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The objective of this research was to evaluate the influence of cells from colostrum on the health of neonate
calves. Animals were distributed in 2 groups: COL+ (n = 9) which received fresh colostrum from their own
damns; and COL− (n=10) which received frozen colostrums from donors. Heifers were assessed before colos-
trum intake –D0;D2; D7; D14;D21 andD28.Heifersweremonitored by clinical examination, hematological pro-
file and serum iron. COL− had a higher diarrhea intensity score (typically 3) on D7. Moreover, a single case each
of bronchopneumonia and navel inflammation were observed in COL− calves. COL− had fewer red blood cells
(RBC) (6.5 ± 0.8 × 106/μL) and less hemoglobin (Hgb) (8.3 ± 1.4 g/dL) than COL+ (RBC = 7.2 ± 0.8 × 106/μL;
Hgb= 9.6± 1.3 g/dL) at D14 (P ≤ 0.05). COL− hadmore anemia on D21 (P=0.03) and on D28 (P=0.02). Iron
was lower in COL− (5.6± 2.7 μM/L) than COL+ (10.7± 6.2 μM/L) (P=0.03) on D7. Lymphocyteswas lower in
COL− than COL+ on D7 (3.8 ± 1.0 × 103/μL COL+ and 5.4 ± 2.2 × 103/μL COL−, P = 0.02). COL− calves had
more anemia and lower serum iron concomitant with diarrhea on D7. The number of leukocytes was relatively
consistent in the COL+calves, while COL− calves showed an increasing number of of lymphocytes starting onD7.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

The period immediately following birth is a critical window of adap-
tation for the neonate. The neonate must develop functional indepen-
dence from the protected maternal internal environment after birth.
During this adaption process, the initial näive immune system of the
calf is enhanced and activated progressively as a result of exposure to
microorganisms in thematernal environment. Protection of the neonate
during the preweaning period is initially dependent on the transfer of
maternal immune factors from colostrum, but undergoes progressive
maturation to a fully functional state (Chase et al., 2008).

Colostrum contains high concentrations of nutrients, immune com-
ponents and hormones to support growth and maturation of the phys-
iological development of the calf. Colostrum contains immunologically
important cytokines, antibodies and a large number of maternal leuko-
cytes for the immune priming and early protection of the neonate. The
role of colostral antibodies in neonatal protection has been well
edicine and Animal Science,
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established. However, the role of thematernal leukocytes and cytokines
in colostrum have yet to be fully established.

Bovine colostrum contains about 1 × 106 cells/mL, of which 30% are
viability (Godden et al., 2012).Macrophages represent the predominant
leukocytes (69 ± 15%) in colostrum. Colostrum also contains T cells
(16%) and B cells (11%) (Park et al., 1992).

Watson (1980) suggested that colostrum-derived leukocytes could
be transferred to the neonatal calf. The passage of cells through the gas-
trointestinal epithelium has been reported in several species (including
cattle) (Sheldrake and Husband, 1985; Tuboly et al., 1988; Williams,
1993; Reber et al., 2006). Fluorescent maternal leukocytes were detect-
ed in the blood, Peyer's patch and lymph nodes in newborn calves
(Liebler-Tenorio et al., 2002; Reber et al., 2006; Aldridge et al., 1998).

These studies indicated that the transfer of cells from colostrum
(COL+) to the tissues of the neonate enhanced the innate and specific
immune response in neonate calves. Calves fed colostrum with viable
cells had higher number of neutrophils and greater bactericidal activity
than calves feed cell-free colostrum. The phenotypic profile of the calves
that received cell free colostrum suggested a bias toward pro-inflamma-
tory responses (Reber et al., 2008a, 2008b). Evidence of specific immune
effects of cells from colostrumcan be found in an increased of number of
blood lymphocytes, enhanced proliferative response to antigen,
superantigen and mitogens, and enhanced antibody production after
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stimulation with antigen in calves receiving viable maternal leukocytes
(Riedel-Caspari and Schmidt, 1991a; Riedel-Caspari and Schmidt,
1991b; Donovan et al., 2007). Moreover, circulating bloodmononuclear
cells from these animals expressed a greater percentage of activation
markers on their surface (Reber et al., 2008a, 2008b, Reber et al.,
2006; Langel et al., 2015). On the other hand, feeding calves fresh colos-
trum suppressed B cells differentiation in the mesenteric lymph nodes
relative to colostrum deprived calves (Aldridge et al., 1998).

