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Abstract - The aims of the current study were to characterize the main clinical consequences of 

diarrhea and to identify metabolic disorders due to this neonatal disease in newborn calves (≤30 days 

of age). Forty seven calves of two selected dairy herds in the province of Constantine were involved in 

this study. Clinical examination and analysis of blood samples collected from untreated calves over 3 

periods (birth to 7 days, 8 to 15 days and over 15 days) were carried out from February to October 

2013. Hematological (Hemoglobin (HGB) and Hematocrit (HCT)), biochemical (Sodium (Na+), 

Potassium (K+), Chloride (Cl-) and pH) and organic parameters (Total protein, Glucose, Urea and 

Creatinine) were analyzed at the onset of diarrhea, before any treatment in diarrheic calves and 

subsequently compared with the values obtained in clinically healthy calves and standards reported in 

the literature. Base excess (BE) and the strong ions difference (SID) were also calculated by the 

previous assays. Results of this study showed that respiratory rate was significantly higher in calves 

with diarrhea (P<0.05). The occurrence of a minimal insignificant metabolic disturbance (P>0.05) was 

observed in diarrheic calves. A significant increase in total protein, and an insignificant difference for 

the rest of the analyzed hematological and biochemical parameters in diarrheic calves were observed 

at the statistical level P<0.05 during the experiment. A negative energy balance reflected by 

hypoglycemia (107.2±2.5 mg/dL in diarrheic calves versus 121.8±4.6 mg/dL in healthy calves) was 

also noted during the diarrheal syndrome (P>0.05). 
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1. Introduction 

Diarrhea (scours) is the most commonly reported calf disease and the major cause of neonatal 

mortality in both dairy and beef calves less than one month old. 

It represents an important source of economic loss due to treatment costs, stunted growth rates and calf 

mortality (Boussena and Sfaksi 2009; Lorenz et al. 2011). 

The etiology of scours is multifactorial. The known causes are grouped into two categories: non 

infectious causes as inadequate nutrition, and infectious causes such as bacteria, viruses and protozoa 

(Stoltenow and Vincent 2003). Enterotoxigenic Escherichia coli K99/F5 (ETEC), rotavirus A, Bovine 

coronavirus and Cryptosporidium spp. are the most common infectious agents implicated with the 

etiology of this syndrome (Katsoulos et al. 2017). 

Regardless of the cause, diarrhea can lead to dehydration, electrolytic imbalances, metabolic acidosis 

and possibly septicaemia due to the secondary bacterial overgrowth in the small intestine (Navetat et 

al. 2007; Berchtold 2009; Taylor et al. 2017). 

Therefore, it would be of great value for the success of treatment if the farmers had a quantitative 

indicator available to use for the early detection of the symptoms associated with these complications 

(Katsoulos et al. 2020). 

To our knowledge, studies on metabolic defect associated with calf diarrhea have never been carried 

out in Algeria. The aims of this work are to study the pathogenesis of neonatal diarrhea in young 

calves aged less than 30 days, and to characterize the main clinical consequences and biological 

parameters disturbances due to diarrheal syndrome. 
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2. Materials and methods 

2.1 Animals 

This study was carried out in the region of El-Khroub in the province of Constantine northeastern 

Algeria, located in the semi-arid area at an altitude of 597 m above sea level, latitude 36.26° N and 

longitude 6.69° E. The study was performed from February to October 2013 in two selected dairy 

herds with no recent history of a severe scours epidemic. It should be mentioned that no prior scours 

vaccination was administered to cows in these farms. 

A total of 47 calves (25 males and 22 females) aged less than 30 days (43 Holstein calves, 3 Tarentaise 

and one calf of Balzadaise breed) were selected for the experiment. During the nine months of the 

study period, 14 calves (29.79%) have contracted diarrhea. 

Immediately after birth, the calf’s navel is disinfected. The animal received 3 to 4 liters of colostrum 

by bottle-feeding within the first few hours after birth, and then housed individually in a single pen. 

Every day and for a month, calves are fed cow's milk (twice a day) at about 10% of their body weight. 

All experiment procedures were conducted in accordance with the animal welfare regulations. 

 

2.2 Clinical examination and weight measurements 

For each selected calf (clinically healthy or diarrheic) a thorough clinical examination is performed. 

Fecal samples from calves without (n=33) or with (n=14) diarrhea were examined (consistency, color, 

odor and presence of foreign elements). 

Body weight (BW) was estimated with weight estimation formula based on heart girth (c) 

measurements using a common tape (±5-6% of body weight): 

BW (kg) =100 x c3  

The degrees of dehydration (Guatteo 2004) and acidosis assessed according to age and clinical signs 

(Naylor et al. 2003; Ravary et al. 2006) were also recorded for calves during the diarrheal episode. 

