MPHTMU: 68.41.53 DOI: 10.58318/2957-5702-2025-21-4-14

FOOT-AND-MOUTH: ETIOLOGY, PATHOGENESIS, PREVENTION AND CONTROL
MEASURES

N. B. Yessimbekova'®, B.M. Ismagambetov*{2), Z.E. Yershebulovi®

«OtarBioPharmy» LLP, JSC "National Holding «QazBioPharmy,
Gvardeysky, Kazakhstan
*bekza88@mail.ru

Annotation. The last outbreak of foot-and-mouth disease in the Republic of Kazakhstan was
detected in the East Kazakhstan region in 2013. As part of the approved FMD control strategy, the
country's territory is divided into 2 free FMD zones (with and without vaccination).

Specialists of the International Epizootic Bureau were invited to the republic, and the vaccines
used were analyzed. And we must admit that this work has yielded certain results. Nine regions
have been granted FMD-free status without vaccination. However, for the first time in many years,
in January 2022, an outbreak of foot-and-mouth disease, a dangerous viral disease that can be
transmitted to humans, was detected in the Karaganda region. Which crossed out almost all the
work done on the way to well-being and zeroed out the chances for the development of export
animal husbandry.

Foot—and-mouth disease is a cross-border disease, the source of which is domestic and wild
ungulates. This disease is caused by a virus of the genus Aphthovirus of the Picornaviridae family,
which affects artiodactyls, both wild and domestic. Transmission of FMD virus from sick animals
to other susceptible animals can occur directly or indirectly. Treatment and control of foot-and-
mouth disease among livestock or animals can be carried out through isolation and quarantine of
sick animals, vaccination programs, biosafety measures in animal husbandry, monitoring of
livestock movement and surveillance.
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Introduction

Foot—and-mouth disease is a well-known transboundary animal disease (TAD), recognized by
the Steering Committee of the Global Framework for the Progressive Control of Transboundary
Animal Diseases in Europe as a priority disease. Foot-and-mouth disease has a serious impact on
livestock production, disrupting regional and international trade in animals and animal products.
FMD can be transmitted to humans. The main way of infection of people is through raw milk of
sick animals and products of its processing, less often through meat. In persons in direct contact
with sick animals, direct transmission of infection is possible (during milking, care, treatment,
slaughter), an airborne pathway of infection (when breathing, coughing animals), as well as through
objects contaminated with their secretions. However, the infection is not transmitted from person to
person. The disease circulates among 77% of the world's livestock: in Africa, the Middle East and
Asia, as well as in a limited area in South America [1, 2]. Countries currently free of foot-and-
mouth disease without vaccination remain under constant threat of this disease entering their
territory. The rapid genetic evolution of viruses, the geopolitical situation, and the uncontrolled
movement of livestock between regions or countries endemic to foot-and-mouth disease raise
concerns about infection with a new genotype or serotype of foot-and-mouth disease.

The last outbreak of foot-and-mouth disease in the Republic of Kazakhstan was detected in
the East Kazakhstan region in 2013. As part of the approved FMD control strategy, the country's
territory is divided into 2 free FMD zones (with and without vaccination) (Figure 1).
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Figure 1 - Zoning of the territory of Kazakhstan into FMD-free zones without vaccination
(highlighted in blue) and with vaccination (highlighted in green)

The territory of the Republic of Kazakhstan was considered safe for foot-and-mouth disease.
At the same time, in 2015, nine regions in the west, center and north were recognized as a FMD-
free zone without vaccination. And in 2017, five more regions in the south and east received the
status of FMD-free with vaccination [3].

However, for the first time in many years, on January 14, 2022, an outbreak of foot—and-
mouth disease, a dangerous viral disease that can be transmitted to humans, was detected in the
Karaganda region. Which crossed out almost all the work done on the way to well-being and zeroed
out the chances for the development of export animal husbandry.

