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ABSTRACT

The transfer of passive immunity is essential to ensure 
the health and welfare of newborn calves. Although the 
dynamics of serum Ig concentrations in these animals 
are well-described, data about saliva Ig are limited. This 
study aimed to evaluate serum and saliva Ig (i.e., IgG, 
IgA, and IgM) concentrations during the first week of life 
in healthy and sick calves. Blood and saliva samples were 
collected from 20 dairy calves from a dairy farm located 
in Portugal, at birth (30 min before colostrum intake) and 
on d 1, 2, and 7 of life. Calves were fed with 3.8 ± 0.64 
L (mean ± SD) of maternal colostrum (44.7 ± 16.56 g/L 
IgG) within 96 ± 73 min of birth. Calves were examined 
2 times daily by the farm staff, and health scores were 
recorded before sample collection (i.e., d 0, 1, 2, and 7), 
using a modified version of the Wisconsin calf health 
scoring system. Based on the health scores, calves were 
categorized as healthy (HC; n = 11; absence of physical 
signs of disease, active, and with a positive demeanor 
during the experimental period) or diarrheic (DC; n = 9; 
loose or watery feces observed during the experimental 
period). The Ig and total protein (TP) concentrations in 
serum and saliva were evaluated with linear mixed mod-
els including health status (HC vs. DC), time (d 0, 1, 2, 
and 7), and the interaction between both as fixed effects. 
The significance was set as P < 0.05. Except for diarrhea, 
no other health condition was observed. At birth, all Ig 
isotypes were present in saliva, with IgA being the most 

relevant. In serum, IgA and IgG were detected during 
the entire experimental period, but IgM concentrations 
were only detectable after d 1. Both serum and saliva 
Ig concentrations increased after colostrum intake (d 1), 
although saliva IgG concentration declined on d 2, unlike 
serum IgG concentration, which only decreased on d 7. 
All saliva Ig declined from d 1 to 2 but only in the HC 
group. Saliva Ig concentrations in the DC group did not 
change from d 1 to 7. A tendency for lower saliva IgA and 
M concentrations was observed in DC calves compared 
with HC on d 1. Similarly, DC calves showed a reduced 
proportion of IgA in saliva relative to serum compared 
with HC on d 1 and a tendency for higher saliva TP on 
d 7. In conclusion, calf health status was associated with 
saliva Ig concentrations during the first week of life, with 
the calves from the DC group showing lower saliva Ig 
concentrations before clinical signs were observed.
Key words: colostrum, blood, dairy, neonatal calf 
diarrhea

INTRODUCTION

Newborn calves are hypogammaglobulinemic at birth 
(Weaver et al., 2000), as there is no transcytosis of Ig 
through the bovine synepitheliochorial placenta (Chucri 
et al., 2010; Baumrucker and Bruckmaier, 2014). Conse-
quently, colostrum intake is essential to achieve a suffi-
cient transfer of passive immunity (TPI; Baumrucker and 
Bruckmaier, 2014; Hernández-Castellano et al., 2014) 
to protect the calf against pathogenic microorganisms 
while endogenous production of Ig gradually increases 
after birth (Weaver et al., 2000). The evolution of serum 
Ig concentrations in newborn calves is well-described. 
However, the immunological components present in sa-
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liva of newborn ruminants need further research. Saliva 
is a watery fluid that contains proteins, ions, and other 
organic compounds synthesized mainly by the salivary 
glands, with some compounds derived from blood (Lamy 
and Mau, 2012). The main advantage of saliva is that 
its collection is easy and of low invasiveness, allowing 
to have systemic and gland driven information (Cerón, 
2019). Immunoglobulin A is the most abundant Ig in 
cow saliva (Mach and Pahud, 1971; Fouhse et al., 2017). 
Consequently, most studies on calf saliva have focused 
on determining saliva IgA concentration (Quezada-
Mendoza et al., 2011; Goodier et al., 2012; Heinrichs et 
al., 2013). After colostrum intake, a large mass of IgG is 
transferred from the intestinal lumen into the bloodstream 
(Baumrucker and Bruckmaier, 2014). This process is 
very efficient during the first hours after birth, decreas-
ing gradually during the first days of life (Wilm et al., 
2018). Once in the blood, IgG can reach extravascular 
sites, such as the salivary glands, increasing the concen-
tration of IgG in saliva (Johnsen et al., 2019). However, 
intestinal absorption of Ig depends not only on colostrum 
quality but also on the physiological status of the calf at 
birth (Sangild, 2003). Indeed, even under standardized 
colostrum feeding managements (i.e., similar volume, 
IgG concentration, and age), the IgG apparent efficiency 
of absorption (AEA) may not be constant among animals 
(Halleran et al., 2017). Serum IgG concentrations are 
associated with health outcomes (Renaud et al., 2018). 
However, in opposition to blood, little is known about 
the changes in saliva Ig concentrations in the event of 
disease during the neonatal period. Thus, determining 
saliva Ig concentration in sick calves is relevant due to 
the critical role of the adaptive mucosal immunity in the 
defense against enteric pathogens (Fischer et al., 2016). 
Therefore, this study hypothesizes that IgG, IgA, IgM, 
and total protein concentrations in serum and saliva are 
associated with calf health status during the first week 
of life. Based on this, the present study aimed to evalu-
ate whether the calf health status relates with (1) serum 
and saliva Ig (i.e., IgG, IgA, and IgM) and total protein 
concentrations, (2) the IgG, IgA, and IgM AEA, and (3) 
the proportion of Ig (i.e., IgG, IgA, and IgM) in saliva 
relative to serum.

MATERIALS AND METHODS

Animals and Management

The study was approved by the Ethics Committee for 
Animal Welfare (ORBEA) at Universidade Trás-os-Mon-
tes e Alto Douro (UTAD, Portugal) under the reference 
2664-e-DZ-2023.

This study included 20 dairy calves (14 Friesian and 6 
cross-Friesian) from a commercial dairy farm located in 