 

2.3 Blood sampling and analysis 

Blood samples (5mL) were collected via jugular venipuncture using two anticoagulant tubes (EDTA, 

Heparin) and one plain vacuum tube. The blood samples were kept in an insulated cooler and 

transported to the analysis laboratory within 2 hours after collection. 

The following hematological and biochemical parameters were analyzed: 

- Hematocrit and hemoglobin were measured with a Mythic 18 (Orphée SA, Switzerland) automated 

analyser. 

- Serum electrolyte levels (Na+, K+, and Cl-) were analyzed by EasyLyte Electrolyte Analyzer (Medica 

Corporation, Netherlands). 

- A spectrophotometric method was carried out for the determination of total proteins in blood plasma 

(Biuret method). 

- Glucose, urea and creatinine were measured using a Daytona Autoanalyzer (Randox Laboratories, 

UK). 

- Blood pH was also determined with a pH meter (pH 210, Hanna Instruments, Italy). 

- Base excess (BE) was calculated using the formula reported by Nappert and Naylor (2001): 

BE (mmol/L)=-301.158+39.617xpH 

- Strong ion difference ([SID+]m) was calculated according to the formula reported by Guatteo (2004): 

[SID+]m (mmol/L)=[Na+]+[K+]-[Cl-] 

 

2.4 Statistical analysis 

All statistical analyzes were performed with the Statistical Analysis System software (SAS 2003) 

using the Student test to identify the significant difference between the calves with and without 

diarrhea. Data were analyzed using PROC MEANS, with health status serving as the fixed effect. P-

values less than 0.05 were considered as significant. The presented results are expressed as mean and 

standard error of the mean (SEM). 

 

3. Results and discussion 

3.1 Clinical parameters 

During diarrheal episodes, meaningful and effective changes in stools were observed. Foul smelling 

feces (putrid or butyric odor in 36% of fecal material) with watery or pasty like consistency in 71% of 

fecal material. Color of diarrheal stools varies from pale (79%) to dark yellow (21% of cases) and 

flecks of mucus or blood are evident in 36% of fecal samples. 
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Table 1 shows the mean values of body weight and physiological parameters (rectal temperature, 

respiratory and heart rates) expressed in their conventional units of measurement compared together 

with usual values and with those recorded in clinically healthy calves during the experiment. 

 
Table 1: Average values (±standard error) of body weight and physiological parameters in diarrheic and clinically healthy 

calves compared with physiological norms during the first month of life 

Parameters Body weight 

(kg) 

Respiratory rate 

breaths per min 

Heart rate 

beats per min 

Rectal temperature 

(°C) 

Reference values / 20-50 (Malheu 2007) 126±4 (Walker et al. 

1998) 

38.5-39.5 (Schelcher 2008) 

Non diarrheic 

calves (n=33) 

48.8±1.7a 49.5±2.3a 120.5±5.5a 38.7±0.1a 

Diarrheic calves 

(n=14) 

43.6±2.2a 61.1±3.2b 124±5.4a 39±0.2a 

a, b: means within the same column with different superscripts differ significantly (P<0.05). 

 

The results show that body weight, rectal temperature and heart rate in the first month of life are not 

influenced by diarrhea. However, an insignificant modification of these parameters was observed in 

diarrheic calves compared with those clinically healthy (P>0.05). Overall, a tendency was noted for 

the diarrheic calves to have a significantly higher respiratory rate (P<0.01) (Table 1). 

In the present study, body weight did not differ significantly between healthy (48.83±9.74 kg) and 

diarrheic calves (43.51±9.10 kg), which is consistent with the work of Rollin (2002). 

Because water represents more than 70% of the calf’s body weight and the extracellular fluids 

accounted approximately for 45% of the newborn body weight (Thomson 1991; Berchtold 2009), any 

change in the fluid status is known to influence powerfully body weight (Rollin 2002). In fact, it was 

also noted that the newborn calves are more sensitive to liquid losses compared to adults (Thomson 

1991; Berchtold 2009). The resultant weight loss in the current study was estimated at about 11%, 

which agrees with previous reports in the literature (Walker et al. 1998; Leal et al. 2008). However, in 

the study of Ferreira (2001), calves with naturally acquired diarrhea tended to have a lower weight 

loss. 

One of the more intriguing findings of this study was the significantly higher respiratory rate in calves 

with diarrhea (P<0.05). The same result was reported by El-sheikh et al. (2012). This finding could be 

attributed to the decreased blood pH, which in turn would stimulate the respiratory center of the 

medulla oblongata and thereby result in an increase of respiratory rate and depth (El-sheikh et al. 

2012). As mentioned by El-sheikh et al. (2012), it is a compensatory polypnea in response to acidosis 

leading to eliminate this CO2 excess in order to reach normal values of pH. In another study, lower 

apparent respiratory rate was noted (23.46±2.71 to 25.33±4.75 breaths) (Leal et al. 2008). 

