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Inactivation of foot and mouth disease virus

for vaccine production

D. V. Mikhalishin, V. V. Mikhalishin, Y. M. Gochmuradov, Yu. S. E'kina
FGBI “Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

Inactivation is the loss by a virus of ability to reproduce and infect susceptible animals while retaining its antigenic properties. In this paper, the effectiveness
of aminoethylethanolamine when used as an FMDV inactivant is shown. The inactivation rates under selected parameters, effect of aminoethylethanolamine on virus
stability during inactivation and on vaccineimmunogenicity after storage at 2—8 °C were determined. The method for calculation of 50% aminoethylethanolamine
inactivating concentration (IC)) which enables to determine quality parameters of the virus-containing suspension, to compare the inactivating agent activities and
their ability to ensure the vaccine innocuity within the given period of time is presented. It was established that IC  for purified and non-purified virus-containing
suspensions was identical (0.0045%), and its safety after 12 hours of inactivation was one TCID, per 10°~10™ L of the virus containing suspension. It was also
found that double increase in inactivation time increased the virucidal activity of aminoethylethanolamine by a factor of 1.8 for serotype 0 and 2.4 for serotype A.
At the same time, the removal of cell debris had no significant effect on the inactivation process. Aminoethylethanolamine does not destroy 146S virus particles
and it was confirmed by immunogenicity testing of the vaccines during storage. This means that 15% aqueous solution of aminoethylethanolamine, manufactured
by Russian Company 000 “Biokhimresurs” (Vladimir) complies with high quality standards. Inmunogenicity test of bivalent FMD vaccine for cattle by challenging
demonstrated that its potency was 10.08 protective doses per 2 cm? of the vaccination dose.
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WHaKTMBaLKA BUPYCa ALLYpa
1A N3r0TOBNEHNA BaKLIMH

1. B. Muxanuwm, B. B. Muxanuwmn, bl. M. Toumypapos, 0. C. Enbkuna
OIBY «DeepanbHblil LieHTp oxpaHbl 340pOBbA XMBOTHbIX» (OT'BY «BHUIU3X»), r. Bnagumup, Poccusa

