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ABSTRACT

Introduction. The distribution area of Chlamydia infection in livestock and wild animals currently extends across almost all continents. At present, initial diagnosis,
screening tests and certain stages of epizootiological investigations aimed at Chlamydia carrier detection are conducted in the Russian Federation using the “An-
tigen and Serum Kit for Serological Diagnosis of Chlamydiosis in Livestock”. It is important in the production of diagnostics to ensure stability of different test kit
components during their storage and transportation. One way of addressing this issue is to stabilize diagnosticum components by freeze-drying.

Objective. The study was aimed at optimization of freeze-drying process for specific anti-Chlamydia serum, the serum assessment for compliance with character-
istics laid down in the technical specifications for the test kit control and testing of the serum for its stability.

Materials and methods. The serum was prepared using blood from sheep immunized with emulsion vaccine based on Chlamydia psittaci AMK-16 strain. Prior
to freeze-drying, the hyperimmune sera were subjected to freezing to a temperature of minus 60 °C. The sera were freeze-dried using a Scientz 30F freeze-dryer
(China). Two freeze-drying procedures with different temperature conditions and chamber pressures were applied. The resulting sera were tested for compliance
with the technical specifications for the diagnostic test kit. The freeze-dried sera were put into storage for 24 months and tested with complement fixation test
during this period.

Results. Based on the test results, the freeze-drying procedure employing a lower pressure and the highest heating temperature was found to be the most
effective for the specific sera. The serum tests for compliance with characteristics laid down in the technical specifications for the test kit showed that the serum
quality met all relevant requirements. The stability test results demonstrated that the hyperimmune serum freeze-dried using the improved procedure remains
specific during 24 months.

Conclusion. The work performed allowed for optimization of freeze-drying process for specific anti-Chlamydia serum intended for the diagnostic test kit.
The resulting serum is fully compliant with characteristics laid down in the technical specifications for the diagnosticum. It was established that the freeze-dried
serum shelf life is at least two years, during this period the serum retains its activity and physico-chemical properties.
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PE3IOME

BBeneHue. (0BpeMeHHbIi apean XnamMuaNAHOR UHOEKLMN CeNbCKOXO3ANCTBEHHDIX U AKX XKUBOTHbIX OXBATIBAET NOUTM BCe KOHTUHEHTbI. B HacToAwee
BPeMs ANA NOCTaHOBKM NEPBUYHOTO ANArHO3a, NPOBEAEHNA CKPUHUHTOBBIX UCCNIEA0BAHMIA 1 OTAENbHbIX 3TaN0B JNU300TONONUYECKUX 00CNEA0BAHNI C Lienbio
BbISIBNIEHIA XNIAMUANOHOCUTENelt B HaLLeil CTpaHe NpuMeHIoT «Habop aHTUreHOB 1 CbIBOPOTOK ANA CEPONIOTMYECKOi ANArHOCTUKIA XNIaMUAI030B CENbCKOX03ii-
CTBEHHbIX KMBOTHBIX. [pU POM3BOACTBE CPE/ICTB AMATHOCTUKY BAXHOI 3a/1aueii ABNAETCA 0becneyeHme CTabuIbHOCTI Pa3NMUHbIX KOMMOHEHTOB TeCT-CACTEM
B MPOLIECCE X XPaHEHNs 1 TPAHCOPTUPOBKIA. OIHIM U3 MyTeid PeLweHIs 3Toi npo6siembl ABNAETCA CTAbIIN3ALNA Pa3NAYHBIX KOMIOHEHTOB IMATHOCTYECKIX
npenapaTos NocpeACTBOM AMOGUA3ALMN.
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Lienb nccnepoanma. 0Tpa6oTka pexmma nnodunmnaLmuy cneLnduyeckoi XAamuaniiHoil CbIBOPOTKN, OLieHK ee COOTBETCTBIA XapaKTepucTikam, 3aABNeHHbIM
B TEXHUYECKMX YCNOBUAX HA KOHTPONb TECT-CACTEMBI, 1 UCTIbITaHINe CTABUNBHOCTY 3TOr0 KOMMOHEHTA.