Similar to the respiratory rate, diarrheic calves tented to have an increased heart rate when compared 

with controls (P>0.05). This observation coincides with previous reports (Walker et al. 1998; Leal et 

al. 2008). In fact, it appears that this tachycardia compensates the hypovolemia due to dehydration 

during diarrheal episodes. Previous research (El-sheikh et al. 2012) indicates that tachycardia (120-140 

beats/min) was recorded at the early stage of diarrhea (with moderate dehydration) and bradycardia 

(between 50-88 beats/min) with cardiac arrhythmia was observed at severe dehydration. 

No significant changes occurred in rectal temperature in response to diarrhea (P>0.05). This is in 

accordance with previous reports (Leal et al. 2008; Malik et al. 2013). 

Furthermore, rectal temperature could be influenced by the duration of the diarrheal episode and the 

severity of dehydration (first there is an increase in temperature in early stage of diarrhea (39 to 

40.5°C) and then, it decreased in severe cases of diarrhea (36 to 38°C) (El-sheikh et al. 2012). 

Therefore, Berchtold (2009) concluded that the decrease of rectal temperature is the logical 

consequence of dehydration in scouring calves. 

In agreement with the result reported by Guatteo (2004), 64% of diarrheic calves had no clinical signs 

of dehydration. This has also been observed before by Albin (2002). Seven per cent (7%) of them 

required intravenous hydration (severe dehydration). 

According to clinical criteria, no base deficit occurred in 73% of diarrheic calves at less than 8 days of 

age. Within this age group, 18% of calves with diarrhea had a base deficit value of 10mmol/L, and 9% 

of them had a base deficit estimated at 5mmol/L.Based on the clinical symptoms, base deficit was 

more prevalent in older calves. Two-third of calves with diarrhea older than 8 days had a base deficit 

value of 15mmol/L. No deficit (BD=0) was noted for the rest of calves of this age group. 
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In both age groups, mild to moderate acidosis had occurred in 36% of scouring calves. Throughout the 

first month of life, the majority of calves (64%) had not shown signs of acidosis during the diarrheal 

episodes. 

In our experiment, calves presented a very similar clinical signs of acidosis to those noted in some 

other reports (Berchtold 2009; Trefz et al. 2012). 

 

3.2 Biological parameters 

3.2.1 Markers of dehydration 

Table 2 summarizes the results of different markers of dehydration (total proteins, hematocrit, 

hemoglobin, urea and creatinine) in diarrheic and clinically healthy calves compared with norms 

reported in the literature. 

 
Table 2: Means and standard error of different markers of dehydration in the two studied groups (diarrheic and healthy 

calves) during the first month of life compared with reference values 

Parameters Hematocrit (%) Hemoglobin 

(g/L) 

Total Proteins 

(mg/dL) 

Urea 

(mg/dL) 

Creatinine 

(mg/dL) 

Reference values 

(Guatteo 2004; 

Navetat and Rizet 

2002; Navetat et al. 

2007) 

24-46 6-8 6-7.6 7-20 10-15 

Non diarrheic calves 

(n=33) 

23.8±0.9a 7.8±0.3a 6±0.3a 24.9±2.3a 14.2±1.1a 

Diarrheic calves 

(n=14) 

24.6±1.4a 7.8 ±0.6a 7.5±0.5b 29.5±3.5a 13.4±1.7a 

a, b: means within the same column with different superscripts differ significantly (P<0.05). 

 

In the current study, diarrhea elicit significant changes in total proteins concentration (P<0.05). This 

observation coincides with those of various authors (Walker et al. 1998; Guzelbektes et al. 2007; Leal 

et al. 2008; El-sheikh et al. 2012). 

A possible reason for this hyperproteinemia could be the hemoconcentration phenomenon, presumably 

due to dehydration (Navetat and Rizet 2002; Naylor et al. 2003). As mentioned by these authors, it is 

also reasonable to think that total proteins can also differ according to the effectiveness of the passive 

transfer of colostral immunoglobulins (Navetat and Rizet 2002; Naylor et al. 2003). 

The comparison of different blood parameters considered as markers of dehydration between diarrheic 

and normal calves showed that, hematocrit and hemoglobin were not significantly different (P>0.05) 

between these two groups. 

Numerous authors (Guzelbektes et al. 2007; Malik et al. 2013) noticed that the no significant elevation 

in both hematocrit and hemoglobin levels can be attributed to the diarrheal disease. Increased but 

significant hematocrit was observed during scours in other studies (Walker et al. 1998; Leal et al. 

2008; Freitas 2009; El-sheikh et al. 2012). 

Indeed, an effect of week (age of calves) was previously observed (the concentration of hematocrit 

tended to be higher at birth and then decreased with age) (Klinkon and Ježek 2012). 

In this study, the lack of significant differences between the two groups (diarrheic and non diarrheic 

calves) in hematocrit and hemoglobin levels is probably observed because calves are not analyzed at 

the same age (week of age) and large numbers of calves should be tested. 

