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Abstract. Swollen piglet disease is a significant intestinal infection caused by Escherichia coli, which
poses a danger to animals and birds that act as reservoirs for the pathogen. The source of the pathogen in piglets
is believed to be sick and over-infected animals or latent bacterial carriers, which form the continuous
epizootic chain. Therefore, live vaccines are considered promising for avoiding of swollen piglet disease. This
article aims to present the production trials of an attenuated vaccine from the E.coli AC-16 strain, which is
currently being developed as a potential solution for preventing escherichiosis. The live attenuated vaccine
demonstrated stable residual virulence and activity control when tested on laboratory animals (white mice). In
total, 1364 piglets and 262 cows were vaccinated from 2020 to 2022. Piglets from the vaccinated swine were
born viable and did not fall ill with escherichiosis. During this period, no cases of illness or death of calves
from escherichiosis were reported.
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Introduction

Escherichiosis is a significant intestinal infection caused by the pathogen Escherichia coli,
which poses a danger to animals and birds that act as reservoirs for the pathogen [1]. Swollen piglet
disease is most commonly caused by the pathogen E. coli, and the source of the pathogen in piglets is
believed to be sick and over-infected animals or latent bacterial carriers, which form the continuous
epizootic chain [2]. Despite efforts to control the disease, escherichiosis remains a major problem.

In terms of preventive measures, a special place is given to specific prophylaxis, for which
modern, effective, easy-to-apply vaccines are necessary [3]. Live vaccines are considered promising
for the prevention of swollen piglet disease. In veterinary practice, a live vaccine is used from the
vaccine strain E.coli 042. The disadvantage of the vaccine is that suppressor revertants derived from
streptomycin-dependent mutants of E. coli are used as vaccine strains. It has been found that
streptomycin-dependent escherichia mutants revert to a virulent state in 50% of cases. The vaccine is
used in high doses, and the duration of immunity is 2-4 months [4].

Specific prevention of escherichiosis and other infectious diseases in young piglets involves
increasing the level of specific antibodies in colostrum and the nascent litter [6,7]. One way to
achieve this is through colostral immunity, which can be created by immunizing deep-stemmed pigs
and heifers to accumulate specific antibodies in colostrum and transmit them to offspring.

To develop a vaccine, agenic strains used for vaccine production must meet international
standards and have at least two characterized genetic tags. They should possess stable biological
properties, show moderate reactogenicity and residual virulence, create high-intensity immunity
when administered once, and be epizootically safe while also being able to combine with other
vaccines. Vaccine strains must be labeled to differentiate them from epizootic prototypes [5].

This article aims to present the production trials of an attenuated vaccine from E.coli AC-16
strain, which is currently being developed as a potential solution for preventing escherichiosis.

Materials and methods

A scientific and production experiment was conducted on three farms that were affected by
swollen piglet disease: the "Aleksey" farm in Yenbekshikazakh rayon, and the "Arai" and "Talas"
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farms in Koksu rayon of Almaty region. Subsequently, the vaccine was successfully tested in four
other farms in Almaty Oblast that were not affected by swine fever in piglets.

To prepare the vaccine, the matrix-attenuated E.coli AC-16 strain was stored dried and
inoculated on meat-peptone agar with a pH of 7.2-7.4 in vitro, and then dispersed on Petri dishes to
avoid culture contamination and dissociation. The daily agar culture was checked for growth purity
and agglutinability using total and monoreceptor sera. Afterwards, a suspension was prepared in
physiological sodium chloride solution, and the required amount was inoculated into a Tartakovsky
flask with MPA at pH 7.2-7.4. After 20 hours of incubation in the thermostat, the culture was flushed
with physiological solution until a thick suspension was obtained. The bacterial concentration was
checked by diluting 1 ml of the suspension to 10° CFU using an optical escherichiosis standard. The
basic flush from Tartakovsky flasks, containing 10*° CFU in 1 ml, was packed into ampoules, and the
same amount of skimmed milk was added [11,12].

Drying was performed under the following regime: freezing in a vacuum at -40 °C for 20 hours,
followed by drying at 25 °C for 24 hours. The resulting dried culture was an amorphous mass that
easily dissolved in physiological solution or cooled boiled water, turning into a uniform suspension.
After drying, the culture was checked for purity and live bacterial content on Petri dishes [11,12].