Martepuanbl 1 metoabl. CbIBOPOTKY NONYYaNK U3 KPOBM OBELL, IMMYHU3MPOBAHHbIX IMYNbCUOHHBIM BaKLMHHbIM npenapaTom wramma «AMK-16» Chlamydia
psittaci. [lo npoBefeHUa npoLeaypbl Cybnumaiim runepuMMyHHbIe CbIBOPOTKYN 3amopaxkuBani o Temnepatypbl MitHyc 60 °C. Jluodpunuzaumio coiBopoTok
npoBOAWAYN Ha annapare Scientz 30F (KuTaii) Byma cnocobamu, pasnuuaiowmmincs TemnepaTypHbIMIA peXMami 11 faBaeHuem B kamepe. [0ToBble npenapa-
Tbl CbIBOPOTOK KPOBI OLEHMBAAN HA COOTBETCTBIE TEXHUYECKIM YCNOBUAM ANarHOCTUYeckoro Habopa. MonyyeHHble cybnumarbl 3aknagbiBani Ha xpaHeHue
Ha CPOK 24 Mec. 1 nccne0Bany B peaKLum (BA3bIBaHUA KOMNIEMEHTa Ha NPOTAXEHUM 3TOro nepuofa.

Pesynbrartbl. B xofie npoBefeHHbIX 1CCNe10BaHIi BbIN0 yCTaHOBNEHO, UTO Hanbonee SQGeKTUBHLIM OKa3anca cnocod inodunmuaLm cneLuduueckux cbisopo-
TOK, K KOTOPOM NpoLiecc cy6nimaLMv NpoxoAun npy 6onee HU3KOM JaBReHNI 1 Hanbonee BbICOKOIA TemnepaType HarpeBa. OLeHKa CO0TBETCTBUA NONTyYeHHOro
npenapara xapakTepucTikam, 3aABNeHHbIM B TEXHIUECKUX YCIOBUAX Ha TECT-CUCTEMY, OKa3ana, YTo KauecTBO CbIBOPOTKY 0TBeYaNno Bcem TpeboBaHuaM. Pesynb-
TaTbl M3yyeHuA CTabuAbHOCTM TUNePUMMYHHOI CbIBOPOTKIA MPOAEMOHCTPUPOBANM, UTO BbICYLLEHHDIA YCOBEPLLIEHCTBOBAHHLIM CMOCOBOM Npenapar He TepaeT
BOEIA CNeUMdUYHOCTY HA NPOTAXKEHNN 24 MeC.

3aknioueHue. B pesynbrate npoeeHHON paboTbl Obin 0TPabOTaH ONTUMANBHBIN PEXUM TMOGUAM3ALMM CNELIMPUUECKOR XNAMUAMIIHON CHIBOPOTKN ANA
LMArHOCTUYECKol TecT-cucTeMbl. lTonyueHHblit npenapaT MOAHOCTbIO COOTBETCTBYET XapaKTepUCTUKAM, 3aABNEHHBIM B TEXHUYECKUX YCOBUAX HA AMArHOCTI-
KyMm. YCTaHOBNEHO, YTO ANUTENbHOCTb XPAHEHNA TNOGUAN3NPOBAHHON CHIBOPOTKM COCTABAAET He MeHee ABYX NIET, B TeueHIe JAHHOr0 Nepropa ee akTUBHOCTb

n d)I/I3I/IKO-XI/IMVIq€(KVI€ CBOWCTBA HE CHINKATCA.

KnioueBbie cnosa: xnamuguo3, Chlamydia psittaci, cybnumaums, nnodunusaums, coiBopotka KpoBH, TeCT-cuctema
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INTRODUCTION

Chlamydiosis is an infectious disease common for ani-
mals and humans. It is caused by gram-negative bacteria
of the family Chlamydiaceae, genus Chlamydia [1, 2, 3, 4].
Once in the body of an animal (cattle, sheep, pigs, horses,
rodents, birds, cats, dogs and many others), Chlamydia
affects various body systems [5] including the immune
system, which, in turn, facilitates subsequent co-infec-
tion with other pathogens [1]. The concurrent clinical
signs of chlamydiosis and other infections in the animals
hamper the accurate and timely diagnosis [6]. Chlamydia
infection more frequently takes a chronic course, which
also hinders the timely detection of infected animals after
the introduction of the pathogen to the herd [7].

The distribution area of Chlamydia infection in livestock
and wild animals currently extends across almost all con-
tinents and therefore its diagnosis is an urgent issue [8, 9].

