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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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Pe3rome: [pedcmasneH 0630p omedyecmeeHHOU u 3apybexxHol Hay4yHoU U nameHmHoU iumepamypebl, a
makxxe HopMamueHbIX OOKYMEHMO8, MOoC8AUWEHHbIX 80MpocaMm fuoghunusayuu 8akyuH, He codepxxawjux
JKUBbIX MUKpoopzaHu3mos. 1o daHHbIM [ocydapcmeeHHO20 peecmpa /leKapCmeeHHbIX cpedcme 8bisigrie-
HO, YMO 8ce BaKUUHbI, He codepxaujue XusbiX MUKPOOP2aHU3MO8 U 8blrlyckaeMble 8 cyxol ¢hopme 8 Poc-
cutickoli ®edepayuu, nony4yeHbl nymem cybnumayuoHHO20 8bicyuwusaHus. [JaHo npedcmasneHue o Kadye-
CMBEHHOM U KOJIUYEeCME8EHHOM cocmage 8crioMoeameribHbIX 8eulecms (cped ebicywusaHusi), npuMeHsie-
MbiX pu cybnumayuoHHOU cywike 8akyuH. [JaH 0630p ocobeHHocmel 0CHOBHbIX 3mar o8 cybnumayuoHHO-
20 ebICywiusaHusi (3amopaxueaHue, cybnumayus (nepeudyHoe ebicyuwusaHue) u Oecopbyusi (8mopuyHoe
ebiCywiugaHuUe) U MpoaHanu3uposaHbl UX omaudumerbHbie Yyepmbl. Cucmemamu3uposaHbl ceedeHusi O
eaKUUHax, He codepxawjux XuebiX MUKPOOp2aHu3Mos, 8 ¢hopme nuoghunuzama, 3apeaucmpuposaHHbix 8
Poccutickoli ®edepayuu. lNpedcmasneHa docmyrnHas UHGoOpMayus O 8akyuHax, He codepxxaljux XueblX
MUKpOOpaaHu3Mos, 8 ¢hopme nuogpunusama, rnpouzeodumeix 8 CLUA. lNpu aHanuse numepamypHbix OaH-
HbIX 8bISIBIEHO CyU,eCMBEHHOE pa3Hoobpasue UCrofb3yeMbiX 8CrIOMO2amesibHbIX 8eu,ecms, MpUMeHsie-
MbiIX nipu nauoghunuzayuu. PaccmMompeHo enusiHue Ha Kayecmeo rpernapamos criocoba eepmemu3sayuu
nompebumenbckol yrakosku — 8 cpede Kucnopoda, UHEPMHO20 2a3a unu nod sakyymom. OmmedeHo, Ymo
01151 8CE20 CEKMpa npou3soOUMbIX U 3apeaucmpuposaHHbIX 8 Poccuu eakyuH npuMeHeHa sepmemusayusi
nod eakyymom urnu 6 cpede UHepmHoz0 2a3a (mo ecmb 8 omcymcmeue Kucrnopoda). Ha pside npumepos
rnokasaHo g8o3delicmeue mexHOI02UYeCKUX napamempos npouyecca cybnumMayuoHHOU CyWwKU Ha Ka4yecmeo
npenapamos. [lokazaHO, YMO Ha COXpaHSeMOoCmb ceolicme 8aKyUH rpu cybruMayuoHHOU CywKe OKa3bl-
eaem enusiHue psi0 napamempos, K OCHOBHbLIM U3 KOMOPbLIX MOXHO OMHEeCMU CKOPOCMb 3aMopaxusaHus,
a makxe memrepamypHO-8PEMEHHbIE rapamempbl MPOUECccos8 nepeuyHol cywku u decopbyuu. YcmaHos-
JIEHO, YMO npasusnbHbIG M0O6oOP KayecmeeHHO-KOMUYECMBEHHLIX Xapakmepucmuk cpedbl 8bicylwu8aHusl
criocobcmeyem coxpaHeHUr uesesbix ceolicme nuoghunuaupyembix npenapamos. posedeHHbIl aHanus
OaHHbIX flumepamypbl 10380J1siem y4ecmb 8/lUsIHUE orucaHHbIX 8 0630pe napamempoes rnpu paspabomke
mexHorsioauu npousgodcmea UMMYHOBUOI02UYEeCKUX npernapamos 051 npoguaakmuKku U Jie4eHust UHGheK-
UUOHHbIX 3abonesaHull.

