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SUMMARY

In2019, the situation regarding Newcastle disease in the Russian Federation worsened radically due to the spread of NDV subgenotype VII-L throughout the country
from the Primorsky Krai to the Kursk Oblast. As a result, 17 infected settlements with backyard farms where unvaccinated poultry was kept were registered. In this
study, immunogenicity of the vaccines produced by the FGBI“ARRIAH’, as well as the effectiveness of various vaccination schedules to prevent genotype VII NDVs,
relevant for the Russian Federation, was studied. It is known that the currently circulating ND agent is significantly more virulent compared to the viruses isolated in
previous years, and it is able to bypass the immunity provided by live vaccines. Test results demonstrated that the vaccines against genotype VII NDVs produced by
the FGBI“ARRIAH" are highly immunogenic, which allows to effectively prevent the disease when using them as part of a standard vaccination schedule. A 2-dose
vaccination schedule using live vaccine from the La Sota strain as well as the “complete” vaccination schedule using inactivated vaccines provides immunity in 100%
of chicks. The use of live vaccines in a single- and double-dose vaccination schedules prevents mortality and clinical disease in poultry, but does not prevent virus
replication, while the addition of an inactivated vaccine to the immunization schedule does prevent the replication of the virulent virus. Thus, the use of domestically
produced live and inactivated vaccines, primarily the ones containing the La Sota strain, with the following control of the immunity level and booster vaccination,
if required, is the main tool for the disease control.
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PE3IOME

B Poccuiickoii Oegepauum B 2019 rogy npon3oLuno peskoe 060CTpeHIe CUTyaLum Mo HbIOKACNCKoi 60ne3H NTuL, ¢ pacnpocTpaHeHuem Bupyca cybrexotuna Vil-L
10 BCei Tepputopui cTpaHbl — ot Mpumopckoro kpasa o Kypckoit obnactin. B utore 3apeructpuposaHo 17 HebnarononyyHbIX NyHKTOB, Fe COAEPXKANoch HeBaK-
LIMHMPOBAHHOE MOroN0BbE B INYHbIX NOACOOHbIX X03A/CTBaX rpaxAaH. B faHHo paboTe oLieHnBan1 IMMYHOTeHHOCTb BakLMH Npon3BoacTBa OrbY «BHUNU3X»,
a TakKe IOPeKTMBHOCTb PasfIMUHBIX CXeM BaKLMHALMI ANA NPOQUNAKTUKIN HbIOKACNCKO 60Ne3HM B OTHOLLEHU aKTyanbHbIX AnA Poccuiickoii Oepepaumn
BupycoB VIl reHoTuna. /13BeCTHO, UTO BUPYNEHTHOCTD LMPKYNMPYIOLLEro B HaCTOALLee Bpems BO30YAUTENA HbHOKACICKOil 60Ne3HM 3aMeTHO BO3poCna Mo Cpas-
HEHWIO ¢ BUPYCamu, BblZeNEeHHbIMIA B NpeablayLLme Fofbl, U OH CNocobeH NpeosoneBaTb NOCTBAKLMHANbHbI IMMYHUTET, C03aBaeMblil UBbIMYU BaKLUHAMK.
B pe3ynbrate nccnesoBaHuil 6bi10 ycTaHoBNEHO, UTo BaKuuHbI npou3soactea OTBY «BHUN3MK» 06nagatot BbICOKOI MMMYHOTEHHOI aKTUBHOCTbIO B OTHOLLEHUN
BupycoB VIl reHotuna, uto no3gonsAeT 3QHeKTUBHO NPOYUNAKTPOBATH 3Ty 60NE3HB NPK UX MCTIONL30BAHNM B COCTaBe CTAHAAPTHbIX CXeM BakLmHaumu. (xema
BaKLVMHALMK C ABYKPATHbIM NPUMEHEHNEM XUBOI BaKLMHbI U3 WwWTamma «/la-CoTa» Gopmupyet ummyHuTeT y 100% LbINAAT, Tak e Kak 11 «N0fiHaA» (Xema
BaKLWHALMM € MCNOIb30BaHNEM MHAKTUBUPOBAHHbIX BaKLWH. [IpuMeHeHNe XUBbIX BaKLMH B CXeMe BaKLIMHALMIA C OBHOKPATHBIM 11 ABYKPATHbIM BBEAEHMEM
MpefoTBpALLAET rMOeNb NTULL 1 KNMHUYECKOe NPOABIIEHMe 60Ne3HM, OAHAKO He MPENATCTBYET pennukaLmM BUPYCa, B TO BpeMA Kak Ao6aBNeHme B (xeMy IMMY-
HU3aLVI MHAKTUBMPOBAHHOIA BAKLIMHBI NPei0TBPALLET, KpOME TOr0, Y pennKaLiio BUPYNEHTHOTO BUpYyca. Takum 06pa3om, MCnonb30BaHMe XMBbIX 1 HAKTH-
BUPOBAHHbIX BAKLIMH OTEYECTBEHHOrO NPOU3BOACTBA, NPEX /e BCEro Ha 0cHoBe LWTamma «J1a-(oTa», C NOCNeyHLMM KOHTPONEM HaNPAXEHHOCTH NMMYHNUTETa
11 POBe/ieHNeM peBaKLMHALMIA N0 NOKA3aHUAM ABNAETCA [MaBHbIM MHCTPYMeHTOM B 6opbbe ¢ 3aboneBaHnem.