Évora (Portugal). Only calves delivered by cows that re-
quired no assistance or easy assistance (i.e., simple hand 
traction from the caretaker without any obstetric device) 
were included in this study. Calves were separated im-
mediately after birth from the dam and were not allowed 
to suck colostrum. Calf sex was recorded, and birth BW 
was measured using an electronic scale (Tru-Test 702, 
Tru-Test Datamars, Lugano, Switzerland). Calves were 
then allocated to individual straw-bedded pens located 
indoors and provided area of 1.2 m2. Before colostrum 
feeding, animals were ear-tagged, and their umbilical 
cords were disinfected with an iodine solution. Calves 
were fed with 3.8 ± 0.64 L (mean ± SD) of maternal co-
lostrum within 96 ± 73 min (mean ± SD), using a nipple 
bottle (n = 15) and an esophageal tube feeder if the calf 
did not voluntarily consume at least 3 L of colostrum (n 
= 5). Colostrum was provided from the farm colostrum 
bank (i.e., colostrum stored from individual cows), and 
the volume consumed was recorded. After that, animals 
were fed with transition milk from d 1 to 3 after birth, 
and then fed with milk replacer (Bovimilk, Vetlima, Vila 
Nova da Rainha, Portugal) until d 7. Both transition milk 
and milk replacer were provided 2 times daily (i.e., 3 
L at 0700 and 3 L at 1600 h). Calves had free access 
to fresh water. In case of calves showing loose to liquid 
feces, a solution consisting of electrolyte salts (i.e., Na+, 
K+, and Cl−), pectin substances, dextrose, and lactic acid 
bacteria (ReVital, R2 Agro A/S, Hedensted, Denmark) 
was provided following manufacturer instructions. The 
ethophysiological profile (EPP) of each calf was as-
sessed by a single observer immediately after birth using 
a methodology adapted from Schulz et al. (1997), Mee 
(2008), and Murray (2014). Calves were scored from 0 to 
3, where 0 represents the best and 3 the worst condition. 
General physical and behavioral signs were observed, 
such as the presence and extension of meconium staining 
and head or tongue edema (or both), degree of response 
to a physical stimulus, suckling reflex, time taken to 
achieve independent locomotion, and rectal temperature. 
The health status of the calf during the first week of life 
was evaluated using a modified version of the Wisconsin 
calf health scoring system (McGuirk and Peek, 2014; 
Renaud et al., 2018; McCarthy et al., 2021). Calves were 
examined 2 times daily by the farm staff, and health 
scores were recorded before sample collection by a 
single trained researcher. A calf with a respiratory score 
(nose, eye, ear, cough, and rectal temperature) equal or 
greater than 5 was considered to have a respiratory dis-
ease. A calf with a fecal score equal or greater than 2 was 
diagnosed with diarrhea (McGuirk, 2008). Cleanliness 
and dehydration status (combined score of enophthalmos 
and skin elasticity) were also recorded. Omphalitis was 
detected using a scoring system based on the system 
proposed by Steerforth and Van Winden (2018), where 
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0 corresponds to a normal umbilical stomp, 1 to an um-
bilical stomp lightly swollen without presence of pain 
or local heat, 2 to an umbilical stomp lightly swollen, 
wet, or with local heat or with the presence of pain, 3 to 
an umbilical stomp swollen, with local heat, pain, and 
with possible presence of discharge. A calf was consid-
ered with omphalitis if scored equal or greater than 2. 
General responsiveness and demeanor were assessed by 
the calf attitude toward the observer, the activity level, 
and suckling reflex. Additional information about these 
evaluations can be found in Supplemental Tables S1 and 
S2 (see Notes). Based on the health status (HS) evalua-
tion, calves were classified either as healthy (HC group; 
n = 11) or diarrheic (DC group; n = 9).

Sample Collection

Two colostrum samples (50 mL) were collected direct-
ly from the colostrum bottle used to feed each calf. The 
bottle was stirred to ensure homogeneity of the sample. 
At birth, saliva samples were collected 30 min before 
colostrum intake (d 0). Following collections were made 
22 to 26 h (d 1), 2 d (d 2), and 7 d (d 7) after birth. 
Saliva samples were collected at least 2 h after feeding to 
avoid milk residues in the samples, using Salivette cot-
ton swabs (Sarstedt GmbH, Nümbrecht, Germany). After 
saliva sampling, blood samples were obtained from the 
jugular vein and transferred into a plasma collection tube 
containing EDTA (1.4 mL, Primavette, Germany) and 
into a serum collection tube (4.9 mL, Primavette, Ger-
many). All samples (i.e., colostrum, blood, and saliva) 
were refrigerated (4°C) and transported to the laboratory 
at the Universidade de Évora. Plasma tubes were centri-
fuged (Megafuge 1.0 R, Heraeus, Hanau, Germany) at 
1,660 × g for 10 min at 24°C. Serum tubes were stored 
at room temperature for 10 min and then centrifuged at 
1,660 × g for 10 min at 24°C. Plasma, serum, and co-
lostrum samples were aliquoted into 1.5 mL propylene 
tubes and stored at −80°C until further analysis. Saliva 
samples were centrifuged (Z 323 K, Hermle LaborTech-
nik GmbH, Wehingen, Germany) at 9,000 × g for 5 min 
at 4°C and then stored at −80°C until analysis (Lamy et 
al., 2017).

Laboratory Analysis

Colostrum DM was determined using the air oven loss-
on-drying method, according to Official Method 925.23 
(AOAC International, 2000). Fat content in colostrum 
was determined using the Gerber method, according to 
Official Method 2000.18 (AOAC International, 2000). 
Colostrum protein content was determined using the 
LECO Protein Analyzer (FP528, LECO Corporation, 

St. Joseph, MI). A nitrogen conversion factor (i.e., 
6.38) was used to calculate the protein content in each 
sample. In addition, colostrum SCC was determined us-
ing a DeLaval cell counter (DeLaval, Tumba, Sweden). 
Samples with a SCC ≥3,000 × 103 cells/mL were diluted 
1:5 (vol/vol) with saline solution as described by Kawai 
et al. (2013).

Hematocrit was determined using 2 capillary tubes 
collected from the plasma tube before centrifugation. 
The 2 capillary tubes were then centrifuged (Haematokrit 
20, Hettich Zentrifugen, Tuttlingen, Germany) at 9,503 
× g for 5 min at 24°C. Serum total protein (TP) concen-
tration was measured using a clinical Zuzi refractometer 
(model 50303020, Auxilab, Navarra, Spain). Saliva TP 
concentration was determined using the Bradford method 
(Bradford, 1976). Briefly, saliva was diluted using ultra-
pure water at 1:4, 1:8, and 1:12 (vol/vol) and then 10 
µL were transferred into a 96-well plate using BSA as 
standard. The absorbance was read at 600 nm using a 
multiplate reader (Glomax, Promega, WI). Immuno-
globulin concentrations (i.e., IgG, IgA, and IgM) were 
measured in colostrum, serum, and saliva using commer-
cial ELISA kits (Bethyl Laboratories, Montgomery, TX). 
The intra-assay coefficients of variation in colostrum, 
serum, and saliva matrices were 4.3%, 6.0%, and 4.5% 
for IgG, 3.9%, 2.8%, and 3.2%, for IgA, and 4.4%, 3.9%, 
and 3.2% for saliva, respectively. The interassay CV in 
colostrum, serum, and saliva matrices were 4.7%, 3.9%, 
and 5.7% for IgG, 10.4%, 3.2%, and 1.4% for IgA, and 
1.0%, 1.2%, and 5.2% for IgM, respectively.

Statistical Analysis

Statistical analyses were performed with R (R Core 
Team, 2024). The sample size (n = 9 per group) was calcu-
lated using the R “pwr” package, considering differences 
between 2 independent groups (t-tests of means) with an 
α = 0.05, an 80% power, and a hypothesized effect size of 
1, setting the estimated means as 9.48 and 19.08 g/L and 
the SD as 9.6 g/L of serum IgG concentration in newborn 
calves (Lopez et al., 2020) as the main variables to per-
form the calculation. A linear mixed model (LMM) with 
HS (HC vs. DC), time (T; d 0, 1, 2, and 7), and the inter-
action between both HS × T as fixed effects (independent 
variables), and the calf included as a random factor was 
used to analyze IgG, IgA, IgM, and TP concentrations in 
serum and saliva (dependent variables). The Wald test 
was used to assess the significance of the main effects, 
and pairwise comparisons with Tukey adjustment were 
performed to examine the differences within T and HS.

The AEA on d 1 was calculated for each serum Ig class 
(i.e., IgG, IgA, and IgM) using the following equation 
(Halleran et al., 2017):

Silva et al.: SERUM AND SALIVA IMMUNOGLOBULINS IN CALVES
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An LMM with HS, Ig (IgG, IgA, and IgM), and the in-
teraction between both HS × Ig as fixed effects and the 
calf included as a random factor was used to analyze the 
AEA and PSS.

Homoscedasticity was assessed by visual analysis of 
the scatterplots of the residuals against the predicted val-
ues in every model, and normality of the residuals was 
analyzed by inspection of normal probability plots and 
analysis of skewness and kurtosis for each dependent 
variable. To evaluate the presence of possible outliers, the 
studentized deleted residuals were generated by regress-
ing the observation by the predicted values. Variables 
with non-normal distribution were log10-transformed. 
Data are expressed as LSM ± SEM. Log-transformed 
and back-transformed results are presented as geometric 
mean (CI at 95%); Lee, 2020). Significant values were 
considered as P < 0.05 and tendencies as P < 0.1.