At present, initial diagnosis, screening tests and cer-
tain stages of epizootiological investigations aimed at
Chlamydia carrier detection are conducted in the Russian
Federation using the “Antigen and Serum Kit for Serologi-
cal Diagnosis of Chlamydiosis in Livestock” (ROSS RU D-RU.
RA01.V.19342/23) [10, 11].

It is important in the production of diagnostica to en-
sure stability of biological properties of various test kit
components during their manufacture, storage and
transportation [12, 13]. One way of addressing this issue
is to stabilize the protein molecules of different diagnosti-
cum components by freeze-drying [14, 15, 16].

The“Antigen and Serum Kit for Serological Diagnosis of
Chlamydiosis in Livestock” manufactured by the Federal
Center for Toxicological, Radiation and Biological Safety

(Russia) contains two antigens (specific and control) and
two animal sera (positive and negative to Chlamydia anti-
gen). All components of the kit are freeze-dried [10].

During the test kit development, specific freeze-drying
conditions were selected for each component of the kit.
It should be noted that the freeze-drying procedure
should be developed for each particular freeze-dryer de-
pending on its design and characteristics, and freeze-dry-
ing parameters may vary for each component.

Scientz 30F freeze-dryer (China) was purchased as part
of renovation of the technical facilities of the diagnostic
test kit production site. It has more powerful vacuum
pump and refrigeration unit. This has allowed for drying
time reduction with the batch size remaining the same.
Moreover, owing to the electronic control unit for drying
parameters available in the freeze-dryer, the tempera-
ture and vacuum control ranges have become more ac-
curate that makes it possible to set more process control
points. Therefore, the drying procedure used previously
for the old less powerful machine lacking precise control
of the process parameters became unacceptable. New
parameters and criteria for freeze-drying process control
had to be developed and optimized. The scientific novelty
of the work lies in the development of new parameters
for freeze-drying of specific anti-Chlamydia serum using
new equipment while maintaining the serum characteris-
tics laid down in the technical specifications.

The study was aimed at optimization of freeze-drying
process for specific anti-Chlamydia serum, the serum as-
sessment for compliance with characteristics laid down
in the technical specifications for the test kit control and
the serum testing for its stability.
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MATERIALS AND METHODS

The work was carried out at the Laboratory for Animal
Viral Diseases, Federal Center for Toxicological, Radiation
and Biological Safety.

Strain. Chlamydia psittaci AMK-16 strain with infectious
titre of 10°* LD, /0.3 mL deposited to the Microorganism
Strain Collection of the Federal Center for Toxicological,
Radiation and Biological Safety (reference No. 11 of 5 Sep-
tember 2017) was used for the inactivated antigen prepa-
ration.

Biological models. To prepare the antigen, Chlamy-
dia was cultivated in 6-7-day-old embryonated chicken
eggs. Romanov sheep aged 1.5 years with a live weight of
45-50 kg were used to prepare hyperimmune sera.

During the experiment, the animals were handled
in compliance with Directive 2010/63/EU of the Europe-
an Parliament and of the Council of 22 September 2010
on the protection of animals used for scientific purposes.

Test kits. The complement fixation test (CFT) was carried
out using the “Antigen and Serum Kit for the serological
diagnosis of Chlamydia in farm animals” (Federal Center
for Toxicological, Radiation and Biological Safety, Kazan).

Equipment. The hyperimmune sera were freeze-dried
using a Scientz 30F freeze dryer (China).

Methods. The antigen for immunization of the sheep
was prepared from infected yolk membranes of embryo-
nated chicken eggs that died on days 4-7 after infection by
homogenizing them in phosphate buffered saline (pH 7.2)
at aratio of 1:9 with subsequent differential centrifugation
to remove ballast substances, inactivation with formalin
and concentration [17].

The serum was prepared from the blood collected
from the sheep immunized with specific Chlamydia anti-
gen emulsified in the original oil-lanolin adjuvant. The sera
were tested for their antigenic activity with CFT using spe-
cific Chlamydia antigen in accordance with TU 9388-020-
00492374-2007.

The sheep were bled under anesthesia. The blood was
taken from the jugular vein. The blood was collected in
sterile glass vessels, the inner surface of which was mois-
tened with saline solution. To separate the serum, the ves-
sels with blood were placed in a thermostat for 40-60 mi-
nutes, then blood clots were separated from the walls of
the vessels, and the vessels were placed in a refrigerator at
a temperature of 4 °C for 24 hours. The separated serum
was decanted to remove the clots, centrifuged at 3.5 thou-
sand rpm for 20 minutes to remove red blood cells and
then preserved with boric acid.

