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Abstract—An inactivated vaccine based on the Sal. abortus equi BN-12 strain with the Bac. subtilis TNP-3
strain filtrate used as immunomodulator has been developed in order to prevent salmonella-induced equine
abortion. Preclinical and clinical trials with the white mice and the horses, respectively, are carried out. The
lack of toxicity is proven. The vaccine immunogenicity for mouse and mare models comprised 90 and 100%,
respectively. The industrial vaccine tests showed that the industrial output of foals increased by 13.8% after
immunization. Cost-effectiveness of the vaccine used with the Bac. subtilis TNP-3 strain filtrate comprised
14.1 rubles per 1 ruble of costs, which was 1.8-fold greater when compared to the vaccine used with a polyri-
bonate medicine. It is ascertained that administration of the inactivated vaccine with the Bac. subtilis TNP-3
strain is an effective method to prevent infectious abortion. Scientific and technical documentation is devel-
oped based on the survey results in order to submit it for approval to the Rosselkhoznadzor Federal Service for
Veterinary and Phytosanitary Surveillance. The instruction is compliant with the approved use. The registra-
tion certificate (71-1-10.19-4495 no. PVR-1-1-.6/01631, as of June 10, 2019) has been issued.
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INTRODUCTION

Salmonella-induced equine abortion is most com-
mon in the Asian and African countries, while some
cases are reported from European countries, the
United States, and Argentina [1–4]. A high mortality
rate caused by Sal. abortus equi was recorded in Italy
[5]. The abortions associated with viral and bacterial
infections caused by the rhinovirus and the salmonella
agents of equine abortions are most severe [6]. Mixed
infections are especially severe in the young horses,
and the mortality rate may reach 22% [7]. Salmonella
carriage among the healthy animals is proven [8–9].

Immunization through vaccination is the most
effective method to prevent salmonellosis in horses.
B.A. Matvienko et al. [10] developed the dry-powder
TRE-841 live rabies vaccine used in Kazakhstan.
Complex immunization through live vaccines was sug-
gested to prevent rhinovirus pneumonia and salmo-
nella-induced abortion [11–13]. At present, TOO
“KazNIVI” Kazakh Research Veterinary Institute
produces the live attenuated vaccine against salmo-
nella-induced abortion in mares that is based on the
B-0147 Sal. abortus equi strain [14].

An inactivated vaccine against the salmonella-
induced equine abortion, which has been developed
by the Yakut Research Institute of Agriculture jointly
with the Virology Department, All-Russia Research

Institute of Experimental Veterinary, is used in the
stud farming systems in Russia [15]. However, its high
price caused by polyribonat modulator restrains the
use of the vaccine. Moreover, the polyribonat registra-
tion date is expired. The necessity for developing pre-
vention means for stopping the spread of new viral infec-
tions, including COVID-19, is amplified. The informa-
tion on the spread of coronavirus among the horses in
Colorado State (United States) has appeared [16].

The objective of the surveys was to develop and test
the ecologically safe and effective vaccine product for
specific prevention of the salmonella-induced equine
abortion.

EXPERIMENTAL
The survey was carried out at the Veterinary Bio-

technology Laboratory, Safronov Yakut Research
Institute of Agriculture, along with TOO “Khotu-
Bakt” Science Production Center and the horse stud
farms in the Sakha Republic (Yakutia).

The Sal. abortus equi BN-12 strain stored at the
All-Russia State Research Institute for Control, Stan-
dardization, and Certification of Veterinary Prepara-
tions was used in order to develop a vaccine against the
salmonella-induced equine abortion. The Bac. subtilis
TNP-3 strain-based culture liquid (CL or filtrate)
stored at the All-Russia State Research Institute for
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Control, Standardization, and Certification of Veteri-
nary Preparations (February 6, 2001) was used in the
vaccine’s composition.

The analysis of vaccine toxicity after a single
administration of injection through the abdomen to
nonpedigreed white mice was performed according to
the “Sanitary Regulations SP 3.3.2.561-96” (affirmed
by Decree no. 33 of October 31, 1996, RF State Sani-
tary and Epidemiological Surveillance Service). In
order to perform the experiment, 11–18-g mice were
divided into three groups by the analog design princi-
ple. The Bac. subtilis TNP-3 liquid, the vaccine, and
the distilled water were administered to the animals in
groups one, two, and three (control), respectively. The
preparations were injected at a dose of 1 mL into each
in abdomen on an empty stomach in the morning.
Clinical observations were carried out for 7 subsequent
days, which was followed by killing the animals with
alcohol ether in order to carry out the anatomical
pathology tests. The anatomical pathology testing was
performed according to the common methods.