Colostrum management represents a risk factor for disease during
the first three months of life, specially diarrhea (21%) and respiratory
disease (22%) (Windeyer et al., 2014). Total serum total protein and
total immunoglobulin levels have been used to evaluate the efficacy of
passive immune transfer However, studies characterizing the impor-
tance on health of transfer of viablematernal cells with colostrum to ne-
onate are scarce. Langel et al. (2015) did not find a difference in the
diarrhea associated fecal score between birth and 45 days of age in
dairy calves fed cell-free colostrum (CFC) orwhole colostrum.However,
calves that did not receive maternal cells had more evidence of respira-
tory disease than calves that received viable maternal cells on day 38 of
their study.

The hypothesis of this study is that the transfer of viable maternal
leukocytes with colostrum, and the activity of their subsequent prod-
ucts, enhanced the neonatal protective environment and the impact of
maternal antibodies in protecting the calf. Further, maternal antibody
and transferred maternal immune cells and cytokine synergize in the
development of the innate and adaptive immunity in the preweaning
calf. This synergy provides amechanism to reduce the incidence and se-
verity of disease during the preweaning period. Thus, the objectives of
this research were to evaluate the influence of viable maternal cells de-
liveredwith colostrumon the health and hematological development of
calves specifically during the first 28 days of life.

2. Materials and methods

2.1. Farm and animals

This research was approved by University of Sao Paulo Animal Care
and Use Committee number n°2934/2013. The experiment was con-
ducted on a commercial farm localized at Sao Paulo- Brazil between
July and October of 2014.

Holstein cows were moved from dry-cow pasture to the maternity
barn 30 days before the expected delivery date of each cow. Natural
suckling was prevented by monitoring the birth of each calf by veteri-
narians from research team. Healthy calves from eutocic deliveries
were selected for the study following a clinical examination. The clinical
examination was performed using a standard protocol.

Holstein heifer calveswere distributed in two groups: COL+ (n=9)
which received whole colostrum containing viable immune cells from
their own damns, and COL− (n=10)which received frozen colostrum
containing no viable maternal cells from donor cows.

Dams and donor were milked immediately after delivery using a
portable milking machine at the maternity unit. Colostrumwas collect-
ed after cleaning teats with soap andwater, dipping each teat in a 1% io-
dine solution and drying with a paper towel. Each calf received
colostrum of similar quality. Colostrum quality was defined by the im-
munoglobulin concentration using a colostometer (70–120 g/L) and as-
sessment with a Brix refratometer (23–32°). The median somatic cell
count of fresh colostrum was obtained using a direct microscopic
count, and had a mean of 1.9 × 106/mL (Gomes et al., 2011).

Donor colostrumwas stored in two plastic 2 L bottles for each COL−
calf, and frozen at −20 °C (24 h to 3 months) before thawing for use.
The first bottle was slowly warmed to 37 °C in a water bath, and fed
to each COL− calf within 3 h of birth. A second 2 L feeding was given
about 6 h later. After thawing, an aliquot of 20 mL was diluted 1:1
with Phosphate Buffer Saline (PBS) and centrifuged at 800 × g, 4 °C by
15 min. The fat and whey were removed after centrifugation. The cells
were washed in 20 mL of PBS, and the viability was assessed using
Trypan blue stain. No viable cellswere observed in any frozen colostrum
used in this research.

Each COL+ calf was fed no later than 6 h after birth using a bottle
containing two litters of fresh colostrum from its own damns. A second
2 L of whole colostrumwas held at 4 °C until it was warmed to 37 °C for
a second feeding 6 h later.

COL− and COL+ calves were moved to individual pens. They were
maintained in these for the 28 days of the study. Routine farmmanage-
mentwas applied. After colostrum intake, calves received 6 l of pasteur-
ized milk from the dairy herd per day that was divided between two
feedings, plus starter feed (Rumileite 20®, Guabi) and water ad libitum.