PE3IOME

VIHakTUBaLMA — 3T0 NoTepA BUPYCOM CNOCOBHOCTH K PenpoayKLmMu U MHGULMPOBAHMIO BOCTPUMMYMBLIX XKUBOTHbIX NPU COXPAHEHNIN aHTUTEHHbIX CBOICTB.
B pabote noka3zaHa 3¢p¢peKTMBHOCTb NPUMEHEHNA AMUHOITUAITUAEHUMUHA B KaueCTBe MHAKTMBAHTa BUpYca ALypa. OnpeseneHbl CKOPOCTb CHUXeHNA TUTpa
NHOEKLMOHHOCTI NPV BbIOPAHHbIX MapaMeTpax NPoLecca HAKTUBALMI, BAMAHUE aMUHOITUAITUNEHIMMIHA Ha CTABUNBHOCTb BUPYCA B MPOLIECCE MHAKTMBALMN
11 Ha IMMYHOTEHHOCTb BaKLMH Nocne xpaHeHua npyu Temnepatype 2—8 °C. MpeAcTaBneH MeToz BbIUMCIEHNA NATUAECATUNPOLEHTHOI UHAKTUBMPYIOLLENi KOH-
LeHTpaLMM aMUHOSTUITIREHMUHA (K ), N03BONAIOLLEI ONPE/eNATb KaueCTBEHHY!0 XapaKTepUCTIKY BIPYCCOMepXalLiei CycneH3iy, (paBHUBaTb aKTHBHOCTb
HAKTUBAHTOB 1 11X CMOCOBHOCTL 0becneunBaTh aBUPYNEHTHOCTL Npenapara B 3afaHHblil NPOMEXYTOK BpeMeHU. B pe3ynbrate npoBeaeHHbIX UCCNef0BaHMi
6biN0 yCTaHOBNEHO, UTO 3HAUeHNe Ks0 ANA HEOUMLLEHHO 1 OUMLLEHHOI BUPYCCOAepMaLLMX CycneH3uii 6bino opuHakoBbiM — 0,0045%, a ypoBeHb be3onacHocTn
nocne 12 4 uHakTuBauun coctasun ogHy TUA, 8 10°~10" n BupyccofepxaLLieii cycnensuin. Takxe 6bino BbIABIEHO, UTO YBENNYEHMe BPEMEHU MHAKTUBALMN
B /1Ba pa3a NoBbICUNO BUPYNULMAHYI0 AKTUBHOCTb aMUHOITUNITUNEHMMUHA: AnA Tuna 0 — B 1,8 pasa, anAa Tuna A — B 2,4 pa3a. B 10 e BpemaA 0uncTKa oT Kne-
TOYHOrO Ae6puca Ha NPOLECC MHAKTUBALAM He 0Ka3blBasa CYLLLECTBEHHOTO BAMAHMA. AMUHOITUNITUNEHUMIH He pa3pyLuaeT 1465 yacTuubl BUPYCa, uTo 1 6bino
MOATBEPAEHO NP NCCNIE[OBAHNM UMMYHOTEHHOI aKTUBHOCTY BaKLIH B NpoLiecce XpaHeHna. Takium 06pa3om, aMiuHOSTIUNSTUAEHUMIH, BbINyCKaemblii B BUae
15%-ro BogHoOro pactopa poccuiickoi pupmoii 000 «buoxumpecypc» (. Biagummp), cooTBETCTBYET BbICOKIM CTaHAApTaM kauecTsa. lpu nccnefoBaHm um-
MYHOTEHHOCTU IMYNbCUOHHOI OMBANEHTHO MPOTMBOALLYPHOI BaKLIMHbI ANA KPYNHOrO POraToro CkoTa B 0CTPOM OMbITe YCTaHOBWAM, YTO aKTUBHOCTb Npenapata
coctaBuna 10,08 3aWuTHbIX 103 B NPUBMBHOM 06beme 2 Cv,

KnioueBbie cnoBa: BupycALlypa, BUpynuuuAHaA akTUBHOCTb, NHAKTUBAHT, BaKLHA
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INTRODUCTION

The production of whole-virion vaccines against foot
and mouth disease is a complex and multi-stage process.
One of the mandatory steps in the vaccine technolo-
gy is the inactivation of the foot and mouth disease vi-
rus (FMDV). Inactivation is the loss by a virus of the ability
to reproduce and infect susceptible animals while retain-
ing its antigenic properties [1].

The main requirement for the inactivant is that it must
change the viral nucleic acid but must not significantly
diminish the properties of the protein responsible for im-
munogenicity. Formaldehyde was the first chemical agent
used to inactivate the virus for the vaccine production [2].
Aninnocuous vaccine suitable for cattle immunization was
obtained using this substance.

Formaldehyde as an inactivant has a number of draw-
backs: narrow range of concentrations that inactivate viral
infectivity and reduce vaccine immunogenicity; the multi-
component nature of the inactivation curve [3-5], which
does not allow to determine the endpoint of inactivation
and the innocuity of the vaccine [6]; products of formal-
dehyde reaction with non-functional proteins are allerge-
nic [7]; vaccine shelf life is compromised by higher tem-
peratures. Hydroxylamine, methylglyoxal, and ethylene
oxide have been tested as inactivants, but they are not
widely used in the manufacture of antiviral vaccines.

Studies by F. Brown et al. [8, 9] have discovered a new
class of chemicals (aziridines) for inactivation, which are
superior in inactivation rate and in preservation of FMDV
immunogenic properties.

Bahnemann H. G. [10, 11] proposed using a mixture
prepared by synthesis of ethylenimine from 2-bromoethyl-
amine hydrobromide for inactivation of FMD virus. This
drug was called binary ethylenimine, which is widely used
in the manufacture of FMD vaccines.

