agent or its antigens in the biological eriat

This infection has a global prevalence, not unifigrm and to start taking anti-episotic and anti-epiddagjzal
covering all continents and not registering in jasiew measures in a timely manner [7].
island territories [2, 3]. The stability of anthcad The purpose of the study was to obtain luminescent
microbe in soil caused by the phenomenal ability of serum based on highly purified anthracoid globufirs
spores to persist for decades contributes to patgnt  the diagnostics of an animal anthrax agent.
dangerous anthrax areas leading to the developofent
epizootic and epidemic outbreaks of the disease. .

The causative agent exists in two forms: vegetative 2 Materials and methods
one in vivo and spore one in the environment, which
causes the most important epizootiological and
epidemiological characteristics of anthrax. Petietga
into the body, spores multiply into the vegetativems
of B. anthracis, which are the trigger of the iniec
process. The extreme survival of the spore formthef
pathogen in such an element of the environmenhas t

soil creates favorable conditions for the formatafna anaerobic culture apparatus at 370 °C for 18—20shou

natyr?é;?/ilﬁere are many methods of anthrax diagnosticsThe presence of an anthrax capsule, after incubatica
[4, 5]. Despite their considerable number, lumieesc nutrient medium, was studied by staining the Granth a

microsco based on the antigen-antibod reactionMiChin smears. Upon detection of the capsule, @ G
Py, antig y . medium was centrifuged at 4000 rpm, the precipitate

observed through the combination of antigens with exciter cells were washed 3 times with physiologica

specific antibodies labeled with different fluorest phy

dyes, is the leading method saline.
ye J ' The capsule was separated from a bacterial cell by

the following method: the resulting precipitate was

Hyperimmune serum globulins prepared on two tyges o
antigens — protective from strain 55 (VNIIVViM) and
capsular from Lange-2 strain at five-fold scheme of
introduction of these antigens — were used to make
luminescent anthracoid serum.

To obtain the capsular antigen, the Lange-2 strain
was seeded in a special GCl medium and incubated in
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dissolved in 5Qul of distilled water with the addition of
50 ul of lysis solution containing 10 mM tris buffer,

accurately to a height of 40 cm. The pH of thetstgr
buffer from the column was then adjusted to pH 7.2.

pH 6.8, 3 % sodium dodecyl sulfate (SDS) and 0.1 % Very carefully, 10 ml of immunoglobulins were pitest

mercaptoethanol on a shuttle device. Inactivatibthe
anthrax agent was carried out with 10 % formalin
solution.

Then, the suspension of microorganisms with lysis
solution was centrifuged at 4000 rpm, and the

into the column, previously dialyzed with startingffer
overnight.

The washing was started with 0.0M phosphate
buffer, pH 7.2, and continued in portions with geme
buffer thus increasing molarity and decreasing Phie

lipopolysaccharide complex in the supernatant waseffluent fractions were collected into fraction legtor

precipitated with ammonium sulfate at room
temperature, followed by washing the precipitaterizs
with physiological solution.

The protective anthrax exotoxin antigen cultivabed
bicarbonate medium 199 was obtained by filtration
through bacterial candles.
precipitated with ammonium sulfate at room temperat
for 18 hours and washed 3 times.

The antigens received

tubes — 10 ml of each fraction. The protein was
determined spectrometrically at a wavelength of 280
according to the formula:
x= (a*280),
1.35

The antigen was alsowherex — protein content, mg/md — cultivation.

The resulting anthracoid globulin was labeled with
fluorescein isothiocyanate (FITC). To determine the

in the above describedcoloring titer of the luminescent anthracoid seruhg

methods were dissolved in phosphate-buffer salinecolored smears were microscoped under a luminescent

(FBS), pH 7.2, and each was dialyzed within 48 hours
against distilled water for removal of excess coniaf

microscope using dimethylphthalate and buffered
glycerin with various serum dilutions.

NH* ions. The antigens were packed into ampoules and The activity of luminescent anthracoid serum was

used as needed.

