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Abstract

Introduction. Infectious respiratory and intestinal diseases in cattle are multifactorial diseases, which explains the asso-
ciated viral or viral-bacterial etiology of the infection among productive livestock. Combating associated respiratory and
intestinal infections in cattle is carried in the vast majority of countries in the world and requires efficient measures and
medications. The aim of the present research is conducting the preclinical trials in white mice and rabbits of the experi-
mental series of the “Associated inactivated emulsion vaccine against IBR, BVD, BPIV-3 and chlamydia in cattle” im-
proved by expanding the chlamydial antigen spectrum.

Materials and Methods. The trials were conducted in the Animal Viral Disease Laboratory of the Federal Center for
Toxicological, Radiation, and Biological Safety (Kazan) from February to November 2024. Two versions of the biophar-
maceutical were produced: a standard associated vaccine and an experimental vaccine with the AMK-16 and MZ-89
strains added to the chlamydial antigen. White mice and rabbits served as laboratory animals. The vaccines were evaluated
for sterility, safety, tolerability, antigenic activity, impact on antiviral humoral immunity and immunogenicity.

Results. Both versions of the associated vaccine had proved to be sterile, harmless, and well-tolerated by laboratory
animals. Changing the chlamydial antigen composition of the associated vaccine did not have an adverse effect on the
development of antiviral humoral immunity in laboratory animals. The level of specific anti-chlamydial antibodies in
rabbits vaccinated with the improved vaccine was higher than in the group of rabbits vaccinated with the standard tech-
nology vaccine. The protection index in the group of white mice vaccinated with the improved vaccine was 1.3 times
higher than that with the standard vaccine.

Discussion and Conclusion. Based on the data obtained, it can be concluded that the improved associated vaccine, the same
as the standard one, is well tolerated by laboratory animals. Expansion of the chlamydial antigen spectrum of the “Associated
vaccine against IBR, BVD, BPIV-3 and Chlamydia in cattle” by adding additional strains did not have any negative effect
on the development of antiviral humoral immunity in laboratory animals, but on the contrary had stimulated the development
of a humoral response to the chlamydial antigen, thus, boosting the vaccine immunogenicity by 1.3 times.
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AHHOTaLUA

Beseoenue. NH(DEKIIMOHHBIE pECTUPATOPHO-KHUIIIEYHbIE OOJE3HH KPYNMHOTO POraToro CKOTa SBISIFOTCS MHOTO(AKTOP-
HBIMH 3200JI€BaHISMH, YTO 00YCJIaBINBAET ACCOLMUPOBAHHYIO BUPYCHYIO WIIN BUPYCHO-0aKTEpHAIbHYIO STHOIOTHIO TE-
YeHUsI MH(EKIIMOHHOTO MPOIIECca CPeIU PA3IMIHOTO ITOTOJIO0Bh NPOAYKTHBHBIX KHBOTHBIX. bopsba ¢ pecrmparopHo-
KUIIECYHBIMH ACCOILMUPOBAHHBIME HMH(EKIUSIMH KPYITHOTO POTATOTO CKOTa BENETCS B IMOAABIAIONIEM OOJBIIMHCTBE
cTpaH Mupa U TpedyeT 3 (GEeKTUBHBIX Mep U mpenapaToB. Llenpio uccnenoBanus SBUINCH TOKIMHUUECKHE UCTIBITaHUS
9KCIEpUMEHTAIBHON cepun «AccoruupoBanHoi BakuuHel npotuB UPT, BJI-BC, I1I'-3 u xmamuano3a KpynHOTo pora-
TOI'0 CKOTa MHAKTUBUPOBAHHOM 3MYJIbCUOHHOW», YCOBEPLUICHCTBOBAHHOM 3a CUET PACIIUPEHMs CIEKTPa XJIAMUJUITHOTO
aHTUTEHA, Ha OeJIbIX MBIIAX U KPOJIHMKaX.

