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Abstract: A review of national and foreign scientific and patent literature, as well as the regulatory docu-
ments on the lyophilisation of inactivated vaccines, is presented. According to the State Register of  
Medicinal Products, all inactivated vaccines produced in dried form in the Russian Federation are  
obtained by freeze-drying. The excipients (drying media) used in the freeze-drying of vaccines are  
evaluated in terms of their qualitative and quantitative composition. A review of the features of the main 
stages of freeze-drying processes, e.g. freezing, sublimation (primary drying) and desorption (secondary 
drying) is given alongside an analysis of their distinctive features. The information on inactivated  
vaccines in the lyophilisate form registered in the Russian Federation is systematised. Available infor-
mation on inactivated vaccines produced in the United States in the form of a lyophilisate is also  
presented. An analysis of the literature data reveals a significant variety of excipients used in lyophilisa-
tion. The influence of the sealing method of consumer packaging on the quality of preparations is  
considered, i.e. either in the oxygen or inert gas media or under vacuum. It is noted that the entire  range 
of vaccines produced and registered in Russia is sealed under vacuum or in inert gas (i.e. in the absence 
of oxygen). A number of examples are cited to demonstrate the effect of technological freeze -drying pro-
cess parameters on the quality of the preparations. It is shown that the preservation of a vaccine's  
properties during freeze-drying is influenced by a number of parameters, including the freezing rate and 
the temperature-time parameters of the primary drying and desorption processes. It is established  
that the correct selection of the qualitative and quantitative characteristics of the drying medium  
contributes to the preservation of the target properties of lyophilised preparations. The analysis of litera-
ture data allows the influence of the parameters described in the review to be considered when  
developing the technology for the production of immunobiological preparations for the prevention and  
treatment of infectious diseases. 
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Резюме: Представлен обзор отечественной и зарубежной научной и патентной литературы, а 
также нормативных документов, посвященных вопросам лиофилизации вакцин, не содержащих 
живых микроорганизмов. По данным Государственного реестра лекарственных средств выявле-
но, что все вакцины, не содержащие живых микроорганизмов и выпускаемые в сухой форме в Рос-
сийской Федерации, получены путем сублимационного высушивания. Дано представление о каче-
ственном и количественном составе вспомогательных веществ (сред высушивания), применяе-
мых при сублимационной сушке вакцин. Дан обзор особенностей основных этапов сублимационно-
го высушивания (замораживание, сублимация (первичное высушивание) и десорбция (вторичное 
высушивание) и проанализированы их отличительные черты. Систематизированы сведения о 
вакцинах, не содержащих живых микроорганизмов, в форме лиофилизата, зарегистрированных в 
Российской Федерации. Представлена доступная информация о вакцинах, не содержащих живых 
микроорганизмов, в форме лиофилизата, производимых в США. При анализе литературных дан-
ных выявлено существенное разнообразие используемых вспомогательных веществ, применяе-
мых при лиофилизации. Рассмотрено влияние на качество препаратов способа герметизации 
потребительской упаковки – в среде кислорода, инертного газа или под вакуумом. Отмечено, что 
для всего спектра производимых и зарегистрированных в России вакцин применена герметизация 
под вакуумом или в среде инертного газа (то есть в отсутствие кислорода). На ряде примеров 
показано воздействие технологических параметров процесса сублимационной сушки на качество 
препаратов. Показано, что на сохраняемость свойств вакцин при сублимационной сушке оказы-
вает влияние ряд параметров, к основным из которых можно отнести скорость замораживания, 
а также температурно-временные параметры процессов первичной сушки и десорбции. Установ-
лено, что правильный подбор качественно-количественных характеристик среды высушивания 
способствует сохранению целевых свойств лиофилизируемых препаратов. Проведенный анализ 
данных литературы позволяет учесть влияние описанных в обзоре параметров при разработке 
технологии производства иммунобиологических препаратов для профилактики и лечения инфек-
ционных заболеваний. 
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INTRODUCTION 
The first mention of the preparation and use 

of inactivated vaccines, i.e. vaccines not contain-
ing live microorganisms, dates back to the end  
of the 19th century [1]. American scientists  
Daniel Salmon and Theobald Smith showed that 
when a bacterial suspension of the Salmonella 
genus inactivated by heating at a temperature 
of 58–60 °С for 2 hours was introduced to ex-
perimental subjects (pigeons), it led to their in-
susceptibility to this infection, referred to at the 
time as “hog cholera” [2]. The first lyophilised inac-
tivated vaccines, the technology for which was de-
veloped in the early 1960s, were the Rab-Avert and 
Rabipur rabies vaccines, prepared on the basis of 
the inactivated of the Flury LEP rabies virus [3]. 

One of the main quality indicators of vac-
cines, determining the formation of immunity 
against the disease is the specific activity, 
which is characterised by the presence and sta-
bility of antigens of various nature (proteins, 
capsular polysaccharides, oligosaccharides, etc.). 

In a review article on lyophilisation of biophar-
maceutical proteins, D.A. Gusarov cites the work 
M.J. Pikal [4] to state: “... the stability of prepa-
rations can be increased by converting them 
into solids using lyophilisation” [5]. The above 
statement is confirmed by the fact that the inac-
tivated purified concentrated lyophilised cultural 
tick-borne encephalitis vaccine produced by 
Chumakov Federal Scientific Center for Research 
and Development of Immune-and- Biological 
Products of Russian Academy of Sciences has 
a shelf life of 3 years, while a similar vaccine in 
the form of a suspension manufactured by NPO 
Microgen can only be safely stored for 2 years. 

