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Abstract
This investigation aimed to establish the hematological reference intervals of milk-fed 
calves during the first four weeks after arrival to the farm. Eighty Holstein dairy neonates 
(2 to 7 days of age) were used. All calves in the study were fed standard milk replacer twice 
daily. The blood samples to establish the hematological reference intervals in milk-fed 
calves were taken 24 hours after arrival and on days 7, 14, 21, and 28 (five samples in 4 
weeks). A complete blood count and total serum protein measurement were performed; 
the calves were weighed 24 h and on day 28 after arrival. Parameters expressed in minimum 
and maximum ranges were obtained, as follows: WBC: 3.5–53.6 × 109/L, segmented neu-
trophils: 46.6–0.43 × 109/L, lymphocytes: 13.4–1.1 × 109/L, monocytes: 2.7–0.2 × 109/L, 
eosinophils: 0–0.8 × 109/L, basophils: 0–0.5 × 109/L, RBC: 5.2–12.1 × 1012/L; HGB: 61–
153 g/L, HCT: 0.18–0.45 L/L, MCV: 24–47 fL, MCH: 8–15 pg, and MCHC: 298–354 
g/L. The total serum protein for these five sampling times was x 5.11, 4.76, 4.63, 4.65, and 
5.14 g/100 mL. Weight gain of x 51.82 kg (minimum 31.8 and maximum 72.6 kg) was 
recorded. Given the non-existence of reference blood parameters in milk-fed calves, this 
study provides the basis to support initial reference parameters during the first 4 weeks of 
arrival in production systems for animals between 30 and 37 days of age.

Keywords: Erythrogram; internal medicine; laboratory analysis; thrombogram.

Intervalos hematológicos de referencia de terneros 
alimentados con leche durante las primeras cuatro semanas 

de llegada al sistema de producción bovino

Resumen
El objetivo de esta investigación fue establecer los intervalos de referencia hematológicos 
de los terneros alimentados con lactorreemplazador durante las primeras cuatro sema-
nas de llegada al sistema de producción. Se utilizaron 80 neonatos Holstein lecheros (de 
2 a 7 días de edad). Todos los terneros fueron alimentados con sustituto de leche propicia 
para este sistema de producción, dos veces al día. Las muestras de sangre para establecer 
los intervalos de referencia hematológicos en estos terneros se tomaron 24 horas después 
del arribo, a los 7 días, 14 días, 21 días y 28 días (5 muestras en 4 semanas). Se realizó un 
hemograma completo y la medición de proteínas séricas totales, además, los terneros se 
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On the other hand, Mycoplasma bovis is the most preva-
lent pathogen in pulmonary consolidations in milk-fed 
calves, which can cause severe respiratory disease, 
bringing with it changes in the acid-base balance and 
acute inflammatory processes in the lungs, among other 
signs (12). It is in these phenomena where the knowl-
edge of hematic and biochemical reference intervals of 
milk-fed calves can provide precise information to clas-
sify the severity of the clinical picture (e.g., the severity 
of dehydration), considering that the clinical signs and 
behavioral alterations do not always represent the actual 
severity of the pathological process in bovines (13). In 
the case of pneumonia by M. bovis (14), the lesion can 
only be detected postmortem. Therefore, treatment 
should be based on clinical and paraclinical evidence to 
avoid the eventual death of the newborn (15).

Recently, (16) demonstrated that the decrease in milk 
consumption is the first indication of behavioral altera-
tion in the calve before showing clinical signs of diarrhea; 
if we add to this finding early changes in the reference 
intervals of the leukogram and total serum protein, im-
mediate primary pharmacological therapies could be 
established before aggravating the clinical signs of this 
pathology. An example of this possibility is the report by 
(17), where hematocrit (HCT) >46 % was associated 
with dehydration in cattle; in turn, (18) indicated that 
the HCT could be an important indicator in considering 
dehydration in newborn calves. It is vital to identify this 
clinical condition early and establish adequate treatment 

Introduction

Despite the availability of sexed semen, the majority of 
pregnancies are the result of conventional semen, with 
a significant number of male calves being born in the 
dairy industry (1). About half of Canada’s nearly 1 mil-
lion calves are estimated to produce male calves (2). The 
veal industry remains an important outlet for these male 
calves. In Canada, calves are predominantly grown in 
Ontario and Quebec (2, 3).

