Metabolic disease

Introduction


Among domestic farm animals, the metabolic disease achieved their greatest importance In dairy cows and pregnant ewes. In the other species these disease occur only sporadically. The high producing dairy cows always verges on abnormal homeostasis and the breeding and feeding of diary cattle for high milk yields is etiologically related to metabolic disease so common in these animals.

Periparturient period in cattle and sheep


As milk production in diary cows increase and as herds become larger, the incidence of metabolic disease increase. In diary cows the incidence of metabolic disease is highest in the period commencing at calving and extending until the peak of lactation is reached and their susceptibility appears to be related to the extremely high turnover of fluid, salts and organic materials during the early part of lactation. 


With this rapid rate of exchange of water , sodium ,calcium ,magnesium, chloride and phosphates, a sudden variation in their excretion or secretion in the milk or by other routes, or sudden variation in their intake because of changes in the ingestion, digestion or absorption may cause abrupt, damaging change in the internal environment of the animal.

Production diseases


The term production diseases include those diseases previously known as metabolic diseases such as parturient paresis , hypomagnesemia , acteonemia. All of which are attributable to an imbalance between the rate of input of dietary nutrient and the output production when the imbalance is maintained it my lead to a change in the amount of body's reserves of certain metabolites.

Compton metabolic profile test 


The Compton metabolic profile test based on the concept that the laboratory measurement of certain components of the blood will reflect the nutritional status of the animal, with or without the presence of clinical abnormalities, for example lower than normal mean of blood glucose in a group of diary cows in early lactation may indicate on insufficient intake of energy which may or may not be detectable clinically.

Parturient paresis ( Milk Fever)

         A disease of cattle , sheep and goats occurring around the time of parturition and caused by hypocalcaemia and characterized clinically by weakness, rcombancy and ultimately shock and death. 

Etiology
· A depression of the levels of ionized calcium in tissue fluids is the basic biochemical defect in milk fever. 

· A cow producing 10 kg of colostrum will lose 23 gr of calcium in a single milking. This is about nine times as much calcium as that present in the entire plasma calcium pool of the cows.

· Calcium lost from the plasma pool must be replaced by increasing intestinal absorption and bone resorption of calcium.

· During the dry period, calcium requirements are minimal at about 10-12 gr/day. At parturition the cow must be mobilize about 30 gr or more of calcium into the calcium  pool per day.

· Hypocalcaemia occur inspite of apparently adequate function of parathyroid and Vit D endocrine system and most cow adapt within 48 hours after calving by increase in plasma concentration of parathyroid hormone and Vit D at the onset of the hypocalcemia and mobilized calcium by increasing intestinal absorption and bone resorption.

· About 5-20% of adult cows are unable to maintain plasma calcium and consequently develop severe hypocalcemia or clinical milk fever which require treatment.

Epidemiology

· Occurrence

a- The disease occurs most commonly in high producing adult lactating diary cattle. Lactating beef cows are affected but less commonly.

b- Mature diary cows are most commonly affected in the 5-10 years age group although rare cases have been observed at the first and second calving.

c- There are differences in susceptibility among the breeds but the differences are small.

d- In cattle ,  milk fever occurs at three main stages in the lactation cycle. Most prepartum cases occur in the last few days of pregnancy and during parturition but rare cases occur several weeks before calving. Some cases occur a few hours before calving or at the time of parturition.

e- Most cases occur within the first 48 hours after calving and the danger period extends up to about 10th day after parturition.

f- Starvation for 48 hours also causes severe depression of serum calcium levels and this may be important in the production of hypocalcemic paresis in this species at times other than post parturition period.

g- Pregnant beef cattle may develop hypocalcemic paresis during the winter months when they are fed on poor quality roughage.

h- IV administration of certain aminoglycosides especially neomycin, dihydrostreptomycin and gentamycin may cause reduction in the degree of ionization of serum calcium and a syndrome similar to milk fever.

i- Oral dosing with zinc oxide ( 40 or 120 mg zn/kg Bw) as a prophylaxis against facial eczema in ewe causes a serious fall in serum calcium level 24 hours later.

Sheep and goats
· in sheep the disease commonly occur in outbreaks in groups of ewes exposed to forced exercise, long distance transport, sudden deprivation of food and grazing on crops. 

· Mature ewes are the most susceptible particularly in the period 6 week before to 10 weeks after lambing.

· Milking goats become affected mostly during the 4-6 years age group and cases may occur before and after kidding, some later than 3 weeks after parturition.

Morbidity and case fatality

· Several epidimiological studies of milk fever have shown an           incidence risk of  5-10 % .

· Generally the disease is sporadic but on individual farms the incidence may rarely reach 25- 30%.

· With early treatment relatively few death occurs in uncomplicated cases but incidental losses due to aspiration pneumonia, mastitis, and limb injury may occur.

· 75-85% if uncomplicated cases respond to calcium therapy alone.

Risk Factors
a- Animal risk factors 

1- Excessive loss of calcium beyond the capacity of absorption from the intestine and mobilization from the bones to replace.

2- Impairment of absorption of calcium from the intestine at partition.

