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ABSTRACT 

 
The aim of the present study was to characterize changes in acute phase protein levels according to the 
occurrence of rotavirus diarrhea in calves in the first month of life. Blood and fecal samples were taken 
before colostrum intake and at 1, 2, 7, 15, 21 and 30 days of age from 24 Holstein calves allotted in three 
experimental groups: calves that did not present diarrhea (group A), calves that presented diarrhea, but 
tested negative for rotavirus in feces (group B), and calves that presented diarrhea and tested positive for 
rotavirus in feces (group C) (experiment 1). When the animals presented episodes of diarrhea, blood and 
fecal samples were taken at 24-hour intervals until the end of clinical signs (experiment 2). Serum 
proteins were separated by SDS-PAGE technique and rotavirus in feces was detected by PAGE. Data of 
experiment 1 were analyzed by ANOVA and Tukey’s test, considered significant at P<0.05. Data of 
experiment 2 were subjected to the HSD test. Total protein, globulins, and IgG concentrations were lower 
in group C than in groups A and B. Ceruloplasmin and transferrin levels were higher in group C than in 
groups A and B. Serum concentrations of haptoglobin and α1-acid glycoprotein did not differ significantly 
between groups throughout the experimental period. Calves presented diarrhea between 10.4 and 14.6 
days of age in group B, and between 10.3 and 14.6 days of age in group C. In the moments of diarrhea 
manifestation, least square means of IgA, haptoglobin and α1-acid glycoprotein concentrations did not 
differ significantly between groups B and C, but ceruloplasmin and transferrin concentrations were higher 
in group C than in group B, as opposed to what occurred with IgG levels. These findings show that 
optimizing passive immunity transfer of immunoglobulins decrease the likelihood of calves developing 
diarrhea caused by rotavirus. In addition, ceruloplasmin presents characteristics of a biomarker of 
rotavirus infection in calves.  
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RESUMO 
 
O objetivo do presente estudo foi avaliar alterações nos teores de proteínas de fase aguda de acordo com a 
ocorrência de diarreia por rotavírus em bezerros no decorrer do primeiro mês de vida. Amostras de sangue e 
fezes de 24 bezerros da raça Holandesa foram coletadas antes da ingestão de colostro e com um, dois, sete, 
quinze, vinte um e trinta dias de idade, sendo os bezerros alocados em três grupos: bezerros que não 
apresentaram diarreia (grupo A), bezerros que apresentaram diarreia, mas foram negativos para a detecção 
de rotavírus nas fezes (grupo B) e bezerros que apresentaram diarreia e foram positivos para detecção de 
rotavírus nas fezes (grupo C) (experimento 1). Sempre que os animais apresentavam episódio de diarreia, 
amostras de sangue e fezes eram coletadas em intervalos de 24 horas até o término dos sinais clínicos 
(experimento 2). As proteínas séricas foram separadas por meio da técnica de SDS-PAGE e a pesquisa de 
rotavírus nas fezes foi realizada por meio da técnica de PAGE. Os resultados do experimento 1 foram 
analisados por meio de ANOVA e do teste de Tukey, considerado significativo quando P<0,05. Os dados do 
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experimento 2 foram submetidos ao teste HSD. Os teores de proteína total, globulinas e IgG foram menores no 
grupo C que nos grupos A e B, os teores de ceruloplasmina e transferrina foram maiores no grupo C que nos 
grupos A e B e as concentrações séricas de haptoglobina e α1-glicoproteína ácida não diferiram 
significativamente entre grupos. Os bezerros manifestaram diarreia, em média, com 10,4 a 14,6 dias de idade 
no grupo B e com 10,3 a 14,6 dias de idade no grupo C. Nos momentos de manifestação de diarreia, os teores 
de IgA, haptoglobina e α1-glicoproteína ácida não diferiram significativamente entre os grupos B e C, mas os 
teores de ceruloplasmina e transferrina foram maiores no grupo C que no grupo B, oposto ao verificado para 
o teor de IgG. Esses achados mostram que a otimização da transferência de imunidade passiva de 
imunoglobulinas reduz a probabilidade de os animais apresentarem diarreia por rotavírus. Adicionalmente, a 
ceruloplasmina apresenta características de um biomarcador da infecção por rotavírus em bezerros. 
 
