ORIGINAL RESEARCH | VIROLOGY

EVALUATION OF METHODS OF AVIAN LEUCOSIS VIRUS INACTIVATION IN PRODUCTION
OF INFLUENZA VACCINES
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The process of production of inactivated influenza vaccines involves a stage of inactivation of both the influenza virus and the possible viral contaminants that can
come from the raw materials (chicken embryos). One of such contaminants is the avian leucosis virus. The minimum viral contaminant load reduction that the
inactivating agents should guarantee is by 4 Ig/ml; this or higher level of the deactivating ability ensures the finished vaccine is free from viral contaminants. The
purpose of this work was to cultivate the leucosis virus to the titer of 5 Ig/ml (minimum) and to measure the reduction of the avianleucosis virus titer in influenza
vaccine intermediates upon exposure to the inactivating agents. The RAV-1 and RAV-2 leucosis virus strains and influenza vaccine intermediates such as virus-
containing allantoic fluid and virus concentrates were used in the study. Avian leucosis virus titers were determined by enzyme immunoassay. We created conditions
for cultivation of the RAV-1 and RAV-2 avian leucosis virus strains in the primary culture of chicken embryo fibroblasts (CEF); the inactivating agents considered were
the most commonly used B-propiolactone and UV radiation. It was found that after 12 hours of exposure to B-propiolactone, the RAV-1 avian leucosis virus load
decreased by 4.61 + 0.46 Ig, and that of RAV-2 strain — by 4.33 + 0.33 Ig, which indicates that B-propiolactone is an effective inactivating agent. Five minutes of
exposure to UV radiation reduces the RAV-1 strain viral load by 4.22 + 0.31 Ig and RAV-2 strain viral load by 4.44 + 0.48 Ig.
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OLIEHKA METOA0OB MHAKTUBUPOBAHWUA BUPYCA JIEMKO3A MTUL, MPU NPON3BOACTBE
rPUMMNO3HbIX BAKUWH

H. H. CasuHa', A. A. Ekumos'=, M. A. LLyknnna?, B. T1. Tpyxun', A. 3. EsTyluerko!, E. H. XXupeHkuna', J1. A. CtenaHosa?

" CaHKT-TeTepbyprekuii Hay4YHO-UCCNEA0BATENBCKNIA UHCTUTYT BaKLWH U CbIBOPOTOK M MPeAnpusiTVe Mo NMpon3BOACTBY GakTepuiiHbix npenapaTtos deaepanbHOro
MeAvKo-bronormndeckoro areHTcTea, CaHkT-lNetepbypr, Poccusa