Knro4deenie cnoea: nuoqbunusauug; 8aKUUHbI, He coOep)KaLuue XKUBbIX MUKPOOpeaHU3Mosg, ecriomozamelsib-
Hble sewecmea, mexHosiocu4ecKue xapakmepucmuKku

Mudopmaumsa o cratbe: [ata noctynnenuns 8 anpend 2019 r.; gata npuHATUA K nevatn 5 ceHtabpsa 2019 r.;
Aata oHnaunH-pasmelteHns 30 ceHTabps 2019 r.

Ons umtnpoBanusa: Komuccapos A.B., Brubukos [0.H., Bonox O.A., BagapuH C.A., CnHuubiHa H.B., KocTbl-
nesa H.W., Hukndopos A.K. Jlnodunmsaumnsa BakuuH, He cogepKaLlmx Xnebix MUKpoopraHnamos // agecmusi
8y308. lNpuknadHas xumus u buomexHonoeus. 2019. T. 9, N 3. C. 403-419. DOI: 10.21285/2227-2925-2019-
9-3-403-419

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 568—60 °C 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 Iyophilised 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)', all inactivated vaccines
produced in dried form are obtained by freeze-
drying. However, it should be noted that freeze-

! TocypmapCTBEHHbLIA peecTp neKkapCTBEHHbIX
CPeACTB: CpaBOYHUK; B 2 T. (KOMMM. U3 4-X KHWr).
M.: MeguuunHcknn coset, 2009. 2400 c.
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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
(Ilyophilisation) 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
Ilyophilisation 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 °C - 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 °C 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 HexyTa A.A. HayyHoe obocHoBaHWe U meToauka
pa3paboTkn 1 COBEPLUEHCTBOBAHWS MPOMbILLMEH-
HOW TeXHOMOorMmM cybnmmMaLMoOHHOrO BbICYLLIMBAHMS
GuonpenapaTtoB: Auc. ... A-pa ©Owuonor. Hayk:
03.00.23. Wenkoso, 2003. 243 c.
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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 Federation® 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 TocymapcTBeHHasi cbapmakonesi Poccuiickon Pe-
aepaummn. XIV-e n3g.; B 4 1. 2018. T. IV [OnekTpon-
HbI pecypc] / MuHUCTEpPCTBO 3apaBooxpaHeHus PO.
denepanbHasg 3MNekTpoHHas MeauumHckas bubnuo-
Teka. URL: http://resource.rucml.ru/feml/pharma-
copia/14_4/HTML/index.html (21.04.2019)

406 =————— OU3NKO-XUMUYECKAA BNOJIOIUA / PHYSICOCHEMICAL BIOLOGY



Komissarov A.V., Bibikov D.N., Volokh O.A., et al. Lyophilisation of inactivated...
Komuccapoe A.B., bBubukoe [].H., Boniox O.A. u dp. Jluoghunusayusi eaKyuH, He codepxxaujux...

%0’ Uy} 810w Jou — ainjsiowl
|enpisay ‘wnnoeA Japun ded
wniuiwnie ul pajjos pue addoys
Jagqnt yum pajess sselb
|eJ}NaU JO [BIA |W € Ul 9SOp |

001—0Z — @so.ons ‘G'0| — aulebAjod
‘6°0 — @jewe)n|b-J-wnissejod

'GZ'0 —V.L1A3 ‘G’ — 9pUOIYD Wnipos

‘G'¢ — aueyawoulweAyiswAxoIpAy
-s1l) :Bw ‘suieyuod asop auQ

N1 G'Z Uey} SS9 J0oU — Ulel)S
d371 Aunj4 ‘snuia saigel pajeanoeul
:sulejuod (Jw Q') @sop auQ