Hematocrit provides important information about the overall blood volume. Furthermore, hemoglobin 

is related to the rate of oxygen transported in the bloodstream (Malheu 2007). Indeed, hematocrit and 

hemoglobin accurately reflect the hydration status and used to assess it. Polycythemia results from 

decreased extracellular fluid volume, especially plasma, which indicates a hemoconcentration due to 

dehydration (Walker et al. 1998; Freitas 2009; Malik et al. 2013). 

Unlike creatinine, the values of urea in our samples are higher than reference values claimed by 

different authors (Guatteo 2004; Navetat and Rizet 2002; Navetat et al. 2007). Since the concentration 

of urea in blood depends on nutrition more than that of creatinine (Malheu 2007), the difference 

between reference values of urea and those reported in healthy calves seems to be related to the 

feeding regimen. Increased concentration of urea in calves’ serum indicates increased catabolism of 

proteins (El-sheikh et al. 2012; Klinkon and Ježek 2012). 

In the present study, urea level was reported to be higher in diarrheic calves (P>0.05) when compared 

with healthy animals. This finding was consistent with results in previous study (Demigné and 
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Rémésy 1979). Similar but significant (P<0.05) increase was previously reported in calves suffering 

from diarrhea (Walker et al. 1998; Guzelbektes et al. 2007; Özkan et al. 2011; El-sheikh et al. 2012). 

According to Bouda and Jagoš (1984), increased urea levels found in calves suffering from diarrhea 

are indicative of the increased dietary intake of nitrogen compounds. 

This increase is more likely attributed to hypovolemia due to dehydration (Fattorusso and Ritter 2006; 

Grech-Aneglini 2007; Freitas 2009). 

It appears, therefore, that the measurement of blood urea concentration is very helpful for assessment 

of dehydration and disturbances of acid-base balance in calves with diarrhea. 

In contrast to previous reports (Walker et al. 1998; Leal et al. 2008; El-sheikh et al. 2012), a slight 

decrease in creatinine (P>0.05) was noted in diarrheic calves, but still within the reference range 

(Guatteo 2004). Diagnostically, it is important for the assessment of functioning of the glomerular 

system in the kidneys (Klinkon and Ježek 2012). These authors added that its concentration increase 

only at serious damage. Thus, renal perfusion rate decreases as well as glomerular filtration and lead to 

signs of functional renal failure (Albin 2002; Gyr et al. 2004). Indeed, urea and creatinine levels are 

sensitive indicator of renal insufficiency (Malheu 2007). 

 

3.2.2 Acid-base balance parameters 

Hydrogen ion concentration (pH), serum chloride, potassium and sodium levels in healthy calves 

remained within physiological norms typical for the species. In the calves with diarrhea, disturbances 

in the acid-base balance manifested by decreased values of pH, Na+ and Cl- ions, reduced base 

reserves were observed, with no significant differences recorded (P>0.05) (Table 3). 

 
Table 3: Means values of glucose, acid-base balance parameters and electrolyte levels in diarrheic and non diarrheic calves’ 

blood compared with physiological norms during the first month of life 

Parameters Glucose 

mg/dL 

pH BE 

mmol/L 

Na+ mmol/L Cl- 

mmol/L 

K+ 

mmol/L 

[SID+]m 

mmol/L 

Reference 

values 

(Guatteo 2004, 

Navetat and 

Rizet 2002, 

Navetat et al 

2007) 

55-95 7.35-7.45 -2 to +2 136-147 95-105 4-5 35-45 

Non diarrheic 

calves (n=33) 

121.8±4a 7.4±0.1a -8±1.9a 131.2±0.6a 101±0.9a 5±0.1a 35.2±0.6a 

Diarrheic 

calves (n=14) 

107.2±6a 7.3±0.1a -11.2±2.8b 129.7±0.9a 99.8±1a 5±0.1a 35±0.9a 

a, b: means within the same column with different superscripts are significantly different at P<0.05 

 

The recorded pH values in clinically healthy or diarrheic calves are in accordance with reference 

values (Guatteo 2004; Navetat and Rizet 2002; Navetat et al. 2007). During diarrhea, a non significant 

small decrease in blood pH (7.3±0.1) was noted (P>0.05), which seems to confirm the presence of a 

mild metabolic acidosis (Walker et al. 1998; Freitas 2009). A similar but significant decrease was 

previously reported by Guzelbektes et al. (2007). 

Metabolic acidosis is a result of the loss of carbohydrates and also from organic acid accumulation. In 

a healthy organism, lactic acid is easily excreted by the kidneys. However, this excretion is impaired 

during dehydration (Dratwa-Chałupnik et al. 2012). It should be noted that blood pH is a simple and 

useful indicator of clinical health and it would be useful diagnostic and prognostic tool at the farm 

level (Sayers et al. 2016). It suggests, therefore, that monitoring pH alone would be useful in defining 

acidosis. The availability of simplified, economical pH meter, would therefore improve accurate 

diagnosis of acidosis during diarrheic episode. 