According to the State Register of Medici-
nal Products (SRMP)1, all inactivated vaccines 
produced in dried form are obtained by freeze-
drying. However, it should be noted that freeze-

                                                           
1 Государственный реестр лекарственных 
средств: справочник; в 2 т. (компл. из 4-х книг). 
М.: Медицинский совет, 2009. 2400 с. 
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drying is not always a guarantee of preservation  
and stabilisation of the target properties of biologi-
cal preparations during their storage [6]. As a rule, 
failures in this respect are due to the wrong choice 
of the main functional components of lyophilisa-
tion, such as technological parameters, qualitative 
and quantitative composition of the drying media, 
sealing conditions for the dried preparations, etc. 
In our opinion, this can be explained by the small 
number of national publications devoted to the 
systematisation of available information on the 
lyophilisation of a particular group of preparations, 
including inactivated vaccines. In this regard, the 
main objective of the present review is to general-
ise the data from the scientific and patent litera-
ture on the freeze-drying of inactivated vaccines. 

 
THE ANALYSIS OF BIOTECHNOLOGICAL 

FEATURES OF LYOFILISATION OF INACTI-
VATED VACCINES 

The removal of moisture by lyophilisation, 
essentially sequential operations by which a sub-
stance is transfered into a solid state by means of 
freezing and dehumidification by negative pres-
sure, can adversely affect the main characteristics 
of biological preparations, including vaccines. In 
most cases, lyophilisation conditions are chosen 
empirically, without taking the characteristics of 
the drying substance into account (for example, 
an unmotivated increase in the time of freeze-
drying), which may reduce the efficiency of the 
whole process, negatively affecting the quality of 
the product and ultimately increasing its cost. 

Since any substance (i.e. biological prepa-
ration) can be subjected to a procedure such as  
lyophilisation, it is appropriate to provide a gen-
eral brief description of this process. 

Conventionally, the process of freeze-drying 
(lyophilisation) is differentiated according to 
three key stages: freezing, sublimation (primary 
drying) and desorption (secondary drying). 

When undergoing freezing, a substance 
passes into a new phase having a different struc-
ture, on which the course of the subsequent 
lyophilisation stages depends, resulting in the 
formation of the desired characteristics of the 
finished preparation [5, 7, 8]. The freezing pro-
cess can occur by the following mechanisms: 
crystallisation (when molecules or atoms are ar-
ranged into a regular order) or amorphisation, 
when such ordering is absent. There are also cases 
where these mechanisms are combined [7–9]. 
The structure of a solid affects the intensity of the 
processes of primary and secondary drying [10]. 

Under production conditions, freezing is 
generally carried out by placing the vessels 
containing the preparation on the shelf of a 
freeze-dryer, followed by its cooling to the re-
quired temperature typically using a linear mode 
of temperature decrease [11, 12]. The following 
stages are characteristic of crystallisation: 

– crystal nucleation, which is determined 
primarily by the content of solid components in the 
solution and occurs after reaching a cryoscopic 
temperature unique for each substance [9]; 

– crystal growth that occurs when the sub-
stance cools to below cryoscopic temperatures. 
This results in the solid phase concentration 
leading to a decrease in the freezing tempera-
ture of the unfrozen solution [13]. 

For frozen products, processes occurring 
through crystallisation are characterised by eutec-
tic temperature, while those occurring via amor-
phisation are determined by glass transition 
temperature. This is the minimal temperature at 
which solid and liquid phases are in equilibrium 
(a part of the cured substance (up to 10%) is 
present in the form of a liquid). Any further de-
crease – typically by 2–10 °С – leads to the 
complete solidification of unbound moisture [9]. 
In a completely frozen solution, up to 20% of 
the unfrozen fraction is almost invariably pre-
sent, tightly bound to the solid ingredients of 
substances by various bonds [5, 8]. 

The sublimation of the substance is initiat-
ed by providing a vacuum in the lyophiliser. In 
order to ensure a successful sublimation pro-
cess, the vacuum pressure in the lyophiliser 
must be less than the saturated vapour pres-
sure of the frozen product. The return of the 
released liquid vapour to a solid state occurs in 
the desublimator of the lyophilisation machine 
20–40 °С lower than the temperature in the 
product chamber of the freeze-dryer [13, 14]. 
The duration of this stage depends on several 
defining characteristics: 

– the height of the dried preparation (the 
greater this parameter, the longer the sublima-
tion time [8]); 

– the porosity of the frozen product, deter-
mined mainly by the temperature and duration 
of the freezing phase (an increase in porosity 
contributes to a more intensive process of va-
pour removal [9]); 

– the surface area of the dried preparation 
(the intensity of the primary drying increases 
with increased area [5]); 

– the shelf temperature of the food com-
partment – and, consequently, of the prepara-
tion itself (an increase in this parameter intensi-
fies primary drying)2. 

The temperature of the substance should be 
less than or equal to its eutectic (glass transition) 
temperature (note that each substance has its 
own characteristic eutectic temperature values). 
Failure to ensure this may result in thawing and 
                                                           
2 Нежута А.А. Научное обоснование и методика 
разработки и совершенствования промышлен-
ной технологии сублимационного высушивания 
биопрепаратов: дис. … д-ра биолог. наук: 
03.00.23. Щелково, 2003. 243 с. 
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foaming of the dried product. A consequence of 
this may be a loss of the biological product's mass 
during drying, as well as a general loss of its spe-
cific properties [8]. 