Aziridines inactivate the viral infectivity in a first-order
reaction without significant reduction in immunogenicity.
Linear inactivation kinetic makes it possible to calculate
the innocuity level of the vaccine [12-16].

The interaction rate of the inactivant with the viral
protein envelope and the nucleic acid is directly propor-
tional to the concentration of the reacting groups. Be-
side the concentration of the inactivant, the inactivation
rate is influenced by temperature, incubation time, pH
of the medium and components of the virus-containing
suspension. During vaccine manufacture, special signifi-
cance is given not to the virus inactivation rate, but to
the ability of the chemical agent to ensure its complete
inactivation [17].

The complete inactivation of FMD virus is a critical
requirement in the production of FMD vaccine to en-
sure the safety of the product. The vaccine innocuity
can be controlled more effectively by the analysis of
inactivation kinetics used to determine the theoretical
time of inactivation, as well as the procedure of the virus
inactivation. The logarithmic graph of the residual in-
fectivity, depending on the inactivation time, should be
linear. This straight line allows extrapolation to the end-
point of the inactivation. Validation of the inactivation
process is an essential part of quality assurance [18, 19].
Aminoethylethanolamine (AEEA) in the studies of
N. A. Ulupov et al. was identified as most suitable in-
activant, which is currently used in the manufacture of
FMD vaccines [20].

Advantages and prospects of AEEA use in the produc-
tion of FMD vaccines has been noted by many authors
in their works [21-24]. The World Organization for Animal
Health recommends using binary ethylenimine to inacti-
vate FMDV for vaccine production [25]. The mechanism
of viral inactivation by ethylenimine and its oligomers con-
sists in alkylation of nucleic acid or protein due to the ring
opening reaction [6, 20].

This article presents some results of studies of the FMDV
infectivity inactivation using AEEA. A method for evalua-
tion of the inactivant virucidal activity and its effect on vac-
cine immunogenicity and antigen stability during storage
is demonstrated.

MATERIALS AND METHODS

Virus. Production strains of FMDV types A, O, C,
Asia-1, SAT-1, SAT-2, SAT-3 adapted to newborn rabbits
and BHK-21/2-17 cell suspension culture.

Animals: 18-20 g white mice, 3-5 day-old suckling mice,
250-300 kg cattle.

Cell culture: trypsinized primary porcine kidney cul-
ture (PK), BHK-21/2-17 suspension cells.

Inactivant: 15% aqueous solution of 1-(2-aminoethyl)-
aziridine (OOO “Biokhimresurs”, Russia) and anhydrous
AEEA stored on dry NaOH.

Determination of IC_ of inactivants. The determination
of AEEA virucidal activity is based on the determination
of inactivant concentration, which reduces the infectivity
of the virus-containing suspension to 10° LD, or TCID,  at
the specified parameters of time, temperature and pH. By
analogy with potency test by calculation of 50% protec-
tive dose, it is possible to calculate the concentration of an
inactivant that protects 50% of infected animals or culture
flasks from the virus (IC, ).
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The IC, was determined using Kerber — Ashmarin for-
mula:

IlgIC,,=1gD,_ -lgd(L -0.5),

where D__is the maximum concentration of the inac-
tivant at which all test targets are not infected with FMD;
d - multiplicity of tested inactivant concentrations;
3L, is the sum of ratios between the number of
non-infected suckling mice or PK monolayer flasks free
from CPE (cytopathic effect) with the number of infected
suckling mice or flasks.

The result of the IC,, determination is the percentage
concentration of the inactivant in the FMDV suspen-
sion, which reduces its infectivity to one LD, or TCID, in
the tested suspension volume.

Example:

An inactivant is added to the precisely measured vol-
umes of the tested virus-containing suspension, making
two-fold serial dilutions. The same pH and temperature
values are adjusted in the samples. After a defined incu-
bation period, the residual infectivity is determined using
suckling mice or cell culture. For each concentration of
the inactivant, 10 animals or flasks are used. The mice are
observed for 7 days, and the cell culture is monitored for
3-4 days. Number of affected and unaffected test targets
are recorded.