(elpuy)
P17 BleAlld SBuIddeN
Bunyeg uouyd

aulooeA saiqel payund
|eJnjind pajeJjusduod
pajeAnoeul Jndigey

%S¢ ueyy
9JOW 10U — dINJSIoW [enpisay
‘seb uaul ue ul
pajeas a|nodwe |w g ul 8sop |

0'L — aunereb

‘g’ —osolons
‘G'0 — ulwnge uewny
1% ‘SUIBlUOD 8SOp BUQ

N1 G0 uey sse| jou
‘ulens Zg-OAOYNUA
‘BUIDOBA SNUIA S3Iqel pajeAlloeul
:sulejuod (Jw Q) @sop auQ

(e1ssny)
uabosoiN OdN

auIooBA Ssalgel
[Jn} N0 pajeAljoeul
ZE-0AOYNUA-YEAIQEY

%0°¢C uey}
9J0W JOU — dINISIoW |enpisay
'seb paul ue ul
pajeas a|nodwe |w g Ul asop |

0°01 — 8uneleb
‘0°'G/ — @soJons
{0’G — ulwng|e uewny
:Bw ‘sulejuod asop auQ

Nl G'C ueyj ss9| jou
‘Ulel}S ZE-OAOYNUA
‘BUIDOBA SNUIA SBIqe) pajeAlloeUl
:Suejuod (Jw Q') @sop auQ

(eIssny)
$90UBI0g JO Awapedy
ueissny Jo sjonpold
[eaibojolg -pue-aunwiw|
1o juswdojanaq
pue yoJeasay
10} J9)Ua) JINRUBINS
|eJapa4 AoYewnyD

auIooBA Salgel
paup pailnd jeinyno
pe)eljuUaou0d pPa)eAlloRU|

%0°¢C uey}
2J0W JOU — dIN}SIOW [enpisay
'seb paul ue ul
pajeas a|nodwe |w g Ul 9sop |

0'01 —aune|eb
‘0°'G/ — 9@soJons
‘0°G — ulwngje uewny
:Bw ‘suiejuoo asop auQ

M| G'Z UBY} SSI| JOU ‘Ulel}S ZE-OAONUA
‘BUIDOBA SNUIA SBIqe) pajeAloeul
:suleyuod (Jw Q') asop auQ

(e1ssny)
uaboloiN OdN

aul00eA saiqel paylnd
|e4n}No PaleIIusduUOoD
pajeAndeul AYO0D

%G'¢ ueyy aiow jou
— 3INJSIoW |ENPISaY "WNNJeA
Japun pajeas ajnodwe |w g ul
(yoes |w G'0) sesop g

Bw Q| — ayespAyouow asojoe)
sulejuod sjnodwe auQ

B oGz — v dnoibouas sipiibuiusyy
eLassIoN apueyooesAjod Jejnsdeo
pauund suiejuod sjnodwe auQ

(e1ssny)
uaboloiN OdN

(AdIN)
aulooeA apleyooesAjod

Vv dnolo) [eoooooBulus|y

%G'Z Uey} aiow jou
— alnjsiow [enpisay ‘seb paul ue
ul ded wnjuiwne uj pajjoJ pue
Jaddojs JaqqnJt yum pajess sse|b
|eJinau Jo [BIA [W € Ul 8SOp |

bw g'z| — asolons
‘loww G — ajeydsoyd
uaboipAyip wnissejod

:SUIBJUOD 8SOp BUQD

(6r g'¢e-7"91) uisjoud seLyypydIp
wnugjoeqauion 6\ o 0y payebnluod
(6r 01) v dnoubouss sipiibuiusyy
eliassiop apleyooesobijo
:SUIeluUod (Jw G'Q) @sop auQp

(Riey) 14's
sopsoubelqg
pue sauldoeA SIUEAON

auiooeA ayebnluod
apueyooesobijo
ASELAMOY dnoubolss
[e220206uIUSW 0BAUBIN

%0°S Uey} 8Jow Jou — ainjsiow
|enpisay "seb psul ue uj
ps|ess sjnodwe |W ¢ Ul 8S0p |

