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Metabolic diseases in cattle
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SUMMARY

The main trend in the development of dairy farming in the Russian Federation suggests maximising milk yield and reducing milk net cost. The economic effectiveness
of industrial dairy farming is largely determined by adequate feeding, as well as effective system of measures to ensure animal health and prevent infectious and
non-infectious mass diseases. The main reason for the premature retirement of highly productive cows is based on the factors typical of the intensive technologies
used in dairy cattle breeding, which lead to the occurrence of metabolic diseases. It is established that the intensity of metabolism is directly linked to the high
productivity of cows. With a highly concentrated, mainly silage-based type of feeding, an imbalance of nutrients is often recorded, in particular as regards the sugar/
protein ratio, leading to deep metabolic disorders and the development of immunodeficiency states. Metabolic disorders in highly productive cows occur as a result
of unbalanced diets as far as protein, carbohydrates, vitamins and minerals are concerned. Acidosis, ruminitis and hepatosis are recorded in disordered cows and
heifers. The service period exceeds 100 days in 70—75% of cows. Hepatosis and immunodeficiency states are often found in calves born to cows with signs of deep
metabolic disorders. Metabolic disorders often remain unnoticed and become apparent only when pronounced pathological changes occur resulting in decreased
productivity and ability to reproduce resistant young animals, as well as culling of animals. Metabolic diseases were recorded in 30~70% of cows examined in large
dairy farms. The average lifetime productivity of high-yielding cows is (2.1 4 0.15) lactations in Russia. The results of epidemiological investigations and laboratory
testing of sera samples showed that emulsion inactivated vaccines administered to immunodeficient cattle induce higher titres of virus-specific antibodies than
those in animals vaccinated with adsorbed vaccines.
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PE3IOME