Biochemical properties were evaluated based on the microorganisms' ability to ferment
arabinose, xylose, glucose, lactose, maltose, sucrose, rhamnose, mannose, sorbitol, galactose, and
xylose, and to form hydrogen sulfide and indole. The relatedness of isolated colonies was clarified
using Chromocult® Coliform Agar (Merck KGaA, Darmstadt, Germany) and MUG chromogenic
substrates following instructions of the manufacturer. The number of bacteria was controlled by
diluting and subsequently dispersing them on Petri dishes (from 2-3 ampoules) to a density of 1000
cells according to the optical standard. The number of grown colonies was counted, and it was found
to be 50-70% of the number of bacteria seeded according to the optical standard (i.e., 500-700
colonies of seeded cells). The entire vaccine preparation process was performed in the laboratory of
antibacterial biotechnology at the Kazakh National Agrarian Research University, including lyophilic
drying.

A stability control for residual virulence and activity was performed on 10 white mice (14-16
g). Initially, the live vaccine in the form of a suspension in physiological solution was tested on
individual groups of piglets. Subsequently, the breeding stock was immunized with the dry live
vaccine from the attenuated strain of E. coli AC-16.

Results

On Endo agar, E. coli colonies that are positive for lactose exhibit a characteristic metallic
sheen appearance due to the presence of crystallized fuchsin on their surface (Figure 1 and 2).

-

Figure 1 — Cultivation of E. coli AC-16 on Endo agar Figure 2 — Cultivation of E. coli AC-16on meat-peptone
medium agar
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Table 1 — Biochemical characteristics of attenuated and virulent strains of E. coli
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The methods of Chromocult® Coliform Agar and MUG chromogenic substrates involve the
use of a substrate called Salmon-GAL, which is cleaved by the 3-D-galactosidase enzyme found in
coliform bacteria. These result in the formation of colored colonies that are used to count coliform
bacteria. The colonies of these bacteria are then visually identified as salmon red in color due to the
reaction that takes place. The process of quantifying E. coli involves the utilization of two substrates,
X-glucuronide and Salmon-GAL, which are cleaved by B-D-glucuronidase and B-D-galactosidase,
respectively, both of which are specific to E. coli. The presence of E. coli leads to the cleavage of both
substrates, resulting in colonies that display a dark blue to violet color (Figure 3), which can be
distinguished from the salmon red color of colonies formed by other coliform bacteria.
Sorbitol-positive organisms appear as yellow colonies on Mug agar. Sorbitol-positive organisms do
not change their negative color and appear as green colonies in greenish-blue medium (Figure 4).

g

Figure 3 — Enterobacteriaceae cultures in Chromocult Figure 4 — Cultures of Enterobacteriaceae in MUG agar

A control for the stability of residual virulence was performed on 10 white mice (14-16 g).
White mice were injected subcutaneously with 107 CFU (0.2 ml of a 5-10 ml suspension of the dried
culture). The mice were kept alive for 15 days (Table 2).

Table 2 — Residual virulence of attenuated E. coli AC-16 strain in experiments on white mice
| Namestrain | Number of | Dose of m.c. [Method of dose| Results
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animals injection. | admistration Dead Survived | Survival rate (%)
E. coli AC-16 10 105 _ Perit_oneal ) 10 100
in/peritoneal
10 108 Peritoneal - 10 100
10 107 Peritoneal - 10 100
10 108 Peritoneal 2 8 90
10 5-108 Peritoneal 10 0 -
E. coli 39 10 10° Peritoneal 2 8 80
(virulent strain) 10 104 Peritoneal 7 3 30
10 10° Peritoneal 10 - -
10 108 Peritoneal 10 - -
10 107 Peritoneal 10 - -

An activity control was also tested on white mice. 10 mice were injected subcutaneously with
10° CFU (0.2 ml 10° suspended from the dried culture). After 15 days, 10 inoculated and 5 control
mice were infected subcutaneously with a virulent culture of E. coli 39 at a dose of 10 CFU. Control
mice died within 1 day, while vaccinated mice all remained alive.

Vaccination was performed to cover all young animals regardless of their body condition and
development, subcutaneously, once, in the area of the lower third of the neck, at a dose of 1 ml (10°
CFU). The vaccinated animals were clinically observed, and several hours after vaccination, piglets
showed short-term depression, but appetite was maintained. The local reaction was characterized by
edema formation (3x4-4x5 cm in size), which resolved by the 4"-6" day. Furthermore, the vaccine
was also tested on swine in the last stage with a supernatant, in a dose of 2 ml (2-10° CFU)
intramuscularly, in the area of the lower third of the neck, once. Only a local reaction to the
vaccination developed in swine. Piglets born from vaccinated swine were viable and did not develop
escherichiosis.