The resulting sera were filled into paired glass am-
poules (OST 64-2-485-85, Russia), 1.0 cm?® per ampoule,
using a BioHit single-channel pipette (Finland). In total,
three batches of hyperimmune ovine sera were prepared
for the study.

All sera were divided into two equal parts and freeze-
dried using two different freeze-drying procedures.

Before freeze-drying, the sera in ampoules were frozen
in a freeze dryer chamber at a temperature of minus 60 °C
for 14 hours.

The freeze-dried sera were put for storage for 24 months.
at a temperature of 18-22 °C. The freeze-dried hyper-
immune sera were tested with CFT every month to assess
its activity and to determine the shelf life.

The sera were tested for their antigenic activity with
CFT before and after freeze-drying in accordance with

the “Instruction for the use of the “Antigen and Serum
Kit for Serological Diagnosis of Chlamydiosis in Livestock”
approved by the Director of the Federal Center for Toxico-
logical, Radiation and Biological Safety on 19 May 2016
(ROSS RU D-RU.RA01.V.19342/23).

The test was carried out in a volume of 1.0 cm? in Flo-
rinsky test tubes. The working dose of the antigen was
used for the test. The sera were inactivated during 30 min-
utes and titrated by preparing 2-fold dilutions (starting
from 1:5). Before test, the complement was titrated in
the hemolytic system using its doubled dose; immune
anti-Chlamydia and known negative serum as well as
control antigen were used to control the test specificity.
The hemolytic system was prepared using a 2.5% mixture
of washed ram red blood cells and standard hemolytic
serum at doubled titer. The test was carried out on water
bath at a temperature of 37 °C. A 1:10 serum dilution was
taken as the diagnostic titre, and a 1:5 dilution was consi-
dered inconclusive [18].

The resulting serum was to comply with the characte-
ristics laid down in TU 9388-020-00492374-2007.

The prepared serum was tested for the following pa-
rameters: appearance, colour, presence of extraneous mat-
ter and mold, moisture content, solubility, CFT activity and
specificity as well as shelf life.

The serum was visually examined for its appearance,
colour and presence of extraneous matter and mold.

To test the freeze-dried serum for its solubility, saline
solution was added to the ampoules with the serum,
1.0 cm?® per ampoule, the ampoules were shaken and
the time until the freeze-dried serum completely dissolved
was recorded.

The moisture content in the freeze-dried serum was
determined in accordance with the rules laid down in
GOST 24061-2012. Freeze-dried sera weighing 0.1 g were
ground into powder. The prepared samples were evenly
distributed over the bottom of a preliminarily weighed
weighing vessel. After weighing, the weighing vessels con-
taining the serum samples were placed in a drying cabinet
and kept at a temperature of 105 °C for 60 minutes. Then,
they were cooled and weighed.

Moisture content was calculated according the follow-
ing formula [19]:

M1 _Mz

X=
M1_Mo

%100,

where Xis moisture content, %;

M, is the weight of the weighing vessel containing
the serum sample before drying, g;

M, is the weight of the weighing vessel containing
the serum sample after drying, g;

M, is the weight of the weighing vessel without
the serum sample, g.

STUDY RESULTS

During the first stage of the study, the prepared sheep
sera were tested for their antigenic activity. The sera of all
the three batches reacted with Chlamydia antigen at a titre
of 1:160 when tested with CFT. Then the sera filled in am-
poules, 1.0 cm? per ampoule, and frozen to a temperature
of minus 60 °C, were freeze-dried using two different
procedures. Temperature and vacuum pressure values
during hyperimmune sheep serum freeze-drying accord-
ing to procedure 1 are shown in Figure 1.
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Fig. 1. Temperature conditions and vacuum pressure during hyperimmune serum freeze-drying using procedure 1
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Fig. 2. Temperature conditions and vacuum pressure during hyperimmune serum freeze-drying using procedure 2

This freeze-drying procedure included keeping sera un-
der vacuum for 26 hours with a gradual pressure decrease
from 148 to 100 Pa within the first 25 hours and to 40 Pa
within the subsequent one hour. The shelves were cooled
during the first 7 hours. Then, during the next 6 hours
(hour 8 to 13 after the freeze-drying start), the shelves were
heated to a temperature of 0.2-0.8 °C, and the tempera-
ture of the shelves was kept within these limits for hour 14
to 21 after the freeze-drying start. The shelves of the freeze-
dryer were switched to heating mode (up to a temperature
of 35 °C) on hour 22 of the freeze-drying. The serum was
dried under such conditions for another 4 hours until its
temperature in the ampoules reached 25 °C.