Palavras-chave: rotavirus bovino, diarreia neonatal bovina, proteinograma sérico, ceruloplasmina 
  

INTRODUCTION 
 
Bovine neonatal diarrhea is one of the most 
important disease complexes that affect calves 
worldwide, and one of the main causes of 
morbidity and mortality in young animals, 
resulting in economic losses due to the costs of 
treatment and prophylaxis, augmented 
susceptibility to other infections, impaired 
development of animals, and death (Radostits  et 
al., 2007).  
 
This multifactorial process may be caused by 
many pathogens, such as bovine rotavirus 
(BRV), coronavirus, Escherichia coli K99 (E. 
coli), and Cryptosporidium parvum. García  et al. 
(2000) reported that they detected these 
microorganisms in 75% to 95% of cases of 
intestinal infections in calves younger than one 
month old, and found a close association 
between the presence of these agents and the 
occurrence of diarrhea. Previous studies of the 
simultaneous prevalence of multiple etiological 
agents of bovine diarrhea in calves found a 
prevalence of 20% of bovine rotavirus in 
Belgium, 25.1% in Brazil, and 59% in 
Switzerland (De Graaf  et al., 1999; Langoni  et 
al., 2004; Uhde  et al., 2008, respectively). These 
reports demonstrate the epidemiological 
importance of BRV as an etiological agent of 
bovine neonatal diarrhea.  
 
In neonatal calves, the mortality rate of BRV 
diarrhea may reach up to 80%, but most reports 
suggest it is about 5-20%, mostly in calves that 
received an insufficient volume of high quality 
colostrum, animals affected by other pathogens 
such as enteropathogenic E. coli, or animals 
living in stressful conditions (Dhama et al., 
2009).  

The acute phase response occurs as an early 
reaction of the host to tissue damage or infection 
through the induction of cytokines, resulting in 
the production of specific serum proteins by the 
liver, known as acute-phase proteins (APPs) 
(Baumann and Gauldie, 1994). APPs may serve 
as an alternative means of monitoring individual 
animal or herd health, due to the increase in their 
concentration during acute phase response, 
making them useful tools to characterize and 
quantify reaction to inflammation or infection 
(Murata  et al., 2004). Serum proteinogram is a 
reliable and valid method for the identification 
and quantification of different protein fractions, 
including immunoglobulins and APPs. 
Determination of APPs is one of the methods 
that can be used to identify animals presenting 
clinical or subclinical diseases, and among all the 
different techniques employed for this purpose, 
polyacrylamide gel electrophoresis containing 
sodium dodecyl sulphate (SDS-PAGE) offers the 
advantage of allowing for the identification and 
quantification of larger numbers of specific 
protein fractions (Cole  et al., 1997; Fagliari  et 
al., 2006). 
 
The aim of this study was to characterize 
changes in serum protein concentrations pursuant 
to the occurrence of diarrhea in neonatal calves 
in the first month of life, as well as to verify the 
existence of marker proteins in animals affected 
by rotavirus diarrhea.  
 

MATERIALS AND METHODS 
  
The experimental design was approved by the 
Animal Research Ethics Committee of the 
College of Veterinary Medicine of São Paulo 
State University (Unesp) in Jaboticabal, under 
protocol number 015110/10.  
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Twenty-four Holstein calves were allotted in 
three experimental groups, according to the 
occurrence of diarrhea in the first month of life, 
as follows: group A - eight calves that did not 
present diarrhea or rotavirus infection (control 
group); group B - eight calves that presented 
diarrhea, but tested negative for rotavirus in 
feces; group C - eight calves that presented 
diarrhea and tested positive for rotavirus in feces.  
 