KnioueBble cnoBa: BUpyneHTHbIN BUPYC Hblokacnckoil 6onestu VIl reHoTUNa, BaKLMHbI NPOTUB HbIOKACTCKOI 60Ne3HM, 3ODEKTUBHOCTL BAKLMH NPOTUB Hblo-
KacncKoii Gonesn.

bnaropapHocTb: Pabota BbinonHeHa 3a cueT cpeacTs OTBY «BHUN3M» B pamkax HayuHo-MccnedoBaTeNbCkux pabot no Teme «BetepuxapHoe bnarononyume».

[ina uutuposanua: Oponos C. B., Mopo3 H. B., Ysana I. A, Vip3a B. H. 3¢ deKTnBHOCTb BaKLIH NPOTUB HbloKaCNCKoil 6one3Hn npou3soacTea OIBY «BHUN3M»

B OTHOLLEHUV aKTyanbHbIX BUpycoB VIl renotuna. Bemepurapus cezodus. 2021; 1 (36): 44-51. DOI: 10.29326/2304-196X-2021-1-36-44-51.
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INTRODUCTION

Newcastle disease (ND) is a highly contagious viral dis-
ease that affects birds, including domestic poultry (mainly
chickens). The virus affects the digestive, respiratory, and
nervous systems. The disease is registered throughout the
world, itis included in the OIE list of notifiable diseases, as
it causes huge economic losses and hinders international
trade [1-3].

To date, NDV strains have been classified into classes:
Class 1 — avirulent strains (9 genotypes) and Class 2 — vac-
cine and virulent strains (at least 10 genotypes). This is the
most diverse and constantly evolving group of viruses. Vir-
ulent viruses of the genus Avian orthoavulavirus 1 (AOAV1),
formerly known as Avian avulavirus 1, Avian paramyxovi-
rus 1, or Newcastle disease viruses, can infect and cause
disease in a wide range of domestic and wild avian species
worldwide. Avian orthoavulavirus 1 has high genetic vari-
ability. Currently, the AOAV-1 is divided into 2 classes con-
taining more than 20 genotypes, some of which are further
divided into about 30 subtypes. In recent decades, the
most relevant for poultry farming have been genotype VI,
widely distributed in the countries of the Old World, and
genotype V (including the newly isolated genotype XIX),
circulating in the Americas.

