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EVALUATION OF AVIAN ADENOVIRUS INACTIVATION METHODS USED IN THE PRODUCTION
OF INFLUENZA VACCINES
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Inactivation of influenza virus and other potential contaminants like avian adenoviruses coming from embryonated chicken eggs is a critical step in the production of
inactivated influenza vaccines. Inactivation must lead to a guaranteed reduction in contaminant titers by at least 4 Ig (PFU)/ml. The aim of this study was to identify
an optimum cell line for adenovirus propagation and to estimate a reduction in adenovirus titers in vaccine intermediates after inactivation. In a series of experiments,
we identified the optimum conditions and the optimum cell line for the propagation of avian adenovirus (strains CELO and Fontes). The most commonly used
inactivation methods were analyzed, including inactivation by B-propiolactone and UV light. Viral titers were measured by plaque assays. After 10 h of inactivation
with B-propiolactone, CELO titers fell by 4.12 + 0.06 g, whereas Fontes titers, by 4.20 + 0.19 Ig, suggesting that B-propiolactone is an effective inactivating agent.
Exposure to UV light led to a reduction in CELO titers by 4.69 + 0.89 Ig and a reduction in Fontes titers by 4.44 + 1.06 Ig after 5 min. N-octyl-B-D-glucopyranoside
added at the splitting step reduced CELO titers by 0.93 + 0.15 Ig and Fontes titers by 1.04 + 0.12 Ig, whereas tetradecyltrimethylammonium bromide led to a
reduction in CELO and Fontes titers by 1.18 + 0.17 Ig and 1.12 + 0.38 Ig, respectively.
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OLIEHKA METOA40B NHAKTUBUPOBAHUA AOEHOBUPYCA MNTUL, NP NPON3BOAOCTBE
rPUNNO3HbIX BAKUVH

H. H. CasvHa' B, A. A. Ekumog', B. T1. TpyxuH', A. 3. EBTylueHko!, E. H. XKuperkuna', E. O. CuHerybosa?, A. B. Cnuta?

T CaHKT-IeTepOyprekumii HayYHO-MCCNenoBaTeNbCKUA MHCTUTYT BakLMH 1 CbIBOPOTOK ¥ MPEAnpUSTAE MO NPOU3BOACTBY HakTepuiiHbIX npenapaTtos denepanbHoro
MeavKo-bronormndeckoro areHTcTea, CaHkT-leTepbypr, Poccus

2 CaHKT-lMeTepbyprekuii Hay4YHO-MCCNeaoBaTENLCKUA MHCTUTYT SNUAEMMONOrM 1 MMKpobronorim nmenmn Mactepa, CaHkT-MNetepbypr, Poccus

My NPOV3BOACTBE MHAKTUBMPOBAHHbIX MPMMMO3HbIX BaKLMH Ha CTaaMM MHAKTVBaLMW AOKEH ObITb MHAKTUBMPOBAH Kak BUPYC rpymna, Tak 1 BO3MOXHbIE BUPYCHbIE
KOHTaMUHaHTbI (HanNpUMep, afeHOBUPYC MTULL), KOTOPblE MOrYT MOMacTb B BakLMHY U3 Cbipbsi (KyPVHBIX SMOPUOHOB). VIHaKTUBATOPbI LOMKHBI 06ecneymBaTh
rapaHTUPOBAHHOE CHVXEHWE BUPYCHOW Harpysku KOHTamvHaHTa He MeHee YeM Ha 4 Ig (BOE)/Mn, 4To obecneynT ero oTCyTCTBME B FOTOBOWN BakumHe. Lienbto
paboTbl BbIIO BbIOPATh KNETOYHYID MHWIO A8 HApabOoTKM aleHOBMPYCa U OLEHUTb CHYDKEHWE TUTPa afeHOBMpYca B MOYNPOAYKTax MpUMMO3HbIX BakUMH
npy BO3OENCTBUM NHAKTUBATOPOB. Bbinn nofobpaHbl onTiManbHble YCNoBus HapaboTkK afeHoBvpyca Ny, WwrammoB CELO v Fontes B KynbType KeTok, B
ka4ecTBe ONTUMasbHOM BblOpaHa KynsTypa KNeTok Vero; pacCMOTPEeHbl OCHOBHbIE VCMONb3yeMble MHaKTUBATOPbI: B-MPOMMONaKToH 1 Y®-unsnyyenve. Tutpsl
afleHoBVpYyCca onpefsensnm MetogoM bnskoobpasoBaHusa. Cnycta 10 4 MHakTMBaUMK B-MPONMONakToHoOM aaeHoBupyc Wwramma CELO nokasan cHuxeHne
BMPYCHOW Harpyskin Ha 4,12 + 0,06 Ig, a ageHoBupyc wramma Fontes — Ha 4,20 + 0,19 Ig, 4TO ykasbiBaeT Ha a(h(HeKTUBHOE AEACTBIE B-NPONMonakToHa npu
NHakTvBaumn. MNMpoBefeHve nHakTveaumn YO-nanydeHremM nosBosseT CHU3WTb BUPYCHYtO Harpysky wrtammva CELO Ha 4,69 + 0,89 Ig, a wramma Fontes — Ha
4,44 + 1,06 Ig 3a 5 MvH. OTMe4eHO, YT JobaBneHre AeTepreHTa Ha CTauM PacLLENeHNst TakKe CHDKAET BUPYCHYHO Harpy3ky Ha 0,93 + 0,151gn 1,04 + 0,12 Ig
ons wrammos CELO n Fontes cOOTBETCTBEHHO MpW MCMOAB30BaHNM H-OKTUA-B-D-rmokonmpanosvga n Ha 1,18 + 0,17 Ig n 1,12 + 0,38 Ig npn ncnonb3oBaHm
TeTpafeLMTPUMETUIAMMOHNI BpoMmaa.