2.2. Clinical evaluation protocol

Calves were given a general clinical examination that included: vital
signs, hydration status, ocular mucous, capillary refill and palpation of
lymph nodes (Dirksen et al., 2008). Furthermore, fecal and broncho-
pneumonia scores were assessed in accordance with the Calf Heath
Scoring Criteria previously published by The University of Wisconsin
(Madison) by McGuirk (2008).

Fecal scoreswere assigned as 0 - normal consistence, 1 - pasty, semi-
formed; 2 - pasty with largest amount of water; or 3 - liquid with fecal
content adhered in the perineum and tail. Calves were assessed as hav-
ing diarrhea when the scores were 2 or 3. Bronchopneumonia was
scored using a combination of the following parameters: rectal temper-
ature, cough, nasal and ocular secretion and ear position with a score of
0–3 for each based on severity of each. Calves were assessed as having
bronchopneumonia when the sum of these scores was N5.0. Umbilical
region was evaluated by inspection and palpation to detect
inflammation.

2.3. Blood samples

Blood sampleswere collected in 9mL vacutainer tubes (BD, San Jose,
CA, USA) containing either Ethylenediaminetetraacetic acid (EDTA,
5.4mg per tube) or without anticoagulant by external jugular puncture.
Calves were assessed before colostrum intake (D0); 24–48 h (D2);
7 days (D7); 14 days (D14); 21 days (D21) and 28 days after bith (D28).

2.4. Hematology

The absolute red blood cell (RBC) number, hemoglobin (Hbg), he-
matocrit (HCT), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular hemoglobin concentration
(MCHC) and absolute total leukocyte count (WBC) were obtained
using an automatic counter (ABC Vet, ABX®). Leukocyte differential
(lymphocyte, monocytes, basophils, eosinophils and granulocyte-neu-
trophils per 100 WBC) was performed by manual method according
to cells morphology employing an optical microscope with 1000×
magnification.

2.5. Iron concentration

The serum iron concentration was determined using a commercial
kit (Ferro UIBC (CTLF), SI250, Randox®) in according to manufacturer
instructions.

2.6. Statistical analysis

Statistical analyses were realized by SPSS 19.0 (IBM Corp. Released
2011, IBM SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM
Corp.).

Data was tested for normality distribution by Shapiro-Wilk. Para-
metric data were expressed as mean and standard deviation. Tests
that did not generate a parametric distribution were expressed as
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median, minimum and maximum values. Differences between groups
were evaluated by application of unpaired t-test (for continuous vari-
ables) and Mann-Whitney (for non-normal or discontinuous
measures).

Parametric data were analyzed across time using a repeated mea-
sure ANOVA, and significant differences between time points in the se-
ries were assessed using the Bonferroni post-hoc. Friedman tested in
association with Wilcoxon test and the Bonferroni correction
(P ≤ 0.003) were used to analyze non-parametric data.

Not all calves had clinical signs of disease. Therefore, the frequencies
of positive and negative signs for each parameter were evaluated using
the Chi-Square test.

Differences were considered significant when P ≤ 0.05 (*), or to rep-
resent a tendency if P ≤ 0.10 (†).

3. Results

3.1. Clinical evaluation

The results for vital sign measurements are shown in Fig. 1. Mean
values of the vital signs demonstrated few differences between the
COL+ calves and COL− calves. The mean HR in the COL− calves
(179.0 ± 28.9 bpm) group was higher than COL+ calves (144.3 ±
21.1 bpm) on D0 (P = 0.01). COL− calves (61.8 ± 10.9mpm) had
higher respiratory rate than COL+ calves (54.4 ± 11.8mpm) on D14
(P = 0.10). We observed a statistical tendency for a difference in
mean T between the two groups on D14, with COL− calves having
higher mean T (P = 0.10).