Blood samples were taken by jugular 
venipuncture before colostrum intake (moment 
0) and at 1, 2, 7, 15, 21 and 30 days of age 
(experiment 1). Also, whenever the animals 
presented episodes of diarrhea, blood samples 
were collected at 24-hour intervals until the end 
of clinical signs (experiment 2). Blood samples 
from experiments 1 and 2 were centrifuged and 
the serum obtained was stored at -20oC until the 
moment of analysis. Fecal samples were 
collected directly from the rectum on the same 
occasions as blood samples, and were stored in 
plastic bags at -20oC until analysis. Whenever 
calves manifested diarrhea (experiment 2), the 
first day clinical signs observed was considered 
moment 1, and so on, regardless of the animal’s 
age.  
 
Serum proteins were electrophoretically 
separated in polyacrylamide gels containing 
sodium dodecyl sulphate (SDS-PAGE), using the 
technique described by Laemmli (1970). After 
separation of the protein fractions, the gel was 
stained with a solution of 0.2% coomassie blue. 
Concentrations of protein fractions were 
determined by computer-assisted densitometry 
(Shimadzu CS9301, Tokyo, Japan). Reference 
markers (Sigma, St. Louis, MO, USA) with 
molecular weights of 24 kDa, 29 kDa, 36 kDa, 
45 kDa, 55 kDa, 66 kDa, 97 kDa, 116 kDa, and 
205 kDa were used to identify protein fractions 
as  well  as  electrophoretic  mobility  of   
purified ceruloplasmin, transferrin, haptoglobin, 
α1-antitrypsin, α1-acid glycoprotein, and 
immunoglobulin G.  
 
Concentrations of total protein and albumin were 
determined spectrophotometrically, using 
commercial reagents (Labtest Diagnostica, 
Lagoa Santa, Minas Gerais, Brazil). Globulin 
levels were determined arithmetically based on 
the difference between total protein and albumin 
concentrations in serum.  
 

Rotavirus in feces was detected by 
polyacrylamide gel electrophoresis, as 
recommended by Herring et al. (1982), with a 
few modifications suggested by Pereira  et al. 
(1983). The data obtained in experiment 1 were 
analyzed by ANOVA and the differences 
between groups were compared by Tukey’s test, 
considered significant at P<0.05. The data 
obtained during the moments of diarrhea 
manifestation (experiment 2) were subjected to 
the HSD test using the Statistical Analysis 
System (SAS) software.  
 

RESULTS 
 
In experiment 1, although there was no 
significant difference between groups, the total 
protein concentration (Table 1) was lower in 
calves testing positive for rotavirus in feces 
(group C) than in groups A and B at all the 
evaluated moments – this tendency was also 
observed for globulin levels (Table 1). In 
addition, the globulin concentration was 
significantly lower in group C than in groups A 
and B on the second day of life. After colostrum 
intake, both parameters increased significantly in 
all the groups when compared to moment 0, 
followed by a gradual decrease until 30 days of 
age.  
 
Immunoglobulin A (IgA) concentration (Table 1) 
did not differ significantly between groups; 
between moments, the levels of this 
immunoglobulin increased gradually from birth 
to 30 days of age.  
 
Ceruloplasmin concentrations (Table 1) differed 
significantly between groups at 7 days of age, 
when a higher level of this acute phase protein 
was observed in group C than in groups A and B, 
and at 30 days of age, when a higher 
concentration of ceruloplasmin was observed in 
group A and a lower level in group B. Between 
moments, the lowest concentrations of 
ceruloplasmin was observed in the first days of 
life and the highest at 30 days of age in all the 
groups.  
 