Base excess is the most useful parameter for quantifying the acid-base balance. Its estimation is of 

benefit in confirming a diagnosis of metabolic acidosis and determining prognosis in diarrheic calves 

(DiBartola 2012). 

Findings of this study indicate that even clinically healthy calves have a clear negative base excess (-8 

mmol/L). However, Guatteo (2004), Navetat and Rizet (2002) and Navetat et al. (2007), indicate that 

base excess in healthy calves is ranged from -2 to +2. In our study, base excess was determined by 

using the equation of Nappert and Naylor (2001). 

That equation was derived from blood pH, which itself measured by portable pH meter (twin Cardy 

pH meter) relatively inexpensive alternative of blood gas analyzers. 
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Since all pH measurements were obtained from Hanna pH meter and pH mean values in healthy calves 

were in line with previously published reference ranges (Guatteo 2004; Navetat and Rizet 2002; 

Navetat et al. 2007). Therefore, we question the appropriateness of using the formula of Nappert and 

Naylor (2001) for calculating base deficit using this pH meter. Our base deficit may have been 

affected by the use of this equation and perhaps a more accurate equation of base excess estimation 

(based on the results of pH meter) should be proposed. During diarrheal episodes, laboratory analysis 

revealed a non significant decrease of BE (-11.2±3 mmol/L), whereas a significant decrease was 

recorded by various authors (Guatteo 2004; Guzelbektes et al. 2007; Freitas, 2009; Trefz et al. 2012). 

Strong ion difference mean values in both healthy and diarrheic calves were within previously 

published reference ranges (35-45 mmol/L) (Guatteo 2004; Navetat and Rizet 2002; Navetat et al. 

2007). 

Similar strong ion difference mean values were recorded in both healthy and diarrheic calves. 

However, a statistically significant decrease was previously reported during diarrheic episodes 

(Guatteo 2004; Smith 2009; Stämpfli et al. 2012; DiBartola 2012). In our study, the lack of significant 

differences in BE and SID between healthy and diarrheic calves could be related to the size of the 

sample (14 diarrheic calves). 

In the current study, the observed values of glucose in healthy and diarrheic calves are higher than 

those previously published for this species (reference ranges: 55 to 95 mg/dL) (Guatteo 2004; Navetat 

and Rizet 2002; Navetat et al. 2007). The timing of blood analysis relative to feeding is a possible 

factor to the variation in this parameter. Additionally, age of calf can also be a determining factor. 

Glucose is generally higher among young than adults due to the lactose intake. 

The results showed also an insignificant decrease of serum glucose concentration (hypoglycemia) in 

neonatal diarrheic calves (P>0.05) in comparison with control group (121.8±4.6 mg/dL in healthy 

calves vs 107.2±2.5 mg/dL in diarrheic ones). Similar but significant hypoglycemia was noticed by 

several authors (Klein et al. 2002; Rollin 2002; Guzelbektes et al. 2007; Kaneko et al. 2008). This 

hypoglycemia is due to anorexia, poor digestion and absorption, which lead to a reduced hepatic 

gluconeogenesis and increased anaerobic glycolysis (Albin, 2002; Rollin 2002; Kaneko et al. 2008; 

Freitas 2013). 

In our study, serum sodium levels obtained in calves with or without diarrhea were below reference 

values: 136-147 mmol/L (Guatteo 2004; Navetat and Rizet 2002; Navetat et al. 2007). 

The etiology of the hyponatremia observed in our calves might be resulting from the reduction in 

voluntary food (milk) and water intake (Berchtold 2009; Freitas 2013). 

The calves with diarrhea presented a non significant slight decrease in serum Na+ concentration 

compared to the controls. This is in agreement with several previous studies (Walker et al. 1998; 

Malik et al. 2013). Similar but significant hyponatremia was reported by various authors (Rollin 2002; 

Guzelbektes et al. 2007; Freitas 2009; El-sheikh et al. 2012; Freitas 2013). This hyponatremia was 

associated with a lower resorption and losses of this electrolyte in feces, which induce dehydration by 

large decrease in extracellular fluid volume and a smaller increase in intracellular fluid volume 

(Guzelbektes et al. 2007; Smith 2009; Malik et al. 2013). 

Similar changes in serum chloride levels than that associated with Na+ were noted in diarrheic calves 

(P>0.05). A non significant hypochloraemia was also reported in some other studies (Walker et al. 

1998; Dratwa-Chałupnik et al. 2012). Hypochloraemia in diarrheic calves is probably related to the 

loss of this ion accompanying the sodium in stool (Malik et al. 2013). It is, therefore, not surprising 

that serum chloride level follows sodium level because chloride was usually found in the form of 

sodium chloride (Navetat and Rizet 2002; El-sheikh et al. 2012). According to Walker et al. (1998), 

serum chloride is not changed significantly; it is often primarily an intracellular loss. However, this 

finding is in contrast to results published in previous studies (Albin 2002; Guzelbektes et al. 2007; 

Leal et al. 2008; Malik et al. 2013) who found a slight hyperchloremia during natural or 

experimentally induced diarrhea. 