Mamepuanvt u memoowvt. VicnbiTanus 1poBeAeHbl B JIaDOpaTopuM BHPYCHBIX 3abosieBaHuii kuBoTHBIX PI'BHY
«DUTPB-BHUBW» (1. Kazans) B mepuon ¢ gespanst mo HosiOps 2024 r. Beumi U3roTOBICHEI IBa BapuaHTa Onorperna-
para: cTaHAapTHas aCCOLIMMPOBAHHAS BAKIIMHA U SKCTIEPUMEHTAIIbHAS, B COCTAB XJIAMHUHHOTO aHTUI€HA KOTOPOH ObLIN
nmobasieHb! mTaMMBl «AMK-16» n «M3-89». B xadecTBe 1a00paTOpHBIX KUBOTHBIX BBICTYIIUIN OEJIbIe MBIIIH U KPO-
JIMKH. BakuyHbI ONIeHUBAIICH HA CTEPUIIBHOCTD, 0€3BPEAHOCTH, IEPEHOCHMOCTbD, aHTUTCHHYIO aKTHBHOCTD, BIMSIHUC HA
(hopMHpOBaHUE TYMOPAJILHOTO IIPOTUBOBUPYCHOTO HMMYHHUTETa, IMMYHOT€HHOCTb.

Pesynomamot uccnedosanus. beiio nokasaHo, 4to 00a BapuaHTa acCCOUMMPOBAHHOW BaKI[MHBI CTEPHIIBHBI, OC3BPEIHBI
1 XOPOLIO MEPEHOCATCS TA00PATOPHBIMH KUBOTHBIMU. I3MeHeHHe cocTaBa XJIaMUAMHHOTO aHTUT'€HA ACCOLIMUPOBAHHOM
BaKI[MHBI HE 0KA3aJI0 HETATUBHOT'O BIHMSHUS Ha ()OPMUPOBAHUE IPOTHBOBUPYCHOTO I'YMOPAIbHOTO HUMMYHHTETA Y J1a00-
PATOPHBIX JKUBOTHBIX. YPOBEHb CHEUNU(UYECKUX MPOTHBOXIAMMIUMHBIX aHTHUTEN Y KPOJIMKOB, HMMYHU3UPOBAHHBIX
YCOBEPIICHCTBOBAHHON BaKIMHOM, OBIT BBIIIE, Y€M B TPYIIE KPOJIUKOB, MIPUBUTHIX MPENapaToM, U3TOTOBIEHHBIM 10
CTaHAapTHOM MeToauKe. IHIeKe 3aunThl B TpyIIe OeNbIX MBIIICH, IPUBUTHIX YCOBEPIICHCTBOBAHHBIM IIPEIapaToM, OB
B 1,3 pasa BbIIIe, IO CPABHEHHUIO CO CTAHAAPTHBIM 00Pa3OM.

Oocyscoenue u 3axnouenue. Ha 0CHOBaHNY MOJTyYEHHBIX JAHHBIX MOXHO 3aKJIIOUHTh, YTO YCOBEPILICHCTBOBAHHAS aCcCO-
IIMAPOBaHHAs BaKIWHA, KaK M CTaHIapTHasl, XOPOIIO MEPEHOCUTCS JTa00PaTOPHBIMU JKUBOTHBIMH. Pacuipenue crekrpa
XJIAMUJIMAHOTO aHTUreHa «AccouurpoanHoi BakuuHbsl npotuB UPT, B-BC, -3 u xnaMuano3a KpynmHOro poraroro
CKOTa» JIOTIOJHUTEIFHBIMU IITaMMaMH HE TOJIbKO HE OKa3ajio HeraTuBHOTro 3¢ ¢ekra Ha (GpopMHUpOBaHHE TYMOPAIHLHOIO
MIPOTHBOBUPYCHOI'O HUMMYHHTETA Y JTaOOPAaTOPHBIX JKUBOTHBIX, HO 00JIee TOTO — CTHMYJIHPOBANO BBIPAOOTKY TyMOpPaib-
HOT'O OTBETA B OTHOIICHUH XJIaMHJUHHOTO aHTUIe€Ha, CIIOCOOCTBYS MOBBIIICHUI0 UMMYHOT€HHOCTH BaKLUHBI B 1,3 pasa.