In order to analyze the vaccine toxicity for the
mares (allocated by four animals), the vaccine at doses
of 2 mL, 3 mL, and 6 mL was administered with an
intramuscular injection in the area of the neck of each
of the horses. Clinical observation was carried out for
1 month.

In order to study the stress-related immune
changes, the white mice were allocated into three
groups of 20 animals each. The animals of group one
were immunized with the inactivated vaccine used
with the culture liquid containing the Bac. subtilis
strain at a dose of 0.2 mL. The animals of group two
were subcutaneously injected with the inactivated vac-
cine used with the polyribonat modulator at a dose of
0.2 mL in the area of the animals’ dorsal side. The ani-
mals of group three (control) were not administered
any preparation. In 14 days after immunization, the
mice were infected with a diurnal culture of a patho-
gen strain.

In order to analyze the vaccine-induced immune
parameters, three groups of 20 mares each in the horse
stud section on the “Pokrovskoe” Experimental Farm
were formed in November—December 2015. The ani-
mals of group one were treated with the inactivated
vaccine containing the Bac. subtilis strain. The animals
of group two were treated with the inactivated vaccine
containing the polyribonate. The animals of (control)
group three were not vaccinated. The preparations at a
dose of 2 mL were administered with intramuscular
injection in the upper third area of the neck. Three in-
foal mares from each of the groups were sampled to
infect them with the Sal. abortus equi pathogen culture
at the minimum infectious dose 30 days after immuni-
zation. Clinical observations for the animals were car-
ried out.

The 219 mares at 4–5 months of gestation were
sampled among the two stud sections on the
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“Pokrodskoe” experimental farm in November 2016
to test them with the inactivated vaccine. The mares
were treated with the “Ivomek” preparation for
deworming prior to the experiment. The animals were
allocated into three groups. The animals of groups one
and two were treated with the inactivated vaccine con-
taining the polyribonate and the Bac. subtilis TNP-3
strain, respectively, while the animals in (control)
group three were not injected with the vaccine.

The industrial tests for the vaccine were carried out
on the farms under the adverse effects of salmonella-
induced equine abortion in Yakutia. Vaccine testing
and developing the scientific and technical documen-
tation were performed according to the “Medicinal
Product Circulation” Federal Law no. 61-FZ of April
12, 2010, and Order no. 430 of August 22, 2017, the
Ministry of Agriculture. The digital material is pro-
cessed in the form of biometrics.

RESULTS AND DISCUSSION
The body’s condition in the white mice during the

experiment was generally satisfactory. Motion activity
and responses to the external irritants remained com-
mon. The appetite was not lost. The hair coat was
smooth. The texture of mouse droppings did not
change. At the end of the experiment, the body weight
gain in the mice of groups one, two, and three com-
prised 2.01, 2.6, and 1.4 g, respectively.

Anatomical pathology testing the dead white mice
of the experimental and control groups did not reveal
any organ or tissue pathology. The organ structures
were not affected. According to the histological analy-
sis, acute venous stasis in the parenchymal regions and
the pulmonary edema were recorded. The pattern of
changes was typical for the postmortem changes after
asphyxia. Changes in the gastric mucosa in the exper-
imental mice were typical for gastritis that occurred in
response to the preparation administration. The his-
tology of the parenchymal organs was unchanged.

The outcomes of the observations for the vacci-
nated mares could sometimes indicate a swell of pasty
consistency at the injection site, which usually lasted
for 2–4 days. For the whole period of observations, no
refusal of mice to take forage and no symptom indicat-
ing depression were revealed.

After infection of the immunized white mice with
the virulent culture, two mice, four mice, and 18 mice
from groups one, two, and three (control), respec-
tively, died.

No abortion was revealed in the vaccinated mares
of groups one and two after infection. Unvaccinated
mares of group three were aborted after infection. The
Sal. abortus equi pathogenic agent was isolated in the
aborted fetuses.