The emergence of new virulent class 2 genotype strains
that cause epidemics can be explained by the fact that
viruses of different genotypes develop simultaneously in
different geographical areas around the world, which is
facilitated by the large diversity of avian species suscep-
tible to NDV [1, 4]. Over the past 20 years, NDV epidemics
in many Asian and European countries have been caused

by different subtypes of genotype VIl viruses [1-3]. Two li-
neages of class 2 genotype VI (previously called subgeno-
types VIlh and VIli) were identified in Indonesia in 2010 [5].
Later, one of the lineages was introduced into Malaysia [6],
China [7], a number of countries in South Africa [8] and
Russia (NDV/chicken/Kaliningrad/184/2013). The other
subgenotype was identified in Pakistan [9], India [10],
Israel [11], Libya [12], Turkey, Georgia and Bulgaria [13].

In the Russian Federation, this genotype VIl NDV
caused an outbreak on a poultry farm in the Amur Oblast
in 2006 for the first time. Currently it is used as a chal-
lenge strain [14]. In the following years, genotype VIl NDV
caused sporadic outbreaks in poultry kept on backyard
farms in different regions of the country. ND outbreaks
caused by subgenotype Vlli viruses were first reported
in the Republic of Crimea at the end of 2015 and conti-
nued throughout 2016, which at that time was the largest
and longest NDV epidemics in poultry in Russia over the
past few decades (21 infected settlements). This suggests
panzootic potential of both virus groups [15]. It is worth
mentioning that viruses with genomes similar to those of
theisolates belonging to these groups were detected later
than in the mid-90s in the countries of the Far East and
Southeast Asia, or sporadically on the islands of Indonesia.
This suggests the existence of a permanent virus reservoir
in the tropical area of Southeast Asia, in which new forms
of virulent AOAV-1 develop. From time to time, they leave
the reservoir.

In 2019, the situation regarding Newcastle disease
in the Russian Federation worsened radically due to the
spread of NDV subgenotype VII-L (VII 1.1 according to the
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new classification [16]) throughout the country from the
Primorsky Krai to the Kursk Oblast. As a result, 17 infec-
ted settlements with backyard farms where unvaccinated
poultry was kept were registered.

NDV isolates of subgenotype VII-L are most closely rela-
ted to some isolates from Iran, designated cluster VII-L [17].
Iranian scientists have shown high similarity between the
isolates, the fact that they belong to genotype VI, their
compliance with the criteria for new subgenotype identi-
fication, as well as close phylogenetic relationship with the
already known and widespread subgenotype VIid NDVs.
Later, the same authors [17] significantly increased the
number of the studied isolates belonging to this group,
showed their distribution in almost all the Iranian prov-
inces and the phylogenetic analyses of partial F gene se-
quences revealed that the isolate recovered in the country
back in 1999 was evolutionarily similar to the isolates be-
longing to this group. F. Sabouri et al. [18], as well as A. Mo-
louki et al. [19], demonstrated that subtype VII-L viruses
were common both on small-scale and commercial poul-
try farms. The emergence of the new genotype VIl subline
in this region speaks of the fact that similar processes may
occur in other places, since subgenotype VIId viruses are
endemic in many countries of Eurasia and Africa, and have
been also found in South America [20].

There have been no registered cases of NDV of this
subgenotype in industrial poultry farming in Russia so far.

In most countries, including the Russian Federation,
vaccination of commercial poultry against NDV is manda-
tory [1, 4, 21]. The terms of the primary vaccination are
determined based on the level of maternal antibodies. As a
rule, blood sera are tested by the hemagglutination inhibi-
tion test (HI) 14-21 days after the primary vaccination. Im-
munization is considered successful if at least 80% of vac-
cinated poultry has an antibody titer of at least 3 log, [22].
When using inactivated vaccines, the antibody titer should
be at least 5 log, [23].