RESULTS

The minimum number of animals obtained from the 
power analysis was n = 18, although 2 additional calves 

were included in the experiment to compensate for pos-
sible losses unrelated to the experiment. Calf birth BW 
was 42.70 ± 4.90 kg (mean ± SD), and the EPP was 1.55 
± 1.61 (mean ± SD). Colostrum composition by group 
(i.e., HC and DC) is shown in Table 1. No differences 
in colostrum composition used for feeding either the HC 
or the DC group were detected (P > 0.168), except for 
IgG concentration which was higher (P = 0.042) in the 
colostrum consumed by the DC calves (53.63 ± 5.32 mg/
mL) than the one consumed by the HC calves (39.28 ± 
4.54 mg/mL). In addition, a tendency (P = 0.089) for 
higher IgA concentration in the colostrum consumed by 
the HC calves (3.42 ± 0.43 mg/mL) compared with the 
one consumed by the DC calves (2.04 ± 0.51 mg/mL) 
was observed. Colostrum intake was similar between 
HC (3.97 ± 0.18 L) and DC (3.52 ± 0.20 L; P = 0.122). 
The total mass of IgG, IgA, and IgM consumed by the 
calves did not differ (P ≥ 0.099) between the HC (158.42 
± 24.46, 14.18 ± 2.33, and 12.27 ± 2.10 g, respectively) 
and the DC (193.25 ± 28.68, 7.18 ± 2.73, and 8.04 ± 
2.47 g, respectively) groups. There were no cases of re-
spiratory disease or omphalitis during the experimental 
period. On d 7, 45% (9/20 cases) of calves had diarrhea, 
which started from d 4 to 7, with a mean of 2.2 d (min = 1 
and max = 4 d) with fecal score ≥2 (Supplemental Figure 
S1, see Notes). The rectal temperature on d 0 (38.45 ± 
0.10°C) was similar to d 1 (38.50 ± 0.10°C) and then 
increased on d 2 (38.90 ± 0.09°C; P ≤ 0.002), decreasing 
again on d 7 (38.69 ± 0.09°C; P ≥ 0.08). The hematocrit 
decreased from d 0 (39.37% ± 1.26%) to d 1 (35.28% ± 
1.26%; P < 0.001) and then maintained on d 2 (34.18% ± 
1.26%) and d 7 (34.25% ± 1.26%).

Serum IgG, IgM, and TP concentrations were affected 
by time (P < 0.001) but not by HS (P ≥ 0.161; Figure 
1). Serum IgG concentration increased from d 0 (0.72 
± 0.99 mg/mL) to d 1 (18.24 ± 0.99 mg/mL) and then 
decreased from d 2 (16.92 ± 0.99 mg/mL) to d 7 (13.77 ± 
0.99 mg/mL). While none of the calves showed failure of 
TPI (FTPI), defined as serum IgG <10 g/L, on d 1 and 2, 
by d 7, 20% (4/20) of the calves were considered to have 
FTPI. Serum IgM concentration was below the detection 
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Table 1. Least squares means and SEM of colostrum composition according to health status (HS): healthy calves 
(HC; n = 11) and diarrheic calves (DC; n = 9)

Variable

HC

 

DC

 
Fixed effect, P-value, 

HSLSM SEM LSM SEM

DM, % 23.31 1.20 24.99 1.41 0.378
Protein, % 13.13 0.53 14.30 0.62 0.168
Fat, % 4.93 0.92 4.86 1.07 0.958
IgG, mg/mL 39.28 4.54 53.63 5.32 0.042
IgA, mg/mL 3.42 0.43 2.04 0.51 0.089
IgM, mg/mL 3.03 0.54 2.33 0.64 0.419
SCC, cells/mL 2.76 0.99 3.57 1.05 0.566
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limit on d 0 but was detectable on d 1 (574.13 [437.92, 
752.61] µg/mL), decreasing on d 2 (449.34 [342.68, 
589.09] µg/mL) and d 7 (334.52 [255.06, 438.61] µg/
mL). Serum TP concentration increased from d 0 (4.50 ± 
0.13 g/dL) to d 1 (6.43 ± 0.13 g/dL), and then constantly 
decreased until d 7 (6.01 ± 0.13 g/dL). An interaction 
HS × T was observed for serum IgA concentration (P < 
0.001; Figure 1). In the HC group, serum IgA concen-
tration increased on d 1 (2,404.18 [1,657.10, 3,487.88] 
µg/mL), and decreased on d 7 (207.12 [142.47, 300.89] 
µg/mL). In the DC group, serum IgA concentrations in-
creased on d 1 (2,088.77 [1,384.20, 3,151.72] µg/mL), 
and decreased on d 7 (179.61 [118.72, 271.48] µg/mL). 
However, serum IgA concentrations on d 0 were lower in 
the HC (1.49 [0.72, 2.61] µg/mL) than in the DC group 

(6.53 [3.99, 10.36] µg/mL), although no differences were 
detected between groups for the rest of the experimental 
period.

An interaction HS × T was observed for saliva IgG, IgA, 
and IgM (P ≤ 0.003; Figure 2). Saliva IgG concentration 
in the HC group increased from d 0 (2.58 [1.35, 4.44] µg/
mL) to d 1 (124.88 [83.24, 187.11] µg/mL), decreased 
on d 2 (47.58 [31.51, 71.60] µg/mL), and remained 
similar to d 7 (25.37 [16.65, 38.41] µg/mL). Saliva IgG 
concentration in the DC group increased from d 0 (3.26 
[1.59, 5.99] µg/mL) to d 1 (85.39 [54.41, 133.69] µg/
mL), showing a tendency to decline on d 2 (36.52 [23.06, 
57.49] µg/mL; P = 0.052). Saliva IgA concentration in 
the HC group increased from d 0 (31.12 [23.09, 41.93] 
µg/mL) to d 1 (92.10 [69.26, 122.48] µg/mL), decreased 
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Figure 1. Serum IgG (A), IgA (B), IgM (C), and total protein (D) concentrations in healthy calves (HC; black circle, ●) and diarrheic calves (DC; 
red square, ■) during the experimental period (i.e., d 0, 1, 2, and 7). Different letters (A–C) indicate significant differences between days (d 0, 1, 
2, and 7) in HC calves. Different letters (a–c) indicate significant differences between days (d 0, 1, 2, and 7) in DC calves. Significant differences 
between both groups are represented with (*). Results are expressed as LSM ± SEM (IgG and total protein) or geometric mean ± CI at 95% (IgA and 
IgM). HS = health status; T = time.
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on d 2 (28.30 [20.65, 38.78] µg/mL), and showed simi-
lar concentration on d 7 (44.32 [32.34, 60.73] µg/mL). 
Saliva IgA concentrations in the DC group were similar 
during the entire experimental period (40.77 [33.08, 
50.25] µg/mL). In addition, saliva IgA concentration 
tended to be higher in the HC than in the DC group on 
d 1 (92.10 [69.26, 122.48] and 49.35 [36.01, 67.64] µg/
mL, respectively; P = 0.083). Saliva IgM concentration 
increased in the HC group from d 0 (0.50 [0.05, 1.14] µg/
mL) to d 1 (5.12 [3.37, 7.58] µg/mL), decreased on d 2 
(1.89 [1.06, 3.04] µg/mL), and remained similar on d 7 
(1.25 [0.61, 2.15] µg/mL). Saliva IgM concentration in 
the DC group increased from d 0 (0.31 [0.001, 0.90] µg/
mL) to d 1 (1.86 [0.97, 3.16] µg/mL), being similar until 
the end of the experimental period. Additionally, the HC 

tended to show higher saliva IgM concentration than the 
DC group on d 1 (5.12 [3.37, 7.58] and 1.86 [0.97, 3.16] 
µg/mL, respectively; P = 0.068). Saliva TP concentration 
was affected by time (P = 0.010; Figure 2), increasing 
from d 0 (0.08 ± 0.01 g/dL) to d 1 (0.12 ± 0.01) and de-
creasing again on d 2 (0.08 ± 0.01 g/dL), for both groups. 
In addition, a tendency for the interaction between HS 
and T was observed (P = 0.082), showing higher saliva 
TP concentrations in DC (0.14 ± 0.02 g/dL) than in HC 
(0.08 ± 0.01 g/dL) on d 7.