Although many calves enter into these industries, there 
is very little data on blood reference intervals for this 
group of animals. They are managed differently than 
calves raised for the beef and dairy industries, especially 
in the milk-fed veal industry (4). Calves in the milk-fed 
veal industry are fed a predominantly milk diet, with very 
little forage provided. This contrasts with calves raised 
for the dairy and grain-fed veal industries, where they are 
eventually weaned to a solid-based diet (5).

Typically, bovine neonatal diarrhea is one of the most 
important enteric pathologies of morbidity and mortal-
ity in calves under 28 days of age (6–9). In this patholo-
gy, damage to the villi of the intestinal mucosa caused by 
various microorganisms (e.g., Cryptosporidium) results 
in severe inflammatory processes (10), triggering severe 
states of dehydration, hypoglycemia, and hypothermia in 
affected calves (11).

pesaron a las 24 h y al día 28 después de su llegada. Se obtuvieron parámetros expresa-
dos en rangos mínimos y máximos de WBC 3,5-53,6 × 109/L; neutrófilos segmentados 
46,6-0,43 × 109/L, linfocitos 13,4-1,1 × 109/L; monocitos 2,7-0,2 × 109/L; eosinófilos 
0-0,8 × 109/L; basófilos 0-0.5 × 109/L, RBC 5,2-12,1 × 1012/L; HGB 61-153 g/L; HTC 
0,18-0,45 L/L, MCV 24-47 fL, MCH 8-15 pg; y MCHC 298-354 g/L. Para estos cinco 
tiempos de muestreo, la proteína sérica total fue x 5,11 g/100 mL, 4,76 g/100 mL, 4.63 
g/100 mL, 4,65 g/100 mL y 5,14 g/100 mL. Se registró un aumento de peso x 51,82 kg  
(mínimo 31.8 y máximo 72.6 kg). Dada la inexistencia de parámetros sanguíneos de 
referencia en este tipo de terneros, este estudio proporciona las bases para sustentar 
parámetros de referencia iniciales durante las primeras 4 semanas de llegada a los siste-
mas de producción (animales entre 30 y 37 días de edad).

Palabras clave: análisis de laboratorio; eritrograma; medicina interna; trombograma.
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since severe dehydration is a predictor of mortality in 
calves (19).

Due to the levels of disease and antimicrobial use in the 
veal industry, high levels of antimicrobial resistance in 
commensals and pathogens have been identified. Ac-
tion and alternative strategies must be sought to ensure 
prudent antimicrobial use (20). Complete blood counts 
could justify the use of antimicrobials or help choose the 
most appropriate antimicrobials to be used. This investi-
gation aimed to establish the hematological reference in-
tervals of milk-fed calves during the first four weeks upon 
arrival to the farm through paraclinical parameters such as 
erythrogram, thrombogram, and total serum proteins in 
addition to the weight of clinically healthy milk-fed calves.

Materials and methods

Animals and management

This study used 80 neonatal Holstein dairy bull calves 
sourced from various local producers and sale barns 
drawn from southern and southwestern Ontario. 
Colostrum intake and farm management after birth were 
unknown. They arrived at the farm by standard livestock 
trailer. Calves were individually housed in pens within 
a room, and the rooms themselves were separated by 
physical concrete barriers so that ventilation, manure, or 
feed systems were not in contact. All calves in the study 
were fed standard milk replacer twice daily at the well-
established rate according to the farm’s feeding program 
and were allowed access to water ad libitum. Each calf 
was clinically examined before sampling to determine its 
subjective health status. The daily animal health check 
was performed over four weeks. Only clinically healthy 
calves were included in the study. The authors used the 
guide of the Canadian Council on Animal Care (CCAC) 
regarding the care and use of farm animals in research, 
teaching, and testing (21). All the animals linked to this 
study were sheltered under the premises of the Code of 
Practice for the Care and Handling of Veal Cattle, pro-
posed by (22).