Heart rate, respiratory rate and temperature were evaluated over
the first month of life. We observed a difference in HR between D2
(145.3 ± 17.2 bpm) and D14 (120.4 ± 14.1 bpm) for the COL+ calves
(P = 0.01), and D0 (179.0 ± 28.9 bpm) and D21 (113.8 ± 22.0 bpm)
in the COL− calves (P=0.00). Differences were also observed in respi-
ratory rate between D2 compared with D21 and D28 in both groups of
calves (P ≤ 0.05). Moreover, ANOVA analysis revealed differences be-
tween D0 and D2 (P = 0.004) in COL+ calves, and D14 compared
with D21 (P = 0.02) and D28 (P = 0.04) in COL− calves. The range of
body temperature was 38.6 ± 0.4 °C and 39.1 ± 0.5 °C for the COL+
calves, and 38.6 ± 0.5 °C and 39.2 ± 0.4 °C for COL− calves over the
course of the study. T means for each group did not change during the
period from birth to 28 days of age.
Fig. 1. Mean vital signs of the calves fed whole colostrum with viable maternal cells (COL +
*Differences between groups detected by t-test was considered if P ≤ 0.05 or (*) tendency to P
The incidence of dehydration was similar in each group. We ob-
served mild dehydration of 5.0 to 7.0% (based on clinical exam) on
D21 (for COL+ calves) and D28 (for COL− calves).

We observed ocular red mucous in half of calves in both groups on
D0. Pale mucous was observed in calves from both groups from D2 to
D28. However, the frequency of pale mucous in COL− calves (60.0%)
showing signs of anemia was higher than in COL+ calves (11.1%) on
D21 (P = 0.05).

Some calves in each group presented with larger subiliac,
mandibular or superficial cervical lymph nodes on initial physical
exam. However there was no difference in the frequency of enlarged
lymph node presentation between the two groups (P = 0.17).

Diarrhea was the most common disease problem observed over
the entire course this study beginning on D2 (Fig. 2). Other disease
problems observed during the study were navel inflammation (by
palpation) and respiratory disease (scored as described in the
methods). The frequency of diarrhea in both groups was high on
D7 (COL+ calves 55.5%; COL− calves 70.0%), and D14 (COL+ calves
77.8%; COL− calves 60.0%). Later observations yielded a decrease in
diarrhea frequency on D21 (COL+ calves 55.5%; COL− calves
50.0%), and D28 (COL+ calves 44.4%; COL− calves 50.0%). The
frequency of diarrhea diagnosis (fecal score 2 and 3) was similar
between groups for all points of measurement (P ≥ 0.05).

Bronchopneumonia was defined as a total respiratory score was
higher than 5.0. Respiratory disease was detected in only one
COL− calf in the study on D21. In addition, three COL− calves had
umbilical inflammation between D7 and D28.
3.2. Hematology values

The results of the RBC analysis are shown in Fig. 3. The absolute
RBC number was similar for both sets of calves from birth (COL+
calves 7.6 ± 1.0 × 106/μL; COL− calves 7.6 ± 0.7 × 106/μL) on D0
and D7 (COL+ calves 7.1 ± 0.8 × 106/μL; COL− calves 7.0 ±
1.0 × 106/μL). COL− calves had lower absolute numbers of RBC
on D14 (P = 0.05), D21 (P = 0.09) and D28 (P = 0.10) than
COL+ calves. The absolute number of RBC was higher immediately
after birth (D0) than on D2 (P = 0.02) in COL+ calves. RBC also
was higher on D0 than on D2 (P = 0.00), D14 (P = 0.02) or D21
(P = 0.00) in COL− calves.
n = 9) or viable cell-free colostrum (COL − n = 10) at birth over the course of the trial.
≤ 0.10 (†).



Fig. 2. Comparative fecal (diarrhea) scores of calves fed whole colostrum with viable maternal cells (COL+) or viable cell-free colostrum (COL−) over the course of this study. Legend:
Fecal score 0- normal consistence, 1 - pasty, semi-formed; 2 - pasty with largest amount of water; or 3 - liquid with fecal content adhered in the perineum and tail.
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Hemoglobin (Hgb) concentration peaked on D0 (COL+ calves
11.3 ± 1.7 g/dL; COL – calves = 11.1 ± 1.6 g/dL), after the values had
gradual decrease until D28 (COL+ = 8.8 ± 1.6 g/dL; COL− = 7.2 ±
1.3 g/dL). Differential assessment of the two treatment groups for Hgb
yielded a significant difference on D14 (COL+ calves 9.6 ± 1.3 g/dL;
COL− calves 8.3 ± 1.4 g/dL, P = 0.04) and a tendency toward a differ-
ence on D21 (COL+ calves 8.8 ± 1.0 g/dL; COL− calves 7.7 ± 1.3 g/dL,
P = 0.10) and D28 (COL + calves 8.8 ± 1.6 g/dL; COL− calves 7.2 ±
1.3 g/dL, P = 0.07).