An interaction HS × Ig was observed for the AEA 
and PSS (P = 0.040 and P = 0.005, respectively, Table 
2). In both HC and DC groups, IgA AEA (70.16% and 
82.90%, respectively, SEM = 6.85%) was higher than 
IgG (44.54% and 28.16%, respectively, SEM = 6.85%) 
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Figure 2. Saliva IgG (A), IgA (B), IgM (C), and total protein (D) concentrations in healthy calves (HC; black circle, ●) and diarrheic calves (DC; 
red square, ■) during the experimental period (i.e., d 0, 1, 2, and 7). Different letters (A–C) indicate significant differences between days (d 0, 1, 2, 
and 7) in HC calves. Different letters (a–c) indicate significant differences between days (d 0, 1, 2, and 7) in DC calves. Tendencies for differences 
between groups (0.05 > P < 0.10) are represented by **. Results are expressed as geometric mean ± CI at 95% (IgG, IgA, and IgM) or LSM ± SEM 
(total protein). HS = health status; T = time.
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and IgM (26.28% and 21.09%, respectively, SEM = 
6.85%) AEA. In the HC group, the IgA PSS (3.07% ± 
0.50%) was higher than the IgG (0.77% ± 0.48%) and 
IgM PSS (1.00% ± 0.48%). In addition, the IgA PSS 
in the HC (3.07% ± 0.50%) was higher than in the DC 
group (0.52% ± 0.50%).

DISCUSSION

Monitoring the TPI is crucial in newborn calves and is 
usually assessed by measuring serum IgG or TP concen-
trations (Godden et al., 2019). However, the assessment of 
other Ig transferred through colostrum (i.e., IgA and IgM) 
is also relevant, as they play a crucial role in the mam-
malian immune response (Boes, 2000; Estes, 2010). Fur-
thermore, given the important role of mucosal immunity 
as the first line of adaptative defense, understanding the 
dynamics of saliva Ig during early life is relevant (Fábián 
et al., 2012; Fischer et al., 2016). Therefore, this study 
focused on observing changes in saliva and serum IgG, 
IgA, IgM, and TP concentrations in HC and DC newborn 
calves during the first 7 d of life. It should be emphasized 
that the ELISA kits used for the quantification of IgG, 
IgA, and IgM in this study have not undergone full valida-
tion for bovine saliva matrices. While intra- and interassay 
precision were acceptable, further validation including 
recovery percentage or matrix effects would be necessary 
to confirm the suitability of these assays for this matrix. 
Future work will address this limitation. The results of 
this study showed that both serum and saliva Ig (i.e., IgG, 
IgA, and IgM) and TP concentrations are increased after 
colostrum intake. Unlike serum Ig concentrations, saliva 
Ig concentrations showed different patterns in HC and DC 
during the first week of life.

As described by Murphy et al. (2014), circulating IgA 
and IgM have shorter half-life compared with IgG, which 
could explain the decline in IgA and IgM concentrations 
on d 2, while serum IgG concentrations remained similar. 

Although IgA and IgM concentrations in colostrum were 
similar, IgM AEA was lower than IgA AEA. This sug-
gests that these Ig are not equally absorbed at the intes-
tinal epithelium. As described by Husband et al. (1972), 
differences in the chemical structure of IgG, IgA, and 
IgM may influence the absorption rate of each Ig. Thus, 
IgM absorption seems to be negatively affected by its 
total mass in the intestinal tract, in contrast to IgG and 
IgA, whose absorption rates are not affected by their total 
mass in the intestine (Stott and Menefee, 1978; Bush and 
Staley, 1980). After intestinal uptake, IgG, IgA, and IgM 
can be transported into different extravascular regions, 
depending on their molecular structure (Kruse, 1970; 
Smith et al., 1976). Therefore, it might be hypothesized 
that Ig concentrations in extravascular regions, such as 
saliva, likely depend on their intestinal absorption and 
decaying rates.

Saliva proteins can be either synthesized and secreted 
by the salivary glands, pass from blood to the salivary 
glands, and then to saliva or pass directly from blood 
to saliva through the crevicular route (Lehner, 1969; 
Brandtzaeg, 2007; Pfaffe et al., 2011). Neither the 
mechanisms underlying the transfer of Ig from blood to 
saliva nor the production of saliva Ig have been deeply 
investigated in newborn calves yet. As described in hu-
mans, both serum-derived and local synthesized IgG are 
actively transported to the mucosal surfaces through the 
neonatal Fc receptor (Yoshida et al., 2004; Horton and 
Vidarsson, 2013). However, most IgG present in saliva 
is derived from blood by passive leakage through the 
gingival crevices (Brandtzaeg, 2013). In contrast, IgA is 
mainly synthesized by plasma cells within the salivary 
glands as a dimer linked to the polymeric Ig receptor 
(pIgR; Staley et al., 2018), with only a small proportion 
transferred from blood (Strober et al., 1970). However, 
the combination of a low number of circulating B cells, 
elevated cortisol levels, and the presence of maternal 
antibodies and hormones in newborn calves results in a 
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Table 2. Apparent efficiency of absorption (AEA) and proportion in saliva relative to serum at 24 h of age (PSS) of 
IgG, IgA, and IgM in healthy calves (HC; n = 11) and diarrheic calves (DC; n = 9)1

Variable

HS2

SEM3

Fixed effect, P-value

HC DC HS Ig HS × Ig

AEA   7.32 0.173 <0.001 0.040
 IgG, % 44.54 28.16     
 IgA, % 70.16 82.90  
 IgM, % 26.28 21.09  
PSS   0.50 <0.001 <0.001 0.005
 IgG, % 0.77 0.51     
 IgA, % 3.07 0.52     
 IgM, % 1.00 0.44     
1Results are expressed as LSM ± SEM.
2HS = health status.
3Largest SEM.
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prolonged lack of endogenous antibody response (Chase 
et al., 2008). Thus, endogenous synthesis of Ig does not 
reach significant concentrations until 8 to 32 d after birth 
(Husband et al., 1972; Husband and Lascelles, 1975; 
Chase et al., 2008). Similar to IgA, IgM is synthesized by 
local plasma cells and actively transported to saliva by the 
same receptor-mediated epithelial excretion mechanism 
(Brandtzaeg, 2013). However, nasal and conjunctival 
mucous membranes may be only permeable to maternal 
IgG, and not to IgA and IgM, as suggested by Smith et al. 
(1976) in newborn lambs. In this study, all Ig concentra-
tions (i.e., IgG, IgA, and IgM) increased in both serum 
and saliva after colostrum intake, suggesting that a large 
proportion of the Ig detected in saliva on d 1 also de-
pends on maternal Ig transferred through colostrum. The 
decline in IgA and IgM concentrations in both saliva and 
serum after d 1 may be related to their short half-life, as 
mentioned previously. However, the faster decline of IgG 
in saliva than in serum can be caused by a reduction in 
the passive diffusion of IgG from blood to saliva, reflect-
ing a decrease in the permeability of mucosal membranes 
after the first day of life (Selner et al., 1968). In addition, 
the development of the salivary glands after birth may 
increase the volume of saliva, diluting the concentration 
of IgG. The extent of saliva Ig decrease was lower in the 
HC compared with the DC group. Because this differ-
ence was not observed in serum, this seems likely to be 
caused by higher transfer of Ig from serum to saliva after 
colostrum intake in the HC compared with the DC group. 
Furthermore, a lower IgG concentration in colostrum did 
not seem to interfere with saliva IgG concentration, as 
colostrum fed to HC had a lower IgG concentration than 
the colostrum fed to DC. As reported in previous stud-
ies, calf serum IgG concentration may not be affected by 
colostrum IgG concentration.