Blood samples

Blood samples were collected via jugular venipuncture 
via 13- × 75-mm Vacutainer tubes (BD Biosciences) 
with and without EDTA 24 h after arrival and at 7, 14, 21, 
and 28 d. They were stored at 4 °C and promptly trans-
ferred to the laboratory. 

Laboratory analysis

Complete blood count. Samples were submitted to 
the Animal Health Laboratory (University of Guelph, 
Guelph, Ontario), and hematological analysis was per-
formed on an Advia 120 Hematology Analyzer (Bayer 
Corporation, Newbury, Berks, United Kingdom) using 
standard protocols. Hematological variables obtained 
corresponded to leukogram: leukocyte count (WBC), 
segmented neutrophil, lymphocyte number, monocyte 
number, eosinophil number, basophil number; erythro-
gram: erythrocyte count (RBC), hemoglobin concen-
tration (HGB), hematocrit (HCT), mean corpuscular 
erythrocyte volume (MCV), mean corpuscular erythro-
cyte hemoglobin (MCH), mean corpuscular hemoglo-
bin concentration (MCHC), red cell distribution width 
(RDW); and thrombogram: platelet count (PLTS), and 
mean platelet volume (MPV). 

Total serum protein. Blood collected in Vacutainer 
tubes without EDTA was centrifuged at 1000 x g for 10 
min at room temperature to separate serum. Total serum 
protein (TSP) was quantified using a handheld refrac-
tometer.

Weight

Each calf’s weight was recorded 24 h and on day 28 af-
ter arrival, thus establishing its average daily gain (ADG).

Bovine hematological reference intervals

Hematological reference intervals for milk-fed veal 
calves do not exist. Reference intervals are summa-
rized in Table 1 to analyze the hematological values ob-
tained. These reference intervals are for the ADVIA 120 
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hematology analyzer from 99 clinically healthy cows, 
50 % during their first lactation, all milking for 30–150 
days, from 10 farms in Ontario, Canada (23).

Table 1. Bovine hematology reference intervals

Parameter Unit Reference interval

Erythrocytes 1012/L 4.9–7.5

Hematocrit L/L 0.21–0.30

Hemoglobin g/L 84–120

Mean corpuscular volume fL 36–50

Mean corpuscular hemoglobin Pg 14–19

Mean corpuscular hemoglobin 
concentration

g/L 380–430

Red cell distribution width % 16–20

Reticulocytes 109/L 0

Leukocytes 109/L 5.1–13.3

Segmented neutrophils 109/L 1.7–6.0

Band neutrophils 109/L 0–0.2

Lymphocytes 109/L 1.8–8.1

Monocytes 109/L 0.1–0.7

Eosinophils 109/L 0.1–1.2

Basophils 109/L 0–0.2

Platelets 109/L 160–650

Mean platelet volume fL 4.6–7.4

Statistical analysis

Descriptive statistics of each variable were analyzed us-
ing SAS 9.4 software (SAS Institute, Cary, NC, USA) and 
GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA, 
USA). The data obtained for each variable in the five mea-
surements were expressed in minimum and maximum 
ranges, as well as average (x) and standard deviation (±). 
The comparison of reference ranges (22) with the data 
obtained was carried out through Student’s t-test, assum-
ing a p < 0.05 and a confidence interval of 95 %.

Results

Figures 1, 2, and 3 show the results obtained in the leuk-
ogram, erythrogram, and thrombogram, respectively, of 
the milk-fed veal calves in each sample taken on days 1, 

7, 14, 21, and 28 post-arrival at the production unit. The 
gray bands in each figure refer to the intervals for the spe-
cies proposed by (23). Likewise, in Supplementary Ma-
terial 1, Table S1 combines the descriptive analysis of the 
variables obtained in the leukogram, blood count, and 
thrombogram.