Table 3 — Animals vaccinated with dry live vaccine from attenuated strain of E. coli AC-16 in farms
of Almaty region in 2020-2022

Vaccinated animals with a dry live vaccine from an attenuated strain of
] . E.coli AC - 16
Name of agricultural formations
pigs piglets

Farm "Alexey" 40 360

Farm "Aray" 16 162

Farm "Talas" 25 230

Other farms of Almaty region 49 488

Totally during 2020-2022 a total of 1364 piglets and 262 cows including 132 cows 20-25
days before polling and 124 piglets, including 40 cows and 360 piglets in Khibit farm, 16 cows and
162 piglets in Arai farm and 25 cows and 230 piglets in Talas farm and 49 cows and 488 piglets in
other farms of Almaty Region were vaccinated. During this period no cases of illness and death of
calves from escherichiosis were registered.

Discussion

Pig farms of these farms have been unhappy with swine sickness of piglets for a number of
years. The newborn piglets in the farms were systematically immunized with concentrated formolvax
vaccine according to the instructions. In spite of this, rather frequent cases of piglet swollen disease
were observed on the farms. From the fallen piglets, the diagnosis of Escherichiosis caused by E. coli
was repeatedly confirmed by bacteriological laboratories.
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The damage caused by Escherichiosis is not only in the death of livestock, but also in the fact
that sick animals, as carriers of the bacteria, can contaminate the environment for a prolonged
period. Therefore, it is necessary to study the epizootic and epidemiological situation of this
infection, identify the main factors of the infectious process, and improve the therapeutic, specific
prevention, and development of veterinary and sanitary measures [13-15]. The basis of the
prevention of Escherichiosis in animals is through seropreventive and vaccine prophylaxis. To date,
a large number of inactivated and live vaccines have been proposed. Live vaccines are
recommended for immunization of safe herds, while inactivated vaccines are recommended for the
first-time vaccination of farms unprepared for these diseases to improve livestock health. Obtaining
and implementing live vaccines from strains of Escherichia isolated from this type of animal is an
urgent task in improving the specific prevention of the disease on farms.

The observation of vaccinated piglets and swine has shown that the vaccine against swine
disease of piglets from attenuated strain of E. coli AC-16 does not cause any complications.

Epizootologic data of the farms where the vaccine tests were carried out. in comparison with
previous years testify to efficiency and safety of the experimental live vaccine and indicate the
possibility of its wide application as one of the measures against swollen piglet disease.

Economic efficiency as a result of immunization of piglets swellings disease by live vaccine
from E. coli strain AC-16 is reached at the expense of decrease in disease incidence and mortality of
piglets, labour costs and makes up 14 tenge per one spent tenge. The efficacy of immunization of
swine in non-positive farms on Escherichiosis was studied by carrying out the epizootological
analysis before and after its using and taking into account the decrease of percentage of morbidity
and death of pigs.

Conclusion

The studies involved immunizing all breeding stock with a dry live vaccine made from an
attenuated strain of E. coli AC-16, which has high immunogenic properties. The live attenuated
vaccine demonstrated stable residual virulence and activity control when tested on laboratory
animals (white mice), followed by a control infection. In total, 1364 piglets and 262 cows were
vaccinated from 2020 to 2022. Piglets from the vaccinated swine were born viable and did not fall
ill with escherichiosis. During this period, no cases of illness or death of calves from escherichiosis
were reported. The economic efficiency resulting from immunization of piglets against swelling
disease with the live vaccine from E. coli strain AC-16 is achieved through decreased disease
incidence and mortality of piglets and reduced labor costs, resulting in a 14 tenge return for every
tenge spent.
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ESCHERICHIA COLI AC - 16 ATTEHYUPJIEHI'EH HITAMBIHAH AJIBIHFAH
BAKIIMHAHBIH OHAIPICTIK CBIHAKTAPBI