In addition, saliva Ig are also transported throughout 
the upper gastrointestinal tract, thereby contributing to 
the protection of the upper gastrointestinal mucosal sur-
faces (Fábián et al., 2012). Indeed, IgA has a relevant role 
in the mucosal defense against virus, bacteria (Vlasova 
and Saif, 2021), and gastrointestinal parasites (Castilla 
Gómez de Agüero et al., 2023). Although calves from the 
HC group received colostrum with a lower IgG concen-
tration than DC calves, the total mass of IgG consumed 
by the calves did not differ between groups, which may 
explain the similar serum IgG concentrations observed 
between HC and DC groups. The association between 
diarrhea and the reduced concentrations of Ig in saliva 
observed in the DC group is intriguing and deserves fur-
ther investigation to clarify its biological relevance. The 
lower saliva IgA and IgM concentrations in DC compared 
with HC on d 1 of life may indicate a reduced defense 
capacity. This was further supported by the fact that the 
IgA PSS was lower in the DC than in the HC group.

Increased TP concentrations in both serum and saliva 
can be indicative of dehydration (Walsh et al., 2004; 
Marcato et al., 2018), which may explain the tendency 
for higher saliva TP concentrations on d 7 in the DC com-
pared with the HC group. During gastrointestinal inflam-
mation, proinflammatory proteins may increase in saliva 
(Botía et al., 2023; Ortín-Bustillo et al., 2023; Rodrigues 
et al., 2023), which could have also contributed to the 
increased saliva TP concentrations observed in the DC 
compared with the HC group. Proinflammatory proteins 
such as IL, lead to the activation of immune cells (Kany 
et al., 2019). Some IL, such as IL-17, can upregulate 
pIgR, a key mediator of mucosal IgA and IgM secretion 
(Brandtzaeg, 2013). In fact, the saliva expression of Ig is 
regulated by mucosal and gut-associated lymphoid tissue 
in humans as part of the immune response (Mestecky et 
al., 1978; Czerkinsky et al., 1991; Cesta, 2006). There-
fore, although no differences in saliva Ig concentrations 
were observed between HC and DC on d 7, the present 
results do not exclude a humoral immune response in 
the DC group on d 7, although additional sampling days 
would be required to confirm this hypothesis. Because 
the mucosal immune system can act independently of the 
systemic immune system (Cesta, 2006), this may explain 
the different pattern observed in serum.

In the present study, saliva samples were collected be-
fore feeding to avoid the presence of residual colostrum 
or milk components in the oral cavity. Carlander et al. 
(2002) described that oral-administered IgY may be still 
detectable (i.e., very low concentrations) in the human 
oral cavity 8 h after the administration. Similar studies 
about colostrum-derived Ig in the calf oral cavity are not 
available, however, it is likely that these Ig may still be 
detectable a few hours after colostrum intake. As saliva 
samples were collected 21 to 26 h after colostrum intake 
and 2 to 7 h after transition milk intake, the observed 
results are not likely dependent on residual Ig. However, 
given the absence of information in the literature regard-
ing residual Ig in the calf oral cavity after colostrum in-
take, further studies will be needed to better understand 
the dynamics of saliva Ig in newborn calves.

CONCLUSIONS

This study showed that IgG, IgA, IgM, and TP concen-
trations in saliva, in the first days of life, were associated 
with calf health, with lower concentrations detected on 
calves that showed signs of enteric disease during the first 
week of life. In addition, it seems that the oral mucosa 
membranes in dairy calves are permeable to Ig during the 
first hours of life, increasing their diffusion from blood 
to saliva. This fact highlights the importance of saliva Ig 
in establishing mucosal protection and preventing enteric 
disease in newborn calves. Further studies are needed to 
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better understand the role of Ig acquired from colostrum 
in the mucosal defenses of newborn calves.

NOTES

This work is funded by national funds through FCT—
Foundation for Science and Technology (Vila Real, 
Portugal) under Projects CECAV UIDB/00772/2020 
(https: / / doi .org/ 10 .54499/ UIDB/ 00772/ 2020), MED 
UIDB/05183 (https: / / doi .org/ 10 .54499/ UIDB/ 05183/ 
2020; https: / / doi .org/ 10 .54499/ UIDP/ 05183/ 2020), and 
CHANGE (https: / / doi .org/ 10 .54499/ LA/ P/ 0121/ 2020), 
and F.G.S.’s PhD grant UI/BD/150834/2021. The author 
M. González-Cabrera acknowledges financial support 
from the Formación de Profesorado Universitario pro-
gram (FPU, Ministerio de Universidades, Gobierno de 
España, Spain; FPU21/00956). Supplemental material 
for this article is available at https: / / doi .org/ 10 .5281/ 
zenodo .15737910. The experiment was approved by the 
Ethical Committee for Animal Experimentation of the 
Universidade de Trás-os-Montes e Alto Douro follow-
ing the national legislation (ORBEA-UTAD; Procedure 
2664-e-DZ-2023). The authors have not stated any con-
flicts of interest.

Nonstandard abbreviations used: AEA = apparent 
efficiency of absorption; DC = diarrheic calf; EPP = 
ethophysiological profile; FTPI = failure of TPI; HC = 
healthy calf; HS = health status; LMM = linear mixed 
model; pIgR = polymeric Ig receptor; PSS = proportion 
of saliva relative to serum; T = time; TP = total protein; 
TPI = transfer of passive immunity.

REFERENCES

AOAC International. 2000. Official Methods of Analysis. 17th ed. 
AOAC International, Gaithersburg, MD

Baumrucker, C. R., and R. M. Bruckmaier. 2014. Colostrogenesis: 
IgG1 transcytosis mechanisms. J. Mammary Gland Biol. Neoplasia 
19:103–117. https: / / doi .org/ 10 .1007/ s10911 -013 -9313 -5.

Boes, M. 2000. Role of natural and immune IgM antibodies in immune 
responses. Mol. Immunol. 37:1141–1149. https: / / doi .org/ 10 .1016/ 
S0161 -5890(01)00025 -6.

Botía, M., M. López-Arjona, D. Escribano, M. D. Contreras-Aguilar, 
P. J. Vallejo-Mateo, J. J. Cerón, and S. Martínez-Subiela. 2023. 
Measurement of haptoglobin in saliva of cows: Validation of an 
assay and a pilot study of its potential application. Res. Vet. Sci. 
158:44–49. https: / / doi .org/ 10 .1016/ j .rvsc .2023 .03 .005.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal. Biochem. 72:248–254. https: / / doi .org/ 10 .1016/ 
0003 -2697(76)90527 -3.

Brandtzaeg, P. 2007. Do salivary antibodies reliably reflect both mucosal 
and systemic immunity? Ann. N. Y. Acad. Sci. 1098:288–311. https: 
/ / doi .org/ 10 .1196/ annals .1384 .012.

Brandtzaeg, P. 2013. Secretory immunity with special reference to the 
oral cavity. J. Oral Microbiol. 5:20401. https: / / doi .org/ 10 .3402/ jom 
.v5i0 .20401.

Bush, L. J., and T. E. Staley. 1980. Absorption of colostral immuno-
globulins in newborn calves. J. Dairy Sci. 63:672–680. https: / / doi 
.org/ 10 .3168/ jds .S0022 -0302(80)82989 -4.