The disease is caused by a virus of the genus Aphthovirus of the Picornaviridae family [4].
The virus can spread through direct contact with infected livestock, semen, aerosols, parasites and
food [5]. Infected livestock or animals exhibit clinical symptoms such as increased salivation,
temperature above 40°C, anorexia, damage to cheeks, nostrils, muzzle, gums, inner surface of lips
and hooves [6]. The incidence rate of this disease is 100%, and the mortality rate in the benign
course is from 1 to 5%, and in the malignant course the mortality rate can reach from 20 to 80%.
This disease rarely leads to death, with the exception of young cattle [7].

Foot-and-mouth disease is not a zoonotic disease, but even in this case it can lead to
significant economic losses [4, 8]. Firman et al. [9] stated that the financial losses caused by foot-
and-mouth disease consist in a decrease in milk production by 25% per year, a decrease in fertility,
a decrease in the growth rate of beef cattle, culling chronically infected livestock, loss of labor,
disruption of domestic trade, loss of opportunities for livestock exports, elimination costs and
mortality. Because of these losses, foot-and-mouth disease must be controlled and prevented. This
article discusses foot-and-mouth disease, in particular: causes (etiology), pathogenesis, prevention
and control of this disease. Clinical symptoms, susceptible animals, and transmission of the virus to
animals are also considered.

The purpose of the review. To summarize current scientific data on epizootology,
pathogenesis, diagnosis and prevention of foot-and-mouth disease in order to assess the risk of
introduction and spread of the disease to free territories.

Material and methods

The search for sources was carried out by screening the international scientific citation
databases Web of Science, Scopus, Google Scholar and the Kazakh scientific citation database.
After eliminating repetitive and unverified data and selecting publications that fully correspond to
the purpose of the work, 29 sources were selected.

The main part. Etiology. The causative agent of foot-and-mouth disease is an RNA-containing
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virus of the Picornaviridae family, genus Aphtovirus, characterized by significant antigenic
variability [10]. The virus is a small, 26 nm in diameter, single-stranded RNA virus without a shell,
with a genome consisting of about 8,500 bases, surrounded by four structural proteins that form an
icosahedral capsid [7]. In addition, this virus also has a strong capsid, so it is resistant to
disinfectants that dissolve fat [11]. However, some studies have shown that sodium hypochlorite
solution is widely used to inactivate viruses, including foot-and-mouth disease. However, this
solution must be stored in cool and dark conditions in order to preserve its viral effect [12]. The
virus affects ruminants, both domestic and wild, such as cattle, goats, sheep, buffaloes, pigs,
elephants, deer, camels and African buffaloes [13].

Aphtovirus is an RNA virus that has seven different serotypes, A, O, C, Asia-1, SAT-1, SAT-
2, SAT-3 and more than 60 subtypes. The foot-and-mouth disease virus capsid contains 60
structural copies of proteins. These proteins are VP2, VP3, VP1, and there are 8 nonstructural
proteins (3A, 3B, 3C, L, 2A, 2B, 2C, and 3D) [14]. Serotypes O and A are the most widespread
because they infect livestock in Africa, Asia and South America. Types SAT-1, 2 and 3 are
currently found only in Africa, and the Asia-1 serotype is found in Asia. All serotypes of the foot-
and-mouth disease virus can penetrate into free areas, and periodically SAT spreads to the Middle
East, and Asia-1 to Western and Eastern Eurasia. In India, most outbreaks of foot-and-mouth
disease are caused by serotype O, followed by serotype A and Asia-1 [15]. All serotypes of FMD
virus cause similar clinical symptoms 2-14 days after infection [12]. It is believed that great
diversity is the result of high mutation rates, quasi-individual dynamics, and recombination. Genetic
variations can occur as a result of mutation or homologous recombination between two different
strains of the foot-and-mouth disease virus, which leads to the emergence of new variants of the
foot-and-mouth disease virus. These new variants significantly influence the choice of the vaccine
strain [7].