) Ratio between
Concentration Number of
Number of the numbers of non-
of the . non-affected | . .
L test animals . infected and infected
inactivant animals .
animals
0.005 10 0 0/10
0.010 10 3 3/10
0.020 10 7 7/10
0.040 10 10 10/10
0.080 10 10 10/10

Calculation of IC,) based on the data in the table:

IglC,,=1g0.08-1g2(0/10+3/10+7/10+10/10 +10/10 -
-05)=29-03%x25=29-0.75=2.15.

The antilogarithm of 2.15is 0.014, hence IC, = 0.014%.

The calculated concentration of the inactivant in the vi-
ral preparation, equal to 0.014%, reduces the infectivity to
the level of one infectious unit during a specified time, at
specified temperature and pH. The advantage of the me-
thod is the rapid determination of the viral inactivation
mode for vaccine production. The calculated concentra-
tion of the inactivant, which protects 50% of test subjects,
reflects the qualitative characteristics of any component of
the virus-containing suspension, the role of temperature,
pH in the AEEA inactivation and its virucidal activity for
a different batch and during storage [17].

Determination of the FMDV inactivation rate. The in-
activation rate was determined after calculation of IC,.
An inactivant was introduced into the viral suspension to
obtain a concentration several times higher than IC,, the
mixture was incubated at a given temperature, samples
of the suspension were taken every hour and stored fro-
zen until testing for infectivity. The constructed graph of
the infectivity titer reduction described the inactivation
rate and the vaccine innocuity level for a certain duration
of inactivation.

Experimental vaccines based on lapinized FMD virus
were prepared on acetate, ammonia and phosphate
buffer solutions. Viral suspensions containing 10% rabbit
tissue were purified with chloroform, AEEA solution was
added to a concentration of 0.03%, pH was adjusted with-
in 7.2-7.8 and then incubated at a temperature of 26-27 °C
for 24 hours. Vaccines containing 59.5% of the suspension,
30% of aluminum hydroxide with 3% Al,O,, 10% of glyce-
rin and 0.5% of 10% saponin solution were formulated
from innocuous suspensions.

A bivalent emulsion vaccine was formulated contain-
ing using inactivated suspension of cultured FMDV types A
and O and adjuvant Montanide™ ISA 206 in a ratio of 1:1
and containing 4 ug of FMDV 146+75S component of each
type per inoculation dose.

The immunogenicity of the vaccines was tested on adult
white mice, which were vaccinated subcutaneously with
0.4 cm® of whole vaccine and of the vaccine diluted 2, 4,
8, 16 times using phosphate buffer. After 21 days, mice
were infected with a homologous virus adapted to them
at a dose of 10* LD, /cm’. After an 8-day observation,
a 50% immunization dose of the vaccine (ImD, ) was de-
termined using the Kerber - Ashmarin formula.

A bivalent water-in oil-in water complex emulsion
vaccine was tested on cattle using quantitative method.
The vaccine was injected intramuscularly to three groups
of animals (five animals per each group), each subsequent
dose was decreased by a factor of 4 (2.0, 0.5 and 0.12 cm?).
Animals were challenged on Day 28 after immunization
by inoculation of 10*ID, /0.2 cm? of homologous virus
into the mucous membrane of the tongue. After 7 days,
the animals were examined and a protective dose (PD,)
per vaccination volume for each type of virus included in
the vaccine was established.

All animal experiments were conducted in strict accor-
dance with the GOST 33215-2014 and GOST 33216-2014
interstate standards for laboratory animal keeping and
handling, adopted by the Interstate Council for Standardi-
zation, Metrology and Certification, as well as in accor-
dance with the requirements of Directive 2010/63/EU of
the European Parliament and the Council of the European
Union, September 22, 2010 on the protection of animals
used for scientific purposes.

