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Introduction 

The amount of water depends on several factors: types and 
categories, physiological status, nutrition, ambient conditions, 
water quality, and temperature [1]. The water needs of cattle 
are estimated according to the production category, i.e. 
according to lactation. In calves fed a milk diet, they contains 
about 87% water. The daily requirement is about 1.3 L per kg 
body weight. That is, 6–8 L of water per kg of dry matter. In 
lactating cows, it is estimated that this amount is 46 L of water 
per kg of dry food matter, and per 100 kg of body weight. In 
sheep and goats, from 2-4 L per kg of dry matter of food [2,3]. 
Water in the body is distributed intracellularly, extracellularly, 
and transcellularly (digestive system, urine, milk) [4,5]. The 
average water content in the body of ruminants, depending on 
age and body weight, is 44% in fattened cattle, about 50% in 
adult beef, and about 76% in calves. Regarding the distribution 
of water concerning body mass, water in the body e.g. in a 
newly calved calf is about 36% in the digestive system, and 
in adult cattle, it is 17% in the digestive system as well as 
intravascularly in a calf it is about 12% and in an adult beef 
about 5.5%.

Disturbance of the balance can go in two directions 
(increase-hyperhydration) and reduction of water- 
dehydration seu exsicosis) [2,5]. Hyperhydration is caused 
by rapid hydration after a period of dehydration. It most 
often occurs during long-term warm weather, in calves and 
steers that are deprived of water. In such moments they are 
offered water, which they drink excessively in large quantities 
uncontrollably [6]. With excessive hydration, intravascular 
hemolysis, and hemoglobinuria occur. Namely, erythrocytes 
become fragile in dehydration. The sudden introduction of 
water with low osmotic pressure into the digestive organs 
causes erythrocytes to hemolyze as they circulate through the 
visceral vasculature. Clinical signs observed in hyperhydration 
are frequent stretching of the head and neck, ataxia, and edema 
of the eyelids. Occurrence of cardiac arrhythmia. If the animal 
survives, healing occurs. In animals that die, pathoanatomical 
changes that can be found during autopsy are edema of the 
lungs and connective tissue, especially that surrounding the 
bile ducts, as well as brain edema  [2,7]. 

The recommendation for such cases is to give a certain 
amount of hypertonic solution (5% sodium chloride) 
intravenously. The mentioned disorders cannot be seen as a pure 
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lack of water, but as a lack of electrolytes and proteins, which 
are important for maintaining osmotic and oncotic pressure in 
all areas of the body with water, especially in the blood, that 
is, in the circulation. Therefore, these disorders are linked 
according to the Darrow-Yannet scheme and are expressed 
in 5 possibilities: Isotonic and hypotonic hyperhydration, and 
hypertonic, hypotonic, and isotonic dehydration. In all forms 
of dehydration, there is a decrease in extracellular space, that 
is, water, and with it, a decrease in the volume of circulating 
plasma or hypovolemia [8]. The consequence is a decrease in 
the volume of glomerular fi ltration with an increase in the 
components of urine in the blood (Rest-N, i.e. urea). Also, the 
occurrence of hypokalemia is more frequent than hyperkalemia. 
Hypokalemia is caused by a large loss of the kidneys and 
digestive system, and hyperkalemia is caused by impaired 
renal excretion. Losses through the kidneys occur most often 
after long-term use of saluretics and glucocorticosteroids, and 
through the digestive system due to reduced or remaining food 
intake or due to enteropathy (acute or chronic diarrhea) [9,10].

Isotonic tonic hyperhydration in cardiac, renal, and 
hepatogenic genesis is manifested by the appearance of edema 
and signs of the underlying disease. The appearance of diffi culty 
breathing is a suspicion of the beginning of pulmonary edema. 
Hypotonic hyperhydration manifests as depression, weakness, 
mild cramps, pulmonary edema, slowing of heart rate, and 
drop in osmolarity (hyponatremia). Hypertonic dehydration 
is manifested by pronounced thirst, dry and wrinkled skin, 
dry mucous membranes of the mouth, accelerated heart rate, 
and increased osmolarity (hypernatremia) [11]. Hypotonic 
dehydration, in which, in addition to water, there is also a 
greater loss of sodium, manifests weak thirst, pronounced 
sluggishness, listlessness, CNS disorders in the form of muscle 
spasms, and reduced skin elasticity [2,11]. Decreased skin turgor 
indicates hypovolemic blood fl ow disorders and deterioration 
of kidney function. The increase in the components of urine 
in the blood is even higher than that corresponding to 
hemoconcentration. Hyponatremia with hypochloremia occurs 
mainly in hypotonic dehydration. Hypokalemia is manifested 
by disorders of the function of the brain, heart and blood 
fl ow, skeletal muscles, and kidneys (rapid heartbeat, apathy, 
somnolence, paresis, paralysis, adynamia, constipation, coma) 
[12]. 