2 Hay4Ho-1ccneaoBaTenbsCKuin MHCTUTYT rpunna umenn A. A. CmopoauHuesa MuHaapasa Poccun, CaHkT-Tetepbypr, Poccus

[Np1 NPOV3BOACTBE NHAKTUBMPOBAHHBIX MPMMMO3HbIX BAKLH Ha CTaAMN MHAKTUBALWM AOMMKEH ObiTb MHAKTVBMPOBaH Kak BMPYC rpunna, Tak 1 BO3MOXKHbIe BUPYCHbIe
KOHTaMVHaHTbI, KOTOPbIE MOFYT MOMacTb B BaKLMHY U3 Cbipbs (KypPUHbIX SMOPUOHOB). OOHUM 13 BOSMOXHbIX KOHTAMUHAHTOB SBJISETCA BUPYC JIEMKo3a MTULL.
VIHaKTVBaTOPbI AOMKHBI 06ECTeHMBaTL rapaHTUPOBAHHOE CHYDKEHME BUPYCHOM Harpy3ky KOHTaMUHaHTa He MeHee Yem Ha 4 Ig/mn, 4To obecnedunT ero oTcyTCTave
B rOTOBOW BakLyHe. Llenbto paboTbl 66110 OCYLLECTBUTL HAPabOoTKy BUPYCa Nerkosa Ans AOCTVKEHUS MUHUMaIBHOrO TUTPa 5 Ig/Mn, OLEHUTL CHWKEeHWe TUTpa
BMpYCa Nevikosa NTWL, B MONYMPOAYKTax MpUMMO3HbIX BaKLWH MPU BO3AENCTBUM MHAKTVBATOPOB. B 1ccnenoBaHni ncnons3oBam WTaMMbl BUPYca Nekosa RAV-1
1 RAV-2 11 nonynpoayKTbl MPYNNO3HbIX BaKLWH, Takvie Kak BYpyCCoAepKallas annaHToMCHas XXUAKOCTb W BUPYCHbIE KOHLIEHTpaTbl. TUTPbI BUpYCa neikosa nruL,
OMPEeAensnM METOAOM UMMYHO(EPMEHTHOMO aHanm3a. Bbinn Noao6paHb! YCIoBMS HaPaboTKM BUPYyCa Nenkosa ML Lwtammos RAV-1 1 RAV-2 B nepBryHOI KynbType
hrbpobnacToB aMEPHOHOB Kyp (PIK); pacCMOTPEHbI OCHOBHbIE UCTIONBb3YEMbIE MHAKTUBATOPbLI — B-MPOMMONAKTOH 1 YP-1n3nyqerne. BoigeneHo, 4to crnycta 12 4
MHaKTMBaLM1 B-NponmonakToHOM BUPYC Nnerkosa ntvy, tamma RAV-1 nokadan CHuKeHne BUPYCHOM Harpy3ku Ha 4,61 + 0,46 Ig, a BMpyC nevkosa ntuL, Lutamma
RAV-2 —Ha 4,33 + 0,33 Ig, 4T0 yKasbiBaeT Ha athheKT1BHOE AEVICTBIE B-NPOMMONaKTOHa NPU MHaKTVBaLWmN. MpoBeaeHVe HakTueauum YP-1any4eHriem no3sonset
CHU3UTb BUPYCHYIO Harpy3ky wtammva RAV-1 Ha 4,22 + 0,31 Ig, a wramma RAV-2 Ha 4,44 + 0,48 Ig 32 5 MuH.

KnioueBble cnoBa: rpunmnosHble BakLnHbI, MHAKTUBaLWSA, BUPYC nerkoda ntuy, RAV-1, RAV-2, nponunonakToH, Y®-unanydeHue

Bknap aBTOPOB: BCe aBTOPbI BHEC/IM PAaBHO3HAYHbIN BKag, B pa3paboTky METOAVIKM MCCNEA0BaHus, MosyHeHne, aHanma v HTeprpeTaumio AaHHbIX, B HanvicaHme
1 PEAKTPOBAHNE CTaTbU.
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To make the end product safe, the influenza virus should be
completely inactivated during production of the inactivated influenza
vaccines. This is a recommendation by both the World Health
Organization and the European Medical Agency [1, 2]; for vaccines
of international quality, it is a requirement. Chicken embryos used in
the production of influenza vaccines can potentially carry zoonotic
infections, such as the avian leucosis virus, avian adenovirus,
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mycoplasma. The mentioned recommendation prescribes that
the vaccine production technology includes measures aimed at
inactivation of the listed contaminants, too.

There are various ways of inactivating viruses in production
of vaccines, including those employing UV radiation,
formaldehyde or B-propiolactone [3]. The efficacy of these
agents against viruses differs.
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An earlier research investigated the effect of inactivating
agents on avian adenovirus of CELO and Fontes strains [4]: both
B-propiolactone and UV radiation were found to be effective in
inactivating these strains. It was established that after 10 hours
of exposure to B-propiolactone, the viral load associated with
the CELO strain adenovirus decreased by 4.12 + 0.06 Ig (PFU)/mI
and that by the Fontes strain adenovirus — by 4.20 + 0.19 Ig
(PFU)/ml, which indicates that B-propiolactone is an effective
solution to the inactivation task. Five minutes of exposure to
UV radiation reduces the CELO strain viral load by 4.22 + 0.31 Ig
and Fontes strain viral load by 4.44 + 0.48 Ig. It was noted that
detergent added at the scission stage also reduces the viral
load by 0.93 + 0.15 Ig (PFU)/ml and 1.04 + 0.12 Ig (PFU)/mI
in case of CELO and Fontes strains, respectively, when the
substance is n-octyl-B-D-glucopyranoside, and by 1.18 + 0.17 Ig
(PFU)/ml and 1.12 + 0.38 Ig (PFU)/ml when the substance is
tetradecyltrimethylammonium bromide.