The end of the primary drying process co-
incides with the complete removal of frozen un-
bound moisture. However, a certain amount of 
bound, uncured moisture remains in the prepa-
ration, which must be removed at higher tem-
peratures than during the sublimation process. 

The authors of the study [15] have experi-
mentally demonstrated that during secondary dry-
ing temperature loss, area and desorption time 
have a significant effect on a substance’s mass 
loss on drying; moreover, this quantitative indica-
tor does not depend on the vacuum pressure in 
the lyophiliser or the height of the dried product. 

In the study [16], it is stated that loss on 
drying “... significantly affects the stability of the 
finished product during storage and the re-
quirements for storage conditions”. 

The authors of the published research [17] 
concluded that the optimal secondary drying tem-
perature-time and mass loss parameters should 
be individually experimentally justified for each 
biological preparation. 

It has been experimentally shown that 
weak heating of the preparation lengthens the 
process of freeze-drying, while excessive heat-
ing can lead to thawing of the product and a 
subsequent deterioration of its properties. Thus, 
the problem of the correct selection of the tem-
perature-time characteristics of freeze-drying 
appears to be relevant. 

The effect of auxiliary components and their 
ratio on the persistence of the target properties 
of preparation subjected to freeze-drying is 
known. These substances used as drying media 
are represented by the following groups [18]: 

– excipients (providing a matrix for the ac-
tive pharmaceutical component); 

– buffer solutions (creating the desired pH); 
– tonicity regulators (ensuring the neces-

sary osmotic pressure); 
–structural modifiers (improving matrix pro- 

perties for the better passage of removed mois-
ture vapours); 

– stabilisers, both cryo- and lyoprotectants 
(ensuring the protection of the active pharma-
ceutical component from excessive moisture 
removal and the negative effects of low temper-
atures); 

– destruction inhibitors (preventing an in-
crease in temperature that violates the structur-
al integrity of the lyophilised preparation). 

The most commonly used excipients on the 
lyophilisation of live vaccines are presented in 
the article [19]. 

The sealing conditions of dry preparations 
obtained by freeze-drying in the primary pack-
aging process are of great importance for main-

taining their target properties. In 1977, L. Rey 
advised that lyophilised biological samples be 
stored either under vacuum or in the presence 
of a neutral gas such as nitrogen or argon [20]. 

The primary consumer packaging used for 
freeze-dried preparations is either in the form of 
ampoules or vials. An examination of the SRMP 
data revealed the predominant use of vials (up 
to 90%). The most likely explanation for this is 
that procedure for sealing ampoules at the con-
clusion of the freeze-drying process involves 
their removal from the lyophiliser with additional 
soldering and, if necessary, preliminary vacuum 
pumping or the introduction of an inert gas. 
However, modern industrial lyophilisation equip- 
ment allows vials to be sealed directly in the 
freeze-dryer chamber, including under vacuum or 
inert gas, simplifying the production process and 
consequently reducing the cost of preparations. 

When examining the SRMP data, it was re-
vealed that 44 of 300 vaccines for human use 
are produced in the lyophilisate form. Of these, 
25 are live vaccines, while the number of inacti-
vated vaccines is 19 (of which 10 are Russian-
made). According to the information provided on 
the website of Rosselkhoznadzor (Federal Ser-
vice for Veterinary and Phytosanitary Surveil-
lance) of the Russian Federation, 637 prepara-
tions are produced for veterinary medicine, 270 
of which are live vaccines in the dried form, 
while 13 are inactivated vaccines containing no 
live organisms. 

Table 1 summarises the data on the lyophi-
lisation process for inactivated vaccines used in 
human medicine. The information available in 
SRMP and in the State Pharmacopoeia of the 
Russian Federation3 is used alongside manu-
facturer data to systematise the data on the 
preparations. Table 2 provides the information on 
inactivated vaccines produced in the USA in the 
lyophilisate form taken from open sources [3]. 

As can be seen from an analysis of the data 
presented in Table 2, the residual moisture of the 
vaccines ranges from 2 to 3%. The entire spec-
trum of vaccines registered in Russia is charac-
terised by the sealing of primary packages in 
oxygen-free media (under vacuum or in an inert 
gas). For the vast majority of domestic prepara-
tions, consumer packaging is represented by 
ampoules (8 out of 10 items). Conversely, 100% 
of foreign vaccines are available in vials. The 
height of the lyophilised product ranges from 
0.12 to 10 mm. The variety of excipients used in 
the preparation of these produces is significant. 
 

                                                           
3 Государственная фармакопея Российской Фе-
дерации. XIV-е изд.; в 4 т. 2018. Т. IV [Электрон-
ный ресурс] / Министерство здравоохранения РФ. 
Федеральная электронная медицинская библио-
тека. URL: http://resource.rucml.ru/feml/pharma-
copia/14_4/HTML/index.html (21.04.2019) 
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Table 2  
Information about inactivated vaccines in the lyophilisate form  

manufactured in the USA 
 

Таблица 2 
Сведения о вакцинах, не содержащих живых микроорганизмов, 

в форме лиофилизата, производимых в США 
 

Vaccine name Manufacturer Excipients 

Pentacel vaccine against diphtheria, tetanus, 
pertussis, poliomyelitis and invasive infections 
caused by Haemophilus influenzae Type B 

Sanofi 
Sucrose, Ammonium 

Phosphate, PS80 
(Polysorbate-80 (Tween-80)) 

Act-HIB conjugate vaccine to prevent the  
infection caused by Haemophilus influenza Type B Sanofi Sucrose 

Hiberix vaccine to prevent the infection caused 
by Haemophilus influenza Type B GSK Lactose 

JE-Vax Japanese Encephalitis Vaccine 
The research foundation for  

microbial diseases  
of Osaka University 

Gelatine, PS80 
(Polysorbate-80 (Tween-80) 

Menveo meningococcal serogroup ACW135Y 
oligosaccharide conjugate vaccine 

Novartis Vaccines and  
Diagnostics, Inc. 