Carlander, D., H. Kollberg, and A. Larsson. 2002. Retention of specific 
yolk IgY in the human oral cavity. BioDrugs 16:433–437. https: / / doi 
.org/ 10 .2165/ 00063030 -200216060 -00004.

Castilla Gómez de Agüero, V., E. Valderas-García, L. González del Pa-
lacio, F. J. Giráldez, R. Balaña-Fouce, and M. Martínez-Valladares. 
2023. Secretory IgA as biomarker for gastrointestinal nematodes 
natural infection in different breed sheep. Animals (Basel) 13:2189. 
https: / / doi .org/ 10 .3390/ ani13132189.

Cerón, J. J. 2019. Acute phase proteins, saliva and education in labora-
tory science: An update and some reflections. BMC Vet. Res. 15:197. 
https: / / doi .org/ 10 .1186/ s12917 -019 -1931 -8.

Cesta, M. F. 2006. Normal structure, function, and histology of mucosa-
associated lymphoid tissue. Toxicol. Pathol. 34:599–608. https: / / doi 
.org/ 10 .1080/ 01926230600865531.

Chase, C. C. L., D. J. Hurley, and A. J. Reber. 2008. Neonatal immune 
development in the calf and its impact on vaccine response. Vet. 
Clin. North Am. Food Anim. Pract. 24:87–104. https: / / doi .org/ 10 
.1016/ j .cvfa .2007 .11 .001.

Chucri, T. M., J. M. Monteiro, A. R. Lima, M. L. B. Salvadori, J. R. K. 
Junior, and M. A. Miglino. 2010. A review of immune transfer by the 
placenta. J. Reprod. Immunol. 87:14–20. https: / / doi .org/ 10 .1016/ j 
.jri .2010 .08 .062.

Czerkinsky, C., A. M. Svennerholm, M. Quiding, R. Jonsson, and J. 
Holmgren. 1991. Antibody-producing cells in peripheral blood and 
salivary glands after oral cholera vaccination of humans. Infect. Im-
mun. 59:996–1001. https: / / doi .org/ 10 .1128/ iai .59 .3 .996 -1001 .1991.

Estes, D. M. 2010. Regulation of IgA responses in cattle, humans and 
mice. Vet. Immunol. Immunopathol. 138:312–317. https: / / doi .org/ 
10 .1016/ j .vetimm .2010 .10 .009.

Fábián, T. K., P. Hermann, A. Beck, P. Fejérdy, and G. Fábián. 2012. 
Salivary defense proteins: Their network and role in innate and ac-
quired oral immunity. Int. J. Mol. Sci. 13:4295–4320. https: / / doi .org/ 
10 .3390/ ijms13044295.

Fischer, S., S. Diers, R. Bauerfeind, C.-P. Czerny, and S. Neumann. 
2016. Dynamics of salivary immunoglobulin A and serum interleu-
kin 6 levels in newborn calves. Livest. Sci. 189:1–7. https: / / doi .org/ 
10 .1016/ j .livsci .2016 .05 .001.

Fouhse, J. M., L. Smiegielski, M. Tuplin, L. L. Guan, and B. P. Willing. 
2017. Host immune selection of rumen bacteria through salivary se-
cretory IgA. Front. Microbiol. 8:848. https: / / doi .org/ 10 .3389/ fmicb 
.2017 .00848.

Godden, S. M., J. E. Lombard, and A. R. Woolums. 2019. Colostrum 
management for dairy calves. Vet. Clin. North Am. Food Anim. 
Pract. 35:535–556. https: / / doi .org/ 10 .1016/ j .cvfa .2019 .07 .005.

Goodier, G. E., J. C. Williams, K. L. O’Reilly, T. G. Snider, C. C. Stanley, 
A. H. Dolejsiova, and C. C. Williams. 2012. Effects of supplemental 
vitamin E and lasalocid on growth and immune responses of calves 
challenged with Eimeria bovis. Prof. Anim. Sci. 28:97–107. https: / / 
doi .org/ 10 .15232/ S1080 -7446(15)30320 -X.

Halleran, J., H. J. Sylvester, and D. M. Foster. 2017. Short communica-
tion: Apparent efficiency of colostral immunoglobulin G absorption 
in Holstein heifers. J. Dairy Sci. 100:3282–3286. https: / / doi .org/ 10 
.3168/ jds .2016 -11904.

Heinrichs, A. J., B. S. Heinrichs, and C. M. Jones. 2013. Fecal and saliva 
IgA secretion when feeding a concentrated mannan oligosaccharide 
to neonatal dairy calves. Prof. Anim. Sci. 29:457–462. https: / / doi 
.org/ 10 .15232/ S1080 -7446(15)30266 -7.

Hernández-Castellano, L. E., A. Almeida, N. Castro, and A. Arguello. 
2014. The colostrum proteome, ruminant nutrition and immunity: A 
review. Curr. Protein Pept. Sci. 15:64–74. https: / / doi .org/ 10 .2174/ 
1389203715666140221124622.

Horton, R. E., and G. Vidarsson. 2013. Antibodies and their receptors: 
Different potential roles in mucosal defense. Front. Immunol. 4:200. 
https: / / doi .org/ 10 .3389/ fimmu .2013 .00200.

Husband, A. J., M. R. Brandon, and A. K. Lascelles. 1972. Absorption 
and endogenous production of immunoglobulins in calves. Immunol. 
Cell Biol. 50:491–498. https: / / doi .org/ 10 .1038/ icb .1972 .41.

Silva et al.: SERUM AND SALIVA IMMUNOGLOBULINS IN CALVES

https://doi.org/10.54499/UIDB/00772/2020
https://doi.org/10.54499/UIDB/05183/2020
https://doi.org/10.54499/UIDB/05183/2020
https://doi.org/10.54499/UIDP/05183/2020
https://doi.org/10.54499/LA/P/0121/2020
https://doi.org/10.5281/zenodo.15737910
https://doi.org/10.5281/zenodo.15737910
https://doi.org/10.1007/s10911-013-9313-5
https://doi.org/10.1016/S0161-5890(01)00025-6
https://doi.org/10.1016/S0161-5890(01)00025-6
https://doi.org/10.1016/j.rvsc.2023.03.005
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1196/annals.1384.012
https://doi.org/10.1196/annals.1384.012
https://doi.org/10.3402/jom.v5i0.20401
https://doi.org/10.3402/jom.v5i0.20401
https://doi.org/10.3168/jds.S0022-0302(80)82989-4
https://doi.org/10.3168/jds.S0022-0302(80)82989-4
https://doi.org/10.2165/00063030-200216060-00004
https://doi.org/10.2165/00063030-200216060-00004
https://doi.org/10.3390/ani13132189
https://doi.org/10.1186/s12917-019-1931-8
https://doi.org/10.1080/01926230600865531
https://doi.org/10.1080/01926230600865531
https://doi.org/10.1016/j.cvfa.2007.11.001
https://doi.org/10.1016/j.cvfa.2007.11.001
https://doi.org/10.1016/j.jri.2010.08.062
https://doi.org/10.1016/j.jri.2010.08.062
https://doi.org/10.1128/iai.59.3.996-1001.1991
https://doi.org/10.1016/j.vetimm.2010.10.009
https://doi.org/10.1016/j.vetimm.2010.10.009
https://doi.org/10.3390/ijms13044295
https://doi.org/10.3390/ijms13044295
https://doi.org/10.1016/j.livsci.2016.05.001
https://doi.org/10.1016/j.livsci.2016.05.001
https://doi.org/10.3389/fmicb.2017.00848
https://doi.org/10.3389/fmicb.2017.00848
https://doi.org/10.1016/j.cvfa.2019.07.005
https://doi.org/10.15232/S1080-7446(15)30320-X
https://doi.org/10.15232/S1080-7446(15)30320-X
https://doi.org/10.3168/jds.2016-11904
https://doi.org/10.3168/jds.2016-11904
https://doi.org/10.15232/S1080-7446(15)30266-7
https://doi.org/10.15232/S1080-7446(15)30266-7
https://doi.org/10.2174/1389203715666140221124622
https://doi.org/10.2174/1389203715666140221124622
https://doi.org/10.3389/fimmu.2013.00200
https://doi.org/10.1038/icb.1972.41


10347

Journal of Dairy Science Vol. 108 No. 9, 2025

Husband, A. J., and A. K. Lascelles. 1975. Antibody responses to neo-
natal immunisation in calves. Res. Vet. Sci. 18:201–207. https: / / doi 
.org/ 10 .1016/ S0034 -5288(18)33614 -2.