The method of transmission

Foot-and-mouth disease is a highly contagious disease that is highly transmitted from one
animal to another. The virus that causes foot-and-mouth disease enters the body of livestock or
animals by inhalation, ingestion and contact through wounds on the skin and mucous membranes.
Vertical transmission of infection to the fetus has also been reported [16]. Transmission of the
disease occurs through direct and indirect contact [17]. Direct transmission of the virus occurs when
viral particles are inhaled from the respiratory tract of infected animals. Even the spread of the virus
through the air can lead to the movement of the virus from one place to another for a considerable
distance, even up to 2-5 kilometers, and in strong winds the virus can be transmitted up to 15
kilometers, and infection can occur after 14 days after infection [9]. The virus can persist in the air
for a long time in temperate or subtropical regions, but in hot and dry climates the virus cannot
persist for a long time [14]. Transmission of the virus through the air or through the respiratory
system is a frequent occurrence and leads to rapid spread. Indirect transmission of the virus occurs
due to environmental contamination by foot-and-mouth disease. In addition, transmission can also
occur through contact with contaminated agricultural materials or tools, such as employees,
vehicles, feed, drinkers, and agricultural products such as meat and milk [18]. The virus can persist
in organs, bones, and milk [19]. The virus can also persist for a long time in favorable
environmental conditions. The ideal conditions for the survival of the foot-and-mouth disease virus
are temperatures below 50 °C, humidity above 55% and a neutral pH level [20].

Foot-and-mouth disease virus in sick animals is found in secretions and discharges such as air,
milk, saliva, urine, feces, semen, fluid in the vesicles of the lesion, amniotic fluid and fetus as a
result of miscarriage. The amount of virus released varies greatly and depends on the type of host
and strain of the virus. Animals with foot-and-mouth disease can secrete the virus within 50 hours
and transmit it to other pets. In pigs, the virus is released in the form of aerosols, and the animal can
even remove 100-1000 times more virus than infected sheep or cattle [20]. Thus, keeping pigs near
cattle poses a great threat in the spread of the foot-and-mouth disease virus, since this increases the
risk of spreading the disease by airborne droplets. Cattle are more susceptible to aerosol viruses
than other domestic animals.
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At the same time, pigs are more resistant to airborne infection with foot-and-mouth disease.
Infected animals can act as carriers of infection for 8-24 months. In addition to the method of
transmission described above, foot-and-mouth disease can be transmitted sexually, mechanically
(vomit) and by contact animals such as goats, cattle and sheep [15]. The large number of infected
pets and the lack of strict biosafety measures, i.e. isolation, are factors in the transmission of the
virus from one animal to another. In addition, potential factors for the spread of foot-and-mouth
disease are the purchase of breeding animals and cattle outside the region, the concern of owners
when selling sick cattle and veterinary specialists serving in several districts [6]. The high rate of
spread of the disease from one region to another is usually associated with the movement of
infected livestock, vector animals, infected animal products, and by air [21].

Pathogenesis and clinical symptoms

Initially, scientists believed that the path of penetration of foot-and-mouth disease viruses lies
through the upper gastrointestinal tract. However, as early as 1952, the susceptibility of cattle to
vaccinations through the respiratory tract was experimentally demonstrated [22]. The main route of
infection with the foot-and-mouth disease virus is the respiratory system. After that, the virus
multiplies in the pharyngeal membrane, enters the blood (viremia) and lymphatic vessels, and then
spreads and develops in organs such as the oral cavity, mammary glands and feet, causing wounds
or blisters [21]. The virus can be detected in cattle and sheep within 2 years after infection. The
virus can also be found in many body fluids such as urine, semen, respiratory secretions, and milk.
In the oral cavity of infected animals, the virus can persist for a long time [14]. In addition to
inhalation, foot-and-mouth disease viruses can also enter the body of susceptible animals when
swallowed, through wounds on the skin and mucous membranes of infected animals. After
ingestion, the virus will multiply in the epithelial cells of the oral cavity, causing inflammation
around the mouth [6].