Potassium dihydrogen 
phosphate, sucrose 

Menomune-A/C/Y/W-135 meningococcal  
polysaccharide vaccine Sanofi Lactose 

Imovax rabies vaccine Sanofi Human Albumin Serum 

RabAvert rabies Vaccine Novartis Vaccines and  
Diagnostics, Inc. 

Human Albumin Serum, 
sodium glutamate 

 
This is confirmed by the different excipient com-
position for the same preparation, e.g. the vaccine 
for the prevention of infection caused by Hae-
mophilus influenza Type B produced by Hiberix by 
GlaxoSmithKline Biologicals S.A. uses 12.6 mg of 
lactose as an excipient; Act-HIB by Sanofi Pasteur 
S.A. uses 42.5 mg of sucrose and 0.6 mg of tro-
methamolum, while the vaccine by the Rospo-
trebnadzor Rostov Research Institute of Microbi-
ology and Parasitology in Russia uses between 
20 and 30 mg of sucrose (the compositions are 
stated per 0.5 ml dose). 

Since the technology used when manufactur-
ing preparations is subject to commercial confi-
dentiality, it is only possible to determine the fea-
tures of vaccine production on the basis of the 
scientific and patent literature. However, it should 
be noted that for the vast majority of preparations 
indicated in the Table 1, technological aspects of 
production are not covered in detail in the availa-
ble literature. As an example, we can cite the pa-
tent of the Russian Federation No. 2002115810, 
which discloses lyophilisation techniques used to 
produce the Vitaherpavac vaccine as follows: “The 
resulting suspension was lyophilised” [21]. 

The most complete information regarding the 
lyophilisation process is presented for two vaccines: 
the Ospavir inactivated dried smallpox vaccine and 
the molecular microencapsulated plague vaccine. 

The technological lyophilisation methods for the  
 

Ospavir vaccine are given as follows. The concen-
tration of total protein in the inactivated viral fluid of 
the vaccine L-IVP strain is adjusted to 100 μg/ml 
with 0.007 M McIlvaine buffer solution with pH 
7.2–7.4, while the following stabilisers are added: 
gelatine in a final concentration of 1% and sucrose 
in a final concentration of 5 % in the form of gelatose 
(10%) and sucrose (50%) solutions. The preparation 
is dispensed into 0.5 ml sterile ampoules, frozen to a 
final temperature of minus 50–55 °С and lyophilised 
for 36 hours with the following parameters: initial 
shelf temperature – minus 40 °С; shelf heating 
rate – 5 °С/h; final product temperature – 25 °С. 
The dried preparation is sealed in a flow of sterile 
nitrogen to reduce the residual oxygen concentration 
to less than 3% [22, 23]. 

The technological approach used for the lyophi-
lisation of the molecular microencapsulated plague 
vaccine is described as follows. The suspension of 
microencapsulated plague F1 and V recombinant 
antigens is dispensed into sterile penicillin vials in 
amounts of 3.0 ml per vial. Freeze-drying is carried 
out using a Virtis freeze-dryer (USA) to a final mois-
ture content of 3–6 wt. %; here the stated typical 
drying time is 22–28 hours. Glass vials containing 
the dried preparation are sealed with rubber stop-
pers and rolled in aluminium caps [24]. 

Additional information on the technological 
features of the vaccine lyophilisation or their spe-
cific components, which is absent in the SRMP,  
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can be obtained from the following sources. 
According to the order of the Ministry of 

Healthcare of the USSR No. 903 dated 16/11/1973, 
the “Microbe” Russian Research Anti-Plague Insti-
tute (RusRAPI), a cholera vaccine (cholerogen-
toxoid + O-antigen) was produced using a lyophilis-
ate consisting of a mixture of cholerogen-toxoid and 
O-antigen obtained from formalin-inactivated super-
natant of O1 569-B V. cholerae broth culture of the 
classic Inaba serovar biovar by means of isolation, 
purification, concentration and precipitation by am-
monium sulphate4. This vaccine was distributed in 
ampoules having a capacity of 6, 1 and 2 ml. The 
preparation was frozen in low-temperature refrigera-
tors at a temperature of minus 40 to minus 50 °С for 
16 ± 2 hours. The ampoules containing the prepara-
tions were permitted to be stored at this temperature 
for a maximum of 70 ± 2 hours. The first stage of the 
drying process in lyophilisers employed the fol-
lowing parameters: temperature of heating shel- 
ves – minus 32 ± 2 °С; condenser temperature – 
minus 75 ± 5 °С. Shelf heating began at a prepara-
tion temperature from minus 40 to minus 45 °С 
and a vacuum of 5.6 ± 3 kPa, but not earlier than  
30 minutes after loading. The temperature of the 
preparation when dispensing into 1 ml ampoules 
reached zero 17 ± 1 h after the start of the drying 
process; when dispensing into 2 ml ampoules, the 
corresponding time period was 23 ± 1 h. The maxi-
mum final temperature during the drying process 
was 25 ± 1 °С, while the minimum vacuum was 
3.3 ± 0.6 kPa. The maximum permitted loss of mass 
when drying the preparation was 2%. In this case, it 
is worth noting that the lyophilisation of the prepara-
tion was carried out without the use of a drying me-
dium and that the vaccine ampoules were sealed in 
atmospheric air. These technological methods are 
currently used in the production of cholera vaccines 
in tablet form at the stage of freeze-drying the im-
munogenic components [25]. 