Transferrin levels (Table 1) were higher in group 
C and lower in group B only at 30 days of age. 
Between moments, the highest concentration of 
transferrin occurred at 7 days of age and the 
lowest at birth in groups A and C, and at 30 days 
of age in group B.  
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Table 1. Mean values and standard-deviations of serum protein concentrations in Holstein calves not 
presenting diarrhea (group A), presenting diarrhea but testing negative for rotavirus in feces (group B) 
and presenting diarrhea and testing positive for rotavirus in feces (group C) before colostrum intake 
(moment 0) and at 1, 2, 7, 15, 21 and 30 days of life 

Group 
Moments (days) 

0 1 2 7 15 21 30 
 Total protein (g/dL) 

A 4.26±0.32Ac 8.20±1.31Aa 8.25±1.25Aa 7.79±1.24Aa 6.91±0.92Ab 6.67±0.91Ab 6.20±0.83Ab 
B 4.29±0.64Ae 8.52±1.55Aab 8.82±1.29Aa 7.98±1.07Ab 7.20±0.95Ac 6.75±0.90Acd 6.42±0.84Ad 
C 4.34±0.21Ac 7.66±0.83Aa 7.73±0.80Aa 7.31±0.75Aa 6.41±0.52Ab 6.31±0.52Ab 6.12±0.36Ab 
 Globulins (g/dL) 

A 2.22±0.29Ae 6.50±1.33Aa 6.40±1.28ABa 5.64±1.27Ab 4.57±0.85Ac 4.16±0.70Acd 3.74±0.55Ad 
B 2.19±0.57Ae 6.74±1.60Aa 6.98±1.31Aa 5.78±1.11Ab 4.76±0.86Ac 4.26±0.72Acd 3.87±0.64Ad 
C 2.32±0.22Ad 5.77±0.82Aa 5.68±0.76Bab 5.03±0.70Ab 4.03±0.53Ac 3.72±0.37Ac 3.45±0.38Ac 
 Immunoglobulin A (mg/dL) 

A 87.1±17.8Ae 194±46.1Ad 236±99.5Acd 269±61.5Abc 333±86.2Aab 332±68.8Aab 338±88.5Aa 
B 80.2±40.7Ac 208±56.8Ab 224±63.3Ab 299±72.3Aa 327±67.5Aa 312±79.4Aa 353±91.9Aa 
C 103±17.4Ac 205±28.8Ab 226±30.1Ac 310±44.7Aa 313±53.7Aa 305±58.6Aa 293±83.7Aa 
 Ceruloplasmin (mg/dL) 

A 31.5±8.22Ad 24.8±10.8Ad 35.7±13.9Abcd 34.2±11.3Bcd 48.6±17.2ABab 46.9±18.1Aabc 57.5±16.5Aa 
B 32.6±7.78Aab 24.9±5.85Ab 30.3±13.3Aab 26.7±9.38Bab 37.9±14.8Bab 37.9±8.63Aab 40.9±18.5Ba 
C 32.6±5.59Ab 30.6±6.18Ab 31.4±7.00Ab 49.8±13.2Aa 52.9±13.5Aa 43.7±14.4Aab 48.6±13.9ABa 
 Transferrin (mg/dL) 

A 265±53.0Ab 379±80.8Aab 376±60.6Aab 423±74.5Aa 329±99.3Aab 348±60.0Aab 309±80.0ABab
B 276±53.8Ab 340±91.8Aab 350±130Aab 408±93.7Aa 328±106Aab 306±75.5Aab 237±99.3Bb 
C 280±72.7Ab 382±91.7Aab 412±98.0Aa 447±145Aa 426±98.3Aa 393±65.5Aab 369±56.8Aab 
 Immunoglobulin G (mg/dL) 

A 529±203Ae 3,792±844Aa 3,554±707ABa 2,952±878Ab 2,069±525Ac 1,700±382Acd 1,395±317Ad 
B 611±112Ae 3,829±1,001Aa 3,952±817Aa 2,961±611Ab 2,135±435Ac 1,766±349Acd 1,477±307Ad 
C 563±224Ad 3,105±434Ba 2,962±415Ba 2,338±399Ab 1,586±206Ac 1,321±182Ac 1,230±172Ad 
 Haptoglobin (mg/dL) 