Immunization of rabbits was performed fivefold with
protective and capsular antigens. The first ingactof
protective antigen at a dose of 1@§fml was introduced
intradermally in combination with complete Freund’s
adjunct along the vertebral column into five poiots
each side; the second injection of 10§/ml capsular
antigen was introduced intradermally in combination
with incomplete Freund’s adjuvant; the third andrfb
injections are similar to the second, containing
300400 pg/ml, respectively, of each antigen were
introduced on the left and right sides of the Jmdé
column; the fifth injection — protective and capsul
antigen was introduced intravenously at a doseQd&f 5
ug/ml. The interval between injections is 7—10 days.

Desalting out of globulin fraction from hyperimmune
anthracoid serum was carried out with saturated
ammonium sulfate solution as follows: the measured
volume of serum was placed in a beaker on a magneti
mixer, in an ice bath at 4 °C. After stopping thixen, a
saturated ammonium sulfate solution in a volumeaéqu
to half the volume of the serum was pipetted irite t
serum (saturated ammonium sulfate solution contline
542g of salt in 1L of distilled water).

After mixing for 20 minutes, it was centrifuged at
10,000 rpm. The liquid over the precipitate wasoeed
and the resulting precipitate was dissolved in OM5
sodium chloride solution. On the first day the s
fluid was changed every four hours, on the nex@dho
four days — once a day untii ammonium sulfate
completely disappeared.

The completion of dialysis was monitored with 10 %
barium chloride solution.

Purification and dilution of globulin fraction peins

studied in FAM using cultures of vaccine strainsBof
anthracis agent: 55 (VNIIVViM), Lange-2\1-71. The
specificity was established using B. cereus 803b Bn
subtilis 433 soil bacilli.

3 Results and discussion

The modern production of diagnostic products iggls
biotechnological system, which consists of suceessi
stages and operations, the number and featurefiohw
depend on the type of product manufactured. Ther mai
biological raw materials in the production of diagtic
preparations are specific antigens isolated from
microbial biomass, and immune serum obtained oin the
basis. With a variety of methods for extracting cifie
antigens from microbial cells, a complex of seqiant
manipulations is necessary.

Currently, for the industrial production of diagtios
products, only ion-exchange chromatography is wuged
in combination with fractionating agents ethanol,
polyethylene glycol, the alcohol method.
Immunoglobulins G, A, M are also obtained by
chromatography, precipitation with polyethyleneagly
caprylic acid, rivanol-salt, caprylate-alcohol nwb,
followed by treatment with various reagents. In case,
the purification and dilution of the globulin frémb
proteins were carried out by ion exchange
chromatography by charge on a chromatographic aolum
(length 40 cm, diameter 2.5 cm) filled with a fibeo

polymer of diethylaminoethyl cellulose (DEPE
cellulose).

The specific activity of purified
immunoglobulins was studied in an

was carried out by ion exchange chromatography on aindirect solid-phase version of enzyme-

chromatographic column (length 40 cm, diameter
2.5 cm) filled with diethylaminoethyl cellulose fitus
polymer.

A column having a diameter of 2.5cm was filled with
cellulose. The filling was carried out graduallydan

linked immunosorbent assay (ELISA). The
solid phase wused was 96- alveolar
polystyrene plates of VNII Medtechnics
(Moscow). The commercial preparation-
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diagnostic immunoglobulins Ig G (H-L) of a
rabbit labeled with peroxidase
manufactured by N.F. Gamaleya Research
Institute of Epidemiology and Microbiology
was used as anti-acid antibodies labeled
with enzymes. An ortho-phenylenediamine
substrate was used to detect enzyme
activity in the antigen-antibody immune
system. The reaction was stopped with a
solution of sulfuric acid at a concentration
of 0.5 mol/1.

25 1:1024 0.65 +0.12 0.02+0.00¢4
50 1:2048 0.87 #0.13 0.09+0.01
100 1:4096 1.20+ 0.14 0.19+0.07
200 1:8192 2.02+0.17 0.21+0.01

Note: Difference confidence levels relative to coht(p),
respectively < 0.05; < 0.01 and < 0.001.