Figure 1. Leukogram in milk-fed veal calves.

*
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7, 14, 21, and 28 post-arrival at the production unit. The 
gray bands in each figure refer to the intervals for the spe-
cies proposed by (23). Likewise, in Supplementary Ma-
terial 1, Table S1 combines the descriptive analysis of the 
variables obtained in the leukogram, blood count, and 
thrombogram.

Figure 1. Leukogram in milk-fed veal calves.

*

Figure 2. Erythrogram in milk-fed veal calves.  
* Significant difference with gray bands at all times,  

Student’s t-test, p < 0.05.

Figure 3. Thrombogram in milk-fed veal calves.

TSP was quantified using a refractometer on days 1, 7, 14, 
21, and 28. The protein concentration in blood was on 
average (x) 5.11, 4.76, 4.63, 4.65, and 5.14 g/100 mL, re-
spectively. There was a significant decrease in TSP from 
day one to day 21 (Student’s t-test, p < 0.0001), and  
on day 28, the concentration increased to the starting con-
centration (p = 0.6668). Figure 4 shows the concentration 
of TSP. Likewise, in Supplementary Material 1, Table S2 
shows the descriptive analysis of the TSP concentration 
obtained at the different measurement moments.

Figure 4. Total serum protein in milk-fed veal calves.  
* Significant difference with first sampling time,  

Student’s t-test, p < 0.0001.

Each calf was weighed 24 hours and 28 days after arrival 
to the barn. The average initial weight was 94.71 kg, with 
a minimum of 80 kg and a maximum of 105 kg. After four 
weeks, the average weight was 146.53 kg, with a mini-
mum of 123.4 kg and a maximum of 172.6 kg (Figure 5). 
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The average weight gain was 51.82 kg, with a minimum 
of 31.8 and a maximum of 72.6 kg. Supplementary Mate-
rial 1, Table S3, shows the descriptive analysis of calves’ 
initial and final weight measurements.

Figure 5. Weight of milk-fed veal calves 24 h and 28 days  
after arrival to the barn.

Discussion

The milk-fed veal industry uses calves, preferably males, 
fed with milk replacers with a low concentration of the 
mineral iron (compared to the iron content of natu-
ral milk) to obtain meat with a particular color (pale 
pink) due to its low concentration of myoglobin (5). 
According to (24), these calves must receive increasing 
amounts of fibrous feed from 50 to 250 g/animal/day 
up to 20 weeks of age. In this industry, the constant pro-
phylactic and metaphylactic use of oral antibiotics dur-
ing production time is characteristic (25–27). Even so, 
this industry has stable markets in European and North 
American countries (4, 5).

Before arriving at their production unit, these animals 
suffer a series of stressful events associated with their 
sale, predisposing them to disease, such as transport, 
the association between unknown groups of animals, 
and various age groups, among others (28). Thus, (29) 
recently found that 40 % of these animals arrived with 
diarrhea, 35 % dehydrated, and 25 % with omphalophle-
bitis at their production unit. Likewise, high-incidence 
diseases drastically affect the productive indicators of 
these production systems, such as respiratory and enter-
ic pathologies (14, 27). Added to the aggravating factor,  

approximately 43 % of these animals have presented 
with passive immunity transfer failure (30), where this 
inadequate concentration of immunoglobulins is associ-
ated with respiratory disease, mainly (31). For these rea-
sons, the highest mortality rate of these animals is in the 
first three weeks of arrival at their production unit (2), 
which can fluctuate between 4 % and 8 % (2, 32).

Knowledge of physiological parameters (ranges) of 
biological constants in milk-fed calves supports clinical-
productive decision-making in cattle production systems 
in the face of these pathologies (19, 33, 34). Taking bio-
logical samples, analyzing them, and interpreting them 
regarding normal physiological mechanisms will allow 
significant information in disease management (35, 36). 
It is indispensable to have specific reference intervals for 
each age group and management particularities within 
husbandry production systems (36, 37), such as milk-
fed calves.