In this connection, it became necessary to study in detalil
the effect of the above agents on another possible contaminant,
the avian leucosis virus. The avian leucosis virus belongs to
RNA-containing oncornaviruses of the Retraviridae family; they
cause leucosis and sarcomas in birds and include six antigenic
subgroups A, B, C, D, E, J. The viruses of this group are found
in tumor tissue, blood, parenchymal organs and in chicken
eggs. A team of researchers has investigated the subject of
avian leucosis virus in poultry farms of the Russian Federation
and found antibodies thereto at 90% of the farms involved in
the study [5]. Thus, there is a serious risk of contamination of
eggs used in vaccine production with avian leucosis virus. It
should also be noted that there is an urgent need to introduce
regulations in the Russian Federation prescribing use of
hatching eggs free from the avian leucosis virus in vaccine
production.

The use of UV radiation to inactivate viruses has been
investigated earlier, but there was only one strain considered,
RAV-1 [6]. Formaldehyde is one of the potential inactivating
agents, but it can jeopardize the stability of the finished influenza
vaccine and its immunogenicity, since it is a highly reactive
compound; moreover, formaldehyde is capable of chemically
modifying the influenza virus hemagglutinin and affecting the
antigenic determinants [7, 8]. Another chemical inactivating
agent, B-propiolactone, does not have these drawbacks; it
effectively inactivates the influenza virus and is hydrolyzed to
3-hydroxypropionic acid, an intermediate metabolite of human
lipid metabolism [9], this hydrolysis being a positive factor for
the safety of the vaccine.

The purpose of this study was to select an optimal agent
to inactivate the contaminant of influenza vaccines, avian
leucosis virus, its most common groups RAV-1 (subgroup A)
and RAV-2 (subgroup B) in particular. We also aimed to find out
the minimum duration of the inactivation stage that guarantees
viral load reduction by at least 4 Ig infectious units (IU)/ml [10].

METHODS
Materials

For our study, we used:

— avian leucosis virus RAV-1 (ATCC-VR-335) from the ATCC
collection (USA);

— avian leucosis virus RAV-2 (ATCC-VR-1828) from the
ATCC collection (USA);

— 10-day-old chicken embryos from Sinyavinskaya Poultry
Farm (Russia);

— IDEXX ALV Ag Test (IDEXX Laboratoties, Inc., USA).

Virus-containing allantoic fluid

We used 9-11-day-old chicken embryos to cultivate the
influenza virus. The embryos were infected with a dose of 0.2 ml,
infectious activity 102.0-104.5, and an egg infective dose 50
(EID,,). Chicken embryos were incubated at 35 °C for 48 hours
for type A influenza virus and for 72 hours in case of type B
influenza virus. After incubation, the embryos were cooled and
allantoic fluid containing the virus (AF) harvested.

Virus concentrates (VC)

We filtered AF through a cascade of filters with a pore diameter
of 10.6 and 1 um, then concentrated the resulting fluid and put it
into the ultrafiltration unit with cutoff at 300 kDa. The concentrated
virus-containing allantoic fluid was ultracentrifuged in the
sucrose density gradient (60-20%). We harvested fractions
of the sucrose gradient in the range of 40-25% of sucrose. The
harvested fractions were mixed and stored at —20 °C until the
study.