(OcHOBHas TEHEHLIA Pa3BUTIA MONOYHOTO XIBOTHOBOACTBA B Poccuiickoil DesiepaLiuv npedycMaTpuBaeT yBennyeHme npoAyKTUBHOCTA KOPOB MOMIOYHbIX NOPOZ
U CHIXKeHVe cebecTouMOoCTy MoMoKa. JKoHoMUYeckas 3G GeKTUBHOCTb MPOMBbILLEHHORO MONIOYHOT0 XXMBOTHOBOACTBA BO MHOTOM OMPEAENAETCA NONHOLEHHbIM
KopmneHnem, ShdeKTBHON CMcTeMoii MeponpuATHiA No 0becneyeHIo 300pOBbA KNBOTHBIX U MPOGUNAKTIKE NHPEKLIMOHHDIX 1 MACCOBBIX He3apa3HbIX bone3Heil.
[naBHOI NpUYUHOI NpeXxAeBPEMEHHOr0 BbIObITUA BbICOKONPOAYKTUBHBIX KOPOB ABAANTCA (aKTOPbI, NPUCYLLYE UCNOAb3YeMbIM B MONIOYHOM CKOTOBOACTBE
WHTEHCUBHBIM TEXHONOTMAM, NPUBOAALLIAM K BO3HUKHOBEHMIO MeTabonnueckmx 3aboneBaHuii. YCTaHOBAEHO, YT UHTEHCVBHOCTL 06MeHa BeLLecTB MeeT npAmyto
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(BA3b C BbICOKOI MPOAYKTUBHOCTHIO XKUBOTHBIX. [Tp11 BbICOKOKOHLIEHTPAaTHOM, B OCHOBHOM CUMIOCHO-KOHLIEHTPATHOM, TURE KOPMIEHMA YacTo perncTpupyetca
ANcbanaHc nuTaTeNbHbIX BeLLeCTB, 0C06eHHO M0 Caxapo-NPOTeNHOBOMY OTHOLLEHHIO, YTO NMPUBOANT K BO3HWKHOBEHMIO NY6OKIX HapyLUeHWii 06MeHa BelecTs
11 Pa3BUTHI0 UMMYHOZEDULMTHBIX cOCTOAHNIA. MeTabonnyeckue HapyLLeHNa Y BbICOKONPOZYKTUBHbIX KOPOB BO3HNKAOT HA YOHE PaLIMOHOB, HecbanaHpoBaHHbIX
no 6enky, yrnesogam, BUTaMHaM 1 MUHEPaNbHbIM BeLLecTBaM. Y 60NbHbIX KOPOB 1 HETENeil perucTpUpyIoTCA aunao3, pyMUHUT U renaro3. Y 70—-75% Kopos
cepuc-nepuog npesbiwwaer 100 AHeid. Y TeNAT, nonyyeHHbIX 0T KOPOB € MPU3HaKaMi FY6OKMX HapyLLeHii 06MeHa BeLwecTB, YacTo pericTpupyeTca renaros
11 IMMYHOAEPULMTHOE COCTOAHNe. HapylueHna 0bMeHa BeLLecTB YacTo 0CTalTCA He3aMeyeHHbIMM 1 CTAHOBATCA 0YEBMAHBIMI ML NPU APKO BbIPAXKEHHbIX
MaToNornyeckx M3MeHeHNAX, KoTopble NPUBOAAT K CHUNKEHMIO NPOBYKTUBHOCTY 1 CNOCOBHOCTY BOCPON3BeAEHIA Pe3UCTEHTHOT0 MONOAHAKA, BbiOpaKkoBKe
KUBOTHBIX. [py 06CNeA0BaHMM KOPOB B KPYMHBIX MOMIOUHBIX XXBOTHOBOAYECKMX X03AIACTBaX MeTabonnueckue 3abonesanna 6binn 3apeructpupoatbly 30-70%
UBOTHBIX. B Poccum cpesHAA NPOAOMKUTENBHOCTD X03ACTBEHHOTO UCNOAb30BaHIA BbICOKONPOAYKTUBHBIX KOPOB cocTaBnsAeT (2,1 £ 0,15) naktaumil. Kak no-
Ka3anu pe3ynbTaTbl 3NU300TONOrMYECKIX PACCe0BaHII 1 AaHHble NabopaToPHbIX MCCNEeA0BaHMIA NP6 CHIBOPOTOK KPOBM, NPY UMMYHM3aLMN KpYMHOTO POraToro
CKOTa C UMMYHOLeDULMTHBIM COCTOAHNEM IMYNbCUOHHDIE HAKTUBUPOBAHHbIE BAaKLMHbI UHAYLIMPYIOT B OpraHu3me 06pa3oBaHue BUPYCCneLUpuueckinx aHtuten
B Gonee BbICOKNX TUTPAX, YeM Y KUBOTHbIX, NPUBUTBIX COPOMPOBAHHbIMY MpenapaTami.
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The profitability of industrial dairy farming is ensured
by three main factors: genetic potential, well-balanced
feeding and freedom from infectious (including trans-
boundary) and non-infectious mass diseases. The genetic
potential of highly productive cows can be realized due
to intensity of metabolic processes and rigorous neuro-
humoral regulation. The problem of metabolic disorders
is particularly significant in modern industrial livestock
production and resulting from one-sided selectional
breeding aimed at productivity only [1-4]. Feeding diets
are balanced in terms of all nutrients, the sugar-protein
ratio and digestible protein content (100-110 g per feed
unit) are strictly observed [3, 5-8]. Livestock performance
improvement is one of the main factors contributing to a
decrease in resistance level and resulting in a higher sus-
ceptibility of animals to infections.

The evolutionarily developed process of bovine diges-
tion is aimed at digesting a large amount of fiber-based
coarse feed needed for reproduction of cellulolytic bacte-
ria that play an essential role in ruminal digestion [5, 9, 10].
To obtain high milk yields, a high-concentrate type of cow
feeding is used. In many farms, the amount of coarse feed
fed to cattle is 2.1-3.0 times lower than recommended. As
a rule, there is a low content of easily digestible carbo-
hydrates in such diets, leading to the sugar/protein imba-
lance [4-6, 11]. The poor-quality concentrated feed, even
in large quantities, does not ensure synthesis of sufficient
amounts of glucose.