In our study, the WBC fluctuated between the minimum 
and maximum ranges from 3.5 to 53.6 (x 8.3 ± 5.8), 3.3 
to 21.4 (x 8.4 ± 3.2), 3.9 to 26.5 (x 8 ± 3.2), 4.9 to 15.5  
(x 7.9 ± 2.2), and 4.8 to 24 (x 8.4 ± 3) cells ×109/L, from 
the first to the fifth measurement performed, respecti
vely (Figure 1 and Table S1, leukocytes). The WBC  
in bovine newborns is usually closely associated with 
adult bovines’ physiological ranges or with a slight ten-
dency to be higher, which are regulated after the first 
week of life (38, 39).

In our study the differential leukocyte count, with respect 
to the minimum and maximum ranges (x̅ , ±), was as fol-
lows: segmented neutrophils: 0.63 to 46.6 (x̅ 4.2 ± 5.2), 
0.82 to 15.2 (x̅  3.5  ±  2.6), 0.43 to 18.6 (x̅  2.9  ±  2.8),  
0.54 to 7.8 (x̅  2.7  ±  1.6), and 0.53 to 10.3 (x̅  3  ±  2) 
cells × 109/L; lymphocytes: 1.4 to 5.9 (x̅ 3.3 ± 0.9), 1.8 
to 6.7 (x̅ 4.2 ± 0.9), 1.9 to 6.4 (x̅ 4.2 ± 0.9), 2.1 to 8.4 
(x̅ 4.3 ± 1.1), and 1.1 to 13.4 (x̅ 4.4 ± 1.5) cells ×109/L; 
monocytes: 0.2 to 2.7 (x̅ 0.6 ± 0.4), 0.2 to 2 (x̅ 0.6 ± 0.3),  
0 to 1.9 (x̅ 0.8 ± 0.4), 0.3 to 2.6 (x̅ 0.8 ± 0.4), and 0.2 to 
1.9 (x̅  0.8  ±  0.3) cells × 109/L; eosinophils: 0.5 to 0.8  
(x̅  0.1  ±  0.1), 0 to 0.3 (x̅  0.04  ±  0.07), 0 to 0.3 
(x̅ 0.03 ± 0.05), and 0 to 0.5 (x̅ 0.04 ± 0.05) cells × 109/L; 
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basophils: 0 to 0.5 (x̅ 0.1 ± 0.07), 0 to 0.4 (x̅ 0.2 ± 0.08), 
0 to 0.3 (x̅ 0.1 ± 0.05), 0 to 0.4 (x̅ 0.1 ± 0.07), and 0 to 
0.3 (x̅ 0.1 ± 0.06) cells × 109/L (Figure 1, Table S1). Ac-
cording to the measurements taken in the five working 
moments, respectively, they tend to be within the ac-
cepted ranges for adult bovines (39, 40). As observed in 
Figure  1, the data obtained are closely related to those 
published by (23), taken as a reference for this study 
(Table 1). Although the cortisol hormone could alter the 
physiological ranges of these leukogram variables, both 
in adult and neonate bovines, (41) demonstrated that 
cortisol is found in similar concentrations between adult 
and neonate bovines between 11 and 20 days of age.

Moreover, it is important to mention that the RCB 
in calves physiologically tends to decrease during the 
first two weeks of life (42); iron supplementation in 
the first month of life can prevent this reduction (43). 
Studies on newborn calves have found a historical 
trend associated with their development: a decrease in 
HTC, HGB, MCV, MCH, and MCHC and increased 
RBC after the first two weeks of life (39, 40, 44).