Animals infected with FMD exhibit clinical symptoms such as the formation of bubbles or
blisters in the mouth, gums, tongue, nipples and skin around the hooves, increased salivation
(Figure 2), weight loss and productivity [23].

Figure 2 - Clinical picture of foot-and-mouth disease in cattle. Lesions of the oral cavity (a), hooves
(b), udders (c).

Ismail et al. [16] analyzed the main clinical symptoms of foot-and-mouth disease in dairy
cows that were infected with foot-and-mouth disease. The results showed that the clinical symptoms
found were lameness (lesions on the legs) and increased salivation. Foot-and-mouth disease also
causes abortion in pregnant cows and myocarditis in lactating cows. In addition to these symptoms,
the disease causes other clinical signs such as fever up to 41 °C, anorexia and blisters in the mouth
and legs; after 24 hours, the blisters burst and cause erosion. This follows from the results of a study
conducted by Woolandani [6], which stated that meat cattle infected with foot-and-mouth disease
have symptoms such as anorexia, blisters on the tongue, lips, gums, as well as increased salivation.
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In sheep and goats, these lesions are less noticeable, but in young animals, lesions around the teeth
and death are observed. In pigs, clinical symptoms appear in the form of blisters on the gums,
tongue, cheeks, between teeth, palate, muzzle, lips, coronary ring, udder nipples. Lesions are also
most noticeable on the hooves, where they form on the coronal traction, as well as on the calcaneal
tubercle or in the interdigital fissure (Figure 3). Injuries in animals after death are found in the scar
and myocardium, and some young animals are called "tiger heart" [24].

a)
Figure 3 - The clinical picture of foot-and-mouth disease in pigs. Lesions in the oral cavity
(@), on the patch (b), on the hooves (c).

Diagnostics

Accurate diagnosis of foot-and-mouth disease is important because it is linked to efforts to
control and eradicate the disease in endemic areas and is an auxiliary step in the eradication of foot-
and-mouth disease in the region. The diagnosis of foot-and-mouth disease is based on such clinical
symptoms as high fever, increased salivation and the formation of bubbles on the mucous
membrane of the mouth, nose and feet [6]. However, these clinical symptoms can be confused with
other diseases such as visicular stomatitis, so laboratory diagnosis is necessary. In addition, there is
no cross-protection between serotypes, and the serotype of the virus that caused the outbreak cannot
be determined based on clinical signs. Therefore, the serotype that caused the outbreak in the field
should be determined in the laboratory to ensure proper animal protection. Various methods are
used to diagnose the disease and confirm the serotype of the virus, such as the viral neutralization
reaction (VN), which is the gold standard for detecting antibodies to structural proteins of the foot-
and-mouth disease virus and is a mandatory test for certification of animals/animal products during
import/export. Enzyme immunoassay (ELISA), virus isolation, reverse transcription polymerase
chain reaction (RT-PCR), loop isothermal amplification of DNA and RNA (RT-LAMP),
chromatographic test strips, differentiation between infected and vaccinated animals (DIVA) [25].
Longjem [26] stated that PCR makes diagnosis faster and more accurate. Multiplex PCR makes it
possible to detect FMD in the largest number of samples (65.47%), followed by sandwich ELISA
(53.57%) and virus isolation (42.85%). To detect the virus, samples of fluid from blisters, epithelial
cells in blisters, or fluid from the oropharynx and blood are needed. If the animal dies, it is possible
to take lymph nodes, thyroid, kidney, spleen and liver tissues. The samples to be tested must be
stored properly so that laboratory tests correspond to the condition of the tested animal [13].

Prevention and control.