3- Mebolization of calcium from storage in the skeleton may not be sufficiently rapid to maintain normal serum levels. The calcium mobilization rate and the immediately available calcium reserves are sufficiently reduced in cows in late pregnancy to render them in capable of withstanding the expected loss of calcium in milk.

4- It was once postulated that failure to secret sufficient level of parathyroid hormone or 1,25 dihydroxy Vit D was the primary defect in cows which developed milk fever. While it is accepted that, the calcium homeostatic mechanisms regulated by parathyroid hormone 1,25 dihydroxy Vit D fail to maintain normal blood calcium concentration resulting in severe hypocalcemia, the nature of the endocrine defect is not well understood. 

5- A high body condition score increase the risk of milk fever.

b- Dietary and environmental risk factors 

1- Dietary calcium 

        Feeding more than l00 gr of calcium daily during the dry period is associated with an increased incidence of milk fever. A 500 kg cow requires only about 31 gr of calcium to meet daily maintenance and fetal demands in late gestation. When cow fed a high calcium diet ( <  100 g Ca / d) it is daily requirement of calcium can be met almost entirely be passive absorption of dietary calcium. The active transport of calcium from the diet and bone calcium resorption mechanisms are homeostaiclly depressed. As consequence at calving the cow is unable to use the bone calcium stores or intestinal calcium absorption mechanisms and susceptible to severe hypocalcemia .

       Feeding prepartum diets containing low concentration of calcium prevent milk fever by activating calcium transport mechanisms in the intestine and bone prior to parturition.

2- Dietary phosphorus


Prepartum diets high in phosphorus ( < 80 gr P/d) also increase the incidence of milk fever and the severity of hypocalcemia. High dietary level of  phosphorus  increase the serum level of phosphorus with inhibitory to the renal enzyme that catalyze production of 1/25 dihydroxy vit D which when decreases reduce the intestinal calcium absorption mechanisms prepartum.     

3- Dietary cation – anion differences (DCAD)


The anion- cation dietary difference exerts a strong linear effect on the incidence of milk fever. The dietary cation- anion balance in the prepartum diet may be more important than the level of dietary calcium as risk factor for milk fever, prepartum diet high in cations such as sodium and potassium are associated with an increase incidence of milk fever, while diets containing an excessive conc. of anion especially chloride and sulfur  are associated with decrease the incidence of the disease

Economic importance


Unlike many years ago the economic losses milk fever have decreased because calcium borogluconate is an effective treatment which many owners can administer. Significant costs are associated with veterinary intervention and losses due to complications which include :

* Milk fever relapses : milk fever cases which need repeat treatment because of relapses increase the cost. 

      * Downer cow complication

 * Dystocia and reproductive disease. Hypocalcemia at the time of parturition can result in uterine inertia which may cause Dystocia and uterine prolaps. 

* Rretained placenta: several studies have found an increase risk of retained placenta following milk fever.  

    * Metritis 

     * Mastitis       

     * Abomasal displacement 

     * Ketosis 

     * Temporary drop of body weight

Pathogenesis

* Plasma calcium concentration is normally maintained between 2.1- 2.6 mmol /L (8.5-10.4 mg/dL) 

* Almost all dairy cows will experience sub clinical hypocalcemia
  8.1 > mmol/L (7.5 mg/dL) within 24 hours after calving.

* In some cows the hypocalcemia is more severe > 1.25 mmol/L              (  5 mg/dL)  causing neuromuscular dysfunction resulting in clinical milk fever.

* Without treatment level may continue to decline to about 0.5 mmol/L (2 mg/dL) which is usually incompatible with life. 

* Hypocalcemia is the cause of signs of typical milk fever. Atony of skeletal muscle and plain muscle are well known physiological effect of hypocalcemia.

* hypocalcemia and variation in levels of serum magnesium also occur and have secondary roles.

* In experimental hypocalcemia in cattle is :


a- A marked reduction in the stroke volume and cardiac out put.


b- 50% reduction in arterial blood pressure.


c- A reduction in ruminal and Abomasal tone and motility.

 * Total plasma calcium concentration  at calving is not significantky related to fat and protein – corrected milk yield at any lactation period.

* In rare cases pathological changes in the myocardium of hypocalcemic parturient cows have been reported          

Clinical findings

There stages of milk fever in cattle are commonly recognized

a- Stage 1
1- In the first stage the cow is still standing. This is also the brief of stage of excitement and tetany with hypersensitivity and muscle tremor of head and limb.

2- The animal is disclinated to move and does not eat.

3- There may be slight shaking of the head, protrusion of the tangue and grinding of the teeth.

4- The rectal temperature is usually normal to slightly above normal. 

5- Stiffness of the hind legs is apparent. The animal is ataxic and fall easily and (on going down) the hind legs are stuck out stiffly.

6- Careful observation by owners and veterinarians have revealed an even earlier stage than the first one its characterized by anorexia, agalactia, rumen stasis , scant feces and normal temperature.

b- Stage 2

the second stage is prolonged sternal recombancy

1- Consciousness is usually depressed , the cow has drowsy appearance in sternal recombancy usually with a lateral kink in the neck or the head turned into the flank.