As can be seen from the table, the specific agtvit
purified immunoglobulins in ELISA is in antibodyter
1:8192 at a protein concentration of 2Q@/ml. The
specificity coefficient of B.subtilis with the gresst
antigen dilution does not exceed OP 0.21, with the
antigen B. anthracis OP=2.02. Consequently, theltses

The results of determining the activity of rabbit of the studies show the specific activity of puifi
hyperimmune blood serum on 14, 21 and 30 days afteimmunoglobulins from hyperimmune anthracoid serum

antigen administration are shown in Table 1.

Table 1. Activity of hyperimmune serum

Antigen Antibody titrein EIA, days
14 21 30

Protective 1:1024 1:2048 1:8192

Capsular 1:128 1:512 1:1024

and the prospect of their use for the identifiaateind
indication of anthrax agents.

The marking of immunoglobulins was done with
fluorescein-5-isothiocyanate (Merck) in the amooft
0.025 mg per 1 mg protein under constant stirrmg6f
hours in a refrigerating chamber at +4 °C. Uponirgxp
of the indicated period, the excess dye was remdyed
dialysis against carbonate-bicarbonate buffer. The

As can be seen from the data given in the tabke, th dialysis was stopped when the dialysis solutionaieed

greatest titer of blood serum antibodies is aclieon

clear. The coloring working titer of the luminesten

the 30 day after the administration of anthracoid serum was determined. A dilution per one above the

antigens, wherein the activity of the immune seroam
the protective antigen was twice or more (1:8192)

coloring dilution is considered working.
The specific activity of the obtained luminescent

compared to the capsular antigen (1:1024). Thezefor serum was determined by MPA.

this scheme of rabbit hyperimmunization was further

Smears of micro-organism cultures were prepared on

taken as the main one in the preparation of dig@nos microscope slides. The smears were air dried atetl fi

agents.

in acetone for 20 minutes. About 1-2 drops of

The specificity of rabbit serum immunoglobulins was luminescent serum of each dilution were appliedht

tested in an indirect version of ELISA with antigen

fixed smears, placed for 30 minutes in a wet chambe

from strains B.cereus 8035 and B.subtilis 433. The 37 °C, washed with running water for 10 minutegnth
results of the study of specific hyperimmune serum lowered into buffered saline for 10 minutes, rinsedth

activity are shown in Table 2.

Table 2 shows that the antibody titres of rabbits’

distilled water and dried.
The prepared smears were analyzed under a

blood serum to anthracoid antigens (strain M-71 andluminescent microscope. To determine the coloriteg t

strain 55 (VNIIVVIM) made 1:4096 and 1:8192

respectively. At the same time, the cross-reactiith

aerobic soil saprophytes remained in low titerssebon
the obtained results, it can be concluded thattathod
of rabbit hyperimmunization with a protective-calasu
antigen allows obtaining highly active immune serum

Table 2. Specific activity of capsular-protective immune
anthracoid blood serum of rabbits in ELISA

Antigens Antibody titre
StrainM-71 1:4096
Strain 55 (VNIIVViM) 1:8192
Strain 8035 1:64
Strain 433 1:8

The results of ELISA specific activity of purified

immunoglobulins are shown in Table 3.

Table 3. Specific activity of immunoglobulins in ELISA

Protein  |Immunogloh
concentratior ulin activity
, n B.anthracis, | B.subtilis,
immunoglobu strainM-71 strain 433

in, ug/ml

of luminescent anthracoid serum, the colored smears
were analyzed under a luminescent microscope using
dimethylphthalate and buffered glycerol with vasou
serum dilutions (1:2, 1:4, 1:8, 1:16, 1:32, 1:64,2B).

The maximum dilution of serum at which the glow of
microbial cells in 3-4 crosses was observed was
considered the coloring titer of serum.

The MPA results concerning the specific activity of
luminescent serum are shown in Table 4.

The table shows that the luminescent serum made on
the basis of highly purified anthracoid globulinsa@ned
from hyperimmune serum has a coloring titer (atjvi
of 1:32. Half of the coloring titer of serum antibes,

i.e. 1:16, was taken as a working dilution. At Sane
time, the microorganisms of soil spore-forming baci
were painted in two crosses by insignificant glow.