Johnsen, J. F., M. Chincarini, Å. M. Sogstad, L. Sølverød, M. Vatne, C. 
M. Mejdell, and L. Hänninen. 2019. Salivary IgG levels in neonatal 
calves and its association to serum IgG: An observational pilot study. 
Transl. Anim. Sci. 3:589–593. https: / / doi .org/ 10 .1093/ tas/ txz001.

Kany, S., J. T. Vollrath, and B. Relja. 2019. Cytokines in inflamma-
tory disease. Int. J. Mol. Sci. 20:6008. https: / / doi .org/ 10 .3390/ 
ijms20236008.

Kawai, K., T. Hayashi, Y. Kiku, T. Chiba, H. Nagahata, H. Higuchi, T. 
Obayashi, S. Itoh, K. Onda, S. Arai, R. Sato, and T. Oshida. 2013. 
Reliability in somatic cell count measurement of clinical mastitis 
milk using DeLaval cell counter. Anim. Sci. J. 84:805–807. https: / / 
doi .org/ 10 .1111/ asj .12136.

Kruse, V. 1970. Absorption of immunoglobulin from colostrum in 
newborn calves. Anim. Sci. 12:627–638. https: / / doi .org/ 10 .1017/ 
S0003356100029275.

Lamy, E., V. Jurkovich, L. Rodrigues, A. Geraldo, L. Cachucho, F. Silva, 
C. Matos, F. Capela e Silva, C. Pinheiro, L. Könyves, M. Bakony, 
and A. Pereira. 2017. Detection of 70 kDa heat shock protein in the 
saliva of dairy cows. J. Dairy Res. 84:280–282. https: / / doi .org/ 10 
.1017/ S0022029917000280.

Lamy, E., and M. Mau. 2012. Saliva proteomics as an emerging, non-
invasive tool to study livestock physiology, nutrition and diseases. 
J. Proteomics 75:4251–4258. https: / / doi .org/ 10 .1016/ j .jprot .2012 .05 
.007.

Lee, D. K. 2020. Data transformation: A focus on the interpretation. Ko-
rean J. Anesthesiol. 73:503–508. https: / / doi .org/ 10 .4097/ kja .20137.

Lehner, T. 1969. Immunoglobulin estimation of blood and saliva in hu-
man recurrent oral ulceration. Arch. Oral Biol. 14:351–364. https: / / 
doi .org/ 10 .1016/ 0003 -9969(69)90089 -2.

Lopez, A. J., C. M. Jones, A. J. Geiger, and A. J. Heinrichs. 2020. Short 
communication: Variation in serum immunoglobulin G concentra-
tions from birth to 112 days of age in Holstein calves fed a com-
mercial colostrum replacer or maternal colostrum. J. Dairy Sci. 
103:7535–7539. https: / / doi .org/ 10 .3168/ jds .2020 -18400.

Mach, J.-P., and J.-J. Pahud. 1971. Secretory IgA, a major immunoglob-
ulin in most bovine external secretions. J. Immunol. 106:552–563. 
https: / / doi .org/ 10 .4049/ jimmunol .106 .2 .552.

Marcato, F., H. van den Brand, B. Kemp, and K. van Reenen. 2018. 
Evaluating potential biomarkers of health and performance in veal 
calves. Front. Vet. Sci. 5:133. https: / / doi .org/ 10 .3389/ fvets .2018 
.00133.

McCarthy, M. C., L. O’Grady, C. G. McAloon, and J. F. Mee. 2021. 
The effect of contract-rearing on the health status of replacement 
dairy heifers. Animals (Basel) 11:3447. https: / / doi .org/ 10 .3390/ 
ani11123447.

McGuirk, S. M. 2008. Disease management of dairy calves and heifers. 
Vet. Clin. North Am. Food Anim. Pract. 24:139–153. https: / / doi .org/ 
10 .1016/ j .cvfa .2007 .10 .003.

McGuirk, S. M., and S. F. Peek. 2014. Timely diagnosis of dairy calf re-
spiratory disease using a standardized scoring system. Anim. Health 
Res. Rev. 15:145–147. https: / / doi .org/ 10 .1017/ S1466252314000267.

Mee, J. F. 2008. Managing the calf at calving time. Am. Assoc. Bov. Pract. 
Conf. Proc. 41:46–53. https: / / doi .org/ 10 .21423/ aabppro20084365.

Mestecky, J., J. R. McGhee, R. R. Arnold, S. M. Michalek, S. J. Prince, 
and J. L. Babb. 1978. Selective induction of an immune response in 
human external secretions by ingestion of bacterial antigen. J. Clin. 
Invest. 61:731–737. https: / / doi .org/ 10 .1172/ JCI108986.

Murphy, J. M., J. V. Hagey, and M. Chigerwe. 2014. Comparison of 
serum immunoglobulin G half-life in dairy calves fed colostrum, 
colostrum replacer or administered with intravenous bovine plasma. 
Vet. Immunol. Immunopathol. 158:233–237. https: / / doi .org/ 10 
.1016/ j .vetimm .2014 .01 .008.

Murray, C. F. 2014. Characteristics, risk factors and management pro-
grams for vitality of newborn dairy calves. PhD thesis. Department 
of Population Medicine, University of Guelph, Guelph, Canada.

Ortín-Bustillo, A., M. Botía, M. J. López-Martínez, S. Martínez-Subiela, 
J. J. Cerón, A. González-Bulnes, E. G. Manzanilla, E. Goyena, F. 
Tecles, and A. Muñoz-Prieto. 2023. Changes in S100A8/A9 and 

S100A12 and their comparison with other analytes in the saliva of 
pigs with diarrhea due to E. coli. Animals (Basel) 13:2556. https: / / 
doi .org/ 10 .3390/ ani13162556.

Pfaffe, T., J. Cooper-White, P. Beyerlein, K. Kostner, and C. Punyadeera. 
2011. Diagnostic potential of saliva: Current state and future appli-
cations. Clin. Chem. 57:675–687. https: / / doi .org/ 10 .1373/ clinchem 
.2010 .153767.

Quezada-Mendoza, V. C., A. J. Heinrichs, and C. M. Jones. 2011. The ef-
fects of a prebiotic supplement (prebio support) on fecal and salivary 
IgA in neonatal dairy calves. Livest. Sci. 142:222–228. https: / / doi 
.org/ 10 .1016/ j .livsci .2011 .07 .015.

R Core Team. 2024. R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing. Vienna, Aus-
tria. Accessed Mar. 17, 2025. https: / / www .R -project .org/ .

Renaud, D. L., T. F. Duffield, S. J. LeBlanc, D. B. Haley, and D. F. 
Kelton. 2018. Clinical and metabolic indicators associated with 
early mortality at a milk-fed veal facility: A prospective case-control 
study. J. Dairy Sci. 101:2669–2678. https: / / doi .org/ 10 .3168/ jds .2017 
-14042.