RESULTS AND DISCUSSION

The results of the studies aimed at determination of
the AEEA concentrations in a viral suspension, which re-
duce the virulence of samples to one LD, , after challenge
of 3-5 day suckling mice are shown in Table 1.

As we can see, 0.0025% AEEA concentration in sus-
pensions prepared using acetate and ammonia buffer
solutions and 0.0031% AEEA concentration in suspension

Table 1
Effect of medium used for lapinized FMDV type 0 suspension
on AEEA virucidal activity (n=7)

Ammonia buffer
solution

Acetate buffer
solution

Phosphate buffer
solution

IC,, value after virus inactivation for 24 hours at 26-27 °Cand pH7.2-7.8

0.0025 £ 0.00029
P <0.005

0.0025 £ 0.00029
P <0.005

0.00310.00031
P <0.001
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prepared using phosphate buffer solution reduced infec-
tivity to one LD, after 24 hours incubation at 26 °C.

Taking into account the published data that aziridines
inactivate FMDV infectivity in a first-order reaction and
the inactivation rate is proportional to the concentration
of the inactivant used, graphs were constructed to re-
duce the infectivity of type O in the phosphate buffer
at 26-27 °C for 0.01% and 0.02% AEEA concentrations.
These concentrations were 3.22 and 6.45 times higher
than the IC, value, which should have accelerated in-
activation by a corresponding factor. However, the ave-
rage inactivation rate after 3 and 6 hours of incubation
was 4 and 8 times higher than when 0.0031 £ 0.00031%
concentration was used.

The average values obtained by three experiments
to study the inactivation kinetics of FMDV types A, O, C,
Asia-1, SAT-1, SAT-2, SAT-3 using a phosphate buffer solu-
tion, AEEA at the concentration of 0.03% and at 26-27 °C
and pH 7.2-7.8, showed that, despite the differences in
the infectivity titers before the start of inactivation, infec-
tivity was lost in all 7 serotypes after 2 hours. If inactivation
lasted 8 hours, the innocuity level corresponded to one
LD,,in 0.1L (3 h)andin 10°L (6 h). Extrapolation of the in-
activation curves on 8 hour duration suggested that the in-
nocuity level of the suspension corresponded to one LD, ,
in 10'>3-10">% L for serotypes A, O, C, Asia-1, SAT-1, SAT-2,
SAT-3. The average inactivation rate of all 7 serotypes of
the FMD virus was 10** LD,  per hour.

Since the ethylenimine dimer is toxic, it is used as
aqueous solutions (for example, a 15% AEEA aqueous solu-
tion), and stability of the active substance in the solution
decreases during storage. Therefore, the next step was to
study the virucidal activity of 15% AEEA solution at 2-8 °C
after 0, 2, 4, 6 months of storage against cultural FMDV
type O.The results obtained are presented in Table 2.

As we can see, the virucidal activity of the inactivant
did not decrease after 6 month storage at 2-8 °C, since
the 50% inactivating concentration (IC,) did not change
significantly after 2, 4, 6 months compared to the original
concentration.

It was also found that 15 and 1% AEEA solutions pre-
pared using demineralized water remained active for
6 months (observation period) at 2-8 °C. Anhydrous AEEA
when stored over dry alkali (NaOH) remained active for
20 years (observation period) at a storage temperature
of minus 10-20 °C (unpublished data).

The effect of AEEA on the immunogenicity of lapini-
zed FMDV in a vaccine containing aluminum hydroxide,
glycerin and saponin was studied for serotype O, which is
the most labile one.

After purification with chloroform, AEEA solution was
added to the suspension samples of the lapinized virus to
a concentration of 0.03%. After 24 hours of the virus inac-
tivation at 26-27 °C and pH 7.2-7.8, innocuity was tested
and vaccines were formulated. To assess the immuno-
genicity of the vaccines, the method of ImD, | quantifica-
tion was used on 18-20 g white mice. The animals were
immunized subcutaneously with the vaccine diluted in
1/15 M phosphate buffer solution and challenged 21 days
after vaccination. The immunogenicity of the vaccines was
determined after manufacture, after a year and 8 years of
storage at 2-8 °C. The results of the experiments are pre-
sented in Table 3.