Biochemical profile of mare blood tests showed
that there was no change in the levels of total protein
and its fractions on the 30th and 90th days after vacci-
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Table 1. Industrial testing the inactivated vaccine based on Bac. Subtilis strain against salmonella abortion in horses

Farm, group Vaccine type Number 
of heads

Produced 
offspring, 

heads

Recorded 
abortions

Abortion 
of Salmonella 

infection etiology

Industrial 
output 

of foals, %
“Nemyugyuntsy”, 
group one Vaccine + Poliribonat medicine 101 75 19 — 74.2

“Nemyugyuntsy”, 
group two Vaccine + Bac. subtilis 53 44 — — 83.0

“Nemyugyuntsy”, 
group three – 65 45 11 3 69.2

Taatta ulus 370 186 — — 50.2
Including
“Taatta” stud farm Vaccine + Bac. subtilis 234 101 — — 43.2
“Kordugen” stud farm 36 27 — — 75.0
“Pobeda” stud farm 100 58 — — 58.0
Yakutsk suburbs Vaccine + Bac. subtilis 124 88 — — 70.9
Megin-Kangalassy 
ulus Vaccine + Bac. subtilis 675 327 — — 48.4
nation. In addition, insignificantly increased alpha
globulin levels and decreased gamma globulin levels as
the fractions of total protein were recorded in the
mares of experimental group one. The increased levels
of total protein and its albumin and gamma globulin
fractions was recorded in the animals of experimental
groups one and two on the 150th day after vaccination.
This period coincides with the period of maximum
synthesis of agglutinating antibodies.

The outcomes of the industrial tests carried out on
the “Nemyugyuntsy” farm have proven that adminis-
tration of the inactivated Bac. subtilis TNP-3 strain
vaccine against salmonella-induced equine abortion is
an effective method to prevent infectious abortions
since it contributes to a 13.8% increase in the indus-
trial output of foals (Table 1). In the animals of group
one, 19 abortions were registered; however, salmonel-
losis etiology was not determined. In the control
group, the agent of salmonellosis causing equin abor-
tion was isolated from three samples of 11 abortions.
The industrial tests were continued on the farms in the
“Taatta” and Megin-Kangalassy districts or raions
known as uluses and the Yakutsk suburbs, where 1169
in-foal mares were vaccinated. The industrial output
of foals comprised 58.0, 70.9, and 48.4%, which is sig-
nificantly higher than the values for the previous years,
which varied at the level of 34.0–44.0%.

The culture liquid containing the Bac. subtilis
TNP-3 strain and the vaccine against salmonella-
induced equine abortion used with filtrate do not
affect the body condition, do not cause any allergic
reactions and pathological changes in organs and tis-
sues, and have no toxic effect on the organisms of lab-
oratory and target animals.

The preclinical tests with the white mice and the
industrial tests with the horses have proven that the
RUSSIAN 
inactivated Bac. subtilis TNP-3 strain vaccine against
salmonella-induced equine abortion is an effective
method to prevent infectious abortions.

The cost-effectiveness of the vaccine used with
polyribonat comprises 7.8 rubles per 1 ruble of costs.
The cost-effectiveness of the vaccine used with the
culture filtrate of Bac. subtilis TNP-3 becomes 1.8-
fold greater, comprising 14.1 rubles per 1 ruble of
costs.

It should be noted that the previous surveys have
determined that the use of live vaccines against salmo-
nella-induced abortion and pneumonia caused by rhi-
noviruses is not reasonable because of the extreme cli-
mate environments for stud horses kept in Yakutia.
The vaccine developed by the authors is not inferior to
the live vaccines proposed in Kazakhstan in the effec-
tiveness in the epizootic situations [14]. Therefore, the
method developed by the authors for specific preven-
tion of the salmonella-induced equine abortion with
the inactivated vaccine used with the culture liquid
based on the Bac. subtilis TNP-3 strain is a cost-effec-
tive measure that should be recommended for wide-
spread adoption in the stud farming systems.

CONCLUSIONS

The authors consider that the high effectiveness of
the inactivated vaccine may be explained by both the
antigen activity of the vaccine strain and the immuno-
modulatory component represented by the culture liq-
uid (filtrate) of the Bac. subtilis TNP-3 strain. The
probability to use the probiotics and the other biolog-
ically active substances as immunomodulators within
animal vaccination against brucellosis [17], cow sal-
monellosis [18], and arctic fox salmonellosis [19] is
ascertained. The probability of using the Bac. subtilis
AGRICULTURAL SCIENCES  Vol. 46  No. 5  2020
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TNP-3 strain filtrate as a modulator to develop the
inactivated vaccine against equine pneumonia caused
by rhinoviruses has been proven. The Bac. subtilis
TNP-3 strain may induce the interferon synthesis and
stimulate immunogenicity of inactivated bacterial and
viral vaccines [16, 20].

Scientific and technical documentation has been
developed based on the survey results to submit for
approval to the “Rosselkhoznadzor” Federal Service for
Veterinary and Phytosanitary Surveillance. The instruc-
tion is compliant with the approved use. A registration
certificate (71-1-10.19-4495 no. PVR-1-1-.6/01631 of
June 10, 2019) has been issued.
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