This behavior in the erythogram variables of the animals 
included in this study shows this same trend (Figure 2, 
Table  S1), where RBC was 5.2 to 10.9 (x̅  7.5  ±  1.1), 
6.1 to 12.1 (x̅  8.5  ±  1.1), 6.3 to 11.4 (x̅  8.5  ±  1.1), 6.7 
to 11.7 (x̅  8.7  ±  1), and 6.4 to 11.5 (x̅  8.6  ±  1) cells 
×1012/L; HGB was 62 to 146 (x̅ 93.7 ± 18), 66 to 143 
(x̅ 101.8 ± 18.1), 61 to 145 (x̅ 97.8 ± 17.6), 71 to 137 
(x̅  97.3  ±  14.5), and 65 to 134 (x̅  92.2  ±  14. 3) g/L; 
HTC was 0.21 to 0.44 (x̅  0.29  ±  0.05), 0.21 to 0.45 
(x̅ 0.3 ± 0.04), 0.18 to 0.43 (x̅ 0.3 ± 0.05), 0.22 to 0.41 
(x̅ 0.3 ± 0.04), and 0.20 to 0.38 (x̅ 0.27 ± 0.04) L/L; and 
MCV was 26 to 47 (x̅ 38.5 ± 3.6), 25 to 44 (x̅ 36.3 ± 3.1), 
24 to 41 (x̅ 35.2 ± 3.1), 24 to 40 (x̅ 33.8 ± 2.9), and 24 
to 38 (x̅ 32 ± 2.7) fL, from the first to the fifth sample, 
respectively. 

Other studies have shown that the reference ranges for 
RBC and HTC in calves up to 3 months of age from dairy 
production systems are closely related to the same ranges 
for adult cattle (39, 40). Contrary to this, (45) published 
that the hematic parameters of newborns of origin from 

dairy production systems should be apart from the rang-
es for adult bovines. According to breed (aptitude) and 
sex (females have higher concentrations of RBC), there 
are substantial differences between these physiological 
referents.

In the erythogram variables MCH and MCHC of our 
study, when compared with the values taken as refer-
ence for this study (Table 1), a significant statistical dif-
ference was obtained (Student’s t-test, p < 0.05), with 
MCH at 8 to 15 (x̅ 12.5 ± 1.3), 8 to 15 (x̅ 12 ± 1.3), 8 
to 14 (x̅ 11.5 ± 1.1), 8 to 14 (x̅ 11.2 ± 1.1), and 8 to 13 
(x̅ 10.9 ± 1) pg; and MCHC at 298 to 351 (x̅ 323 ± 9.9), 
302 to 354 (x̅ 328 ± 11.2), 300 to 363 (x̅ 327 ± 9.7), 307 
to 357 (x̅ 331 ± 9.2), and 312 to 365 (x̅ 336 ± 9.6) g/L 
(Table S1).

This difference could be explained by the fact that low 
concentrations of iron in milk-fed calves’ diet, where milk 
replacers typically provide ≤20 mg iron/kg, bring about 
the subclinical manifestation of iron deficiency anemia 
(hypochromic) in these animals (46). However, low di-
etary iron concentrations may be associated with impor-
tant changes in MCV (47). Commonly, MCV exhibits a 
gradual reduction related to the change from fetal HGB 
to A HGB, where calf erythrocytes continue to decrease 
in size throughout their first 3 to 4 months of life (41).

HGB in milk-fed calves is regulated in Europe through 
(48), where hemoglobin levels must be ≥4.5 mmol/L 
(7.3 g/dL). In Canada, (22) established that calves with 
HGB levels ≤7.7 g/dL (4.8 mmol/l) show signs of hypo-
chromic anemia. These parameters allow adjusting the 
concentration of iron in the diet to prevent this pathol-
ogy and safeguard animal welfare parameters.

The thrombogram associated with the PLT and MPV 
variables did not have significant differences concerning 
the values in Table 1 (Figure  3), where the minimum 
and maximum ranges (x̅  ±) fluctuated throughout the 
five measurements: 101–1675 (x̅ 714 ± 301), 378–1,302 
(x̅  778  ±  196), 284–1,264 (x̅  692  ±  178), 360–1201 
(x̅ 650 ± 170), and 322–937 (x̅ 637 ± 147) PLT × 109/L 
(Table S1), respectively. In this regard, (39, 40, 44) show 
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that the PLT count in calves is regularly similar to the 
range proposed for adult bovines or with a tendency to 
rise in the first 6 days of life.