Insufficient and heterogeneous specific antibody levels
following routine vaccination may be due to the use of an
inadequate vaccine strain in a specific epidemic situation,
incomplete dose administration, technical failures, vacci-
nation of poultry with high maternal antibody levels, and
other reasons.

The aggravation of the epidemic situation in 2019 and
the spread of genotype VII NDV throughout the Russian
Federation served the basis for the experimental infection
of poultry with actual viruses of the mentioned genotype
to assess the protectivity of live and inactivated La Sota
vaccines produced by the FGBI“ARRIAH" (Vladimir, Russia)
following different vaccination schedules.

MATERIALS AND METHODS
Vaccines. The following ND vaccines (live and inactiva-
ted) produced by the FGBI“ARRIAH" were used in the study:

—live dry vaccine against Newcastle disease from La Sota
strain, batch No. 140520 (release date 05.2020);

- combined inactivated emulsion vaccine against New-
castle disease, avian infectious bronchitis and egg drop
syndrome-76, batch No. 010320 (release date 03.2020).

Viruses. Three genotype VI NDVs relevant to the Russian
Federation were used in the challenge: NDV/chicken/Rus/
Crimea/54/17, NDV/chicken/Rus/Krasnodar/9/19, NDV/
chicken/Rus/Kaliningrad/184/13, which were further as-
signed the following names: “Crimea’, “Krasnodar” and

“Kaliningrad’, respectively.

Experimental animals. Egg-producing chicks aged
14-21 days without antibodies to NDV, obtained from a
poultry farm free from infectious avian diseases were used
in the experiment.

All tests in animals were carried out in strict compliance
with the interstate standard for keeping and care of labora-
tory animals GOST 33215-2014, adopted by the Interstate
Council for Standardization, Metrology and Certification,
as well as in accordance with the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of the European Union of 22.09.2010 on the protection of
animals used for scientific purposes.

Experiment design. Four experimental groups of chicks
were formed by random sampling. Group No. 1 (30 chicks)
were vaccinated with a single dose of the La Sota vaccine.
Group No. 2 (30 chicks) were vaccinated with two doses of
the La Sota vaccine, booster immunization being carried
out 28 days after the primary vaccination. Group No. 3
(30 chicks) were vaccinated with two doses of live vaccine
against ND and then 21 days later — with a single dose of in-
activated vaccine against ND. Group No. 4 (90 chicks) served
as a negative control and consisted of unvaccinated chicks.

The following abbreviations were used to identify the
vaccination schedules: 1 LV - single-dose immunization
with live vaccine; 2 LV - 2-dose immunization with live
vaccine; 2 LV+1 IV - 2-dose immunization with live vaccine
and single-dose immunization with inactivated vaccine.

Live vaccines were administered intranasally at a dose
of 6.7 Ig EID, , which corresponds to one immunizing dose
of the La Sota vaccine produced by the FGBI“ARRIAH"; in-
activated vaccine (single dose, 0.5 ml) was administered
intramuscularly.

Control of the vaccine immunogenicity. The vaccine im-
munogenicity was assessed based on the challenge and
serological test results.

The chicks were challenged in accordance with the OIE
Manual for Diagnostic Tests and Vaccines for Terrestrial
Animals [24]. Chicks from different experimental groups
were challenged with virulent NDVs of genotype VII. The
virulent strains were used at the following infective doses:
NDV/chicken/Rus/Kaliningrad/184/13 - 5.9 Ig EID, ; NDV/
chicken/Rus/Crimea/54/17 - 6.6 |g EID,; NDV/chicken/
Rus/Krasnodar/9/19 - 6.9 Ig EID, . Chicks were inocula-
ted intramuscularly with 0.5 ml of the inoculum and were
monitored for 7-8 days. Each time, 60 chicks were random-
ly selected to make 6 experimental groups (10 chicks per
group) subjected to the challenge:

group No. 1 - vaccinated chicks challenged with NDV/
chicken/Rus/Crimea/54/17;