Studies on the production of a lyophilised syn-
thetic conjugate vaccine for the prevention of infec-
tions caused by Haemophilus influenzae Type B 
(HIB vaccines) were carried out by NPO Microgen 
(Perm Production Site) [26]. When developing the 
monovaccine, a synthetic polysaccharide (PRP) 
conjugated to a tetanus toxoid (active pharmaceu-
tical ingredient) manufactured by the Heber Biotec 
Center of Genetic Engineering and Biotechnology 
(Cuba) was used. The lyophilisation mode devel-
oped for a single dose (0.5 ml) of the preparation 
in ampoules having a capacity of 2 cm3, with 25% 
                                                           
4 Джапаридзе М.Н., Наумов А.В., Елисеев Ю.Ю. 
Холерные химические вакцины института «Мик-
роб» (принципы конструирования, подбора штам- 
мов, биотехнологии) // Иммунохимия и специфи-
ческая профилактика особо опасных инфекций: 
сб. тезисов Российской науч. конф. (Саратов,  
21–23 сентября 1993 г.). Саратов: Изд-во ВНИПИ 
«Микроб», 1993. С. 181–182. 

of the volume at a column height of 9 ± 1 mm, 
was as follows: freezing the preparation at minus 
35 ± 5 °С and maintaining at this temperature for 
not less than 8 hours; carrying out the lyophilisa-
tion stage at a vacuum of at least 16 Pa, with a 
maximum condenser temperature of minus 50 °С; 
drying of the preparation at positive temperatures 
for 15 hours. The total duration of the sublimation 
process was 30 ± 4 hours, while the final tempera-
ture of the preparation was 33 ± 4 °С. The deve- 
loped lyophilisation mode and selected sucrose 
cryoprotectant concentration (8.5%), as well as 
the amount of substances in the buffer system 
(sodium dihydrogen phosphate – 0.16 mg; disodi-
um hydrogen phosphate – 0.5 mg) was sufficient 
to ensure the preservation of the necessary tech-
nological characteristics of HIB vaccine lyophilised 
form. After drying, the ampoules were sealed in 
an atmosphere of sterile air. All the preparation 
samples consisted of a uniform, amorphous mass 
of white colour easily soluble in water for injection 
purposes. In all of the studied samples, the weight 
loss on drying (residual moisture) did not exceed 
3%. Subsequent trials have shown that the speci- 
fic properties of the vaccine are not degraded as 
compared to commercial preparations. Stability 
studies showed that the quality of the vaccine was 
maintained for 3 years of storage at a temperature 
of 2 to 8 °C. 

The studies conducted at the “Microbe” facility 
led to the development of a prototype lyophilisate 
anthrax chemical vaccine on the basis of the fol-
lowing purified antigens: rPA recombinant protec-
tive antigen, EA1 S-layer protein and CpG-2006 
cytosine guanine oligodeoxynucleotide adju- 
vant [27]. Purified antigens, adjuvant and preserv-
ative (contents in μg per 1 cm3: rPA – 100; EA1 
protein – 50; CpG 2006 – 0.5; formaldehyde – 
0.002%) were mixed with sterile stabiliser solu-
tions in the required ratio with 2.5 cm3 of the prep-
aration dispensed in 10.0 cm3 vials. At the end of 
the packaging process, the vials containing the 
preparation were placed on the shelves of an  
Epsilon-2-6D (Martin Christ, Germany) freeze-dryer; 
next, the temperature of the material was reduced to 
minus 40 °С and maintained for 2 hours. A residual 
pressure of not more than 30 Pa was then created 
in the drying unit and the sublimation process took 
place with increasing temperature of the material 
up to 5 °С at a rate of no more than 3 °С/h. Upon 
reaching the indicated value, the rate of tempera-
ture increase was elevated to 10 °C/h. After 
reaching 28 °С in the material, the drying was car-
ried out for 7 hours. Then the vials were sealed in 
air atmosphere and clogged with aluminium caps. 
The preparations were stored at 4 °C. Various 
cryoprotectants were used in the experiments: 
10% sucrose, 1% sucrose + 3% glycine, 1% 
maltose + 3% glycine. When using 10% sucrose, 
the formation of a vitreous mass was observed. 
This can be explained by the absence of the com-
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ponents forming the crystalline structure in the 
composition of the frozen product.  

As a result of two other stabilisation options, the 
lyophilised preparation consisted of a porous mass 
in the form of a milky white tablet capable of com-
plete dissolution in a 0.9% sodium chloride solution 
in less than a minute, forming a clear, colourless 
liquid without impurities or flakes. Upon further study 
of the specific properties of the prototype vaccine, 
the advantages of using 1% sucrose + 3% glycine 
drying medium were revealed with the vaccine pro-
totype meeting the stated requirements for immun-
obiological preparations [28]. 