Foot-and-mouth disease is not a zoonotic disease, but even in this case it can lead to
significant economic losses, so it is necessary to make great efforts to prevent and combat this
disease. Some of the measures that can be taken to prevent and control foot-and-mouth disease
include ensuring strict biosecurity, for example, protecting free zones by restricting the movement
of livestock or animals, traffic control and supervision, banning the import of livestock from
infected areas, slaughtering infected animals or those acting as vectors, disinfection premises where
animals were and are kept, equipment (vehicles, clothing, cleaning equipment, etc.), destruction of
carcasses and livestock products in infected areas, isolation and quarantine of livestock [27, 28, 13].
In addition, prevention and control of foot-and-mouth disease can also be carried out through
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vaccination. However, this is difficult to do, since foot-and-mouth disease is caused by several
serotypes of viruses, a variety of vectors and an extremely high transmission rate [17]. Meanwhile,
according to [13], vaccination effectively eliminates foot-and-mouth disease in cattle. Vaccination
against foot-and-mouth disease can only be carried out in healthy cattle and calves aged 2 weeks
and older, the purpose of which is to develop immunity to foot-and-mouth disease [29].

Improving the methods and methods of FMD control requires a differentiated approach,
taking into account regional peculiarities. In Kazakhstan and Central Asia, the need to strengthen
border veterinary control is of particular importance, especially on the borders with China and the
Kyrgyz Republic, where there is a high risk of infection [30], as well as the need to expand the use
of modern vaccine preparations, the effectiveness of which has been confirmed against circulating
strains of the virus [31, 32]. As for the countries of the Middle East and Africa, their primary tasks
are the modernization of the material and technical base of diagnostic laboratories [25], the
introduction of modern methods of molecular diagnostics [33] and strengthening cooperation with
international organizations (OIE, FAO) in the field of epidemiological surveillance [31, 34]. At the
same time, in Europe and North America, the main emphasis remains on maintaining the status of
FMD-free territories, which is achieved through strict control of imported livestock products,
improving the animal identification system and maintaining a high level of biological safety of
enterprises [22, 32]. The identified regional features of the spread of foot-and-mouth disease
emphasize the need to develop targeted preventive programs that take into account the local
epidemiological situation, the genetic characteristics of circulating strains and the technical
equipment of veterinary services [35], which together will optimize resources and increase the
effectiveness of antiepizootic measures in each specific region.

Conclusion

Foot-and-mouth disease is caused by the foot-and-mouth disease virus, which belongs to the
genus Aphthovirus and the family Picornaviridae. The disease affects four-legged or artiodactyl
farm animals, both wild and domestic. The foot-and-mouth disease virus is very contagious, it
enters the animal's body directly through the mouth or respiratory tract and multiplies on epithelial
cells in the nasopharynx, then enters the bloodstream, where it multiplies on lymphoglandular
glands and epithelial cells in the mouth and extremities, which leads to the formation of bubbles and
blisters. Animals infected with FMD show clinical symptoms such as fever up to 41 ° C, the
formation of bubbles or blisters in the mouth, gums, tongue, nipples and skin around the hooves,
increased salivation, weight loss and decreased productivity of livestock. The fight against foot-and-
mouth disease among livestock can be carried out by isolating and quarantining sick animals,
vaccinating, disinfecting animal housing and inventory, monitoring livestock movement and
conducting surveillance.
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AYCBLJI: OTUOJOTI'UACHI, TATOTI'EHE3I, AJIIBIH-AJTY ’/KOHE OHBIMEH KYPECY
ITAPAJIAPBI
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Annotanus. Kazakcran Pecrybnukaceiana ayceuiabiH coHrbl epmryi Ieireic Kazakcran
o0mbickiHa 2013 KbUIBI aHBIKTANBL. AYCBUIIBI OaKbUTAYABIH OCKITIINeH CTPATETUsCHI IIeHOepiHIe
€I ayMarbl ayChUICHI3 00C 2 aiiMaKKa (BaKIIMHAIIUSIMEH JKOHE BAaKIIMHAIUSCKHI3) OOJIIHTCH.
PecniyOnukara xXasbIKapasblK 3MU300TUSIIBIK OIOPOHBIH MaMaHJapbl IAKbIPBUIBII, KOJJAHbLIATHIH
BaKkIMHaNAp Tainasabl. by sxymeic Oenrimi Gip skemic OepreHiH MoiibIHAAy Kepek. ToFbI3 aiiMak
BaKLMHAIMSCHI3 ayChUICHI3 JereH Mopredere ue Oonapl. KeiiiHipek Tarbl Oec aliMakKa aychblICHI3
nereH moptede Oepinmi, Oipak BaKIMHANMSIMEH. AJlaiija, KONTEreH XKbUIIApAaH KEHiH ajFanl per
2022 xpuiabiH KaHTapbiHaa Kaparan el 001bICBIHAA ayChlT aypybl — aJaMFa )KYFybl MYMKIH KayinTi
BUPYCTHIK aypy aHbIKTasAbl. O OChl aypy OOMBIHIIA COTTIIIIKKE KOJI )KETKI3Y JKOJIbIH/Ia aTKapbLIFaH
OapIbIK JKYMBICTAp/bl CBI3BII TacTal, AKCHOPTTHIK Maj LIapyallbUIBIFBIH JaMbITY MYMKIHIIT1H
HeJIre TYCIP/I.