group No. 2 — vaccinated chicks challenged with
NDV virus/chicken/Rus/Krasnodar/9/19;

group No. 3 - vaccinated chicks challenged with
NDV virus/chicken/Rus/Kaliningrad/184/13;

group No. 4 - unvaccinated chicks challenged with
NDV/chicken/Rus/Crimea/54/17 virus;

group No. 5 — unvaccinated chicks challenged with
NDV virus/chicken/Rus/Krasnodar/9/19;

group No. 6 — unvaccinated chicks challenged with
NDV/chicken/Rus/Kaliningrad/184/13.

Challenge was performed 21-28 days after each vac-
cination.

For serological studies, chick serum samples were
collected from different experimental groups, tested
by HI test using an HI kit for the detection of antibodies
to Newcastle disease virus produced by the FGBI“ARRIAH".
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Fig. 1. Phylogenetic position of genotype Vil isolates that have caused ND outbreaks in Russia in recent years.

The dendrogram for complete F gene ORF sequences of 3 Russian and 304 previously published strains

and isolates was obtained using the NJ program, MEGA 6.0 package. Russian isolates are shown in bold and italics.

On the right are the names of phylogenetic groups according to D. G. Diel et al. [25] (Roman numerals and Latin letters)
and K. M. Dimitrov et al. [16] (Roman and Arabic numerals). Phylogenetic groups that do not contain the studied isolates
are shown in a contracted form for convenience

Puc. 1. QunozeHemuyeckoe nonoxeHue uszonamos ceHomuna Vll, avi3gasuwiux 8 Poccuu scneiwku Hb 8 nociedHue 200bl.
JeHopozpamma nosydeHa 0718 nosiHelIx nociedosamesnsHocmeti OPC 2eHa F 3 poccutickux u 304 paree
0ny6IUKOBAHHbIX WMAMMOB8 U U30/1Amo8 ¢ noMmouwbto npozpammel NJ nakema MEGA 6.0. Pocculickue usonamesi
8bl0esieHbl XUPHbIM Wpupmom u Kypcugom. Cnpasa npusedeHbl HA38aHUA (husI02eHeMuUYecKUX 2pynn no

D. G. Diel et al. [25] (pumckue yughpel u namuHckue 6ykasl) u no K. M. Dimitrov et al. [16] (pumckue u apabckue yughpei).
DunozeHemuyeckue 2pynnsl, He cooepxxawjue Usy4aemblx U30a8mos, 0711 y0o6cmea NOKazaHel 8 ceepHymMom suoe

Serum samples were collected before vaccination and Nucleotide and their corresponding amino acid sequen-
before each challenge test, as well as 7-8 days after the  ces were analyzed using BioEdit, version 7.0.5.3. Sequence
challenge test from the survived chicks. alignment was performed using the ClustalW multiple

Nucleotide sequences of virulent NDV genes used for the  alignment program.The phylogenetic tree was constructed
challenge. Figure 1 shows the nucleotide sequences of  using the NJ algorithm, MEGA package, version 6.0.
NDV isolates and strains, characterized at the FGBI“ARRIAH" Analysis of test results. Immunogenicity of the vaccines
or published in the GenBank databases of the NCBI (www.  and the effectiveness of the vaccination schedules used
ncbi.nlm.nih.gov/nucleotide/) and GISAID EpiFlu (https://  were assessed by measuring vaccination effectiveness, as
www.gisaid.org/). well as based on the serological test results.
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Table 1
Results of the challenge in chickens immunized following different vaccination schedules

Tabnuua 1
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Pe3yl'leaTbl KOHTPOJIbHOI0 3apa)KeHuna LubinaAT, UMMYHU3UPOBAHHDIX C NPUMEHeHUEeM Pa3/INYHbIX (XeM BaKLiuHaLuu

NDV virulent strain o .
Vaccination effectiveness, %

Vaccination schedule . » Mxm(n=3)
1LV 2/10% 6/10 0/10 73+18
2LV 0/10 0/10 0/10 100
2WV411V 0/10 0/10 0/10 100
control 10/10 (n=3) 10/10 (n=3) 10/10 (n=3) 0

*The ratio of the dead to the total number of infected chickens (OTHoLueHue nasLumx K 06LLEMY KONMYECTBY 3apaXeHHbIX LbINAAT).