In case of concentrate feeding, grain starch is utilized by
the ruminal amylolytic bacteria for the synthesis of volatile
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fatty acids, including the basic lactic acid. At optimal ratios,
lactic acid is processed by the rumen microflora into pro-
pionic acid, which serves as the main source for the syn-
thesis of glucose and glycogen in the liver. With an excess
of protein in the diet and a lack of carbohydrates, a large
quantity of ammonia is produced in the rumen inhibiting
the propionic acid synthesis [7, 8].

Acidification of the rumen contents (pH 5.5) leads
to a significant excess of volatile fatty acids in blood
and occurrence of metabolic acidosis, being the main
pathogenetic mechanism of liver and kidney dystrophy,
as well as other pathological disorders [4, 8, 10-22]. The
transition of animals to concentrate feed leads to a shift
in the rumen microflora [4, 5, 15, 23]. Feeding excessive
amounts of concentrates inhibits the activity of ruminal
microorganisms, which subsequently leads to liver fatty
infiltration [1, 11, 24]. Rumen acidosis increases the repro-
duction of amylolytic and lactic acid bacteria, resulting
in the suppression of the growth of propionic acid and
cellulolytic microorganisms [12, 13, 25]. The highly con-
centrated type of feeding used, nutrient imbalance, stress,
hypodynamia, lack of insolation are the basis for deep met-
abolic disorders and development of immunodeficiency
states [3,9,11-13,17, 21, 26].

The intensity of metabolism is directly linked to live-
stock productivity. Thus, a deficit of nutrient and plastic
substances is continuously recorded in highly productive
cows, which is compensated by the decomposition of sub-
stances in the organism. The energy demand of cows in-
creases threefold during pregnancy and milk biosynthesis
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in the first 2-3 weeks after calving [3, 4, 27]. These cows
are able to transform the diet metabolic energy and feed
nutrients into milk with a high coefficient, the costs of
producing a unit of milk are low, the animals show high
intensity metabolism, which leads to a decrease in their
immunobiological status even with minor violations in
feeding and maintenance. These animals have significant-
ly reduced the ability to adapt to changing environmental
conditions and protect themselves from various environ-
mental effects [1, 6, 11, 13, 17, 23, 28, 29]. Therefore, the
health of highly productive animals directly depends on
the amount of trace elements within the body [4].

Metabolic disorders are the main pathogenetic mecha-
nism of rumen metabolic acidosis and metabolicimmuno-
deficiency in high-yielding cows that experience energy
stress [12, 14, 17-21, 29, 301. It is believed that one of the
reasons for the development of metabolic acidosis is a
lack of sugars in cows’ diets. It was found that metabo-
lic disorders in pregnant cows adversely affect the fetus
in-utero development and the quality of colostrum. Dys-
trophy of the liver, kidneys, spleen and lymph nodes was
observed in calves born to cows with signs of metabolic
disorders [25, 31]. The observed increased activity of the
enzymes most specific for liver cells (aspartate aminotrans-
ferase and alanine aminotransferase) occurred due to pre-
dominant catabolic processes in this organ as a result of
dystrophic changes inits tissue [1, 7, 9-11, 24]. The results
of an epizootological study of livestock farms indicate that
metabolic disorders are constantly recorded in highly pro-
ductive cows. The peak of such disorders occurs in animals
in the first months after calving, and they vary for different
breeds [9-12].

Unbalanced feeding most often affects cows of
high-yielding breeds (Holstein-Friesian, etc.), that have
an accelerated metabolism and a fine neurohumoral sys-
tem. The reason for the fact that highly productive cattle
are more likely to suffer from metabolic disorders than
animals with average productivity is related to biological
factors and depends on the rapid conversion of food ener-
gy into milk. This mechanism of milk synthesis requires
high-quality feed, proper maintenance conditions and
constant zootechnical control. The abundance of concen-
trates causes ruminal digestive disorders (hyperkeratosis
and mucosis), liver dystrophy and loss of ovarian functions,
as well as obesity and decreased productivity [3, 22, 24].