Aychin-Oys1 TpaHCIIEKapallblK aypy, OHBIH Tapay Ke3l YH oHe »kalOaiibl TYSIKThUIap. bByn
aypynasl Picornaviridae TykpiMziachkiHa sxataTtbiH Aphthovirus TYKbIMIAChIHBIH BUPYCHI KO3/bIPaJbl,
ON ama TYAKTBl »kaballel ma, YW JkaHyapiapblHa Ja JKyFaibl. AyYChUI BUPYCBHIHBIH aypy
XKaHyapiapjaaH Oacka KaObUIIAFbllll jkaHyapiapra Oepilyl Tikeneid Hemece »aHama Typie 0oyl
MYMKIH. AyCbUI BUPYCBHI )KaHyap/IblH JACHECIHE aybl3 HEMECE MYPbIH apKbLIbl TIKEJIEH €HIIl, MYpbIH-
KYTKBIHIIIAK aiiMaFbIHAAFbl SMUTENNN KacyllanapblHaa KeOeiin, coJjaH KeiiH KaHFa €Hy apKblbl
T€3 Tapalybl MYMKIH (BUpEeMHs), COMAaHA KeiiH JTUMQpOrIaHayIspiibl O0e3aep/ie KOHE ay3bIHIarbl
SMUTEIMH JKacylllalapblHAAa JKOHe TabaH JKacThIKUIAJapblHAa KeOeHin, KemipIuikTep MeH
Kynoipeyre okeneni. Yil skaHyapiiapbl HEMECe JKaHyapiiap apachblHJa ayChbUl aypybIH €MLY KOHE
Oakpulay aypy jKaHyapyapJbl OKIIayjay >KoHe KapaHTWH, BakLUWHaIMsA Oarnapiamaiapbl, Mal
HIapyambUIbIFbIHIAFBl OMOKAYINCI3AIK IMIapajapbl, Majd KO3FalbIChIH Oakpliay >KOHE Kajaranay
apKbUIBI XY3€Tre achIpbLTYbl MYMKIH.

Tyiinai ce3aep: BUpPyC; 3THOJIOTHS; TaTOTeHe3; OanaManay; aj/IblH ajy.
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AIYP: OTUOJOTI'UA, TIATOI'EHE3, IPO®PUIIAKTUKA U MEPBI BOPbBbI C HUM
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urt I'Bapaenckuii, Kazaxcran

*bekza88@mail.ru

AnHorauus. [locnenanss Bcobimka simypa B PecnyOnuke Kazaxcran Oblna BbIsBIEHA B
Bocrouno-Kazaxcranckoit o6nactu B 2013 roay. B pamkax yTBepKIE€HHOH CTpaTeruu KOHTPOJIS
Slypa TeppPUTOPHUsS CTpaHbl pas3jelieHa Ha 2 CBOOOJHBbIE 30HBI fAllypa (C BakuuHaAnueil u 0e3
BaKIMHAIIAHN ).