KiroueBble c10Ba: JOKIMHUYECKHE HCIBITAHUS, ACCOLMHPOBAHHAS BAKIIMHA, aHTUTCH, UMMYHOT'€HHOCTh, IITAMMBI,
xmamunuu, UPT, I1I'-3, BA-BC, xpynHbIit poratslii CKOT, 6€JIbIe MBIIIH, KPOJIHUKH

Jos unutupoBanus. Esctudees B.B., Axbames U.P., Xycannos d.M., Sxosnes C.U., Xamunyniuna P.3, iBanosa C.B.
JlokMHUYeCcKHe UCIBITaHKsl YCOBEPIIEHCTBOBAHHOM «AcconuuposanHoi BakuuHsl npotus UPT, B/I-BC, I1I'-3 u xna-
MUJIN032 KPYITHOTO POraToro CKOTa MHaKTHBUPOBAHHOM SMYJIL,CHOHHOW» Ha OENbIX MBIIIAX M KposinKax. Bemepunapnas
namonoeus. 2025;24(3):53-64. https://doi.org/10.23947/2949-4826-2025-24-3-53-64

Introduction. Infectious respiratory and intestinal dis-
eases in young cattle represent a serious problem for live-
stock farms throughout Russia. The etiology of these pathol-
ogies typically involves multiple pathogens simultaneously,
representing stable associations of viral and bacterial agents
that cause diseases of various manifestations and severity

[1-3]. Combating associated respiratory and intestinal infec-
tions in cattle is carried out in the livestock industry in the
vast majority of countries worldwide [3-5]. An important
factor determining the need to improve methods of combat-
ing, as well as preventing the respiratory and intestinal in-
fections, is the economic reason: livestock complexes suffer
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enormous financial losses due to the widespread prevalence
of associated infections among livestock [6, 7].

Viral pathogens typically cause a primary infection,
which initially proceeds in a mild form: at this stage, the
immune system is suppressed, which subsequently leads to
increased susceptibility to secondary bacterial infections
[6, 8-10]. However, in some cases, the infectious process
development algorithm may be changed, and the pathogens
causing the primary infection are represented by the bacte-
ria, which typically are capable of long-term persistence in
the infected organism without causing pronounced clinical
signs of infection, e.g. chlamydia [11].

Chlamydia are obligate intracellular parasites with a
unique two-stage development cycle [12]. These microor-
ganisms are capable of infecting a huge number of animal
species. The course of the infectious process in chlamydio-
sis, even in different populations of the same animal spe-
cies, is usually not systematic [13], which is due to the evo-
lutionary ability of this type of microorganism to affect
various organ systems of animals, causing various clinical
signs of the disease (pneumonia, arthritis, conjunctivitis,
encephalitis, etc.). In addition, chlamydia can be transmit-
ted from one animal species to another, which also plays a
significant role in widespreading this infection among do-
mestic and wild animals [14, 15].

The most common viral pathogens in the Russian Fed-
eration are those causing infections such as infectious bo-
vine rhinotracheitis (IBR), bovine parainfluenza virus
3 (BPIV-3), bovine viral diarrhea (BVD) [16, 17]. Previ-
ously, a team of scientists from the Federal Center for Tox-
icological, Radiation, and Biological Safety (Kazan) devel-
oped an “Associated Inactivated Emulsion Vaccine against
Infectious Bovine Rhinotracheitis (IBR), Bovine Viral Di-
arrhea/Mucosal Disease (BVD), Bovine Parainfluenza Vi-
rus 3 (BPIV-3) and Chlamydia in Cattle” [17]. The anti-
genic composition of this biopreparation included one
strain each of the IBR, BPIV-3, and BVD viruses, and the
Chlamydia psittaci “250 ” strain isolated from cattle.

As a result of long-term applied and fundamental re-
search into chlamydial infections in animals it was estab-
lished that different strains of chlamydia of the same spe-
cies, isolated from the same animal species or from other
farm animals with various pathologies, differ from each
other antigenically. These differences in the biochemical
and genetic structure of chlamydia directly correlate with
the immunogenicity of different strains relative to each
other [18]. Chlamydia’s capacity for horizontal gene trans-
fer among different species of this pathogen has also been
established, allowing some chlamydial strains to contain in
their biochemical composition the antigenic epitopes spe-
cific to other species of this pathogen [19].

We previously studied the antigenic and immunogenic
properties of various chlamydia strains isolated on the ter-
ritories of different subjects of the Russian Federation [18,
20, 21]. In the frame of our research, we constructed a new

antigenic composition consisting of the three most immu-
nogenic and antigenically distinct chlamydia strains iso-
lated from different animal species. Furthermore, follow-
ing whole-genome sequencing and subsequent bioinfor-
matics analysis of the nucleotide sequence of the chromo-
some of one of the strains included in the new antigenic
composition, it was established that this strain contains an-
tigenic epitopes specific to two chlamydia species at
once—Chlamydia psittaci and Chlamydia abortus [22].
Therefore, using a new chlamydial antigen composition in
a new associated vaccine including three chlamydia strains
should have good prospects and was implemented.