Bw og 0} 0g Wol} 8s0I0NS
SUIBJUOD 8SOp BUQ

9'8¢—0'61 — PIox0}
snued) ‘e y1-G'6 — g adA] ezuanyur
snjiydowoe apueysoesijod Jsejnsden
6 ‘suieyuo9 (Jw g Q) asop suQ

(e1ssny) Jozpeuganodsoy
10 ABojoyiseled pue
ABojoiqouoipy Jo anyisu|
UoJeasay A0JSOY

aulooeA ayebnfuod
g adA] olydowsH

S

14

€

[4

}

ainjsiow |enpisal
‘Bulieas ‘wloy abesoq

syuaidiox3

jusuodwod aAIRdY

uonisodwo)

Jainjoejnuep

aweu auinooeA

nnaasod o xiaHHesodndwonzades ‘ewecnirngontr andogh © sowenHeadood)dnw xi9enx xnmexdspod aH xeHNN)eo 0 BNHBP39)

L ehnurgej

wioy ajesijiydo| e ul SauId9BA PaJRAIJORUI UOEIdPI URISSNY dY} Ul paJajsibal uo uopew.oful ayj

L aiqel

407

DPU3UKO-XUMUNYECKAA BUONOInA / PHYSICOCHEMICAL BIOLOGY



Komissarov A.V., Bibikov D.N., Volokh O.A., et al. Lyophilisation of inactivated...
Komuccapoe A.B., bBubukoe [].H., Boniox O.A. u dp. Jluoghunusayusi eaKyuH, He codepxxaujux...

%S¢
Uey) 2J0W JoU — aJnjsiow [enpisay
'sef paul ue ul deo wnjuiwne uj
pajjoJ pue Jaddoys JaqgnJ Yyim pajess

Brl 09 01 0g woly — [esiewoly} '5E°0
0} GZ'0 — Jaynq aules-seydsoyd
‘G¢’L 0} '} — 08 orequoshjod
1'2 01 6°| — auopljouAdiAuinijod
'6¢1°0 01 920°0 — @pix0ipAy
wnjuiwnie ‘1| 0} g0 — |oyode

0€—Gz — uabnue jueuiquiodal A
‘0£—GZ — usbiue jJueuiquioosal | 4
:6r ‘suiejuod (Jw g Q) @sop auQ

(eissny) aousjaQg
0 Aysiuiy
ueissny auyj Jo
)N}IsuU| yoseoasay

BUIDOBA
anbe|d pajensdeousaoioiw

Jenosjow AdININ

sse|b |eJinau JO |BIA |W € Ul SBSOp € [Auinfjod ‘g-y — spnoeAjod |esuad g
:Bw ‘sujejuoo asop auQ
%G’ UBU} 910W JOU — 8INjsiow [BNpPISS — UIX0} snueja) 0} payebnfuod adA] ezusnyur
\om.mmm ”__Hmc_ cmﬁ:_ deo EH:_.c_Er_mvc_ s ¢°0 — sjeydsoyd .omrml 9 wa\m. 1 mw:w:w:w %:\wcqummI (wnibjog) m:\EQoMmth\E vwmh&
‘ ‘ e : wnjujwne ‘9°g} — 9s0jog| ’ Pk V'S s|eaibojoig :

psjjoJ pue Jaddoys Jaqgni yim pajess
sse|b [esinau JO [elA [W € Ul 8S0p |

:Bw ‘suiejuoo 8sop suQp

apueyooesA|jod Jeinsded
b ‘sulejuo9 (Jw g Q) asop auQ

aUIMYNWSOXED

uonoajul Jo uonuaaald
8y} JO} BUIDOBA XLIB(IH

9,G"Z Uy} 8I0W J0U — aIn}siow [enpisay
"sef paul ue ul deo wnjuiwnge
ul pajjol pue Jaddoys Jaggnt Yyum pajess
sse|b [esinau JO [elA [W € Ul 8S0p |