Serum chloride levels in both healthy and diarrheic calves are within reference ranges reported by 

Guatteo (2004), Navetat and Rizet (2002) and Navetat et al. (2007). 

Serum potassium levels (K+) observed in apparently healthy or diarrheic calves are equal and 

comparable to the higher reference range value of 5 mmol/L (Guatteo 2004; Navetat and Rizet 2002; 

Navetat et al. 2007). 

No significant difference was observed between the potassium levels in diarrheic and non diarrheic 

calves, in the present study and in the study of Malik et al. (2013). Significant hyperkalemia was 

reported by various authors in diarrheal calves (Walker et al. 1998; Guzelbektes et al. 2007; Leal et al. 

2008; El-sheikh et al. 2012). 
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4. Conclusion 

In conclusion, the results reported here, identify a significant change in respiratory rate in calves with 

symptoms of diarrhea. Lower levels of glucose in diarrheic calves compared with those in the control 

group are characteristics of a negative energy balance. 

In addition to this, total protein levels were also significantly different in diarrheic neonatal calves. 

While the other studied hematological and biochemical parameters were not statistically affected 

during the diarrheal episode. These limited changes are indicative of a minimal insignificant metabolic 

disturbance (P>0.05) in this group of animals. 

 

Acknowledgment 

We gratefully acknowledge the contribution of Dr. MC Abdeldjallil,  Mrs. R Ouchène and Mrs. H 

Djedouani, in the translation of this manuscript. 

 

5. References 

Albin C (2002) Entérites diarrhéiques du veau charolais : Etude de la diversité des tableaux hydro-

électrolytiques et acido-basiques. Thèse d'exercice Médecine Vétérinaire. Ecole Nationale 

Vétérinaire (ENV) de Toulouse, France, pp 133. http://oatao.univ-

toulouse.fr/2063/1/celdran_2063.pdf 

Berchtold J (2009) Treatment of calf diarrhea: Intravenous fluid therapy. Veterinary Clinics of North 

America: Food Animal Practice 25: 73-99. 

https://www.researchgate.net/publication/23953653_Treatment_of_Calf_Diarrhea_Intravenous_F

luid_Therapy 

Bouda J, Jagoš P (1984) Biochemical and hematological reference values in calves and their 

significance for health control. Acta Veterinaria Brno 53: 137-142. 

https://actavet.vfu.cz/media/pdf/avb_1984053030137.pdf 

Boussena S, Sfaksi A (2009) Incidence et étiologies des diarrhées néonatales du veau dans l'Est 

Algérien. Sciences & Technologies C30: 16-21. 

https://revue.umc.edu.dz/index.php/c/article/download/341/448 

Demigné C, Rémésy C (1979) Evolution of the postnatal metabolism in the healthy or diarrhoeic calf. 

Annales de Recherche Vétérinaire 10: 23-31. https://hal.archives-ouvertes.fr/hal-

00901092/document 

Dibartola SP (2012) Fluid, electrolyte, and acid-base disorders in small animal practice. 4th ed. 

Elsevier Saunders, USA, pp 1520. 

Dratwa-Chałupnik A, Herosimczyk A, Lepczyński A, Skrzypczak FW (2012) Calves with 

diarrhea and a water-electrolyte balance. Medycyna Weterynaryjna 68: 5-8. 

https://www.researchgate.net/publication/233852929_Calves_with_diarrhea_and_a_water-

electrolyte_balance 

El-Sheikh AKR, Samy Morsy HM, Allam Abbas TH, Abdelrazik WM (2012) Clinical and 

laboratory examinations of diarrhea and dehydration in newborn Friesian calves with special 

reference to therapy with hypertonic and isotonic solution. Life Science Journal 94: 181-184. 

http://www.lifesciencesite.com/lsj/life0904/026_10419life0904_181_184.pdf 

Fattorusso V, Ritter O (2006) Vade-mecum clinique: du diagnostic au traitement. 18ème ed. Masson, 

Paris, pp 2047. 

Ferreira F (2001) Fluidoterapia endovenosa e oral em bezerros com diarréia osmótica induzida. 
Dissertação (Mestrado em Clínica e Cirurgia Veterinárias). Belo Horizonte, Escola de Veterinária, 
Universidade Federal de Minas Gerais, Brasil, pp 12-15. 