Data on a method for obtaining a dried com-
bined anthrax vaccine including both living micro-
organisms and antigens as immunogens are given 
in [29]. The dry combined anthrax vaccine consists 
of the following components: sorbed protective an-
tigen obtained from Bacillus anthracis 55/5 strain; 
the spores of Bacillus anthracis STI-1strain; sucrose; 
aluminium hydroxide gel. One vaccination dose of 
the vaccine (in the volume of 0.5 cm3) contains 
40–60 million spores of STI-1 strain, 30–40 ID50 of 
protective antigen; not more than 0.2 mg of total 
nitrogen; not more than 2.5 mg of aluminium oxide; 
not more than 0.0005% formaldehyde and 18-22 mg 
of sucrose. The authors claim that the methods 
used for lyophilisation can increase the shelf life of 
the vaccine up to 4 years and extend the storage 
temperature regime to plus 25 °С for a month after 
the vaccine is delivered to the consumer. An addi-
tional method for preparing a dry combination an-
thrax vaccine is described as follows. The spore 
suspension of Bacillus anthracis STI-1 strain is 
diluted with sterile saline to a concentration of 
0.8–1.2 billion spores/cm-3. The resulting suspen-
sion is mixed with a sterile 40% sucrose solution in 
a volume ratio of 1:1 and stirred for 15–20 minutes. 
The concentrate of sorbed protective antigen is di-
luted with sterile saline to a content of 400 ID50/ cm-3. 
Equal volumes of the prepared components are 
combined and thoroughly mixed. The prepared 
liquid semi-finished product of the combination 
vaccine should contain 200-300 million spores/cm-3 
and 180–220 ID50/ cm-3 of the protective antigen. 
2 cm3 (10 vaccination doses) of the prepared 
semi-finished vaccine is dispensed into ampoules 
with a capacity of 6 cm3 or vials of 10 cm3. Lyophilic 
drying of the vaccine is carried out in chamber 
dry-freezers providing the following mode: sus-
pension freezing temperature – minus 35–40 °С; 
holding time – 3-4 hours; vacuum in the sublimator – 
20–25 Pa. The final drying of the material takes 
place at a temperature of 30–32 °С for 10–12 hours. 

A kit developed by Novartis International AG 
described in [30] contains a 0.5 ml lyophilised anti-
gen composition comprising an immunogen to in-
duce an immune response against Neisseria men-
ingitidis of serological group B. The authors showed 
that the lyophilisation of the antigen to a residual 
moisture content in the range of 1.1% using differ-

ent drying medium compositions of 2 % mannitol 
and 3% sucrose, 5% sucrose, 4.5% mannitol and 
1.5% sucrose allows the stability of the prepara-
tion to be maintained during storage. 

Scientists from the Netherlands have devel-
oped a technology for producing a lyophilisate of a 
subunit influenza vaccine (A/Panama/2007/99, H3N2) 
based on a monovalent vaccine manufactured by 
Solvay Pharmaceuticals (Netherlands) for intrana-
sal aerosol vaccination. The studies have shown 
that this type of vaccination gives a better immune 
response in mice as compared to the liquid form 
of the vaccine. The vaccine powder was prepared 
as follows. A solution containing 275 μg/ml of anti-
gen and 5.5% w/v of inulin (D-fructose polymer) 
was frozen in nitrogen and then placed in an Epsi-
lon 2-4 (Germany) freeze-dryer. The drying took 
place at a vacuum of 0.220 mbar with a condenser 
temperature of minus 85 °C. The shelf temperature 
was increasing gradually from minus 40 to 5 °С 
over 32 hours. Further, the vacuum pressure 
was reduced to 0.055 mbar, the shelf temperature 
was gradually increased to 20 °C over a period of 
11 hours. The obtained lyophilisate was stored under  
vacuum prior to the start of the experiments [31]. 

The same scientists conducted the studies on 
the vaccine preparation in vials [32]. In the course 
of the research, the effect of various carbohydrates, 
buffer solutions and freezing rate on the antigen 
persistence during lyophilisation was studied. The 
preference of quick freezing, as well as the using of 
HEPES buffer (4-(2-hydroxyethyl)-1-piperazineetha- 
nesulfonic acid) and carbohydrates (trehalose, 
inulin and dextran) as cryo- and lyoprotectants 
was shown. It was revealed that a dried subunit 
vaccine does not lose immunogenicity, while stor-
age under vacuum allows the properties of the 
preparation to be preserved. 4 ml vials containing 
0.5 ml of the preparation (360 μg/ml of antigen 
and 1.7% w/v of carbohydrates) were frozen for 
24 hours at minus 20 °C or in liquid nitrogen for  
5-10 minutes. Although lyophilisation was carried 
out using the same type of equipment as in the 
previous example, the process parameters were 
different. The drying proceeded under a vacuum 
of 0.220 mbar with a condenser temperature of mi-
nus 55 °C. The shelf temperature was increased 
gradually from minus 35 to 5 °С over 24 hours. Next, 
the vacuum pressure was reduced to 0.055 mbar 
and the shelf temperature was gradually increased 
to 20 °C over a period of 24 hours. Further studies 
have shown the possibility of using only one stabi-
liser (inulin) for vaccine lyophilisation [33]. 