Z1°0 — @eydsoyd wniuiwn|e
‘9'C1 — 8s0joe|
:Bw ‘sureluod asop auQ

GZ — UIx0} snueja)} 0} pajebnluoo

01 — g @dA] ezusnyui snjydoweeH

apueyooesA|od Jeinsdeo
6 ‘suieyuoo (Jw g Q) asop auQ

(wniBjeg)
V'S s|ealbojolg
aUIUHWSOXE|D

g adA| ezusnjur
snjiydowser Agq pasneo
uonosdjul Jo uonuaraid 8y} 1oy
auIooeA ayebnluod paglospe
ue yim pauiquiod g shijedsy
‘(peyenoeur) sii@Awoliod
‘(1ejnjj@oe) sissnyad ‘snuejs)
‘euayydip jo uonuanaid

8y} Jo} BUIDOBA BXBH XlUBU|

%G’ UBU} 9J0W JOU — aInjsiow [enpisay
"sef paul ue ul deo wnjuiwne uj
pajjoJ pue Jaddoys Jaqgni yim pajess
sse|b [esinau JO [BIA |W € Ul 8S0P |

€', — [ojiuuew
‘810 — @jelpAyerday
ajeydsoyd uaboipAy wnipos
{260°0 — 81eipAyouow
a)eydsoyd usboipAyip wnipos
:Bw ‘suiejuod asop sauQ

0'05-6'z} — usyoud
aeLyydip wnusjoeqauAion
L6l y&O 0} payebnfuod
‘0L — O dnoubousssipiibuiusyy
elLiessIa aplueyooesobijo
:6rl ‘suiejuod (Jw G Q) asop auQ

(Riew) 14's
sonsoubelq pue
SBUIDOB/\ SIBAON

auI02BA
JusjeAouow ayebnluod
9 dnoub |eooooobuluaw

sjebnlusiy O AMIN

%G’z Uey} aiow
JOou — aJn)siow |enpisay ‘seb uaul ue ul
ded wnjuiwnje ul psjjos pue 1addols
Jaqqnu e yum pajess sse|b |esjnau
JO [elA |w 9 Ul (Jw G'0) S8SOp Q| 10 |

L'0 — Wnjoweyiawol)
‘9'Z1 — @solons
:Bw ‘surejuoo asop sauQp

AT D Y
sdnoubouss sipnibuiusyy eLiassionN
10 sapueyosoesA|od jo 61 og
:SuUIBJUOD (Jw G'G) 8sop auQD

(wnibjeg)
V'S s|eaibojoig
aulMyNwSoXe|

(PAIN) auiooeA
Jus|eA-{ apueyooesAjod
|eao020bulusw

AMOY XBASOUB|\

9,G"Z UBy} 8I0W JOU — ainjsiow [enpis

-9y "seb uaul ue ul ded wniujwne ul

pajjoJ pue Jaddoys Jaqgni Yim pajess
sse|b [esinau JO [elA [W € Ul 8S0p |

Bw g — ayespAyouow
9S0}0oB| SUIEJUOD
asop auQ

0S — 9 dnoubouss sipribuiusyy
eLassIaN apleyosoesA|jod

‘05 — v dnoubouss sipiibuiusyy
eLassIaN apleyosoesAjod

:6r ‘surejuoo (Jw g Q) asop auQ

(9ouely) 'v'S
ing)sed ljouesg

(2ndn) surdoea
jus|eA-g apleyooesAjod
[eao0o06uluaw

D+V obuluspy

S

€

"L 1anuugeL anHaxuoTod| |

®UN3NKO-XUMNYECKAA BUONOIrnaA / PHYSICOCHEMICAL BIOLOGY

408



Komissarov A.V., Bibikov D.N., Volokh O.A., et al. Lyophilisation of inactivated...
Komuccapoe A.B., bBubukoe [].H., Boniox O.A. u dp. Jluoghunusayusi eaKyuH, He codepxxaujux...