KntoueBble cnosa: rPUNNO3Hble BaKUVHbI, MHaKTUBaUWA, afeHoBUPYC NTULL, NPOMMONaKToH, yCD-I/IBJ'Iy‘-ieHI/Ie

BKJ13,]Z|I aBTOPOB: BCE aBTOPbI BHEC/IN paBHO3HaL1HbII7I BKnag B paspaGOTKy METOONKIN NCCneaoBaHns, nonyveHre, aHann3 n MHTepnpeTaumio aHHbIX, B HanmcaHme
1 pefakTnpoBaHne ctaTtby.
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One of the key steps in the production of inactivated influenza
vaccines is influenza virus inactivation for the safety of the final
product. The World Health Organization and the European
Medicines Agency [1, 2] require that influenza virus should be
completely inactivated during this step. It is known that vaccine
intermediates can potentially contain other contaminants like
avian leukosis virus, avian adenoviruses and mycoplasmas.
So, the guidelines prescribe that the inactivation step should
be effective against these pathogens, too.

Technologically, inactivation can be achieved by physical
or chemical methods. The most widespread physical method
is irradiation with ultraviolet light; one of the commonly used
chemical methods is exposure to alkylating agents, such as
B-propiolactone [3].

Avian adenoviruses cause a chronic infection in birds and
are lethal for chicken embryos (CE). Avian adenoviruses are
members of the Aviadenovirus genus. So far, 12 serologically
distinct types of avian adenoviruses from CELO (Chicken
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Embryo Lethal Orphan) and GAL (Gallus Adeno-Like) virus
groups are recognized; one more serotype is represented by
the causative agent of the egg drop syndrome (EDS-76) [4].

In chickens, adenovirus infection manifests as inclusion
body hepatitis, hepatitis-hydropericardium syndrome, gizzard
erosion, respiratory conditions, growth retardation, and joint
inflamsmation [5].

Avian adenovirus infection often develops as a secondary
infection in poultry with infectious bronchitis, mycoplasma
infection and other respiratory diseases.

Now and then, outbreaks of avian adenovirus infection
occur on poultry farms across Russia [6, 7].

According to the literature, adenoviruses can be inactivated
with formaldehyde [8]; however, the efficacy of this method has
been tested on influenza virus and adenoviruses propagated
in MDCK cells; therefore, the results cannot be extrapolated to
the egg-based technology of influenza vaccine production. It is
known that formaldehyde reduces the immunogenicity of the final
vaccine to a much greater extent than B-propiolactone; besides,
B-propiolactone inactivates influenza more effectively [9].

As an inactivating agent, B-propiolactone is preferred
over formaldehyde because B-propiolactone hydrolyzes to
3-hydroxypropionic acid, an intermediate product of lipid
metabolism in humans [10]; this has a beneficial effect on
vaccine safety.

The aim of this study was to find an optimum virucidal agent
for the inactivation of influenza vaccine contaminants (CELO
and GAL viruses) and to determine the minimum inactivation
time needed for a guaranteed reduction in viral titers by at least
4 1g (PFU)Y/mI [11].

METHODS
Material

The avian adenovirus from the Adenoviridae family, Aviadenovirus,
Fowl adenovirus A, Fowl adenovirus 1, strain: Phelps (CELO),
ATCC VR-432 (ATCC collection; USA).

The avian adenovirus from the Adenoviridae family,
Aviadenovirus, Fowl adenovirus D, Fowl adenovirus 2, strain:
Fontes, ATCC VR-280 (ATCC collection; USA).