Table 2
Effect of storage time on AEEA virucidal activity
Inactivant storage time (months) IC,, (%)
0.0036
0 0.0040
0.0047
M+m 0.0041+0.0003
0.0050
2 0.0047
0.0043
M+m 0.0047 +0.0002
0.0029
4 0.0038
0.0047
M+m 0.0038 +0.0005
0.0050
6 0.0040
0.0052
M+m 0.0047 + 0.0005

Table 3
Dependence of FMDV type 0 immunogenic component stability
on suspension medium and storage time

Immunogenicity of vaccines for mice

AEEA .
Virus suspension | concentration (ImDy;in 1 cm’)
medium insuspension | after manufac- | after 1year after 8 years
(%) turing of storage of storage
0.16 0.15 0.18
1 Acetate buffer 0.03 0.17 0.19 0.21
solution ' 0.16 0.18 0.16
0.15 0.15 0.17
Mxm 0.16£0.008 | 0.17£0.021 0.18 £0.022
0.19 0.29 0.30
5 Ammonia buffer 0.03 0.19 0.19 0.25
solution ' 0.10 0.23 0.24
0.1 0.1 0.14
Mxm 0.15+0.049 | 0.21+0.076 | 0.23%0.067
0.12 0.16 0.21
3 Phosphate buffer 0.03 0.13 0.18 0.19
solution ' 0.13 0.21 0.20
0.14 0.20 0.23
Mxm 0.13+0.008 | 0.19+0.022 | 0.21%0.017
It was found that the AEEA optimal safe concentra-
tion made it possible to formulate vaccines identical in
immunogenicity, which did not decrease their activity
after 8 years of storage. However, this worked with those
vaccines in which the virus was suspended in an acetate
buffer solution. A tendency to decreased activities were
found in the vaccines from the virus suspended in ammo-
nia and phosphate buffer solutions.
In the process of FMDV inactivation, an inactivant ob-
tained by two methods of synthesis was used: the first —an-
hydrous AEEA was obtained by polymerization of ethylen-
imine, and AEEA aqueous solution containing piperazine
was obtained by cyclization of the AEEA sulfate ester.
The latter is still used in the manufacture of FMD vaccines
167
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Table 4
Effect of inactivation time on AEEA virucidal activity

IC,, (%)

Inactivation time (hours)

FMDV type O FMDV type A

0.0027 0.0031
12 0.0030 0.0030
0.0025 0.0025

Mxm 0.0027 £ 0.0001 0.0029 = 0.0001
0.0015 0.0014
24 0.0008 0.0009
0.0011 0.0012

M+m 0.0011+0.0001 0.0012 = 0.0001

Table 5
Effect of purification on FMDV type 0 inactivation

IC,, (%)

Number of trials

purified suspension unpurified suspension
1 0.0050 0.0048
2 0.0036 0.0040
3 0.0043 0.0040
4 0.0051 0.0052
M£m 0.0045 =+ 0.0007 0.0045 + 0.0006

Table 6
Immunogenicity of bivalent emulsion FMD vaccine for cattle

Ve Generalised foot infection

Vaccine description

dose (cm?)
20 - -
Emulsion vaccine B B
based on adjuvant _ _
Montanide™ ISA 206; | - g - 1008 | 1008

Antigen: _ _
Type 0—4 g, _ n

TypeA—4yg
+ -_
+ +
0.12 + +
+ +
+ +
Control + +

u_n

no podal generalization;
“+"podal generalization.

from a virus reproduced in BHK-21/2-17 cell suspension
culture.