Newly calved heifers who are in demand of energy for
milk synthesis and continuing growth are at risk. If there is
a lack of easily digestible carbohydrates, the level of vola-
tile fatty acids elevates in the rumen, while the concen-
tration of butyric acid increases and the content of acetic
and propionic acids decreases. If there is a lack of energy,
there is little glucose and propionic acid in the animal’s
blood, which leads to ketogenic processes and hypogly-
cemia [27], which is often diagnosed with a predominantly
concentrated type of feeding and the introduction of aci-
dic feed into the diet of cows [6, 7, 14-16, 22, 32].

Liver dystrophy in highly productive cows is one of the
most dangerous diseases, and, along with chronic micro-
elementosis, it causes death [3,7, 8,12, 15, 22, 33]. In case
of deficient or decreased supply of vital micro- and macro-
nutrients with feed, chronic complex hypomicroelemen-
tosis manifested by a decrease in all types of productivity
and leading to the development of secondary immunode-
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ficiencies occurs in animals [12, 22, 33]. Animals with the
deficiency or excess of such elements as cobalt, copper,
zing, calcium, demonstrate slowed rumination, loss or per-
version of appetite, thickening of joints. If there is a lack of
alkaline elements (calcium, sodium, magnesium, etc.) and

an excessive content of acidic elements (chlorine, phos-
phorus, sulfur, etc.) in the feed, the acid-base balance of the
blood shifts towards acidosis, which reduces the reserve
alkalinity of the blood and general resistance [11, 16, 33].

The researchers of the Altai State Agrarian University
studied characteristics of clinical and biochemical manifes-
tations of metabolic disorders in highly productive cows in
the biogeochemical province of their region. It was found
that the soils in this area are deficient in iodine, cobalt,
manganese, copper, zinc and molybdenum. The results
of the conducted studies showed that metabolic diseases
were detected in 30% of the examined animals, while met-
abolic disorders were recorded not only in cows, but also
in calves born to them [33]. These deviations are especially
acute in biochemical provinces, where there is a significant
imbalance in the content of macro-and microelements in
the ‘soil-plant (feed)’ chain [29, 33]. According to the re-
sults of long-term clinical observations and biochemical
studies conducted in the farms of the Leningrad Oblast,
metabolic disorders (metabolic diseases) are registered in
62% of cows with a milk yield of 25-35 kg per day in the
first 2-3 months of lactation after calving [34].

The deficient content of mineral substances (copper,
zinc, cobalt) in agricultural soils is the primary link of
etiopathogenesis in the biogeocenotic chain and serves
a leading factor in the development of mineral metabo-
lism disorders in livestock animals. Microelementoses of
alimentary origin are registered in the final link of the bio-
geocenosis chain at the ‘mother - offspring’ level, which
leads to the development of an immunosuppressive state
and secondary immunodeficiency [2, 4].

During epidemiological investigations conducted in
specialized livestock farms for industrial milk production in
different Subjects of the Russian Federation, it was found
that the main cause of death of newborn calves was di-
arrhea, most often induced by rotavirus, coronavirus and
bovine viral diarrhea virus. There were cases of two or
three of these pathogens circulating in the same livestock
population. It was documentarily confirmed that cows
in late stage of pregnancy and heifers were vaccinated
against these diseases in the surveyed farms. It is known
that during the intrauterine fetus development there is
no passive (transplacental) maternal antibody transfer, so
the calf is born being unprotected from pathogens, and
when it gets into a new environment, it does not have cel-
lular and humoral specific protection. The only means of
protecting a newborn calf is colostrum obtained from the
immune dam [23, 32].