Thus, the composition of the “Associated vaccine against
IBR, BVD, BPIV-3 and Chlamydia in cattle” was supple-
mented with antigens from two additional chlamydia strains:
“AMK-16> (causative agent of arthritis and abortion in
goats) and “MZ-89” (causative agent of meningoencephali-
tis in calves). However, the quantitative ratio of antigens
from different pathogens in the vaccine remained un-
changed. Preclinical trials in laboratory animals were aimed
at determining the effect of the chlamydial antigen compo-
sition change on the properties of the “Associated vaccine
against IBR, BVD, BPIV-3 and Chlamydia in cattle”.

Materials and Methods. The study was conducted at
the Animal Viral Diseases Laboratory of the Federal Cen-
ter for Toxicological, Radiation, and Biological Safety
(Kazan) from February to November 2024.

Strains. The following virus and chlamydia strains were
used:

— VK-1 strain of the BVD virus, infectious titer 10-
6'87TC|D50/m|;

— TK-A (VIEV)-B-2 vaccine strain of the IBR virus of
cattle;

— PTK-45/86 reference strain of the BPIV-3 virus of
cattle;

— Chlamydia psittaci strain “AMK-16", isolated from
pathological material of an aborted goat;

— Chlamydia psittaci strain “250”, isolated from patho-
logical material of an aborted cow;

— Chlamydia psittaci strain “MZ-89”, isolated from the
brain of a calf with the encephalitic form of chlamydial in-
fection;

— Chlamydia psittaci strain “RS-85”, isolated from
pathological material from an aborted sow.

Nutrient media. The sterility of the biopreparations was
assessed by plating them on the following nutrient media:
meat-peptone agar (MPA); meat-peptone broth (MPB);
meat-peptone liver broth and Sabouraud medium. The fol-
lowing nutrient media were used for culturing and main-
taining the cell culture: synthetic medium 199; Hanks' bal-
anced solution; fetal bovine serum manufactured by the
All-Russian Research Institute of Veterinary Medicine;
Eagle's medium MEM (Minimum Essential Medium) with
glutamine, pH 7.5-7.
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Cell cultures. Viruses were cultured using continuous
bovine kidney cell culture (MDBK).

Biological models. Chlamydia biomass was obtained
by infecting chicken embryos with chlamydia strains into
the yolk sac.

Laboratory animals. White mice and rabbits.

During experimental animal experiments, the require-
ments of Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes were observed. An-
imals were maintained in optimal conditions and had free
access to feed and water.

Reagents and Test Systems. Serological studies were
conducted using the following diagnostic test systems:

— “Set of Antigens and Sera for the Serological Diag-
nosis of Chlamydia in Farm Animals" (ROSS
RU.FV01.N00022) manufactured by the Federal Center
for Toxicological, Radiation, and Biological Safety of the
All-Russian Research Institute of Veterinary Medicine
(Kazan);

— “Kit for the Diagnosis of Bovine Parainfluenza-3”
(Kursk Biofactory — “BIOK” Firm);

— “Kit for the Detection of Antibodies to the Infectious
Bovine Rhinotracheitis Virus by the Enzyme Immuno-
sorbent Assay "IBR-SEROTEST" (LLC “Vetbiokhim”,
Moscow);

— “Kit for the Enzyme Immunosorbent Assay of Bovine
Viral Diarrhea — Mucosal Disease (BVD) in Cattle”
(VIEV, Moscow).

Vaccine composition. Two variants of the associated vac-
cine with different antigen compositions were prepared for the
study. The first (standard) batch of the biopreparation in-
cluded the following virus strains: BPIV-3 — PTK-45/86",
BVD — "VK-1", IBR — "TK-A (VIEV)-V-2", and chla-
mydia — "250". The second (experimental) batch of the vac-
cine used similar virus strains, and two more strains —
"AMK-16" and "MZ-89" — were added to the chlamydial an-
tigen. The antigens of all strains in the chlamydial antigen
were in equal proportions. In both finished vaccine variants,
the virus and chlamydia antigens were presented in an equal
ratio: BPIV-3, IBR, BVD, and chlamydia in a ratio of 1:1:1:1.
Oil-lanolin adjuvant (OLA) was used as an auxiliary compo-
nent in the production of each vaccine batch. The vaccine
emulsion was a water-in-oil system.