A 6.63±1.91Ac 13.4±5.91Ab 16.0±7.11Aab 18.1±6.45Aab 20.4±5.41Aa 16.3±4.20Aab 16.8±6.87Aab 
B 8.34±1.98Ac 12.2±4.34Abc 14.6±5.93Aab 16.4±6.06Aab 17.8±5.22Aa 14.1±2.84Aab 15.0±4.34Aab 
C 7.51±2.46Ac 12.3±6.15Abc 15.9±5.50Aab 18.0±3.90Aa 19.4±5.57Aa 15.4±2.70Aab 16.7±5.34Aab 
 α1-acid glycoprotein 

A 4.50±2.10Ab 9.52±5.72Aab 18.8±27.2Aa 9.37±4.95Aab 13.0±4.97Aab 12.7±7.07Aab 13.5±7.41Aab 
B 3.75±1.80Aa 8.61±4.66Aa 10.7±6.43Aa 11.3±3.58Aa 12.7±8.04Aa 13.1±5.81Aa 13.2±5.25Aa 
C 3.05±0.81Aa 11.3±2.17Aa 12.8±5.42Aa 9.94±3.98Aa 12.3±5.35Aa 12.1±7.32Aa 13.0±5.44Aa 

Mean values followed by the same upper case letters in the same column and lower case letter in the same line do not 
differ significantly according to Tukey test (P<0.05). 
 
Before colostrum intake, the groups showed no 
significant difference in immunoglobulin G 
(IgG) concentrations (Table 1). On days 1 and 2 
of life, groups A and B showed significantly 
higher levels of this protein than group C. 
Between moments, the lowest IgG concentration 
was found immediately after birth, and the 
highest at 1 and 2 days of life, after colostrum 
intake. IgG levels then decreased gradually until 
30 days of age.  
 
Serum concentrations of haptoglobin (Table 1) 
did not differ significantly between groups 
throughout the experimental period. Between 
moments, the concentration of this protein 
increased after colostrum intake, with the highest 
levels found at 15 days of age in all three groups. 

α1-acid glycoprotein levels (Table 1) did not 
differ significantly between groups or moments 
in groups B and C in the first month of life. In 
group A, the lowest concentration of this APP 
was found at birth and the highest at 2 days of 
age.  
 
When evaluating the period of diarrhea 
manifestation (days 1 to 7) – experiment 2 - it 
was interesting to note that although the total 
protein concentration (Table 2) in group B was 
significantly higher than in group C only on the 
second day of diarrhea manifestation, this 
tendency was observed at all the moments 
evaluated. 
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Table 2. Least square mean values of serum protein concentrations in Holstein calves that tested negative 
(group B) or positive (group C) for rotavirus in feces from the first to the seventh day of diarrhea 
manifestation 

Groups 
Moments (days) 

1 2 3 4 5 6 7 
  Total protein (g/dL) 

B 7.67 A 7.63 A 7.25 A 7.18 A 6.97 A 7.08 A 6.77 A 
C 7.29 A 7.01 B 6.86 A 6.53 A 6.55 A 6.45 A 6.26 A 
 Globulins (g/dL) 

B 5.31 A 5.24 A 4.91 A 4.83 A 4.62 A 4.68 A 4.41 A 
C 4.83 B 4.55 B 4.48 B 4.19 B 4.03 B 4.07 A 4.02 A 
 Ceruloplasmin (mg/dL) 

B 48.4 A 43.8 B 39.0 B 36.2 B 41.9 A 44.7 A 50.5 A 
C 55.2 A 59.6 A 56.3 A 53.1 A 57.7 A 57.7 A 38.4 A 
 Transferrin (mg/dL) 

B 424 A 387 A 365 A 347 A 251 B 336 A 270 A 
C 454 A 468 A 441 A 423 A 407 A 418 A 387 A 
 Immunoglobulin G (mg/dL) 

B 2,474 A 2,479 A 2,208 A 2,139 A 2,036 A 2,032 A 1,784 A 
C 2,127 B 1,908 B 1,846 B 1,750 B 1,751 A 1,672 A 1,594 A 

Least square mean values followed by the same letter in the same column do not differ according to the HSD test 
(P<0.05). 
 

From the first to the fifth days of manifestation 
of clinical signs of diarrhea, group B showed 
higher globulin concentrations than group C 
(Table 2). 
 