B pecnybnuky mpuriamanuch CHeHHaTUuCThl MeXTyHapoIHOTO 3MHU300THYECKOro Oopo,
AHAIM3UPOBAIKNCH UCIIOJIb3yeMble BakIMHBL. M Hamo mpusHath — 3Ta paboTa jana omnpejeicHHbIC
10161, JeBATH PErHOHOB MOMTYYHIIN CTaTyC CBOOOIHBIX OT sllypa O0e3 BakuuHaiuu. [lo3anee eme
AT 00JIACTSAM TaKXKe Jalld CTaTyC CBOOOJHBIX, HO ¢ BakmuHamuend. OaHAKO, BIEPBBIE 33 MHOTO
ner B sHBape 2022 roma B KaparanaunHckoill o0yacTé BBISBIEHA BCIIBIIIKA AIypa — OMNAaCHOTO
BUPYCHOTO 3a00JIeBaHUs, KOTOpPOE MOXKET IiepefaBaThbcs uenoBeKky. Kortopas mnepeuepkHyia
MIPAKTUYECKH BECh MPOJICTAHHBIN TPyl Ha MMYTH K OJIAronoyydrto U OOHYIINIIA IAHCHI ISl pA3BUTUS
SKCIIOPTHOTO YKMBOTHOBO/ICTBA.

Smyp — 3T0 TpaHcrpaHuyHas 60J1€3Hb, ICTOYHHUKOM KOTOPOTO SIBIISIOTCS JOMAIITHUE U JUKHUE
KOIIBITHBIC JKUBOTHBIC. DTO 3a00JieBaHUE BBI3BIBAETCS BHUpycoM poja Aphthovirus cemeiicTBa
Picornaviridae, KOTOpBIH MOpa)kaeT MAPHOKOMBITHBIX >KUBOTHBIX, KaK TUKHUX, TaK U JOMAIIHUX.
[lepenaua Bupyca smrypa OT OOJIBHBIX >KMBOTHBIX JIPYTMM BOCIPUMMYUBBIM KHUBOTHBIM MOXKET
MIPOUCXOUTH MPSIMO WM KOCBEHHO. Bupyc diypa MOXeT mepenaBaTbCs OBICTPO, MPOHHKAS B
OpraHu3M >KHUBOTHOTO HEMOCPEJCTBEHHO 4Yepe3 pPOT WM HOC M Pa3MHOXKASICh B JMHUTEIUATBHBIX
KJIeTKax B 00JacTH HOCOTTIOTKH, 3aTeM TMomajas B KPOBb (BUpPEMHs), 3aTE€M pa3MHOXKAasCh B
TUMQOTTaHAYISIPHBIX JKelie3aX M JMHUTENHUATBHBIX KJIETKaX BO PTY W MOAYIIEYKax Jjam, dYTO
MPUBOJIUT K 0Opa3oBaHUIO MY3BIPHKOB W BOJAbIpel. Jledenne u Ooprba c sirypoMm cpenu
JIOMAIITHETO CKOTa WJIM KUBOTHBIX MOTYT OCYIIECTBISATHCS MyTeM H30JISIIUU U KapaHTHHA OOJIbHBIX
KUBOTHBIX, MPOTPaMM BaKIMHAIIUUA, Mep OM00E30MacHOCTH B KHUBOTHOBOJICTBE, MOHUTOPHHTA
JBWKEHUS CKOTA U MTPOBEACHUS dMUIHAA30pA.

KuroueBble cjioBa: BUpYC; STHOJIOTHUS; TATOI€HE3; AUArHOCTUKA; MPO(HIIAKTHKA.
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