At the next stage, the kinetics of FMDV type O infectivi-
ty reduction, reproduced in a BHK-21/2-17 cell suspension
culturein a 2,000 L bioreactor with 0.02% AEEA concentra-
tion and at 37 °C was analyzed. It was found that the inac-
tivation was significantly lower than the inactivation rate
of the lapinized virus, despite the fact that the inactiva-

tion temperature of the culture virus was 10 °C higher. This
can be explained by the fact that the FMDV inactivation
rate decreases with an increase in the salt concentration
in the suspension and pH increase. In our experiments,
the decrease in the inactivation rate is caused by the pre-
sence of the entire mass of whole BHK-21 cells and cell
debris and a higher concentration of salts and other orga-
nic substances in the suspension. However, the innocuity
level of the suspension after 12 hours of inactivation was
one TCID, in 10°-10" L of suspension.

Taking into account the fact that an increase in the tem-
perature of the virus-containing suspension contributes
to an increase in AEEA virucidal activity, the inactivation
process was started immediately after the virus finished
its reproduction in BHK-21/2-17 cell suspension culture
at 37 °C. Effect of inactivation time at 37 °C on the inac-
tivant virucidal activity was tested after 12 and 24 hours.

The results presented in Table 4 demonstrate that an
increase in incubation time at a constant temperature con-
tributed to an increase in AEEA virucidal effect for type O
by 1.8 times, for type A by 2.4 times.

Since a finely dispersed matter is formed during inac-
tivation, it is technologically more convenient to perform
inactivation before the purification of the virus-containing
suspension. It was therefore necessary to prove that such
an inactivation mode is sufficient to obtain an innocuous
suspension of both purified and unpurefied cultural
FMDV (Table 5).

It was found that IC, for unpurified and purified sus-
pensions was the same and amounted to 0.0045%. This
fact confirmed that the cellular debris contained in the un-
purified suspension did not have a negative effect on
the inactivation process.

Complement fixation testing of cultural FMD virus of
serotypes A, O, C and Asia-1 before and after inactivation
showed that 146S component of the virus was not de-
stroyed.

Using the developed inactivation mode of the FMD cul-
ture virus of types O and A, a bivalent emulsion vaccine
was formulated, which was tested for immunogenicity by
quantitation in cattle (Table 6).

The data in Table 6 demonstrate that the vaccine po-
tency for both types was 10.08 PD_ in a vaccination dose
of 2.cmd.

CONCLUSION

FMDV adapted to 2-3 day old rabbits and to BHK-21/2-17
cell suspension culture was used to test the virucidal
activity of the ethylenimine oligomer — N-aminoethyl-
ethanolamine (AEEA). The first stage of inactivant evalu-
ation was the determination of the concentration that
gives a non-virulent viral suspension at the specified pa-
rameters of the inactivation process (temperature, virus
concentration, duration, pH), and the calculation of IC_ .
IC,, for unpurified and purified suspensions was the same
and amounted to 0.0045%. This fact confirmed that
the cellular debris and lapinized non-functional proteins
contained in the unpurified suspension did not have
a negative effect on the inactivation process.

The constructed graph of infectivity titer reduction
with the selected inactivation parameters (0.02% AEEA
concentration at 37 °C) made it possible to determine the
innocuity after 12 hours of inactivation, which amounted
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tooneTCID, in 10°-10"" L of a virus-containing suspension
intended for vaccine production.

The analysis of the dependence of the AEEA concen-
tration and the vaccine storage duration on the FMDV im-
munogenicity showed that after inactivation 146S antigen
did not break down.

Immunogenicity of bivalent FMDV vaccine for types A
and O was 10.08 PD,  in 2 cm? vaccination dose. Virucidal
activity, stability, high inactivation rate, minimal damage
to 146S antigen indicates that AEEA has a number of ad-
vantages over other aziridines, used for FMDV inactivation.
Thus, 15% aqueous solution of aminoethylethanolamine,
produced by the Russian company OOO “Biokhim-
resurs” (Vladimir) meets all high quality standards.
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