The TSP provides high information on acute and chronic 
inflammatory processes and, in turn, reflects nutritional 
considerations and metabolic processes (digestion-ab-
sorption) (38). In our study, a significant decrease in the 
concentration of TSP was found when we compared day 
1 with days 7, 14, and 21 (Student’s T-test, p < 0.0001, 
Figure 4) to stabilize on day 28 of the sampling. Even 
so, these TSP fluctuations were similar to approximate 
values for those reported in Italy, where 128 calves were 
used, with a TSP of 5.87 ± 1.1 g/100 mL on the day of 
arrival at the production unit (30 days of age) and 5.65 
± 0.65 g/L on day 60 after arrival (90 days of age) (49). 

The TSP is directly correlated with the transfer of pas-
sive immunity in calves. The high possibility of failure 
to transfer passive immunity in milk-fed calves should 
be the cause of their clinical investigation upon arrival at 
the farm (50, 51). (52) defined an immunoglobulin (Ig) 
class G (G) IgG level < 10.0 mg/mL of blood serum as 
a failure of passive transfer of antibodies in calves from 
dairy systems. Diet-induced iron deficiency in these ani-
mals could also be associated with reduced cell-mediated 
immune response, predisposing them to a higher prob-
ability of infectious disease (53).

Another vital biological variable to consider in the health 
status of milk-fed calves is weight gain since weight loss 
in milk-fed calves is associated with various pathologies 
afflicting them (14). Early on, (54) presented results on 
the disease risks in these animals, finding that weight loss 
is a high possibility associated with diarrhea, mainly. In 
the clinical phase of diarrhea, a dairy calf can lose up to 
0.051 kg/day (55). A single episode of respiratory dis-
ease in milk-fed calves can lead to up to 8.2 kg of weight 
loss in carcasses (14). (56) demonstrated weight loss 
associated with respiratory disease at 0.07 to 0.28 kg/
day, depending on the pharmacological treatment estab-
lished for the animals.

In our study, the calves obtained an ADG during the 28 
days of analysis of variables in a range of 31.8 to 72.6 kg 
(1.14 to 2.6 kg/day; Figure 5). This ADG margin in these 
calves is higher than that reported by (19) in milk-fed 
veal calves, which obtained ADG x̅ 1.13 ± 0.21 kg/d with 
a range of 0.28 to 1.82 kg/d, possibly because their study 
linked multiple calves (n = 4.825) in different seasons 
of the year (from November 2015 to September 2016).  
For their part, (14) reported that calves with some pathol-
ogy incorporated into their study obtained an ADG of 
1.47 ± 0.26 kg/d, and clinically healthy calves registered 
an ADG of 1.51 ±0.29 kg/d, similar to data reported here.

Lastly, in previous works, (49) presented hemogasometry 
data of milk-fed calves during their first 3 months of life, 
where the blood pH fluctuated between 7.41 and 7.44, 
HCO3 between 30.28 and 34.62 mmol/L, and extracel-
lular fluid base excess between 5.9 and 10.67 mmol/L, 
among other variables that would help to study the acid-
base status in these animals. It is worth clarifying that the 
high presence of soluble carbohydrates in the diet, lactose 
>5.0 %, in milk replacers could be associated with path-
ological changes in these biological variables, leading to 
processes of metabolic acidosis in calves (57). This same 
study found that most of the blood hemocytometric and 
biochemical parameters analyzed could be considered 
normal according to the physiological ranges presented in 
the literature for newborn and young calves (39, 40, 58).

Conclusion

Given the non-existence of reference blood parameters 
in milk-fed veal calves, this study provides the bases to 
support initial reference parameters during the first 4 
weeks of arrival in production systems (animals between 
30 and 37 days of age) for leukogram (WBC, segmented 
neutrophil, lymphocyte, monocyte, eosinophil, and ba-
sophil number); erythrogram (RBC, HGB, HCT, MCV, 
MCH, MCHC, and RDW); thrombogram (PLTS and 
MPV); and TSP.
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