48

Vaccination effectiveness (E) was calculated using the
equation:

E=(n-n)/nx100%,

where nis the number of dead chicks in the group, and
n is the total number of chicks in the group.

To characterize the pathogenic effect of the virulent
ND viruses, they used lethality rate calculated for a group
of chicks vaccinated with a single dose of live vaccine. Le-
thality rate is the ratio between the number of dead an-
imals and the number of susceptible animals, expressed
as a percentage.

Lethality rate (L) was calculated using the equation:

L=n/nx100%,

where nis the number of dead chicks in the group, and
nis the total number of chicks in the group.

During statistical processing, the average vaccination
effectiveness, lethality, antibody titers, and standard errors
of the mean were calculated and analyzed using the Stu-
dent’s t-criterion to achieve 95% confidence level.

RESULTS

Immunogenicity of the vaccines and effectiveness of
the vaccination schedules used in the experiment was
assessed by the resistance to the challenge with virulent
NDVs, as well as by serological test results.

Table 1 presents summarized results on the resistance
of vaccinated chicks to the challenge with virulent NDVs.
According to the table the effectiveness of single-dose
vaccination in the groups varied from 40 to 100% and was
73% on average. The greatest effectiveness of single-dose
vaccination was demonstrated for the Kaliningrad strain
(10 out of 10 chicks survived), and the lowest - for the
Krasnodar strain (4 out of 10 chicks survived).

Also, from the data shown in Table 1, it follows that
vaccination effectiveness varied from 73 to 100%, depen-
ding on the schedule used. The lowest effectiveness was
observed after a single dose of the live vaccine and the
highest — after the administration of two doses of the live
vaccine and an additional dose of the inactivated vaccine.

At the same time, in all the unvaccinated control groups,
in three-stage testing, 100% lethality in chicks was ob-
served on day 3-7 post-challenge.

Figure 2 presents lethality rate in chicks in group 1 LV
after their challenge with genotype VI NDVs. According to
the diagram, as well as based on the regression equation
and the determination coefficient R = 0.84 or 84%, a high
degree of correlation between lethality and the infective
dose was established.

Figure 3 shows the correlation between the distribu-
tion of NDV antibody titers in experimental groups and
the vaccination schedule used. The diagram demonstrates
that the vaccination schedule 2 LV+1 IV resulted in high
antibody titers, with the mean titer value of 11.9 log,. Fol-
lowing other schedules, when the chicks had received one
or two live vaccine doses, the mean antibody titer values
were 5.2 and 4.8 log,, respectively.

Table 2 presents results of serological tests to deter-
mine anti-NDV antibody titres in poultry sera by HI test
after following different vaccination schedules, as well as
after the challenge test.

The data in Table 2 demonstrates that the antibody ti-
ters after single (5.2 £ 0.3 log,) and double (4.8 + 0.2 log,)
vaccination were almost the same, since there was no
statistical difference (P > 0.05). Vaccination of chicks
with the inactivated vaccine resulted in a significant
(statistically significant) increase in antibody titers
(P <0.001).

After the challenge, the antibody titers in group 1 LV
and 2 LV increased significantly and exceeded the initial
values by 48 and 119 times, respectively; as for the group
2 LV+1 IV the antibody titers were comparable to those
before the challenge - 11.9 log,.