Temperature and vacuum pressure values during hy-
perimmune sheep serum freeze-drying using procedure 2
are shown in Figure 2.

The difference between the procedures was that under
procedure 2 the vacuum pressure was maintained at 11 Pa
during the 1%t hour after placing the sera into the freeze
dryer. During the next 3 hours, the pressure in the freeze
dryer chamber gradually increased to 43 Pa and was
maintained at this level for the next 5 hours. From hour 9
to hour 11 after the freeze-drying start the pressure in the
chamber was increased to 47 Pa. From hour 13 to hour 20
of the freeze-drying process, the pressure in the chamber
was decreased to 2.2 Pa. The freeze dryer shelves were
cooled for 1 hour. From hour 2 to hour 9 the shelves were

gradually heated to a temperature of 0.6 °C. Temperature
of the shelves was kept at this level for the next 10 hours
(starting from hour 10 to hour 20 after the freeze-drying
start). During the last 2 hours of the serum freeze-drying,
the freeze dryer shelves were heated from 1 to 54 °C until
the serum temperature in the ampoules reached 25 °C.

Figure 3 presents the photographs of hyperimmune
sera freeze-dried using the two procedures described
above.

Freeze-drying Freeze-drying
using using
procedure 1 procedure 2

Fig. 3. Appearance of sera from the same batch freeze-dried
using two different procedures
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Table

Physico-chemical and biological parameters of freeze-dried anti-Chlamydia hyperimmune sera and their compliance
with characteristics laid down in technical specifications

Parameter

Serum characteristics in accordance with

Serum freeze-dried using

Serum freeze-dried using

TU 9388-020-00492374-2007 procedure 1 procedure 2
Apearance Dry homogeneous amorphous mass _ +
PP in the form of cake
Colour Light cream + +
Extraneous matter, mold Not allowed + +
Moisture content, %, maximum 4 + +
The contents of the ampoules shall dissolve -
Solubility in saline solution within 25 minutes and be (undissolved fragments are +
a homogeneous suspension observed after 10 minutes)
Activity: CFT titre, at least 1:80 + +
Specificity in CFT Shall react only with specific Chlamydia antigen + +

The table shows the results of the freeze-dried serum
tests for compliance with characteristics laid down in tech-
nical specifications.

It was found that the serum freeze-dried using proce-
dure 1 did not comply with the specified characteristics.
No cake-like homogeneous mass formed in the ampoules.
The resulting serum did not dissolve properly in the water.
The serum freeze-dried using procedure 2 fully complied
with the specified characteristics.

The serum samples freeze-dried using procedure 2
were used for subsequent tests of hyperimmune serum
for their activity during the long-term storage.

The results of tests of the freeze-dried Chlamydia hyper-
immune serum for its antigenic activity carried out during
24 months after its freeze-drying are shown in Figure 4.

It was found that the activity of hyperimmune sheep
sera did not decrease below the antibody titre specified
in the technical specifications (1:40) during two years after
its freeze-drying. On month 4, 12 and 21 of storage, one
serum out of three reacted at a titre of 1:80, so the mean

titre at this time of the study was 1:133. During the follow-
ing months, all sera reacted at a titre of 1:160. A decrease
in the titer of anti-Chlamydia antibodies detected at some
time points of the study could be associated with errors
in CFT procedure.

DISCUSSION

As practice shows freeze-drying is the optimal preser-
vation method for the sera intended for long-term stor-
age [20]. Previously, optimal freeze-drying procedure was
determined for the equipment available at that time for
freeze-drying of the specific anti-Chlamydia serum being
a component of the manufactured diagnostic kit. The
sera freeze-dried using that procedure complied with
the technical specifications for the manufactured test-kit.
New modern freeze-dryer with more powerful characte-
ristics, larger drying chamber and electronic control unit
enabling temperature and vacuum monitoring and regu-
lating, was purchased as part of technical renovation of
the production site.