Serum concentrations of IgA throughout the 
moments of diarrhea manifestation showed no 
significant difference between groups B and C. 
Least square means varied from 304 to 
352mg/dL in group B and from 305 to 323mg/dL 
in group C. 
 

Least square means of ceruloplasmin 
concentrations (Table 2) from the second to the 
fourth day of diarrhea were higher in group C 
than in group B. On the fifth day of diarrhea, 
transferrin concentration was significantly lower 
in group B than in group C (Table 2). 
 

Immunoglobulin G concentrations (Table 2) 
were significantly higher in group B than in 
group C from the first to the fourth days of 
diarrhea. Albeit not always significant, this 
difference remained constant throughout the 
experimental period. 
 

Groups B and C showed no significant difference 
in haptoglobin and α1-acid glycoprotein 
concentrations in the period of diarrhea 
manifestation. Least square means of 
haptoglobin levels varied from 13.1 to 
20.2mg/dL in group B and from 15.2 to 
19.2mg/dL in group C, while α1-acid 

glycoprotein concentrations varied from 11.3 to 
13.4mg/dL in group B and from 10.4 to 
13.7mg/dL in group C. 
 

In experiment 2, calves presented diarrhea with 
an average age of 10.4 to 14.6 days in group B, 
and 10.3 to 14.6 days in group C (Table 3). 
 

Table 3. Age of calves in the beginning and end 
of diarrhea manifestation period in groups B and 
C (experiment 2) 

Calf 
number 

Groups 
B C 

Beginning End Beginning End 
1 7 11 7 9 
2 7 13 7 10 
3 9 12 9 14 
4 10 15 10 15 
5 11 14 11 16 
6 11 17 11 16 
7 13 16 12 16 
8 15 19 15 21 

Mean 10.375 14.625 10.25 14.625 
 

DISCUSSION 
 

From birth to 30 days of age, the serum 
concentrations of parameters commonly used to 
evaluate passive immunity transfer, although not 
always statistically significant, indicated that the 
total protein, globulins and IgG levels were 
lower in group C than in groups A and B. 
However, according to Feitosa et al. (2010), 
calves in all the experimental groups presented 
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adequate passive immunity transfer, as indicated 
by concentrations of IgG measured after 
colostrum intake. This may indicate that even the 
slightest decrease in IgG levels acquired through 
passive immunity transfer may affect the 
susceptibility of calves to rotavirus infection. 
 
According to Besser et al. (1988), the 
gastrointestinal tract is the main site for 
clearance of IgG1 in newborn calves and these 
immunoglobulins retain some antigenic binding 
capacity, accounting for mucosal protection from 
gastrointestinal infection. Specifically referring 
to rotavirus infection, Westerman et al. (2005) 
working with non-human primates reported that 
an increment in concentration of serum IgG 
elevated immunoglobulin titers reaching the 
intestinal lumen and avoided or reduced rotavirus 
shedding. 
 
There was no significant difference between 
groups in terms of IgA levels, using SDS-PAGE 
technique, from birth to 30 days of age. Between 
moments, there was a gradual increase in IgA 
concentrations after colostrum intake, but it was 
interesting to note that, in group C, IgA levels 
decreased at 15 days of age, coinciding with the 
period of diarrhea manifestation, while in groups 
A and B the IgA levels increased at this same 
moment. Similar to our findings, in a study of 
experimental infection of calves with Salmonella 
Typhimurium, Ávila (2009) reported no 
difference between control and infected calves 
with respect to IgA concentrations throughout 
the period of evaluation. Regarding acute phase 
proteins, throughout the first month of life, the 
higher concentration of ceruloplasmin in group C 
than in groups A and B at 7 and 15 days of age, 
coinciding with the period in which the animals 
manifested diarrhea, may be an indicator of 
increased stimulation for the production of this 
APP in rotavirus-induced diarrhea when 
compared to diarrhea caused by other pathogens. 
The fact that, in Experiment 2, ceruloplasmin 
levels were also found to be higher in group C 
than in group B corroborates this finding. The 
increase in ceruloplasmin levels in the 30th day of 
life in group A, when compared to groups B and 
C, may be attributable to the occurrence of other 
pathological conditions not evaluated in this 
experiment, such as pneumonia. 
 