DISCUSSION OF THE RESULTS

Single-dose vaccination with the live vaccine produced
by the FGBI“ARRIAH" resulted in high titers of humoral an-
tibodies, which were comparable to those developed after
two-dose vaccination. However, the effectiveness of sin-
gle-dose vaccination was the lowest (73%), whereas after
the administration of two doses of live vaccine and an ad-
ditional dose of the inactivated vaccine, the effectiveness
against virulent genotype VIl NDVs was the greatest and
amounted to 100%.

It should be noted that genotype VIl NDVs’ pathoge-
nicity depended on the infective dose, and this could be
observed in chicks vaccinated with a single dose of the
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live vaccine. Further in the studies, when characterizing

the effectiveness of the 2 LV and 2 LV+1 IV vaccination

schedules, this correlation was mitigated. It should also be

noted that it is almost impossible to find such virus con-
centration (about 5.9 Ig EID, or ~1,000,000 viral particles)

in the wild, so it is most likely that single-dose vaccination

with live La Sota vaccine will protect poultry from the in-
fection with virulent genotype VII NDVs.

Apparently, two-dose immunization with live vaccine
and the additional administration of the inactivated vac-
cine results in higher immunity levels and specific immu-
nity, characterized mainly by “late” immunoglobulin G,
which is more effective against virulent NDVs. However,
immunization of poultry with live vaccines did not com-
pletely prevent the virulent virus replication, as evidenced
by the 50-100 times increase in humoral antibody titers
7-8 days post-challenge.

The so-called “complete” vaccination schedule, using
live and inactivated vaccines, resulted in high humoral
antibody titers, prevented the virulent virus replication,
and provided 100% protection against the infection.

CONCLUSION

It was found that vaccines are effective for the pre-
vention of Newcastle disease, caused by virulent geno-
type VIl viruses, when used following a specific vacci-
nation schedule. Thus, a two-dose vaccination schedule
using live vaccines, prevented poultry death and clinical
manifestation of the disease, but did not prevent virus
replication. While the vaccination schedule using live
and inactivated vaccines prevented death, the deve-
lopment of clinical disease signs and replication of the
virulent virus.

Therefore, vaccines against ND produced by the
FGBI “ARRIAH" are highly immunogenic and effective in
the prevention of disease caused by genotype VIl NDVs.

The data obtained indicate that the currently circula-
ting NDV is significantly more virulent than those isolated
in previous years, and it is able to bypass the post-vac-
cination immunity induced by live vaccines. Therefore,
the use of adequate domestically produced live and in-
activated vaccines, primarily those containing the La Sota
strain, with the following control of the immunity level and
booster vaccination, if required, is the main tool for the
disease control.
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Fig. 2. Relationship between the infectious dose and the mortality rate
in single-dose vaccinated chickens
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Fig. 3. Distribution of antibodly titers by groups, according
to the vaccination schedules used.

The red markers indicate the average values

of the corresponding set of variate values

Puc. 3. PacnpedeneHue mumpog8 aHmumes no 2pynnam,
coomeemcmeeHHO NPUMEHEHHbIM CXeMaM 8aKUUHAYUU.
KpacHeimu mapkepamu 8bidesnieHbl CpedHUe 3HaYeHUs
coomeemcmayouwux 8apuayUOHHbIX pA00s

Serological response in chickens to vaccination following different ND vaccination schedules

Tabnuua 2

CeponoruuecKMﬁ OTBET LbIMAAT Ha UMMYHU3ALMI0 C UCNOJIb30BAHNEM PA3/IMYHbIX (XeM BaKLiUHaLUuu NpoTuBe Hb

Antibody titer (log,) at different sample collection time points

Vaccination schedule

1 52+03 10.8+03
2V 3.2+0.6 48+0.2 1M.7+0.1
2WV+1IV 11.9+0.1 11.9+0.1

b/v — days before vaccination (aHeii 1o BakuuHawm), p/v — days post-vaccination (gHeil nocne BakumHawmm),

p/ch — days post-challenge (aHeii nocne KOHTPONLHOTO 3apaXeHua).
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