American scientists have shown that complete 
protection against inhalation anthrax can be 
achieved by intranasal delivery of the powder prepa-
ration of the Bacillus anthracis [34] recombinant 
protective antigen. The optimum pH for preserving 
the properties of protective antigen during lyophi-
lisation was experimentally found to vary from  
6 to 8, which was ensured by the use of a HEPES 
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buffer. The use of the following biopharmaceutical 
composition is justified: antigen (0.5 mg/ml), treha-
lose as a stabiliser (0.99 mg/ml) and CpG adjuvant 
(0.5 mg/ml). Freezing was carried out in liquid  
nitrogen. Vials placed on shelves of a freeze-dryer 
were pre-cooled to minus 40 °C. Primary drying was 
carried out for 16 hours at a shelf temperature of 
minus 10 °С; the final drying was carried out at 20 °С.  
The preparation was sealed in nitrogen medium. 

Polish scientists have developed a techno- 
logy for lyophilisation of surface HBV antigen for 
the oral hepatitis B vaccine [35]. The authors pro-
pose feasible technological methods providing 
100% preservation of immunogenic properties. 
Two methods of freezing – fast and slow – were 
tested. Fast freezing was carried out by immers-
ing the material in liquid nitrogen. Slow freezing 
was carried out in a freeze-dryer from ambient 
temperature to minus 35 °C at a rate of 2 °C/min. 
The latter method was shown to give improved 
results. Among the applied protectors (sucrose, 
glucose, mannitol, glycine and glycerin), the best 
results were obtained with the use of sucrose. 
The optimal parameters of the lyophilisation pro-
cess in pallets with a preparation height of 5 mm 
were revealed as follows: residual pressure – 
0.15–0.2 mbar; shelf temperature profile – 20 °C/22 h,  
then 22 °C/2 h. 

A hepatitis B vaccine and its lyophilisation 
technology is described in a US patent [36]. 1 ml 
of a preparation containing HBV surface antigen 
adsorbed on aluminium hydroxide gel (40 μg/ml of 
protein), lactose (10.0 w/v%), glycine (1.0 w/v%), 
gelatine (0.05 w/v%), thiomersal (0.005 w/v%) and 
phosphate buffer (pH 6.0) was dispensed into 2 ml  
vials and frozen at a temperature of minus 50 °С for 
6 hours. Lyophilisation was carried out at a resid-
ual pressure of 0.04 Torr, maintaining a shelf 
temperature at 5 °C for 15 hours and then 30 °C 
for 8 hours. The applied drying media and techno-
logical parameters of lyophilisation allowed the 
properties of the vaccine to be preserved. 

A lyophilisation technology for an inactivated 
poliomyelitis vaccine has been developed in the 
Netherlands. In the course of the research, various 
components and combinations of the drying medi-
um were used: monosodium glutamate, sucrose, 
sorbitol, trehalose, inositol, ovalbumin, mannitol, 
glycine, magnesium chloride and lithium chloride. 
The final experimentally-validated version of the 
drying medium included 10% (w/v) of sorbitol,  
8.5% (w/v) of magnesium chloride and 8.5% (w/v) 
of sodium glutamate. Lyophilisation procedures 
were as follows: 0.2 ml of the product was dis-
pensed into 2 ml vials, frozen to minus 50 °C on 
the shelves of a freeze-dryer with a cooling rate of 
1 °C/min. Subsequently, the preparation was main 
tained at the indicated temperature for 2 hours, 
then the shelf temperature was increased to mi-
nus 45 °C with a heating rate of 0.2 °C/h, after 
which it was kept for 3 hours at a vacuum of  

0.045 mbar. The authors referred to this stage as 
primary drying. Secondary drying was carried out 
with a further increase in shelf temperature at a rate 
of 0.02 °C/min to 25 °C under vacuum not exceeding 
0.01 mbar and holding for 24 hours. At the end of the 
process, the vials were sealed under vacuum [37]. 

Recent studies carried out in the USA were 
aimed at developing an Ebola fever vaccine lyophi-
lisate [38]. The biopharmaceutical composition 
was as follows: 0.1 mg/ml of Ebola virus glyco-
protein, 10 mM of ammonium acetate (pH 7.0), 
9.5% (w/v) of trehalose and 0.5 mg/ml of alumini-
um hydroxide. 1 ml of the preparation was dis-
pensed into 3 ml vials and frozen to minus 40 °С  
at a rate of 0.5 °C/min on the shelves of the lyoph-
ilisation unit and kept at this temperature for 1 h. 
The drying process was carried out at a vacuum 
of 8 Pa. In order to start the sublimation process, 
the shelf temperature was increased to minus 20 °С  
at a rate of 1 ºС/min and maintained at this tem-
perature for 20 hours. Desorption was carried out 
according to the following scheme: the shelf temper-
ature was increased to 0 °C at a rate of 0.2 °C/min, 
followed by an increase to 30 °C at a rate of  
0.5 °C/min. The preparation was then kept at  
30 °C for 5 hours. After drying, the vials were sealed 
in nitrogen. It should be noted that these technologi-
cal methods had previously been used for lyophilisa-
tion of the anthrax vaccine, in which process the 
recombinant protective antigen [39] and human pap-
illomavirus vaccine [40] served as immunogens. 