Freitas MD (2009) Avaliação dos parâmetros clínicos e laboratoriais de bezerras com diarréia 

neonatal naturalmente adquirida. Tese Mestre em Ciência Animal. Belo Horizonte, Escola de 

Veterinária, Universidade Federal de Minas Gerais, Brasil, pp 85. 

http://www.bibliotecadigital.ufmg.br/dspace/bitstream/handle/1843/SSLA-

83KKES/aval._dos_parametros.pdf?sequence=1 

Freitas MD (2013) Avaliação de soluções eletrolíticas orais em bezerros neonatos durante o curso da 

diarreia. Tese Doutorado em Ciência Animal. Belo Horizonte, Escola de Veterinária, 

Universidade Federal de Minas Gerais, Brasil, pp 108. 

http://www.bibliotecadigital.ufmg.br/dspace/bitstream/handle/1843/BUOS-

98CH2S/tese_moises.pdf?sequence=1 

http://www.ncbi.nlm.nih.gov.hmlproxy.lib.csufresno.edu/pubmed?term=Berchtold%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19174284


Volume 76(1). Published October, 01, 2020 
www.jnsciences.org  
E-ISSN 2286-5314 

TORCHE et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 76(1), 4443-4451                                         4450 

Grech-Aneglini S (2007) Effets de la déshydratation sur le métabolisme énergique et sur l’état 

corporel du dromadaire Camelus dromadarius. Thèse d'exercice Médecine Vétérinaire. Ecole 

Nationale Vétérinaire (ENV) de Toulouse, France, pp121. http://oatao.univ-

toulouse.fr/1790/1/Grech-Angelini-1790.pdf 

Guatteo R (2004) Fluidothérapie des bovins (carnet clinique). Point Vétérinaire, France, pp 244. 

Guzelbektes H, Coskun A, Sen I (2007) Relation between the degree of dehydration and the balance 

acid-based changes in dehydrated calves with diarrhoea. Bulletin of the Veterinary Institute in 

Pulawy 51: 83-87. 

http://www.piwet.pulawy.pl/jvetres/images/stories/pdf/20071/20071083088.pdf 

Gyr NE, Schoenenberger RA, Haefeli WE (2004) Urgences médicales: prise en charge immédiate et 

dans les 48 heures. 7th ed. Maloine, Paris, pp 613. 

Kaneko JJ, Harvey JW, Bruss ML 2008 Clinical biochemistry of domestic animals. 6th ed. Elsevier 

Inc, pp 928. 

Katsoulos PD, Karatzia MA, Dovas CI, Filioussis G, Papadopoulos E, Kiossis E, Arsenopoulos 

K, Papadopoulos T, Boscos C, Karatzias H. (2017) Evaluation of the in-field efficacy of 

oregano essential oil administration on the control of neonatal diarrhea syndrome in calves. Res 

Vet Sci. 115:478-83. 

Katsoulos PD, Karatzia MA, Dedousi A, Camo D, Boscos C (2020) Milk consumption monitoring 

as a farmer friendly indicator for advanced treatment in limited fed calves with neonatal diarrhoea 

syndrome. Vet Med-Czech 65: 104–110. 

Klein KA, Clark CH, Allen AL (2002) Hypoglycemia in sick and moribund farmed elk calves. The 

Canadian Veterinary Journal 43: 778-781. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC339612/ 

Klinkon M, Ježek J (2012) Values of blood variables in calves. In: Perez-Marin CC (ed) A Bird's-

Eye View of Veterinary Medicine. InTech, Croatia, pp 301-320. 

http://cdn.intechopen.com/pdfs/28679/InTech-Values_of_blood_variables_in_calves.pdf 

Leal MLR, Cyrillo FC, Mori CS, Michima LES, Nichi M, Ortolani EL, Benesi FJ (2008) Modelo 

de indução de diarréia osmótica em bezerros holandeses. Ciência Rural 38: 1650-1657. 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782008000600024 

Lorenz I, Fagan J, More SJ (2011) Calf health from birth to weaning. II. Management of diarrhoea 

in pre-weaned calves. Irish Veterinary Journal 64: 1-6. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3182126/pdf/2046-0481-64-9.pdf 

Malheu J (2007) Étude clinique, hématologique et biochimique de bovins issus de clonage somatique 

entre 4 mois et 24 mois. Thèse de Doctorat Vétérinaire. Ecole Nationale Vétérinaire d'Alfort, 

Maisons-Alfort, France, pp 227. http://theses.vet-alfort.fr/telecharger.php?id=21 

Malik S, Kumar A, Verma AK, Gupta MK, Sharma SD, Sharma AK, Rahal A (2013) 

Haematological profile and blood chemistry in diarrhoeic calves affected with colibacillosis. 

Journal of Animal Health and Production 1: 10-14. 

http://nexusacademicpublishers.com/uploads/files/20130514054957.pdf 

Nappert G, Naylor JM (2001) A comparison of pH determination methods in food animal practice. 