Methods. Vaccine sterility was determined in accord-
ance with "OFS 1.2.4.0003.15 General Pharmacopoeia
Monograph. Sterility" (Section 2.3) using the direct inocu-
lation method.

The safety of the experimental preparations was deter-
mined in accordance with GOST 31926. For each vaccine
batch, groups of 15 white mice aged 2 to 3 months and
weighing 18 to 25 g were formed. Prepared samples of the
test preparations were administered intraperitoneally to the
animals in a volume of 0.25 cm?. Subsequently, for 10 days
after vaccine administration, daily clinical examinations of

the vaccinated animals were conducted to identify sick or
dead animals. The vaccine was considered safe if no dete-
rioration in the general condition of the animals or deaths
were recorded during the entire observation period.

To evaluate the vaccine tolerance and antigenic activ-
ity, 12 rabbits were divided into three groups of four ani-
mals each. The first group of animals was vaccinated with
the standard vaccine series, while the second group was
vaccinated with the experimental vaccine series. Animals
in the third group were not vaccinated and served as con-
trols. The animals were administered 0.5 cm? of the biolog-
ical preparations intramuscularly into the thigh.

The following parameters were taken into account
when assessing the vaccine tolerance of the rabbits:

— General condition of the animals;

— General body temperature after vaccination;

— Presence of a local reaction at the injection site;

— Changes in appetite after vaccination;

— Behavioral reactions.

Vaccine tolerance was assessed during the first 10 days
after immunization. The above-mentioned parameters
were recorded and recorded daily during clinical examina-
tions of the animals. Body temperature was measured using
a mercury thermometer. General condition was assessed
visually, focusing on the animals' posture, coat, and gait.
Animal appetite was assessed by the presence or absence
of food in the feeders after feeding. Vaccine tolerance was
assessed by the absence of local or systemic reactions to
the administration of the biopreparation.

The antigenic activity of the vaccines was assessed us-
ing serological tests. Serum samples were collected sys-
tematically from the animals studied over a period of 6
months (on days 30, 60, 90, and 180 post-vaccination). The
concentration of antibodies specific to the BPIV-3 virus
was determined using the hemagglutination inhibition
test (HIT). The level of anti-chlamydial antibodies in the
sera of immunized animals was determined using the com-
plement fixation test (CFT). Specific antibodies to the IBR
and BVD viruses were determined using an enzyme-linked
immunosorbent assay (ELISA).

The ability of the vaccines to induce anti-chlamydial
immunity in immunized animals was determined in an
acute experiment on white mice (n=180). For each vaccine
series, four experimental (eight experimental groups in to-
tal) and four control groups of laboratory animals were
formed, each containing 15 animals. Animals in the exper-
imental groups were administered the test drugs subcuta-
neously in a volume of 0.2 cm3. On the 30th day after im-
munization, animals in all groups were infected with vari-
ous chlamydia strains. The first experimental groups of
mice were infected with the “AMK-16" strain, the second
with the “RS-85 strain, the third with the <250 strain, and
the fourth with the “MZ-89” strain. The control groups
were infected in a similar manner.



Russian Journal of Veterinary Pathology. 2025;24(3):53—-64. eISSN 2949-4826

The immunogenicity of biopreparations was assessed
by the protection index, which was calculated using the for-
mula:

X=2 (1)
where X — Protection index; A — number of dead animals
in control groups; B — number of dead animals in vac-
cinated groups.

To confirm the chlamydial etiology of the deaths of in-
fected mice, smears were examined using a light immer-
sion microscope (Nikon Eclipse, Japan). Smears were pre-
pared from the internal organs of dead animals and stained
using a modified Stemp method.

Results. Inoculation of two vaccine samples (improved
and standard) onto MPA, MPB, MPPPB, and Sabouraud
nutrient media revealed no microbial growth on the media
during the observation period, confirming the sterility of
the test preparations.

Administration of the experimental and standard vac-
cine samples to white mice did not cause any adverse reac-
tions or negative pathological processes during the obser-
vation period, indicating the safety of the preparations.

Observations of immunized and intact rabbits during
the vaccine tolerance study revealed that the average body
temperature of the animals in the two experimental groups,
vaccinated with different variants of the associated vac-
cine, and the control group remained virtually unchanged
throughout the study, ranging from 38.8°C to 39.0°C. All
parameters were within normal physiological limits.