RAV-1 and RAV-2 avian leucosis virus strains cultivation

We used the primary fibroblast cell culture (CEF) prepared from
10-day-old chicken embryos to cultivate the avian leucosis
virus strains RAV-1 and RAV-2. Production of the CEF culture
followed prescriptions provided in the respective publication
[11]; it was done in 75 cm? culture flasks.

After formation of the cell culture monolayer, we diluted
the virus on a medium as needed (nutrient medium 199,
with the addition of TPCK-trypsin to a final concentration
of 2 pyg/ml and BSA (fraction V) to a final concentration of
0.2%). The resulting virus culture dilution was introduced
to the primary cell culture of CE fibroblasts (85-95%
monolayer), preliminarily washed twice with PBS, in a
volume of 2-3% of the mattress volume (necessary for
complete coverage of the monolayer with the virus-
containing liquid). Three ml of the virus culture were added
to the fibroblast cell culture, the cultures left in contact for
1 hour at +37 °C. Then, we added the maintenance medium
(6 ml) and incubated the culture in a CO, incubator at +37 °C.
The medium was changed on the 5" day of incubation.

The samples (virus-containing culture fluid) were harvested
on the 13" (RAV-1) or on the 7™ (RAV-2) days. At the end of
the incubation, the vials with the virus-containing liquid were
frozen at =20 °C and left to thaw at room temperature; the
freezing-thawing routine was repeated 2-3 times. Then the
virus-containing liquid was taken from the vials, centrifuged at
1159 g for 10 minutes to pellet the cells.

Determination of the RAV-1 and RAV-2 avian leucosis
virus titers in the CEF primary cell culture

To determine the titers of RAV-1 and RAV-2 viruses in the
AF and VC in the context of modeling their inactivation with
B-propiolactone (B-PL) and UV irradiation, we titrated the
samples at different periods of inactivation on the CEF primary
cell culture and then tested them for p27 in each dilution with
the help of ELISA. Each sample was studied in triplicates.
We prepared 10-fold dilutions of the samples (from 10" to
109 cultured on the maintenance medium. The dilutions
used in modeling the RAV-1 virus inactivation with B-PL or
UV irradiation, as well as the negative control culture (AF and
VC series free from contaminants) were added to the CEF cell
culture, 0.5 ml per well (each dilution studied in triplicate), and
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Fig. 1. Dynamics of inactivation of the RAV-1 and RAV-2 avian leucosis virus strains with B-propiolactone

left in contact for 5 hours at the temperature of +37 °C. Then
the virus-containing culture fluid was removed and maintenance
medium added, 1 ml per well. The plates were incubated in a
CO2 incubator at +37 °C, 5% CO,, for 7 days.

At the end of the incubation, the plates with the CEF
primary cell culture were frozen at —20 °C and left to thaw at
room temperature; the freezing-thawing routine was repeated
2-3 times. Then culture liquid was harvested from the wells and
centrifuged at 3000 rpm to pellet the cells.

The supernatant was further tested for p27 antigen with
ELISA, testing enabled by the IDEXX ALV Ag Test (IDEXX
Laboratoties, Inc., USA) as per the manufacturer's instructions.
We took as a titer the highest dilution of the virus-containing
liquid sample that had the the optical densities ratio with the
positive control greater than 0.2. The sensitivity limit of the
method is 1lg IU/ml. A titer less than 1lg IU/ml was taken as
0.5.

Statistical processing of results

We processed the results with Microsoft Excel 365 (Microsoft
corp.; USA) and Minitab 19 (Minitab Inc.; USA). The confidence
intervals of the mean value were calculated with a confidence
level of 95%.