The use of ceruloplasmin as a diagnostic tool in 
cattle is still less common than that of 

haptoglobin and serum amiloid A; however, 
some studies have shown that this ferroxidase is 
an indicator of infection in cows (Murata  et al., 
2004). In other studies evaluating blood serum 
proteinogram through SDS-PAGE, of calves 
affected by different infectious causes of 
diarrhea, Ávila (2009) and Silva  et al. (2011) 
reported an increase in ceruloplasmin 
concentrations in Holstein calves experimentally 
infected with Salmonella Typhimurium and 
Salmonella Dublin, respectively. 
Hajimohammadi et al. (2013) also found a 
significant increase in ceruloplasmin levels in 
calves that presented diarrhea, when compared to 
healthy animals. Our findings suggest a 
relationship between the viral origin of diarrhea, 
the age of calves, and the dynamics of 
ceruloplasmin evaluated by the SDS-PAGE 
technique.  
 
Transferrin concentrations in groups A, B, and C, 
from birth to 30 days of age, were higher in 
group C than in groups A and B, albeit not 
statistically significant. The same tendency was 
found in groups B and C in the period of diarrhea 
manifestation. Although transferrin is considered 
a negative APP – its concentrations tend to 
decrease in the presence of an acute 
inflammatory reaction – the increase verified in 
our study may be related to the viral etiology of 
diarrhea, since the mechanism of action of 
transferrin is more relevant in bacterial diseases, 
in which bonding to iron ions prevents the 
bacteria from using these ions for growth 
(Murata  et al., 2004). 
 
There was no significant difference in the 
haptoglobin levels of groups A, B, and C from 
birth to 30 days of age. The values found and the 
dynamics of this APP after birth are consistent 
with those reported by Orro et al. (2008), who 
investigated temporal changes in APP 
concentrations in newborn dairy calves. In the 
present study, the increase in haptoglobin 
concentrations in animals affected by diarrhea in 
the first month of life (groups B and C - 
Experiment 2) was very discrete, possibly 
indicating a non-bacterial origin of diarrhea in 
animals of group B - since Eckersall (2000) 
reported that haptoglobin is a useful indicator of 
bovine bacterial infections - or that the 
etiological agents that affected these animals did 
not inflict sufficient stimulus to initiate an acute 
phase response. 
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Also, according to Hajimohammadi et al. (2013), 
who evaluated relationships between acute phase 
proteins and clinical findings in dairy calf 
diarrhea, calves that presented severe clinical 
signs showed a more significant increase in their 
haptoglobin levels than calves presenting 
moderate or no systemic clinical signs. All the 
calves in our study belonged to private farms in 
which early treatment with antibiotics was 
initiated as soon as animals present clinical signs, 
regardless of the cause of diarrhea. In such 
conditions, all animals in this experiment 
presented discrete to moderate clinical signs. 
 
Concentrations of α1-acid glycoprotein did not 
differ between groups A, B, and C throughout 
the first month of life, nor did they differ 
significantly between groups B and C in 
Experiment 2. According to Orro et al. (2008), 
colostrum intake is the main stimulus for the 
increase in APPs concentrations in calves, since 
this secretion contains high concentrations of 
proinflammatory citokines, which are the main 
inducers of hepatic production of APPs, thus 
explaining the increase in haptoglobin, 
transferrin and α1-acid glycoprotein levels after 
colostrum intake in all the evaluated groups. 
 
Based on these findings, an optimal passive 
immunity transfer of immunoglobulins decreases 
the likelihood of calves developing diarrhea 
caused by rotavirus. In addition, ceruloplasmin 
measured by SDS-PAGE presents characteristics 
of a biomarker of rotavirus infection in calves. 
Experimental infection studies are needed to 
confirm if this relationship exists for other 
etiological agents of diarrhea in neonatal calves.  
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