The Canadian Veterinary Journal 42: 364-367. 

https://www.researchgate.net/publication/11977022_A_comparison_of_pH_determination_metho

ds_in_food_animal_practice 

Navetat H, Rizet Cl (2002) La réhydratation du veau: Présentation d’un système expert. In: 

Sociedade Portuguesa de Ciências Veterinárias (ed) Congresso de Ciências Veterinárias, 

Medicina interna em bovinos de leite, Taguspark-Oeiras, 10-12 Out, pp107-118. 

http://www.fmv.ulisboa.pt/spcv/edicao/congresso/8.pdf 

Navetat H, Rizet Cl, Meyus A, Foucras G, Schelcher F (2007) La réhydratation de veau : 

présentation de système expert. Bulletin de l'Académie Vétérinaire de France 160: 325-330. 

http://academieveterinaire.free.fr/bulletin/pdf/2007/numero04/325.pdf 

Naylor JM, Ewaschuk JB, Zello GA (2003) Intravenous fluid therapy for diarrheic calves. Large 

Animal Clinical Rounds 3: 1-6. 

Özkan C, Altuğ N, Yűksek N, Kaya A, Akgűl Y (2011) Assessment of electrocardiographic 

findings, serum nitric oxide, cardiac troponins and some enzymes in calves with hyperkaliemia 

related to neonatal diarrhoea. Revue de Médecine Vétérinaire 162: 171-176. 

http://www.revmedvet.com/2011/RMV162_171_176.pdf 

Ravary B, Sattler N, Roch N (2006) Néonatalogie du veau. 1st ed. Point vétérinaire, France, pp 265. 



Volume 76(1). Published October, 01, 2020 
www.jnsciences.org  
E-ISSN 2286-5314 

TORCHE et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 76(1), 4443-4451                                         4451 

Rollin F (2002) Réhydratation orale raisonnée du veau atteint de gastro-entérite néonatale. In: 

Sociedade Portuguesa de Ciências Veterinárias (ed) Congresso de Ciências Veterinárias, 

Medicina interna em bovinos de leite, Taguspark-Oeiras, 10-12 Out, pp 79-94. 

http://www.fmv.ulisboa.pt/spcv/edicao/congresso/6.pdf 

SAS institute Inc (2003) SAS/STAT®, User’s guide, release 5th ed. 8.2 Version, SAS institute Inc, Carry, 
NC. 

Sayers RG, Kennedy A, Krump L, Gearoil P, Sayers GP, Kennedy E (2016) An observational 

study using blood gas analysis to assess neonatal calf diarrhea and subsequent recovery with a 

European Commission–compliant oral electrolyte solution. Journal of Dairy Science 99: 4647-

4655. http://www.journalofdairyscience.org/article/S0022-0302(16)30146-1/pdf 

Schelcher F (2008) Maladies de l'appareil digestif. In: Institut de l'élevage (ed). Maladies des bovins. 

4th ed., France Agricole, Paris, pp 182-193. 

Smith GW (2009) Treatment of calf diarrhea: oral fluid therapy. Veterinary Clinics of North America: 
Food Animal Practice 25: 55-72. 
https://www.researchgate.net/publication/23953652_Treatment_of_Calf_Diarrhea_Oral_Fluid_T

herapy 

Stämpfli H, Oliver O, Pringle JK (2012) Clinical evaluation of an oral electrolyte solution 

formulated based on strong ion difference (SID) and using propionate as the organic anion in the 

treatment of neonatal diarrheic calves with strong ion acidosis. Open Journal of Veterinary 

Medicine 2: 34-39. https://file.scirp.org/pdf/OJVM20120100005_41203165.pdf 

Stoltenow CL, Vincent LL (2003) Calf scours: causes, prevention, and treatment. North Dakota State 

University. Extension Service AS-776: 1-4. https://www.ag.ndsu.edu/pubs/ansci/beef/as776.pdf 

Taylor JD, Rodenburg M, Snider TA. (2017) Comparison of a commercially available oral 

nutritional supplement and intravenous fluid therapy for dehydration in dairy calves. J Dairy Sci. 

100(6):4839-46. 

Thomson JU (1991) Early death loss in calves from diarrhea. In: Digital Commons. University of 

Nebraska, Lincoln (ed) Proceedings of the Range Beef Cow Symposium XII, Colorado, Fort 

Collins, December 3, 4 & 5, pp 258. 

http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1257&context=rangebeefcowsymp 

Trefz FM, Lorch A, Feist M, Sauter-Louis C, Lorenz I (2012) Construction and validation of a 

decision tree for treating metabolic acidosis in calves with neonatal diarrhea. BMC Veterinary 

Research 8: 1-17. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3548689/pdf/1746-6148-8-

238.pdf 

Walker PG, Constable PD, Morin DE, Drackley JK, Foreman JH, Thurmon JC (1998) A 

reliable, practical, and economical protocol for inducing diarrhea and severe dehydration in the 

neonatal calf. Canadian Journal of Veterinary Research 62: 205-213. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1189477/pdf/cjvetres00015-0047.pdf 

 