RESULTS

Investigation of the dynamics of inactivation of avian
leucosis virus in virus-containing allantoic fluid by
B-propiolactone

The simulation of AF infection with the avian leucosis virus and
subsequent inactivation thereof followed the pattern applied
in the avian adenovirus inactivation study [4]. We added the
preliminarily titrated infectious material containing avian leucosis

virus to the AF samples in a volume equal to 10% of the initial
sample volume, so that its final content was at least 5 Ig IU/ml.
The resulting contaminated samples were supplemented with
B-propiolactone to a final concentration of 0.09%, and the
avian leucosis virus titer in the samples was determined in
accordance with the described method. Figure 1 shows the
inactivation dynamics.

According to the data obtained, the viral load decreased
by at least 4 Ig IU/ml in at least 12 hours after supplementation
with B-propiolactone at the temperature of +4 — +8 °C (Table 1).

Investigation of the dynamics of inactivation of avian
leucosis virus in virus concentrates with UV radiation

The simulation of VC infection with the avian leucosis virus and
subsequent inactivation thereof followed the pattern applied
in the avian adenovirus inactivation study [4]. We added the
preliminarily titrated infectious material containing avian leucosis
virus to the VC samples in a volume equal to 10% of the initial
sample volume, so that its final content was at least 5 Ig 1U/ml.
Seven ml of the contaminated VC were placed into 90 mm Petri
dishes. The dishes were then irradiated with 60 W UV light from
0, 0.5, 1, 2 and 5 minutes; the source of light was 20 cm away.
The inactivation was carried out at the temperature of +18 °C.

After the specified time intervals, we removed the cups
from the unit and took samples (1 ml) for further determination
of the virus titer as per the described method. Figure 2 shows
the inactivation dynamics.

The viral load decreased by at least 4 Ig IU/ml in at least
5 minutes under UV light (Table).

DISCUSSION

According to the long-term data collected at the St. Petersburg
Research Institute of Vaccines and Serums of the FMBA

Table. Reduction of the viral load by avian leucosis virus under the action of various inactivating agents

Strain
Inactivating agent
RAV-1 RAV-2
B-Propiolactone
(inactivation time: 12 hours) 46104619 4,33+0,331g
UV radiation
(inactivation time: 5 minutes) 42203119 4,33+0,481g
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Fig. 2. Dynamics of inactivation of the RAV-1 and RAV-2 avian leucosis virus strains with UV radiation

of Russia, the term of full inactivation of the influenza virus
strains that the WHO recommends for inclusion in inactivated
influenza vaccines is 4-6 hours in case of B-propiolactone and
3-4 minutes under UV radiation. However, these terms do not
guarantee inactivation of the possible contaminants, which
makes the risk of producing unsafe vaccines real. In an earlier
study [4], we have shown that both B-propiolactone and UV
radiation are effective against adenovirus (strains Fontes and
CELOQO), which is a possible a contaminant. The associated viral
load decreases by more than 4 Ig PFU / mlin at least 10 hours
when B-propiolactone is used to inactivate AF (4.12 + 0.06 Ig
and 4.20 + 0.19 Ig for CELO and Fontes, respectively) and in at
least 5 minutes when the inactivating agent is UV (4.69 + 0.89 Ig
and 4.44 + 1.06 for CELO and Fontes, respectively).

According to the published research, the common
inactivating agents used against avian leucosis virus are
temperature and formalin (inactivation term of 24 hours) [12, 13],
but they are hardly usable in production of the influenza
vaccines since both temperature and formalin decrease their
immunogenicity and formaldehyde itself is toxic. UV radiation
has only been described as an inactivating agent for RAV-1 [6];
the reported viral load decrease was by 2 Ig after 10 minutes
of irradiation of virus-containing materials from a distance of
40 cm with lamps with a total power of 30 W.

This study has shown that B-propiolactone and UV
radiation are also effective against RAV-1 and RAV-2 strains
of the avian leucosis virus. However, the avian leucosis virus is
inactivated with B-propiolactone in no less than 12 hours, while
the term for adenovirus is 10 hours. Therefore, to inactivate
both contaminants, the influenza vaccine production process
should include the stage of inactivation with B-propiolactone
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