Rodrigues, M., M. J. López-Martinez, A. Ortin-Bustillo, J. J. Cerón, S. 
Martinez-Subiela, A. Muñoz-Prieto, and E. Lamy. 2023. Changes in 
the saliva proteome of pigs with diarrhoea caused by Escherichia 
coli. Proteomes 11:14. https: / / doi .org/ 10 .3390/ proteomes11020014.

Sangild, P. T. 2003. Uptake of colostral immunoglobulins by the com-
promised newborn farm animal. Acta Vet. Scand. 44:S105. https: / / 
doi .org/ 10 .1186/ 1751 -0147 -44 -S1 -S105.

Schulz, J., B. Plischke, and H. Braun. 1997. Sucking and drinking 
behavior as criteria of vitality in newborn calves. Tierarztl. Prax. 
25:116–122.

Selner, J. C., D. A. Merrill, and H. N. Claman. 1968. Salivary im-
munoglobulin and albumin: Development during the newborn 
period. J. Pediatr. 72:685–689. https: / / doi .org/ 10 .1016/ S0022 
-3476(68)80014 -9.

Smith, W. D., P. W. Wells, C. Burrells, and A. M. Dawson. 1976. Ma-
ternal immunoglobulins and parainfluenza 3 virus inhibitors in the 
nasal and lachrymal secretions and serum of newborn lambs. Clin. 
Exp. Immunol. 23:544–553.

Staley, M., M. G. Conners, K. Hall, and L. J. Miller. 2018. Linking stress 
and immunity: Immunoglobulin A as a non-invasive physiological 
biomarker in animal welfare studies. Horm. Behav. 102:55–68. 
https: / / doi .org/ 10 .1016/ j .yhbeh .2018 .04 .011.

Steerforth, D.-D., and S. Van Winden. 2018. Development of clinical 
sign-based scoring system for assessment of omphalitis in neonatal 
calves. Vet. Rec. 182:549. https: / / doi .org/ 10 .1136/ vr .104213.

Stott, G. H., and B. E. Menefee. 1978. Selective absorption of immuno-
globulin lgM in the new born calf. J. Dairy Sci. 61:461–466. https: / / 
doi .org/ 10 .3168/ jds .S0022 -0302(78)83621 -2.

Strober, W., R. M. Blaese, and T. A. Waldmann. 1970. The origin of 
salivary IgA. J. Lab. Clin. Med. 75:856–862.

Vlasova, A. N., and L. J. Saif. 2021. Bovine immunology: Implications 
for dairy cattle. Front. Immunol. 12:643206. https: / / doi .org/ 10 .3389/ 
fimmu .2021 .643206.

Walsh, N. P., J. C. Montague, N. Callow, and A. V. Rowlands. 2004. 
Saliva flow rate, total protein concentration and osmolality as poten-
tial markers of whole body hydration status during progressive acute 
dehydration in humans. Arch. Oral Biol. 49:149–154. https: / / doi .org/ 
10 .1016/ j .archoralbio .2003 .08 .001.

Weaver, D. M., J. W. Tyler, D. C. VanMetre, D. E. Hostetler, and G. 
M. Barrington. 2000. Passive transfer of colostral immunoglobulins 
in calves. J. Vet. Intern. Med. 14:569–577. https: / / doi .org/ 10 .1111/ j 
.1939 -1676 .2000 .tb02278 .x.

Wilm, J., J. H. C. Costa, H. W. Neave, D. M. Weary, and M. A. G. von 
Keyserlingk. 2018. Technical note: Serum total protein and immuno-
globulin G concentrations in neonatal dairy calves over the first 10 
days of age. J. Dairy Sci. 101:6430–6436. https: / / doi .org/ 10 .3168/ 
jds .2017 -13553.

Yoshida, M., S. M. Claypool, J. S. Wagner, E. Mizoguchi, A. Mizoguchi, 
D. C. Roopenian, W. I. Lencer, and R. S. Blumberg. 2004. Human 
neonatal Fc receptor mediates transport of IgG into luminal secre-
tions for delivery of antigens to mucosal dendritic cells. Immunity 
20:769–783. https: / / doi .org/ 10 .1016/ j .immuni .2004 .05 .007.

Silva et al.: SERUM AND SALIVA IMMUNOGLOBULINS IN CALVES

https://doi.org/10.1016/S0034-5288(18)33614-2
https://doi.org/10.1016/S0034-5288(18)33614-2
https://doi.org/10.1093/tas/txz001
https://doi.org/10.3390/ijms20236008
https://doi.org/10.3390/ijms20236008
https://doi.org/10.1111/asj.12136
https://doi.org/10.1111/asj.12136
https://doi.org/10.1017/S0003356100029275
https://doi.org/10.1017/S0003356100029275
https://doi.org/10.1017/S0022029917000280
https://doi.org/10.1017/S0022029917000280
https://doi.org/10.1016/j.jprot.2012.05.007
https://doi.org/10.1016/j.jprot.2012.05.007
https://doi.org/10.4097/kja.20137
https://doi.org/10.1016/0003-9969(69)90089-2
https://doi.org/10.1016/0003-9969(69)90089-2
https://doi.org/10.3168/jds.2020-18400
https://doi.org/10.4049/jimmunol.106.2.552
https://doi.org/10.3389/fvets.2018.00133
https://doi.org/10.3389/fvets.2018.00133
https://doi.org/10.3390/ani11123447
https://doi.org/10.3390/ani11123447
https://doi.org/10.1016/j.cvfa.2007.10.003
https://doi.org/10.1016/j.cvfa.2007.10.003
https://doi.org/10.1017/S1466252314000267
https://doi.org/10.21423/aabppro20084365
https://doi.org/10.1172/JCI108986
https://doi.org/10.1016/j.vetimm.2014.01.008
https://doi.org/10.1016/j.vetimm.2014.01.008
https://doi.org/10.3390/ani13162556
https://doi.org/10.3390/ani13162556
https://doi.org/10.1373/clinchem.2010.153767
https://doi.org/10.1373/clinchem.2010.153767
https://doi.org/10.1016/j.livsci.2011.07.015
https://doi.org/10.1016/j.livsci.2011.07.015
https://www.R-project.org/
https://doi.org/10.3168/jds.2017-14042
https://doi.org/10.3168/jds.2017-14042
https://doi.org/10.3390/proteomes11020014
https://doi.org/10.1186/1751-0147-44-S1-S105
https://doi.org/10.1186/1751-0147-44-S1-S105
https://doi.org/10.1016/S0022-3476(68)80014-9
https://doi.org/10.1016/S0022-3476(68)80014-9
https://doi.org/10.1016/j.yhbeh.2018.04.011
https://doi.org/10.1136/vr.104213
https://doi.org/10.3168/jds.S0022-0302(78)83621-2
https://doi.org/10.3168/jds.S0022-0302(78)83621-2
https://doi.org/10.3389/fimmu.2021.643206
https://doi.org/10.3389/fimmu.2021.643206
https://doi.org/10.1016/j.archoralbio.2003.08.001
https://doi.org/10.1016/j.archoralbio.2003.08.001
https://doi.org/10.1111/j.1939-1676.2000.tb02278.x
https://doi.org/10.1111/j.1939-1676.2000.tb02278.x
https://doi.org/10.3168/jds.2017-13553
https://doi.org/10.3168/jds.2017-13553
https://doi.org/10.1016/j.immuni.2004.05.007

	Serum and saliva immunoglobulin (immunoglobulin G, immunoglobulin A, and immunoglobulin M) dynamics in newborn calves and their association with health status during the first week of life: An exploratory study
	INTRODUCTION
	MATERIALS AND METHODS
	Animals and Management
	Sample Collection
	Laboratory Analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	NOTES
	REFERENCES