HEp-2 cells (collection of cell cultures of Saint Petersburg
Pasteur Research Institute of Epidemiology and Microbiology;
Russia).

MA-104 cells (collection of cell cultures of Saint Petersburg
Pasteur Research Institute of Epidemiology and Microbiology;
Russia).

Vero cells (collection of cell cultures of Saint Petersburg
Pasteur Research Institute of Epidemiology and Microbiology;
Russia).

Cultivation of CELO and Fontes viruses and
measurement of infectious titers

The optimum cell culture for the propagation of adenoviruses
was selected from 3 candidate cell lines: Vero B, MA-104
and HEp-2. The cells were cultured in the alpha-MEM
growth medium supplemented with Gibco’s heat-inactivated
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fetal bovine serum (10%), 2 mM L-glutamine and 100 pg/ml
gentamicin. The maintenance medium used in the experiment
contained 2% FBS, as opposed to 10% FBS in the growth
medium. The cells were seeded at 500,000 cells/ml and grown
overnight in culture flasks (surface area: 25 cm2) at 37 °C and
5% CO, until a monolayer was formed.

The cell cultures were infected with Phelps or Fontes strains
and grown at 37 °C and 5% CO, until 80-90% of the monolayer
was destroyed. The flasks were frozen at —20 °C; after thawing,
adenovirus titers were determined as described below.

The cells were plated in 24-well plates at 500,000 cells/ml
and cultured overnight at 37 °C and 5% CO, until a monolayer
was formed. Then, the cells were infected with serial tenfold
dilutions (from 10" to 107) of the viral stocks and incubated for
30 min at room temperature. After that, the cells were washed
in culture medium; MEM was mixed with Avicel (SigmaAldrich;
USA) at a 1 : 1 ratio and added to the washed cells. Then, the
cells were incubated for 96 h at 37 °C and 5% CO,,. After that,
the cells were stained with 1 ml of 0.1% alcohol crystal violet for
15 min, washed with distilled water, dried at room temperature,
and viral plagues were counted in each well. Based on the
obtained counts, viral titers were determined using a method
proposed by Reed and Muench [12]; the titers were expressed
as PFU/m.

Virus-containing allantoic fluid

Influenza virus was cultured in 9-11-day old embryonated
chicken eggs. The embryos were challenged with 102,0-104,5
EID, /0.2 ml. The eggs inoculated with type A influenza virus
were incubated at 35 °C for 48 h; those infected with type B
influenza virus were incubated for 72 h. After incubation, the
eggs were cooled and the virus-containing allantoic fluid (AF)
was harvested.

Viral concentrates (VC)

AF was filtered through a cascade of 10, 6 and 1 pm filters
and run through a 300 kDa ultrafiltration unit. The obtained
concentrate was centrifuged in a sucrose density gradient
(60-20%). Then, 40-25% gradient fractions were collected.

Statistical analysis

Statistical analysis was conducted in Microsoft Excel 365
(Microsoft corp.; USA) and Minitab 19 (Minitab Inc.; USA)
and involved calculation of 95% confidence intervals.

RESULTS
Optimum cell line for avian adenovirus production

Three candidate cell lines were tested: Vero, MA-104 and
HEp-2. These are the most commonly used cell lines for the
propagation of adenoviruses. The infectious titers of CELO and
Fontes viruses cultured in these cell lines are provided in Table 1.
Both adenoviruses propagated in Vero cells more effectively
than in MA-104 and HEp-2: their titers in Vero cells were by at

Table 1. Infectious titers of CELO and Fontes adenoviruses cultured in different cell lines

Virus Infectious titers, PFU/ml

Vero HEp-2 MA-104
CELO 4.3 £23x10° 6.5 +3.0x10° 1.1+02x10°
Fontes 3.3+1.5x10° 9.7 +3.8x10° 2.0+0.7 x10°
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Fig. 1. Dynamics of CELO and Fontes inactivation in the presence of B-propiolactone

least 2 Ig higher. In other words, Vero cells turned out to be the
most permissive cells for both studied avian adenoviruses.

Dynamics of avian adenovirus inactivation in allantoic
fluid by B-propiolactone

To model inactivation of avian adenoviruses in allantoic fluid by
B-propiolactone, the titrated viral stock (10% of the AF volume)
was added to AF so that the final viral titer was at least 105
PFU/mI. The mixture was inactivated with [B-propiolactone
(0.09% in the final mixture) and viral titers were measured in the
samples. Inactivation dynamics are shown in Fig. 1.

A reduction in viral titers by at least 4 Ig PFU/ml occurred no
sooner than 10 h after adding B-propiolactone; in other words,
allantoic fluid used in the production of influenza vaccines should
be exposed to B-propiolactone for inactivation for at least 10 h.