ANOVA analysis of Hgb indicated a difference betweenD0 compared
with D21 (P = 0.00) and D28 (P = 0.00) in COL + calves. For COL−
calves, a difference was observed between D0 and D2 (P = 0.00), D0
and D14 (P = 0.00), D0 and D21 (P = 0.00), and D0 and D28 (P =
0.00). Moreover, the values observed on D2 and D7 also were also
higher than on D21 (P = 0.00; 0.01), and D28 (P = 0.00; 0.01) in
COL− calves.

HCT peaked on D0 (COL + = calves 36.9 ± 5.0%; COL− calves
36.1 ± 5.4%). This value declined steadily throughout the study
(COL + calves 26.1 ± 5.1%; COL− calves 20.6 ± 5.4%). The mean HCT
was higher in the COL + calves than COL− calves on D14 (P = 0.06)
and D28 (P = 0.07). ANOVA analysis indicated higher values for HCT
on D0 than all days D2 to D28 (P ≤ 0.05) in both treatment groups
groups. HCT was higher on D7 than D28 (P = 0.04) in COL+ calves,
and when comparing D2 and D7 with D21 and D28 (P ≤ 0.05) in
COL− calves.
There were no differences between groups in the pattern of MCV,
MCH andMCHC. However, ANOVA analysis indicated several difference
between sampling times. MCV decreased over the study period. Signif-
icant reduction was observed relative to D0 on D2 to D28 at every sam-
pling (P ≤ 0.05), between D2 and D7 to D28 at every sampling (P ≤ 0.05)
and between D7 and D21 and D28 (P ≤ 0.05) in both treatment groups.
COL+ calves also showed a significant difference between D7 and D14
(P = 0.03).

MCH also decreased over the course of the trial. Using ANOVA anal-
ysis, we found significant differences comparing D0, D2, D7 and D14
with D21 and D28 (P ≤ 0.05) for COL+ calves, and between D0 com-
pared with D14 and D21 (P ≤ 0.05), and D2 and D7 with D21
(P ≤ 0.05) in COL− calves. MCHC increased over the course of the
study. Using ANOVA analysis we observed significant differences
when D0 was compared with D2, D7, D14 and D21 (P ≤ 0.05) in each
treatment group. MCHC was lower on D0 than D28, D2 than D7, and
D2 than D28 in COL+ calves (P ≤ 0.05).

The interpretation of individual RBC parameters from individual
calves indicated anemia in calves over the period from D2 to D28
based on reference values established by Brun-Hansen et al. (2006).
The frequency of anemia observed among the calves was 22.2% and
30.0% on D2, 11.1% and 10.0% on D7, 22.2% and 50.0% on D14, 0.0%
and 40.0% on D21; and 0.0% and 50.0% on D28 for COL+ calves and
COL− calves, respectively. COL− calves had a significantly higher fre-
quency of anemia on D21 (P = 0.03) and on D28 (P = 0.02) than



Fig. 3.Mean of the hematological parameters measured for calves fed whole colostrum with viable maternal cells (COL+) or viable cell-free colostrum (COL−) over the course of the
study. Differences between COL+ and COL− groups for each parameter was considered if P b 0.05 (*) or tendency if P ≤ 0.10 (†).
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COL+ calves. Normocytic hypochromic anemia was the predominant
finding based on the red cells morphology.