It is possible to establish the diagnosis of dehydration based 
on clinical symptoms. We get confi rmation of the diagnosis 
based on blood and urine parameters. Estimates of water loss 
are possible based on the determination of body mass loss, 
with the fact that the body mass is known at the beginning 
of the disease. In the case of a low degree of dehydration, the 
loss of fl uid during 24 hours means a reduction in body weight 
of 4%, in the case of an intermediate degree of dehydration, a 
loss of body weight by 6% and in the case of a high degree of 
dehydration, a loss of body weight by 8% to 10%. The stated 
percentages also represent the amount of water that should 
be taken in for rehydration. When determining the degree of 
dehydration, the determination of the number of erythrocytes, 
hemoglobin concentration, and hematocrit value, the 
concentration of total proteins in blood and blood serum is also 

used. To determine the type of dehydration, the concentration 
of electrolytes in the blood serum is determined. Complete 
determination of electrolytes as well as blood pH provides the 
possibility of concluding not only about electrolyte disorders 
but also about the state of acid-base balance in the blood [12-
14]. 

Fluid and electrolyte replacement in diarrhea of calves

The method of conducting rehydration and remineralization 
depends on the degree of dehydration, the general condition 
and vitality of the calf, and other possible complications. 
Diarrhea in calves is the most dangerous condition in newborn 
bodies associated with water and electrolyte imbalance [4,7,8]. 
In the case of moderate dehydration and when the calf shows 
the urge to suck and when it is standing, decorations of mint, 
rosehip, chamomile, or herbal semisynthetic mucus are given 
orally (through a pacifi er, bottle, or tube) in a dose of 4% of the 
body weight, i.e. 2–3 liters for calves of 35–45 kg body weight. 
And two to three times a day [2,7,11]. 

Mucilaginous substances (fl ax seeds, rice mucilage, 
oats, have multiple benefi cial effects on the treatment of 
gastroenteritis in newborn calves. They serve as a vector of 
drugs, which retain longer, gradually release and transport 
them along the digestive system; then, with their mucous 
component, they coat and protect them. In addition, they retain 
the temperature much longer than the calves themselves, thus 
creating euthermia, which is an integral part of supportive 
therapy, because the largest number of calves are in a state 
of hypothermia. Due to its organic composition, mucus has a 
certain nutritional effect. Astringents (carbo bismuth, bismuth 
subgallate), adsorbents (medical charcoal), or kaolin (bolus 
alba, i.e. aluminum hydroxide [15]. 

In addition, the oral use of a 20% solution of lab ferment 
(chymosin) as a support in the treatment of diarrhea in newborn 
calves has been proven to be very successful. Lab ferments in 
calf rennet play a role in the process of curd formation and 
gradual proteolysis and therefore participate in the regulation 
of osmotic pressure in the intestines. By orally giving a 20% 
solution of lab ferment to calves that have a preserved appetite, 
the process of milk digestion and curd formation is supported 
and the duration of diarrhea is shortened [16]. 

