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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 °С. 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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РЕЗЮМЕ 
Введение. Современный ареал хламидийной инфекции сельскохозяйственных и диких животных охватывает почти все континенты. В настоящее 
время для постановки первичного диагноза, проведения скрининговых исследований и отдельных этапов эпизоотологических обследований с целью 
выявления хламидионосителей в нашей стране применяют «Набор антигенов и сывороток для серологической диагностики хламидиозов сельскохозяй-
ственных животных». При производстве средств диагностики важной задачей является обеспечение стабильности различных компонентов тест-систем 
в процессе их хранения и транспортировки. Одним из путей решения этой проблемы является стабилизация различных компонентов диагностических 
препаратов посредством лиофилизации. 
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(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.

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 

Цель исследования. Отработка режима лиофилизации специфической хламидийной сыворотки, оценка ее соответствия характеристикам, заявленным 
в технических условиях на контроль тест-системы, и испытание стабильности этого компонента.
Материалы и методы. Сыворотку получали из крови овец, иммунизированных эмульсионным вакцинным препаратом штамма «АМК-16» Chlamydia 
psittaci. До проведения процедуры сублимации гипериммунные сыворотки замораживали до температуры минус 60 °С. Лиофилизацию сывороток 
проводили на аппарате Scientz 30F (Китай) двумя способами, различающимися температурными режимами и давлением в камере. Готовые препара-
ты сывороток крови оценивали на соответствие техническим условиям диагностического набора. Полученные сублиматы закладывали на хранение 
на срок 24 мес. и исследовали в реакции связывания комплемента на протяжении этого периода. 
Результаты. В ходе проведенных исследований было установлено, что наиболее эффективным оказался способ лиофилизации специфических сыворо-
ток, при котором процесс сублимации проходил при более низком давлении и наиболее высокой температуре нагрева. Оценка соответствия полученного 
препарата характеристикам, заявленным в технических условиях на тест-систему, показала, что качество сыворотки отвечало всем требованиям. Резуль-
таты изучения стабильности гипериммунной сыворотки продемонстрировали, что высушенный усовершенствованным способом препарат не теряет 
своей специфичности на протяжении 24 мес.
Заключение. В результате проведенной работы был отработан оптимальный режим лиофилизации специфической хламидийной сыворотки для 
диагностической тест-системы. Полученный препарат полностью соответствует характеристикам, заявленным в технических условиях на диагности-
кум. Установлено, что длительность хранения лиофилизированной сыворотки составляет не менее двух лет, в течение данного периода ее активность  
и физико-химические свойства не снижаются. 

Ключевые слова: хламидиоз, Chlamydia psittaci, сублимация, лиофилизация, сыворотка крови, тест-система
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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 10–5.4 LD50/0.3 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 a ratio 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 cm3 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 cm3 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  cm3 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]:

X = 
M1 – M2

M1 – M0

 ×100,

where X is moisture content, %;
 M1 is the weight of the weighing vessel containing 

the serum sample before drying, g;
 M2 is the weight of the weighing vessel containing 

the serum sample after drying, g;
 M0 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 cm3 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 freeze­drying using procedure 1
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Fig. 2. Temperature conditions and vacuum pressure during hyperimmune serum freeze­drying using procedure 2
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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.

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 1st 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 
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Fig. 3. Appearance of sera from the same batch freeze­dried 
using two different procedures
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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.
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Fig. 4. Anti­Chlamydia hyperimmune ovine serum activity during its long­term storage (24 months)

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  
TU 9388-020-00492374-2007

Serum freeze-dried using 
procedure 1

Serum freeze-dried using 
procedure 2

Appearance Dry homogeneous amorphous mass  
in the form of cake – +

Colour Light cream + +

Extraneous matter, mold Not allowed + +

Moisture content, %, maximum 4 + +

Solubility
The contents of the ampoules shall dissolve 

in saline solution within 2–5 minutes and be 
a homogeneous suspension

–
(undissolved fragments are 
observed after 10 minutes)

+

Activity: CFT titre, at least 1:80 + +

Specificity in CFT Shall react only with specific Chlamydia antigen + +

Re
ci

pr
oc

al
 a

nt
ib

od
y 

ti
tr

es

Month after freeze-drying
Mean antibody titre
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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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