COL + (21.7 ± 9.1 μM/L) and COL− (15.4 ± 9.8 μM/L) calves had
comparable iron concentration at birth. However, the iron concentra-
tion decreased in each groups on D2 (COL + = calves 9.0 ± 2.7;
COL− calves 10.1 ± 4.2 μM/L). Later in the trial, iron concentration
was stable for COL + calves (9.7 ± 6.3–13.3 ± 10.7 μM/L). In contrast
COL− calves showed two sharp decreases in serum iron concentration
on D7 (5.6 ± 2.7 μM/L) and the second on D21 (7.3 ± 3.1 μM/L). There
was a statistically significant difference in iron concentration between
the treatment groups on D7 (P = 0.03).

The number of WBC and distribution of lymphocytes and neutro-
phils is shown in Fig. 4. WBC varied only slightly over the course of
the study, from D0 up to D28 in COL+ calves (7.7 ± 3.6–12.1 ±
5.5 × 103/μL), and in COL− calves (6.9 ± 1.7–11.8 ± 5.8 × 103/μL)
(P ≥ 0.05). WBC mean was higher on D0 than D28 (P = 0.03) in
COL− calves.

In the COL + calves, the absolute number of neutrophils was stable
measured on D0, D2 and D7. The number declined at later samplings.
In contrast, COL− calves demonstrated a consistent decrease in the
number and percentage of neutrophils over the course of the study.
COL+calves had a tendency toward a higher percent of circulatingneu-
trophils on D7 (COL+ calves 62.2 ± 14.5%; COL− calves 49.6 ± 12.6%,
P= 0.09). ANOVA analysis indicated a higher percent of neutrophils in
circulation on D0 compared to D14 (P=0.02) and D0, D2 and D7 com-
pared to D21 and D28 (P ≤ 0.05) in COL+ calves; and between D0 and
D2 compared to D21 and D28 (P ≤ 0.05) for COL− calves. The Absolute
number of neutrophils (as ×103/μL) was higher on D0 than D21 and
D28 in COL+ calves, and D0 than D28 in COL− calves (P ≤ 0.05).

The percent of circulating lymphocytes tended to be higher in COL−
calves than COL+ calves on D7 (COL+ = 36.5 ± 14.5%; COL− =
49.7 ± 12.5%; P = 0.09). ANOVA analysis indicated significant differ-
ences between D0 compared with D7, and D21 compared with D28,
and D2 compared with D21 and D28 for both treatment groups
(P ≤ 0.05). Further, COL+ calves demonstrated a significant difference
when D7 was compared with D14, D21 and D28 (P ≤ 0.05).

The absolute values of lymphocytes showed a gradual increase in
each groups over the course of the study that was steady and progres-
sive. The absolute value for lymphocytes was higher in COL− calves
than COL+ calves onD0 (COL+ calves 2.7± 1.0 × 103/μL; COL− calves



Fig. 4. Mean leukocyte assessments for calves fed whole colostrum with viable maternal cells (COL+) or viable cell-free colostrum (COL−) over the course of the study. Differences
between COL+ and COL− groups for each parameter was considered if P b 0.05 (*) or tendency if P ≤ 0.10 (†).
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3.4 ± 1.0 × 103/μL, P= 0.01) and D7 (COL+ calves 3.8 ± 1.0 × 103/μL;
COL− calves 5.4 ± 2.2 × 103/μL, P = 0.02). ANOVA analysis indicated
lower mean absolute values of lymphocytes on D0 than D14 and D21
(P ≤ 0.05) in COL+ calves, and D0 and D2 compared with D21, and D2
compared with D28 (P ≤ 0.05) in COL− calves.

Monocytes, eosinophils and basophilswere not normally distributed
in this study. Theminimumandmaximumvalues observed in this study
were 0.00 to 0.86 × 103monocytes/mL, 0.00 to 0.47 × 103 basophils/mL
and 0.00 to 0.26 × 103 eosinophils/mL. This is reported for all calves in
the study and no significant differences between treatment groups
were observed at any sampling point in the study.

4. Discussion

This research evaluated the influence of viable maternal cells trans-
ferred in colostrumon thehealth of calves during thefirst 28 days of life.