%0°¢ ueyy
2J0W Jou — aln}siow
|lenpisay "seb uaul ue ul
pajeas sinodwe |w 9 ul jw |

90°0 —8uey}
-awoulwejAylowAxolpAysLi
8'¢ — 9pLIOJYD WNIPOS :Wa)sAs
Jayng jo syes ‘G — auneeb
G'/€ — 8s0lJIns {pGZ — ulwng|e
:Bw ‘suiejuoo asop auQ

gzL:1 uabnue snuiA siijeydaous
8uJ0g-Xo1} pajeAloeul oiy10ads
:SuIejuod (Jw G°Q) 8sop auQp

(erssny) saoualog
10 Awapedy
ueissny Jo
sjonpold |eoibojoig
-pue-aunwiw|
1o Juswdojanaq
pue yoieasay
10} J8JUa) JUBIS
|elapa4 AoewNY)

auiooeA sijeydeous
aulog-3o1 [ednyno paiylnd
p8)eJjuUsou0D pajeAlloRU|

%S¢ ueyl
2J0W J0U — 8IN)SIoW [enpisay
‘seb paul ue Ul ded wnjujwnie uj
psjjoJ pue Jaddo}s Jagqgni yym psjess
sse|b [eJjnau JO [elA [W € Ul [W €0

100 — @soje|ab
{G/0°0 — @so1ons
‘lw/B ‘suieyuod asop suQ

(suress NA pue sn)
[I pue | 8dA} (ASH) snJIA xajdwis
sadlay ay) jo suabiue oioads
sulejuod (Jw Z°'Q) 8sop auQ

(eissny) ewuejelpn

BUIDOBA [BIN}ND pajeAloeUl
onadiay oenedisyelip

%S¢ ueyl
aJow Jou — alnjsiowl
|enpisay "WnNoeA Japun
psjess s|nodwe |W 9 Ul |w |

joyooije jAyie Aq pajeanoeul
S|189 [BIQOJOIW Qb "ON Z-NL 1YdA}
ejjauoLujes Jo uolj|iq G SUIBluo? W |

(eIssny)
Aouabe o16ojoig pue
[EQIPSN [elopa
10 suonesedaid
[euajoeqg
10 uononpolid
ay} Joy asudisjug
8y} pue swnJag
pue SauldoeA JO
9)NJlIsu| yoseasay
oyusIdg
Bingsialad-juies

9UIOJEBA
loyooje ploydAy oeayl|

%S¢ uey}
2JOW JOU — aIn)siow [enpisay
"sef paul ue ul ded wnjuiwnie ui
psjjoJ pue Jaddo}s Jaggni Yyym psjess
sse|b |eJinau Jo [BIA |W € Ul 8SOp |

9°0 — Wnjoweyawol}
‘g'Zy — @solons
:Bw ‘surejuoo asop sauQp

B og—g| pioxo}
snueja) 0} pajebnluod
6 g — g @dA) ezusnjur
snjiydoweseH apueyosoesijod
:SuIejuUod (Jw G°Q) 8sop auQp

(eoueld) 'v's
Inajsed ljoueg

g adA] ezuanyui
snjiydowoaer Aq pasned
uonodjul Jo uonuaald ay} 10}
aulooeA ayebnluod giH-10v

%0°€ UeY} alow jJou — ainjsiow
|enpisay ‘(uaboayu) seb uaul
ue ul pajeas ajnodwe |W ¢ Ul 8sOp |

G — 9so4ons | — aune|ab
19, ‘SUIBJUOD 8SOP BUQ

6 oG — snuiA
BUID2eA JOo uabijue pajeaijoeul
SuIBjuUod (Jw G°Q) 8sop auQp

(e1ssny)
uabouoi OdN

auIooeA Xod|jews
pajeAioeul JinedsQ

%S¢ uey}
aJow Jou — alnjsiow [enpisay
‘seb paul ue ul ded wnjuiwnie ul
pajjos pue Jaddojs Jaqgns yum pajess
sse|b [eJinau Jo |elA W g Ul 8SOp |

9'0 — Wnjoweyawo.}
‘G'gpy — @solons
:Bw ‘suieluoo esop sup

ploxo} snueja) 0} pajebnluod
6 gL — g adA| ezusnjui

snjiydowseH apueyosoesijod

:SuIejuod (Jw G'Q) 8sop auQp

(CRIERVAS
Ins)sed ljoues

g oadA|

ezuanyui snjiydowoaeH Aq
pasned suonoajul

ay) Jsuiebe ayebnfuod pue
‘(pejeAnoeUl) sigiwoljod
‘(1ejnjeoe) sissnuad
‘snueja} pue euayydip

Jo uonuaaaid sy} Joy
BUID0BA paglospe wixejuad

S

}

"} 1anuugeL anHaxuwoTod| |

409

DPU3UKO-XUMUNYECKAA BUONOInA / PHYSICOCHEMICAL BIOLOGY



Komissarov A.V., Bibikov D.N., Volokh O.A., et al. Lyophilisation of inactivated...
Komuccapoe A.B., bBubukoe [].H., Bontox O.A. u dp. Jluoghunusayusi eaKyuH, He codepxxaujux...