Daily clinical examinations of immunized rabbits re-
vealed no pathological conditions. The animals' general con-
dition was satisfactory, their appetite was maintained, and
there were no abnormal behavioral reactions. A slight swell-
ing was observed at the injection site of the biological prep-
arations in animals in the experimental groups. This swelling
resolved within 10-15 days after vaccination, which is ac-
ceptable for immunization with emulsion vaccines.

To determine the effect of the vaccine on the development
of post-vaccination humoral immunity, serological studies
were conducted to determine the levels of specific antibodies
to the antigens used in the experimental and standard vaccines
in the blood of rabbits at various times after immunization.
The serological results are presented in Table 1.

Table 1 shows that vaccination of rabbits with both bi-
opreparations induced the production of both antiviral and
antichlamydial antibodies. On the 30th day after vaccina-
tion, the level of immunoglobulins specific to the parain-
fluenza-3 virus in animals immunized with the standard
preparation varied within titers from 1:80 to 1:320. In all
rabbits immunized with the experimental preparation, titers
of antibodies to the BPI-3 virus were equal to 1:160 at this
time point. The average titers of immunoglobulins to the
BPI-3 virus in the two groups were equal to a titer of 1:160.

The concentration of antiviral antibodies specific to the in-
fectious rhinotracheitis virus in the two groups on the 30th
day of the study was within titers from 1:400 to 1:1600.

No significant differences were observed in the devel-
opment of humoral immunity to the BVD virus. On day 30
of the study, immunoglobulins specific to this virus ranged
in titers from 1:800 to 1:1600. A slight difference was ob-
served on day 30 post-vaccination in the development of
humoral anti-chlamydial immunity. In the group immun-
ized with the standard preparation, the concentration of
complement-fixing immunoglobulins in all animals was at
a titer of 1:20. In the group of animals immunized with the
experimental preparation, the mean antibody titer was
slightly higher, at 1:30.

It should be noted that the lowest concentration of both
antiviral and antichlamydial immunoglobulins was de-
tected on the 30th day after vaccination. Over the next two
months, an increase in the concentration of antibodies spe-
cific to all antigens included in the associated vaccine was
observed in the blood serum of immunized animals. Thus,
on the 90th day, average antibody titers to the BPIV-3 virus
in the HI assay were established at 1:1440 and 1:1600 for
the standard and experimental vaccine variants, respec-
tively. Average titers of specific antibodies to the IBR virus
in the ELISA during this period were within the titers of
1:5600 for the standard vaccine sample and 1:5200 for the
experimental one. On the 90th day after vaccination, aver-
age titers of antiviral antibodies to the BVD virus in both
groups equaled a titer of 1:3600.

A somewhat different picture was observed when stud-
ying blood sera with chlamydial antigen, where a signifi-
cant difference was found between antibody levels in the
two groups of vaccinated rabbits. Thus, the average anti-
body titer in the serum with chlamydial antigen in the
group of animals vaccinated with the standard bioprepara-
tion sample was 1:60, while in the group of laboratory an-
imals immunized with the experimental preparation, the
average titer was higher, at 1:100. It should be noted that
this pattern was also observed at other study time points,
on days 60 and 180.

By day 180, the concentration of antiviral and antichla-
mydial antibodies in the blood serum of immunized ani-
mals began to decline in both groups, but was still higher
in the experimental group. However, no significant differ-
ence was detected between antibody levels to specific an-
tigens across the groups, with the exception of the chla-
mydial antigen, for which higher antibody levels were de-
tected in the group of animals vaccinated with the experi-
mental variant.

Figures 1, 2, 3, and 4 show the dynamics of average
specific antibody titers to viral and chlamydial antigens
over the entire observation period (for clarity, the titers are
shown separately for each antigen).
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Table 1

Testing in rabbits the antigenic activity of the standard and experimental versions of the “Associated vaccine against
IBR, BVD, BPIV-3 and Chlamydia in cattle”