The colostrum utilized in this study (fresh or frozen) was selected
based on both the immunoglobulin concentration (≥50.0 g/L) and the
Brix index (21.0°) using a standard reported by Quigley and coworkers
(Quigley et al., 2013). Themedian of somatic cell count in the colostrum
of the damns and donorwas 1.9 × 106 cell/mL. The heifers fedwhole co-
lostrum received about 8.0 × 109 totalmaternal cells in four litters of co-
lostrum within six hours after birth. Thirty percent (2.3 × 106/mL) of
these cells were probably viable (as reported by Godden et al., 2012).

In a previous study, we demonstrated that no viable maternal cells
survived the freezing and thawing of pooled colostrum at −20.0 °C
for aminimumperiod of 24 h. On the other hand, the refrigeration of co-
lostrum at 4.0 °C for six hours did not reduce the cellular viability
N30.0% (to about 20% viable) relative to freshly collected colostrum
(Novo et al., 2014). Langel et al. (2015) reported using a model with
similar treatments. However, they used liquid nitrogen to freeze
colostrum quickly, and then fed calves with frozen colostrum from
their own dams. In our study, COL− calves received frozen colostrum
from a pool of donor cows collected and frozen from the same farm
prior to the start of the calf study.

Clinical evaluation of calves at birth that continued through 28 days
of age was carried out using a clinical examination as defined in the
methods section of this paper. This included the assessment of fecal
scores and respiratory scores, and was combined with an assessment
of RBC and WBC parameters after what has been previously published
(Dirksen et al., 2008; Mcguirk, 2008; Poulsen and McGuirk, 2009).

Calves from the COL+ and COL− treatment groups had differences
in the parameters of general physical exam on D0 and D7. COL− calves
had higher heart rate than COL+ calves on D0. This difference might be
explained by the presence of two heifers in COL− group with tachycar-
dia immediately after birth based on reference values (100.0–150.0 bpm)
as previously reported by Mee (2008). Subsequent HR measurement of
these calves normalized during the rest of the study. Therefore, the
difference in HR in the COL− calves and COL+ calves was not an effect
of failure to receive viable maternal cells.

The higher respiratory rate and body temperature on D14 of the
COL− calves than COL+ calves and the finding of pale mucous on
D21 in the same calves indicates a less robust physiological develop-
ment of the heifers fed with frozen colostrum free of viable maternal
cells.

Diarrhea was disease condition most frequently observed during
this study. The frequency of diarrhea observed in this study was higher
for both treatment groups in this study (COL+ calves at 44.4–77.8%)
and COL− calves at 50.0–70.0%) than the prevalence (19.1%) and inci-
dence (21.2%) reported by previously (Bartels et al., 2010; Windeyer
et al., 2014). The farmwhere this researchwas conducted has given vac-
cines during the dry period with Escherichia coli, Rotavirus and
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Coronavirus antigens as the primary targets. If the vaccines had good ef-
ficacy, then the expectationwould be that a reduced occurrence of diar-
rhea should be observed. In other studies, Meganck et al. (2015)
demonstrated that similar vaccination of dams reduced the frequency
of diarrhea from39.9% to 14.3% in neonate calves. Thiswas not observed
in our study, suggesting that the vaccinations were not of the same
value under our farm management program.

The frequency of diarrhea was similar between groups, although
COL− calves had high intensity of this disease (average fecal score of
3) on D7 than COL+ calves. Riedel-Caspari (1993) reported similar
data to our study after experimental infection with enteropathogenic
Escherichia coli in calves fed with cell-depleted colostrum (COL−) rela-
tive to colostrum containing live maternal cells (COL+). These calves
from both treatment groups developedmild diarrhea on D7, but the au-
thors reported that COL+ calves were less affected than those fed with
pooled colostrum without viable maternal cells. COL− calves had a
slight higher rectal temperature during most of the investigation, espe-
cially between D9 and D16. This finding may be explained by a greater
Escherichia coli burden based on the differential recovery of fecal E. coli
colony-forming units from COL− calves. The reduction in E. coli from
the COL+ calves may have resulted from direct antimicrobial effects
of viable leukocytes from colostrum, or from the effect of cytokine or
other factors contained in maternal colostrum associated with trans-
ferred cells (live or dead) that stimulated the calf's endogenous resis-
tance to infection.