Table 2
Information about inactivated vaccines in the lyophilisate form
manufactured in the USA

Tabnuuya 2
CeedeHus1 0 8aKyuHax, He codep)kxaujux KuebiX MUKPOOP2aHU3MO8,
e ¢ghopme nuogpunusama, npouzeodumbix e CLUA

Vaccine name Manufacturer Excipients

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

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

Act-HIB conjugate vaccine to prevent the

infection caused by Haemophilus influenza Type B Sanof Sucrose

Hiberix vaccine to prevent the infection caused

by Haemophilus influenza Type B GSK Lactose

The research foundation for
microbial diseases
of Osaka University

Gelatine, PS80

JE-Vax Japanese Encephalitis Vaccine (Polysorbate-80 (Tween-80)

Novartis Vaccines and
Diagnostics, Inc.

Menveo meningococcal serogroup ACW 135Y
oligosaccharide conjugate vaccine

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 pg/mi
with 0.007 M Mcllvaine 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 °C and lyophilised
for 36 hours with the following parameters: initial
shelf temperature — minus 40 °C; shelf heating
rate — 5 °C/h; final product temperature — 25 °C.
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 sulphate*. 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 °C 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 °C; condenser temperature —
minus 75 = 5 °C. Shelf heating began at a prepara-
tion temperature from minus 40 to minus 45 °C
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 °C, 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 Iyophilisation 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 Dxanapuase M.H., HaymoB A.B., Enucees HO.10.
XonepHble XUMUYECKME BaKUUHbI UHCTMTYTa «Muk-
pob» (MPUHLMMBI KOHCTPYMPOBaHMWSA, noabopa LWTam-
MoB, BuoTtexHonorum) // UMMyHoxmmmns n cneundu-
Yyeckasi npodpmnakTnka ocobo onacHbIX WHAEKLNIA:
c6. TesucoB Poccunckon Hayy. koHd. (Capatos,
21-23 ceHTa6ps 1993 r.). Caparos: N3a-s80 BHAMA
«Mwukpoby», 1993. C. 181-182.

of the volume at a column height of 9 + 1 mm,
was as follows: freezing the preparation at minus
35 + 5 °C 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 °C;
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 °C. 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 2to 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 pg 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 cm? 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 °C 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 °C at a rate of no more than 3 °C/h. Upon
reaching the indicated value, the rate of tempera-
ture increase was elevated to 10 °C/h. After
reaching 28 °C 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 IDso 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 °C 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/cm3. 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 IDso/ 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-?
and 180-220 IDso/ cm3 of the protective antigen.
2 cm?® (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 3540 °C;
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 °C 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 pg/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 °C
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 pg/ml of antigen
and 1.7% wl/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 °C 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 °C; the final drying was carried out at 20 °C.
The preparation was sealed in nitrogen medium.

Polish scientists have developed a techno-
logy for Iyophilisation 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 pg/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 °C 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 °C
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 °C
at a rate of 1 °C/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-
ilomavirus 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 °C; freezing to minus 48 °C for 250 min;
keeping at this temperature for 360 minutes;

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

— secondary drying, in which the preparation is
maintained at a temperature of 30 °C 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 °C (at a rate of 0.5 °C/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 °C (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% wiw), lactose (10 to 50% w/w), mannitol
(5 to 50% wi/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 °C for 2 hours, drying at a
vacuum of 0.02 MPa by increasing the shelf tem-
perature to 30 °C with a rate of 2 °C/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 °C for 180 minutes, heating the shelf
to minus 30 °C for 45 minutes, drying at this
temperature for 2400 minutes, heating the shelf
to 20 °C 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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