Antigen / Test Vaccine variant Animal number Antibody titers
30" day 60" day 90" day | 180" day
1 1:80 1:1280 1:1280 1:1280
2 1:80 1:640 1:1280 1:1280
Standard 3 1:160 1:640 1:640 1:640
4 1:320 1:640 1:2560 1:2560
Mean titer 1:160 1:800 1:1440 1:1440
BPIV-3/HI test 1 1:160 1:1280 1:1280 | 1:1280
2 1:160 1:1280 1:2560 1:2560
Experiment 3 1:160 1:640 1:1280 1:640
4 1:160 1:320 1:1280 1:640
Mean titer 1:160 1:880 1:1600 1:1280
1 1:1600 1:3200 1:6400 1:6400
2 1:400 1:3200 1:3200 1:3200
Standard 3 1:800 1:1600 1:6400 1:3200
4 1:800 1:1600 1:6400 1:6400
Mean titer 1:900 1:2400 1:5600 1:4800
IBR/ELISA 1 1:400 1.400 1.1600 | 1:1600
2 1:400 1:1600 1:6400 1:3200
Experiment 3 1:1600 1:3200 1:6400 1:6400
4 1:1600 1:3200 1:6400 1:6400
Mean titer 1:1000 1:2100 1:5200 1:4400
1 1:1600 1:6400 1:6400 1:3200
2 1:1600 1:1600 1:3200 1:6400
Standard 3 1:800 1:800 1:1600 1:1600
4 1:800 1:1600 1:3200 1:1600
BVD /ELISA Mean titer 1:1200 1:2600 1:3600 1:3200
1 1:800 1:1600 1:3200 1:800
2 1:1600 1:3200 1:3200 1:3200
Experiment 3 1:1600 1:3200 1:6400 1:6400
4 1:800 1:800 1:1600 1:1600
Mean titer 1:1200 1:2200 1:3600 1:3000
1 1:20 1:20 1:80 1:80
2 1:20 1:20 1:40 1:40
Standard 3 1:20 1:20 1:80 1:80
4 1:20 1:40 1:40 1:40
Mean titer 1:20 1:20 1:60 1:60
Chlamydia /CF- test 1 1:20 1:40 1:80 1:80
2 1:40 1:80 1:160 1:80
Experiment 3 1:20 1:20 1:80 1:80
4 1:40 1:40 1:80 1:80
Mean titer 1:30 1:45 1:100 1:80
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Fig. 3. Mean titers of antiviral antibodies specific to the causative agent of BVD
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Fig. 4. Average/Mean titers of antichlamydial antibodies

The presented data (Figs. 1, 2, 3, and 4) indicate that
altering the chlamydial antigen composition in the associ-
ated vaccine did not negatively impact the development of
humoral antiviral immunity, but did increase the produc-
tion of specific antichlamydial antibodies in the blood sera

of vaccinated animals.

To determine the effect of the improved vaccine on im-
munogenicity, an acute experiment was conducted on la-
boratory white mice. The first and second groups of ani-
mals were immunized with the modified vaccine and the
standard sample, respectively. All groups of animals were
then challenged with four commercial chlamydia strains.
The results of these studies are presented in Table 2.

Table 2
Immunogenicity study of standard and experimental vaccine samples in an acute experiment in white mice
Batch number of the Number of dead
vaccine for Strain for infection animals Surviving animals Protection index
immunization
“250” 4 11 3,5
“PS-85 12 4,3
Standard (PC-85)”
“AMK-16" 4 11 3,75
“MZ-89 3 12 4,7
(M3-89)”
Total accross groups 14 46 4
“250” 3 12 4,7
“PS-85 13 6,5
Experiment (PC-85)”
“AMK-16” 2 13 7,5
“MZ-89 2 13 7
(M3-89)”
Total accross groups 9 51 6,2
“250” 14 1 -
“PS-85 13 2 -
Control (PC-85)”
“AMK-16” 15 - —
“MZ-89 14 1 -
(M3-89)”
Total accross groups 56 4 -
As shown in Table 2, 46 of the 60 mice vaccinated  with the standard vaccine survived infection with four
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chlamydia strains. The protection indices in the groups of
white mice after infection with chlamydia pathogens
ranged from 3.5 to 4.7. The average protection index
across the four groups of white mice vaccinated with the
standard vaccine was 4.

In the groups of mice vaccinated with the improved as-
sociated vaccine, the number of surviving animals was sig-
nificantly higher (51). The protection indices for infection
with different chlamydia strains ranged from 4.7 to 7.5.
The average protection index across all groups infected
with different chlamydia strains and vaccinated with the
improved vaccine was 6.2, which is 1.3 times higher than
that of the standard vaccine.

In the control groups, after infection with a virulent cul-
ture of chlamydia of different strains, only 4 (6.7%) of 60
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