Table 4. Activity and specificity of luminescent anthracoid

serum
Serum B. B. B. B. B.
dilution | anthracis| anthracis |anthracig cereus| subtilis
55 M-71 Lange-2| 8035 433
1:2 ++++ ++++ ++++ ++ ++
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1:4 ++++ ++++ ++++ ++ - Consequently, the results of the studies show Bpeci
1:8 4+ 4+ et + - activity of purified immunoglobulins from hyperimme
1:16 tHt et it - - anthracoid serum. Their subsequent marking with
1:32 i+ +H+ tt - - fluorescein-5-isothiocyanate ensures the activitf o
1.64 + + tr - - serum 1:32 with the working dilution of colorindeti of

When examining the specificity of
luminescent serum in smears
(VNIIVViIM), Lange-2 and anthrax M-71,
fluorescence was observed with more
luminescence along the periphery of microbial cells
Strains B. cereus 8035 and B. subtilis 433 gavglow.

Further research was focused on identifying B.
anthracis in a vegetative form in MPA meat with
luminescent anthracoid serum. For this purposeideg
pigs were infected with vaccine capsular-formingists
M-71 (29 Tsinkovsky vaccine). Animals were killed on

clear

antibodies 1:16. At the same time, the microorganisf

the obtained soj| spore-forming bacilli have insignificant glow.
from strains 55

The main advantage of MPA is the speed of
diagnosis, which varies within 3-5 hours from thertsof

intense the study, as well as high specific activity. | ttourse

of analysis of the results of immunoglobulin tegtsyas
found that the sensitivity of the preparations otsd
varies between 1x*0- 1x1C m.k./ ml; specificity to
closely related microorganisms was noted in 75%
relative to vegetative forms and 96.9% — spore form

As a result of a research search carried out on the
basis of MPA with obtained FITC-labeled

the 10" day and the samples of meat, parenchymatousSmmunoglobulins, 100% sensitivity was achieved gsin

organs (spleen, liver, heart, skin) were taken. pieees

rabbit-labeled FITC antibodies to the capsule-mtdte

of 3-5 g samples were ground, placed in a porcelaingntigen of the anthrax microbe, presumably containi

mortar and poured with a sterile 0.9 % sodium dtiéor
solution at a rate of 1:10.

The samples were then well triturated with pegtle i
the same liquid until a uniform mass was obtairite
samples of a sick animal, from pathological matexial
meat, where the anthrax agent was in a vegetative, f

diagnostically significant specific proteins ob&ihfrom
the culture filtrate of B. anthracis strain LangélBe use

of experimental immunofluorescence diagnostic
preparations designed on the basis of rabbit aatiBe
anthracis allows for the identification of vegetati
forms of the pathogen from B. cereus in insignifica

were not warmed up. Therefore, the samples thustiters, while FITC-labeled immunoglobulins in the

prepared were examined in MPA. The results of amthr
agent in meat are shown in Table 5.

Table5. B. anthracis indication in samples from infected

guinea pigs
Samples Research techniques
MPA ELISA MPA culture
meat +++ 6.25+0.25 +
liver ++++ 7.1740.35 +
spleen ++++ 8.25+0.41 +
heart ++ 4.16+0.25 +
skin + 1.91+0.01 -
Control — intact meat - 0.12+0.00[L -

Note: Difference confidence levels relative to coht(p),
<0,05; <0,01 and < 0,001 respectively.

The studies showed the presence of vegetative3.

anthrax cells in the samples of infected animalse T
results of the three methods tested are similae. Mbst
effective indicators were observed in liver andespl
samples.

4.
The luminescent serum made on the basis of highly

purified anthracoid globulins reveals vegetativéscef
the agent in the working dilution of luminescentusa
1:16. The specific activity of obtained luminescent
serum in smears of pathological material anthraentag

has clear fluorescence with intense glow along the™

periphery of vegetative cells.

4 Conclusion

Thus, the developed method of immunization of rebbi
with capsular-protective antigen of anthrax agewatides
to obtain highly active hyperimmune serum. The #jpec
activity of purified immunoglobulins in ELISA is in
antibody titer 1:8192 at protein concentration 2@0ml.

experiment on laboratory animals had strict speityfi

the reliability of these diagnostic preparationgnisured

by the combined use of two antigens — capsule and
protective ones.
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