Metabolic disorders and immunodeficiencies in cows
are one of the main reasons for the low effectiveness of
vaccination for infectious disease prevention, which leads
to premature retirement of animals [22, 32]. For determi-
nation of the reasons for the low effectiveness of vaccines
used in the field, blood samples were taken from vaccina-
ted cows and heifers 10-15 days prior to calving, and from
2-5-day-old calves born from immunized animals. Along
with this, colostrum samples were taken on day 1-3 after
calving.
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The obtained study results served as the basis for the
development of new means of specific prevention of viral
diseases in immunodeficient cattle. Inactivated emulsion
mono-, bi- and polyvalent vaccines against rotavirus and
coronavirus infections, viral diarrhea, parainfluenza-3 and
infectious bovine rhinotracheitis were developed at the
FGBI“ARRIAH" for the immunization of animals with signs
of metabolic immunodeficiency.

A number of production tests conducted in large in-
dustrial dairy complexes in 16 Subjects of the Russian
Federation showed that the developed emulsion inacti-
vated vaccines induce the formation of rotavirus-, coro-
navirus-, and viral diarrhea virus - specific antibodies
in highly productive cows with signs of metabolic im-
munodeficiency. Antibodies to these pathogens were
detected in cow colostrum at the titers of (11.3 + 0.8-
12.6 £ 0.9) log.. Antibodies to rotavirus, coronavirus and
viral diarrhea causative agent at the titers of (8.5 + 0.6—
9.7 £ 0.8) log, were detected in the sera of 3-7-day-old
calves who, in a timely manner, received colostrum from
cows immunized with an emulsion vaccine [32]. Emul-
sion vaccines are suitable for vaccination of newborn
calves with colostral immunity. The use of emulsion
inactivated vaccines against parainfluenza-3, infectious
rhinotracheitis, coronavirus infection and bovine viral di-
arrhea in different combinations allowed to reduce the
incidence rate in young animals and retirement level by
30-50% and 15-25%, respectively. The results of epide-
miological investigations and laboratory testing of sera
samples were the basis for the recommendation to use
emulsion vaccines forimmunization of immunodeficient
cattle [9].

CONCLUSION

The results of epizootological investigations conducted
for large-scale livestock farms specializing in milk produc-
tion indicate that the average service life of highly pro-
ductive cows with a milk yield of more than 6 thousand
kg of milk does not comprise more than three lactations.
An excess of concentrated feed, along with a shortage of
sugar and coarse feed, leads to digestive and metabolic
disorders and accumulation of toxic substances [3]. In-
tensive metabolic disorders constitute the main patho-
genetic mechanism of metabolic diseases that lead to
acidosis, liver dystrophy and metabolic immunodefi-
ciency [3, 9, 10, 12, 13, 34]. Pregnant cows with impaired
metabolic processes give birth to calves with dystrophy of
liver, kidneys, spleen and lymph nodes. Diseases caused
by opportunistic microorganisms are often identified in
animals with signs of metabolic immunodeficiency. It has
been shown that emulsion inactivated vaccines induce
virus-specific antibodies in highly productive cows with
signs of metabolic disorders in higher titers than those in
animals vaccinated with adsorbed vaccines, which can be
explained by the peculiarities of immunogenesis when
using these vaccines.
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MuieHko Bnagumup AnekcaHzpoBuY, JOKTOP BETEPUHAPHbIX
HayK, Npodeccop, rMaeHbIi HayYHbIi COTPYAHMK Nabopatopun
npodunakTnkn 6GonesHe CBUHENW U poraToro cKota
QOIrbY «BHUWN3X», . Bnagnmup, Poccusa.

MuuweHko Anekcein BnagumunpoBuy, JOKTOP BeTEPUHAPHbIX
HayK, CTapWwWuin Hay4Hbli COTPYAHUK WHPOPMaLMOHHO-
aHanutnyeckoro ueHtpa OrbY «BHUU3XK», r. Bnagumunp, Poccums.

Awunx PomaH Bnagumnposuy, KaHangaT 61Monornyeckrx Hayk,
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CBUHel 1 poratoro ckota OIBY «BHUN3XK», r. Bnagmumunp, Poccus.
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