Means for remineralization are also given - intravenous 
solutions of sodium chloride, potassium chloride, sodium 
bicarbonate. A bag of 27.5 g is dissolved in 1 liter of boiled water 
and given 50 ml per kg of body weight so that a calf of 35-50 
kg is given to drink 2 sachets dissolved in 2 liters of liquid at 
once. Maintenance doses are 8 ml/kg body weight every 6 to 8 
hours. For the successful treatment of dehydration in addition 
to the oral route, rehydration and remineralization should also 
be carried out parenterally. The type and amount of means for 
parenteral rehydration depend on the severity of the disease, 
that is, on the degree of dehydration of the calf [2,17-19]. Faster 
recovery and therapeutic response also depend on the method 
of fl uid and electrolyte replacement oral and IV replacement 
electrolyte products remain the gold standard for resuscitating 
diarrheic calves with moderate dehydration than subcutaneous 
replacement [20]. 
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Administered agents should be sterile and warmed to body 
temperature. They are mostly applied intravenously and/
or intraperitoneally, but also subcutaneously. These means 
should be repeated in 6–10 hours. In the case of moderate or 
moderately developed dehydration, 1 to 2 liters of glucose in a 
physiological sodium chloride solution is given. The application 
is repeated after 6 to 10 hours. Adding glucose parenterally 
is useful in any case, as an energy component and as a mild 
diuretic. In severe dehydration, alkaline isotonic solutions 
are given to prevent or correct acidosis. One of the frequently 
used solutions is prepared from 1 liter of 0.13% sodium 
bicarbonate aqueous solution per liter of distilled water + 1 liter 
of physiological sodium chloride solution. Application is done 
intravenously or intraperitoneally. In the case of moderately 
developed dehydration, 50 ml of these two solutions are given 
per kg of body weight, and to maintain hydremia another 
140 ml/kg of body weight is given. Per person, over 24 hours, 
divided into two meals. In the case of severe dehydration, 100 
ml of solution per kg of body weight is given, and to maintain 
hydremia, another 140 ml of solution per kg of body weight is 
given. For 24 hours, divided into 3 meals, e.g.4+3+3 liters per 
day, for a calf of 35-50 kg body weight. Severe dehydration in 
addition to pronounced exicosis is accompanied by irreversible 
acidosis and anuria. Such calves are often in a comatose 
state and with lost pupillary refl exes, and a weak, rapid, and 
arrhythmic pulse [7 ,17,18]. Based on the degree of dehydration 
of more than 8% of the calf’s body weight, intravenous fl uid 
replacement is required [21]. In addition to oral and IV fl uid 
replacement, intraruminal administration with hiper saline 
hypertonic saline solution (HSS) and hypertonic bicarbonate 
solution promoted a faster correction of metabolic acidosis in 
neonatal diarrhea calves [22].

Calves whose defense mechanisms are preserved or activated 
by this therapy, primarily with a moderate or medium degree 
of dehydration, if they lie on their side, take a sternal position 
in a few hours, begin to urinate and in 24–36 hours show 
visible signs of improvement in their general condition. After 
the application of alkaline isotonic solutions and establishment 
of acid-base imbalance (second day), balanced electrolyte 
solutions such as Ringer’s solution, and Hartmann’s solution 
are given, to replace electrolytes [7]. Electrolyte imbalances 
(sodium, potassium, calcium, magnesium) have varied 
considerably in calves with diarrhea [21].

Given that rota, coronaviruses, and secondary causes of 
diarrhea such as E. coli or salmonella play a dominant role in the 
etiopathogenesis of gastroenteritis [23]. Antimicrobial drugs to 
which these bacteria are sensitive (gentamicin, tetracyclines, 
lincomycin-spectinomycin, and fl uoroquinolones) are 
administered parenterally in therapy. Then, sulfonamides 
that are not resorbed in the intestines and remain longer 
in the digestive system (sulfaguanidine, sulfasalazine, 
sulfaquinoxaline), as well as a combination of systemic 
sulfonamides with trimethoprim. They are often combined 
with vitamins AD and E. Nonsteroidal anti-infl ammatory 
drugs, most commonly metamizole sodium, and fl unixin-
meglumine are used as symptomatic therapy [7,24,25]. 

The best option is to passively protect calves, indirectly, 
through cows that are vaccinated in high pregnancy with 
antivirus vaccines. The last measure in very endangered calves 
is the serumization of calves with hyperimmune antibodies 
and thus the creation of passive immunity is limited to the 
time of the postnatal period. The immunity of the newborn calf 
is increased by giving them immunogammaglobulin [26].

In the case of isotonic hyperhydration, the goal is to increase 
the renal excretion of salt and water by using saluretics. In 
the case of hypotonic hyperhydration, hypertonic solutions 
of sodium chloride are cautiously administered and water is 
withheld. For hypertonic dehydration that cannot be balanced 
by taking water, solutions without or with little electrolytes 
are used, and for hypotonic dehydration, electrolyte solutions 
are used. The administration of hypertonic solutions of sodium 
bicarbonate is desirable for rehydration in states of acidosis 
that occur as a result of the presence of diarrhea [21,27]. A 7.2% 
solution of potassium chloride is used to regulate hypokalemia 
[28-30]. Rehydration and replacement of electrolytes is done 
gradually over 24 to 48 hours, according to the degree and type 
of dehydration and according to the body weight of the animal. 
The most commonly used are 0.9% sodium chloride and 5 or 
10% glucose, as well as Ringer’s, and Hartmann’s solution for 
parenteral use [31].

The best way to prevent dehydration is to provide plenty of 
water and libitum. Rehydration of affected cattle should be the 
basis of therapy in all conditions in which there is a loss of a 
large amount of fl uid from the body. Replacement of fl uids and 
electrolytes plays an important role in therapy, especially in 
young animals, where defense mechanisms are not suffi cient 
in the recovery process. 
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