An international patent [41] discloses, among 
other things, the technological features of lyophilisa-
tion of the polyvalent polysaccharide-protein conju-
gate vaccine against meningococcal infection. Men 
A, C, Y, W, X capsular polysaccharides conjugated to 
a tetanus toxoid carrier protein were used as immu-
nogens of the vaccine against Neisseria menin-
gitidis of A, C, Y, W and X serogroups. The 
concentration of capsular polysaccharides was 
10–20 ml/ml. Sucrose (1–3%), maltose (1–4%), lac-
tose (1–4%), mannitol (1–4%) and glycine (20 mmol) 
were used as cryo- and lyoprotectants. A HEPES 
buffer solution was used to stabilise pH at 6.5–7.5. 
0.5 ml of the preparation was dispensed. The lyophi-
lisation technological scheme was developed as 
follows: 

– freezing, consisting of 3 steps: keeping in the 
freeze-dryer chamber for 60 minutes at a tempera-
ture of 4 °С; freezing to minus 48 °С for 250 min; 
keeping at this temperature for 360 minutes; 

– primary drying, which includes 6 steps: mi-
nus 28 °С – 240 min; minus 20 °С – 780 min; minus 
10 °С – 60 min; 10 °С – 120 min; 25 °С – 60 min;  
30 °С – 30 min; 

– secondary drying, in which the preparation is 
maintained at a temperature of 30 °С for 500 
minutes. 

It should be noted that the vacuum during the 
whole process was maintained at the level of  
50 mTorr. Feasible technological solutions are 
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described which allow an immunogenic prepara-
tion to be obtained having a residual moisture 
content of less than 3%. 

Human papillomavirus vaccine compositions 
are described in the US Patent of 2017 [42]. The 
authors proposed 18 combinations of the vaccine 
with variation of excipient components (sucrose, 
mannitol and glycine) both in qualitative and quan-
titative terms. The lyophilisation procedure was 
described in detail. 0.6 ml of vaccine samples 
were dispensed into 3 ml glass vials, frozen on the 
lyophiliser shelf to minus 50 °C and kept for 1 hour. 
Next, an “annealing” procedure was carried out, 
which consisted in heating the preparation to mi-
nus 20 °C (at a rate of 0.5 °C/min), followed by 
cooling to minus 50 ºC (at a rate of 0.5 ºC/min) 
and maintaining this temperature for 2.5 hours. 
Primary drying was carried out for 48 hours by heat-
ing the shelf to minus 20 °С (at a rate of 1 °C/min). 
Secondary drying was carried out by heating the 
shelf to 10 °C (at a rate of 0.5 °C/min) and main-
taining this temperature for 4 hours. A vacuum of 
100 mTorr was used throughout. Following lyophi-
lisation, the vials were sealed in nitrogen. 

Chinese researchers have announced a lyophi-
lised inactivated vaccine against Japanese en-
cephalitis [43]. The preparation contains maltose 
(10 to 50% w/w), lactose (10 to 50% w/w), mannitol 
(5 to 50% w/w), 0.01 M phosphate buffer at a final 
concentration of encephalitis virus antigen 3 EU/ml. 
The dosage in primary packaging is 0.5 ml. The 
following lyophilisation parameters were used: 
freezing on the shelves of a freeze-dryer at a tem-
perature of minus 45 °С for 2 hours, drying at a 
vacuum of 0.02 MPa by increasing the shelf tem-
perature to 30 °С with a rate of 2 °С/h. The authors 
declare the preservation of antigenic activity for 
5 years. 

An international patent [44] describes the tech-
nology of anthrax vaccine lyophilisate production. 
The vaccine contains 200 pg/ml of recombinant  
anthrax protective antigen, 2 mg/ml of CpG1018, 5% 
of trehalose, 5.25 mmol of phosphate, 0.39% of so-

dium chloride, 0.02% of Tween 20, and 0.26% w/v 
of alhydrogel. Unfortunately, the patent does not 
indicate the volume of the lyophilised substance. 
Lyophilisation was carried out using a Martin 
Christ freeze-dryer in the following mode: freezing 
on the shelves of a freeze-dryer at a temperature 
of minus 40 °С for 180 minutes, heating the shelf 
to minus 30 °С for 45 minutes, drying at this 
temperature for 2400 minutes, heating the shelf 
to 20 °С for 500 min, then drying at a given tem-
perature for 480 min. The vacuum was 113 mTorr. 
Following lyophilisation, the vials were sealed under 
vacuum. The residual moisture was less than 3%. In 
the patent, it is stated that the vaccine retains its 
immunogenic properties after lyophilisation. 

A Canadian patent describes a lyophilised sub-
unit vaccine against herpes simplex virus [45]. The 
composition of the preparation (pH 7.2–7.4): purified 
herpes simplex virus glycoprotein up to 30 g/ml; lac-
tose – 10 w/v%; sodium glutamate – 0.4 w/v%; argi-
nine – 0.4 w/v%; gelatine – 0.8 w/v%; thiomersal – 
0.005 w/v%. 1 ml of the solution was dispensed 
and frozen at minus 50 °C for 6 hours. Primary 
drying was carried out for 15 hours at a shelf tem-
perature of 5 °C; secondary – at 30 °C for 8 hours. 
The vacuum was 0.05 Torr. 

 
CONCLUSION 
The review of the literature on the aspects of 

vaccine lyophilisation not containing live microor-
ganisms revealed the expediency of sealing the 
primary packaging of preparations in an oxygen-
free medium (under vacuum or filled with an inert 
gas). It has been shown that the preservation of 
the vaccine properties during freeze-drying is in-
fluenced by a number of parameters, the most 
significant of which include the rate of freezing 
and the temperature-time parameters of the pro-
cesses of primary drying and desorption. It has 
been established that the preservation of the tar-
get properties of lyophilised preparations is de-
pendent on selecting the correct qualitative and 
quantitative characteristics of the drying medium. 
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