A.A. Aoapikaabik ®* B K. Busmes ® A.E. Koanacoekosa ® | AK. Keuikaiinap

«Kazak ynTThIK arpapisik 3eptrey yHuBepcuteTi» KEAK, Kazakcran
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Annotanus. Topaiinapasly iciHy aypysl KO3ABIPFBIIIBIHBIHBIH Pe3epBYaphl )kaHyapiap MEH KycTapra
Kayill TOHIIpIN, ayblp ilek WHPEKIUsIChiH TyabIpaTtein EScherichia coli. Ko3apIpreImThiH K63i aypy *xoHe
KaliTa >KYKTBIDFaH jKaHyapyiap HeMece Y3IIKCi3 AMU300THSUIBIK Ti30€KTI KYpalThIH JKachIPbIH OaKTepHs
TachIMaNIayIIblIapsl  Oonblll  caHanaabl. COHIOBIKTAH Tipi BakUUHAIAp aypyablH alJIblH Iy YIIiH
MEPCHEeKTHBTI OOJBIN caHalaabl. Byl MakanmaHblH MakcaThl — Ka3ipri yakbITTa aypyAblH ajIbIH amyblH
pIKTHMA TentiMi petinze E. coli AC-16 mrambl Heri3iHe acaaFaH 9JCi3AIPIIreH BaKIIMHAHBIH OHIIPICTIK
CBIHAKTApBIH YChIHY. Tipi QNCI3mipiIreH BakIMHA 3epTXaHAIBIK KaHyapiap/pl (aK THIIKAHAAP/bI) ChIHAY
Ke3iH/e TYpaKThl BUPYJICHTTLIIK meH Oencenainikti kepceTTi. 2020 sxpuiman 2022 kblara AeHiH OapJibIFbl
1364 momka MeH 262 cublp BaKUMHAUMANAHAbL. BaknuHanusiaHFaH LIOWIKaldapAaH TyFaH Topaiiap
eMipieH Oonbln 3mepuxno30eH aybipmanbl. CoHbIMEH Katap, Oy3aynapablH S1IEpUXH030eH aypybl HeMece
©JIIMI TIPKEJITeH JKOK,

Tyitin ce3aep: arrenyupienren mramm; Escherichia coli; KOE; smepuxno3; BakmnyHa
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IMPOU3BOJCTBEHHBIE UCIIBITAHUA BAKIIUHbBI U3 ATTEHYUPOBAHHOT'O
HTAMMA ESCHERICHIA COLI AC - 16
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AnHotanus. Oredyrass 00JIe3Hb TOPOCAT — ATO TSKeNas KHUIICYHAS] WH()EKIKs, BbI3bIBACMAst
Escherichia coli, mpexncTaBnsitomas OnacHOCTh ISl dKHUBOTHBIX M ITHII, KOTOPBIE BBICTYMAIOT B KA4eCTBE
pesepByapoB Bo30Oymutens. CauTaercd, YTO WCTOYHHUKOM BO3OYAWUTENS Y MOPOCST SIBIAIOTCS OONBHBIC H
nepe3apaKeHHbIC JKUBOTHBIC WJIM JIATEHTHbIC OAKTEPUOHOCHTENH, KOTOPbIE OOpa3yiOT HEMPEPHIBHYIO
SMHM300THYECKYIO Iemb. [103TOMY JKHBBIC BAaKIMHBI CUYMTAIOTCS MEPCHEKTUBHBIMU IS MPOQUIAKTHKH
Ooue3nu. Llens 1aHHOM CTaThH — MPECTABUTH IIPOU3BOICTBEHHBIC HCITBITAHUS ATTCHYUPOBAHHOM BaKIMHBI U3
mrramma E.coli AC-16, xoropast B HacTosiee BpeMs pa3pabaThIBaeTcs Kak IMOTEHIIHAIBHOE PELIEHHE IS
MPOGHUIAKTHKY dIepruxno3a. JKuWBas arTeHyHpOBaHHAS BaKIMHA IPOAEMOHCTPUPOBAA CTAOMIBHYIO
OCTAaTOYHYIO BUPYJIICHTHOCTL U KOHTPOJIb aKTUBHOCTH ITPU UCIIBITAHWU Ha Ha60paTOpHI>IX JKHUBOTHBIX (6€JII)IX
Mmbimax). Beero ¢ 2020 mo 2022 rox 6puto BakiuHEpoBaHOo 1364 mopocsaTt u 262 xopossl. [lopocsta ot
BaKIMHUPOBAHHBIX CBUHEH POIMIUCH KU3HECTTOCOOHBIMHU U HE 3a00JIeTH AMIEPUXHO30M. 3a 3TOT MEPHUOJ HE
OBLIO 3apETUCTPUPOBAHO CITyYaeB 3a00JI€BaHUS MM THOETH TENAT OT LIEPUXHO03a.

KuaroueBble ciioBa: artenynpoBanubiii mramm; Escherichia coli; KOE; suiepuxuo3s; Bakiiaa
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