170
160
150
140
130 -+
120 4
110

Reciprocal antibody titres
8
[l

o1 2 3 4 5 6 7 8B 9 1011121514151

=)

17 18 19 20 21 22 23 24
Month after freeze-drying

B Mean antibody titre

Fig. 4. Anti-Chlamydia hyperimmune ovine serum activity during its long-term storage (24 months)
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Two procedures for specific anti-Chlamydia serum
freeze-drying are described in the paper. The first pro-
cedure was as close as possible to the freeze-drying
procedure used for old equipment. That freeze-drying
procedure was found unsuitable for the new equipment.
Therewith, a new freeze-drying procedures was developed
(the second procedure).

Information on the development of freeze-drying pro-
cedures for specific sera and immunoglobulins used for
diagnostic test systems is available in the scientific litera-
ture. The freeze-drying period for these products ranges
from 24 to 30 hours [14, 16, 21, 22]. The first freeze-drying
procedure used during the study took 26 hours. The
freeze-drying procedure developed for the new equip-
ment (the second freeze-drying procedure) made it pos-
sible to reduce the drying time to 22 hours, which was the
first difference between the two methods.

The second difference was the temperature conditions
for heating of freeze-dryer shelves. With the first proce-
dure for the specific serum freeze-drying, the temperature
of the freeze-dryer shelves ranged from minus 39 to mi-
nus 38 °C for the first 6 hours. Whereas with the second
procedure for specific serum freeze-drying, the serum was
loaded into freeze-dryer chamber cooled to minus 35 °C
and starting from the first hour the shelves were hea-
ted first to minus 4 °C (for the first 8 hours), then to plus
0.5 °C (for the next 10 hours). The sublimation process
at the specified parameters in the first case lasted for
22 hours, in the second case —for 20 hours. In the first case,
the sublimation process was too slow during the first
6 hours after the freeze-drying start due to very low tem-
perature and relatively low vacuum.Then, during heating
of the shelves, the vacuum levels throughout the drying
process also remained low (from 135 to 101 Pa at the sub-
limation stage). All of this together prevented complete
moisture evaporation from the serum during set time
period. The residual moisture condensed during the final
drying process and dissolved part of the freeze-dried se-
rum cake in the ampoule (Fig. 3). The optimal temperature
and vacuum enabling preparation of freeze-dried specific
serum of appropriate quality were selected for the second
freeze-drying procedure.

In the paper of A. V. Komissarov et al. data on the cor-
relation of the serum freeze-drying time with the amount
of the serum to be freeze-dried are presented. The data
indicate that the freeze-drying time reduces with a de-
crease in the amount of the serum loaded into the freeze-
dryer [14]. In our study, not all moisture evaporated and
condensed on serpentine cooler during the set time in-
terval when the first freeze-drying procedure was used,
although this freeze-drying procedure was optimal for
the previous freeze-dryer. This was accounted for increase
in the amount of the serum subjected to freeze-drying
in the new freeze-dryer having larger drying chamber.
Considering this, in order to optimize the freeze-drying
process, the time for cooling freeze-dryer shelves could
be increased, which would improve the drying process,
but would significantly extend the sublimation time
period. However, the period of freeze-drying of various
products can be reduced by selecting the optimal mode
of accelerated heating of the freeze-dryer shelves with-
in subzero temperatures at the stage of sublimation [23].
This principle was used for the second procedure for spe-
cific anti-Chlamydia serum freeze-drying. The new proce-

dure for serum freeze-drying has enabled preparation of
a high-quality component for the diagnostic kit in large
volumes.

CONCLUSION

Freeze-drying process for specific anti-Chlamydia se-
rum intended for the diagnostic test kit has been optimized
during the study. The resulting serum is fully compliant
with characteristics laid down in the technical specifica-
tions for the diagnosticum, TU 9388-020-00492374-2007

“Antigen and Serum Kit for Serological Diagnosis of Chla-
mydiosis in Livestock”.

The optimized freeze-dried procedure differed from
the previously used procedure in the reduced heating
time of the freeze-dryer shelves at subzero temperatures
and increased vacuum, which, in turn, enabled shor-
tening of the serum freeze-drying time and preparation
of high-quality component used for the test-kit manufac-
turing.

It has been established that the freeze-dried serum
shelf life is at least two years, during this period the serum
retains its activity and physico-chemical properties.
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