Dynamics of avian adenovirus inactivation in
virus concentrates by exposure to UV light

To model inactivation of avian adenoviruses in VC by irradiation
with UV light, the titrated viral stock (10% of the VC volume)
was added to VC so that the final viral titer was at least 10°

6
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PFU/ml. Contaminated VC was placed in 90 mm Petri dishes.
The dishes were exposed to 4 UV lamps (total power: 60 W)
installed at a 20 cm distance from the dishes. The following UV
irradiation protocol was applied:

Dish1—0s;
Dish2 — 30 s;
Dish 3 — 1 min;
Dish 4 — 2 min;
Dish 5 — 5 min.

After time points specified in the protocol, 1ml samples of
VC were collected from the dishes to quantify the number of
plagues and thus determine the viral titer. Inactivation dynamics
are shown in Fig. 2

A reduction in viral titers by at least 4 Ig PFU/ml occurred no
sooner than after 5 min of exposure; in other words, exposure to
UV light for the inactivation of viral particles in allantoic fluid during
the production of influenza vaccines should last at least 5 min.

Dynamics of avian adenovirus inactivation
in virus concentrates by detergents

To model inactivation of avian adenoviruses in VC by exposure
to detergents, the titrated viral stock (10% of the VC volume)

~§— CELO

—@— Fontes

Inactivation time (min)

Fig. 2. Dynamics of CELO and Fontes inactivation by UV light
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Fig. 3. Dynamics of CELO and Fontes inactivation by n-octyl-g-D-glucopyranoside

was added to VC so that the final viral titer was at least 10°
PFU/mI. Then, contaminated VC samples were combined with
the solutions of n-octyl-B-D-glucopyranoside (total protein to
detergent ratio: 1 : 8) or tetradecyltrimethylammonium bromide
(total protein to detergent ratio: 1 : 0.5) in PBS, and viral titers
were determined. Inactivation dynamics are shown in Fig. 3
and 4.

A reduction in viral titers by at least 1 Ig PFU/ml occurred after
1 h of exposure to the detergents. Following exposure to n-octyl-
-D-glucopyranoside, CELO titers fell by 0.93 + 0.15 Ig and Fontes
titers fell by 1.04 + 0.12 Ig. With tetradecyltrimethylammonium
bromide, CELO titers fell by 1.18 + 0.17 Ig and Fontes titers fell
by 1.12 £ 0.38 Ig.

DISCUSSION

Inactivation by B-propiolactone and by exposure to UV light
is effective against the avian adenovirus strains Fontes and
CELO. However, the variability of the results is greater for UV
irradiation (Table 2).

These findings may indicate that the UV-based inactivation
method is less reliable and may increase the risk of producing a

1.6
1.4

1.2

0.8
0.6

0.4

Adenovirus inhibition coefficient
(lg PFU/mI)

0.2

poor-quality influenza vaccine. Most pharmaceutical companies
in Russia and abroad employ chemical methods of inactivation.
For example, Novartis, ID Biomedical Corp of Quebec and Saint
Petersburg Research Institute of Vaccines and Serums (FMBA,
Russia) use [-propiolactone as an inactivating agent in the
production of influenza vaccines [13-15]. Apart from influenza
virus, B-propiolactone can inactivate avian adenoviruses, which
are potential contaminants of influenza vaccine intermediates.

CONCLUSIONS

We have selected the optimum cell line for the propagation of
Fontes and CELO adenoviruses: Vero cells allow more effective
propagation (~ by 2 Ig) of these adenovirus strains than Hep-
2 and MA-104 cells. Virus-containing allantoic fluid used in
the production of influenza vaccines should be exposed to
B-propiolactone for inactivation for at least 10 h to ensure a
reduction in avian adenovirus titers by 4 Ig PFU/m. If inactivation
is performed with UV light, exposure should last at least 5
min to reduce viral titers by 4 Ig PFU/mI. In the production of
split influenza vaccines, an additional reduction in viral titers
by 1 Ig PFU/ml can be achieved by using detergents.

~@— CELO

~@- Fontes

70

Inactivation time (min)

Fig. 4. Dynamics of CELO and Fontes inactivation by tetradecyltrimethylammonium bromide
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Table 2. A reduction in adenovirus titers following exposure to different inactivating agents
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Strain
Inactivating agent
CELO Fontes
B-propiolactone
(inactivation time: 10 h) 4.12+0,06Ig 4.20+0.191g
UV light
(inactivation time: 5 min) 4.69 +0,891g 4.44 +1.06

So, the technology of influenza vaccine production that
involves inactivation of allantoic fluid by B-propiolactone
for 10 h followed by inactivation with detergents for 1 h
guarantees complete inactivation of avian adenoviruses in
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