2- When approached, some of these cows will open their mouth, extend their head and neck and protrude their tongues which may be an expression of apprehension and fear in an animal un able to stand. 

3- The tetany of limbs present in the first stage is not present and the cow is unable to stand.

4- The muzzle is dry, the skin and extremities cool and the rectal temperature is  36- 38 C  ( 97-101F)

5- There is marked decrease in the absolute intensity of the heart sounds and an increase in rate ( about 80 /min), the arterial pulse is weak and venous pressure is also low making it difficult to raise the jugular vein. 

6- The respiration is not markedly affected although a mild forced expiratory grunt is sometime audible.

7- The eyes is usually dry and staring . the pupillary light reflex is incomplete or absent and the diameter of the pupils varies from normal to maximum dilatation.

8- Ruminal stasis and secondary bloat are common and constipation is characteristic, there is also relaxation of the anus and loss of the anal reflex.

9- In cows which develop hypocalcemia few hours before or at the time of parturition , the second stage of parturition may be delayed.

        10-    Prolaps of uterus is common complication of milk fever and       often the calcium level are lower than in parturient cows without uterine prolaps.

Stage 3       


The third stage is lateral recombancy.

1- The cow is almost comatose and although the limbs may be stuck out there is complete flaccidity on passive movement and the cows can not assume sternal recombancy.

2- The depression of temperature and cardiovascular system are more marked, the heart sound are almost inaudible and the rate increase up to 120/min, the pulse is almost impalpable and it may impossible to raise the jugular vein.

3-  Bloat is usual because of lateral recombancy. 

4- Without treatment a few animals remain unchanged for several hours , but most become progressively worse during a period of several hours and die quietly from shock in a state of complete collapse.

Sheep and goats

1- the disease in pastured ewes is similar to that in cattle.

2- The early signs include stilty , proppy gait and tremor of the shoulder muscle.

3- Recombancy follows sometime with tetany of the limbs but the proportion of ewes with hypocalcemia which are recombant in the early stage is much less than in cattle.

4- A similar generalization applies to female goats.

5- The characteristic posture is sternal recombancy with the legs under the body or stretched out behind.

6- The head is rested on the ground , there may be an accumulation of mucous exudates in the nostrils.

7- The venous blood pressure is low and the pulse impalpable.

Clinical pathology

1- Total serum calcium levels are reduced to below 8 mg/dL (2.0 mmol/L) usually to below 5 mg/dL (1.2 mmol/L) and sometimes to as 2 mg/dl (0.5 mmol /L). 

2- Average of total serum calcium levels in different species are :

                   Cow = 5.2
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 1.2 mg/dl ( 1.30
[image: image2.wmf]±

 0.30 m mol/L)

                   Ewes = 4.6 
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 1.5 mg/dl (1.15 
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 0.37 m mol/L).

3- Blood level of ionized calcium are better indicator of calcium status but their estimation have been too difficult until recently.

4- Normal levels of ionized calcium in cow are 4.3 -5.1 mg/dl (1.06-1.26 mmol/L). 

5- Serum magnesium level are usually moderately elevated to 4 - 5 mg/dl (1.065-2,05 mmol/L).

6- Serum inorganic phosphorus levels is usually depressed to                                   1.5 -3 mg/dl (0.48-0.97 mmol/L) .

7- Blood glucose level are usually normal although they may be depressed if ketosis occur.

8- Prolonged recombancy result in ischemic muscle necrosis and increase in the serum muscle enzymes ceartinin phosphokinase 
( CPK) and aspartate amino transferase (AST).

9- Changes in the leukocyte count include eosonopenia , neutrophilia and lymphopenia suggestive of adrenal cortical hyperactivity.

      10-        high plasma cortisol level and high PCV.

Necropsy findings

There is no gross or histological changes unless concurrent disease are present.

Differential diagnosis

a- Downer cows 

b-  Acute carbohydrate engorgement 

c- Hypomagnesemia (lactating , grass, tetany).

d- Severe toxemia ( Acute diffuse peritonitis , coliform mastitis) 

d- Fat cow syndrome 

g- Acute hypokalemia

h- Bovine spongyfrom encephalo pathy. 

Treatment
1- Calcium borogluconta at 10-200 gr is the treatment of choice. The solution available vary from 18-40% calcium brogluconate. Most cows with milk fever can be treated successfully with 8-10 gr of calcium.

2- For cattle 400- 800 ml of 25% solution is the usual dose give i/v or s/c.

3- In sheep and goat the recommended amount is 15-20 gr i/v with an optional 5-10- gr sc.

4- The heart should be auscultated throughout  i/v administration for evidence of gross arrhythmia, bradycardia and tachycardia. If any these occur , iv administration should be interrupted and continued only after the heart sounds return to normal. If the cardiac irregularity continues, the reminder of solution can be given Sc.

5- Oral administration of gel contain calcium chloride usually used to increase recovery rate and preventing relapses. 

6- Insufflations of udder wit air was an alternative treatment for cow which continued to replace following repeated calcium injection.   
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