In this research, only one COL− calf was diagnosed with broncho-
pneumonia on D28. Langel et al. (2015) evaluated the health of calves
that received viable cell free-cell and viable maternal cell containing
whole colostrumusing fecal and respiratory scores. They did not detect-
ed differences in the incidence of diarrhea or bronchopneumonia be-
tween the treatment groups during the first month of life.

Navel inflammation was observed in three COL− calves (30.0%) but
none in the COL+ calves. The diagnosis of diarrhea, bronchopneumonia
or naval inflammatory problems could be associated with poorer phys-
iological and innate immune development in the calves fed with viable
cell free frozen colostrum.

The values of RBC, Hgb and HCT were higher for COL+ calves than
COL− calves from D14 until the end of the trial. Normocytic hypochro-
mic anemia was the predominant finding given an assessment of red
cell morphology. Low serum iron in the COL− calves (a significant find-
ing relative to COL+ calves) may have compromised erythropoiesis
(Mohri et al., 2007, Mohri et al., 2004).

There are some unusual findings in RBC related parameters in the
blood of all neonate calves. We observed higher than typical numbers
of RBC in circulation at birth. This was likely due to a low concentration
of placental oxygen. The subsequent decrease in the number of circulat-
ing RBC, Hgb and HCT values might be associated with the higher
oncotic pressure and plasma dilution of oxygen after colostrum deliv-
ery. Moreover, neonate calves generally have low serum iron levels at
birth (Mohri et al., 2007, Mohri et al., 2004).

In general, the number of neutrophils and lymphocytes changed in-
versely during the course of this study (Fig. 4). Neutrophils were found
at the highest numbers near the time of birth, but lymphocytes in-
creased in absolute number over the course of the study. This was true
for calves in both treatment groups. The high number of neutrophils
at D7 might be explained by the release of maternal and fetal cortisol
in late pregnancy and delivery, or the maturation and release of bone
marrow stores of neutrophils following signals from tissues interacting
with microbes. This pattern with age has previously been published by
Mohri et al. (2007), Brun-Hansen et al. (2006) and Novo et al. (2015).

An interpretation of dynamics of neutrophils in this study indicates a
rapid increase of neutrophils in circulation in COL+ calves peaking on
D7 followed by migration of these cells to the mucosal tissues of the
gut and respiratory tract. In COL− calves a slow and gradual decrease
in circulating neutrophils associated with the onset of diarrhea was ob-
served. The absolute number of circulating lymphocytes peaked in
COL− calves on D7. The absolute number of circulating lymphocytes
in COL+ calves featured a steady, gradual increase over the course of
this investigation. The distribution of leukocytes was more in line with
the typical profile seen in developing calves in the COL+ calves.

The lower overall incidence of disease in the COL+ calves may be
explained by the influence of viable maternal cells from colostrum,
and the impact of products that are produced by transferred maternal
cells during the development of the innate and adaptive immunity in
the calf. Maternal leukocytes can cross the gastrointestinal epithelium
by diapedesis to enter mucosal tissue spaces and enter the circulatory
system during the first 24 h after birth in calves (Liebler-Tenorio et al.,
2002; Reber et al., 2006). Previous studies demonstrated the participa-
tion of colostrum-derived leukocytes in the development of innate
and adaptive immune phenotype markers and responses in bovine ne-
onate (Riedel-Caspari and Schmidt, 1991a, 1991b; Donovan et al., 2007;
Reber et al., 2008a, 2008b, Reber et al., 2006; Langel et al., 2015).
5. Conclusion

Wedocumented that calves fed with viablematernal cell free frozen
colostrumhad a less robust physiological development profile, palemu-
cousmembranes, and evidence of anemia during natural episodes of di-
arrhea during this study. Moreover, COL− calves had lower absolute
number of circulating erythrocytes, lower hemoglobin and RBC volume
that appeared to be associated with lower serum iron concentrations at
the time that the diarrhea started (D7). The distribution of leukocytes
was closer to previously reported typical values in the COL+ calves
than COL− calves, which had a significantly greater number of circulat-
ing lymphocytes on D7.
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