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ABSTRACT

The objective of this study was to evaluate the bene-
fits of supplementation of mannan oligosaccharide
(MOS) to cows during the last 3 wk of the dry period on
immune function of the cows and subsequent transfer of
passive immunity to their calves. Indicators of nonspe-
cific and specific immunity were evaluated. Cows were
vaccinated against rotavirus at 4 and 2 wk before ex-
pected parturition. Blood samples were obtained from
cows before vaccination and at weekly intervals until
calving and from calves at birth and 24 h for analysis
of serum protein concentrations, packed cell volume,
white blood cell counts, white blood cell differentials,
and serum rotavirus neutralization titers. Colostrum
quantity and quality were measured at calving, and
immunoglobulin isotype concentrations in colostrum
were determined. Specific immunity was enhanced by
MOS supplementation as evidenced by greater serum
rotavirus neutralization titers at calving in cows sup-
plemented with MOS compared with control cows. Co-
lostral rotavirus neutralization titers were not affected
by treatment. Although numerical differences appeared
large, there was a high degree of variability in the colos-
tral rotavirus neutralization titers. Calves from cows
fed MOS tended to have greater serum rotavirus neu-
tralization titers compared with calves from cows fed
the control diet. There was a tendency for greater in-
creases in serum protein concentrations from birth to
24 h in calves from cows fed MOS compared with calves
from cows fed the control diet. Results indicate that
supplementation of MOS to cows during the dry period
enhanced their immune response to rotavirus and
tended to enhance the subsequent transfer of rotavirus
antibodies to calves.
(Key words: immunity, mannan oligosaccharide, peri-
parturient, calves)
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Abbreviation key: MOS = mannan oligosaccharide,
PCV = packed cell volume, SPC = serum protein con-
centration, WBC = white blood cell.

INTRODUCTION

The periparturient period is an extremely important
time for dairy cows and the offspring they are carrying.
During the 3 to 4 wk before parturition, cows are not
only challenged by exposure to diseases, but they also
must transfer Ig from serum into colostrum to provide
immunity for their calves. Unfortunately, the immune
system of dairy cows becomes depressed during the
periparturient period (Kehrli et al., 1989a, b), causing
them to be less able to respond to challenges (Cai et
al., 1994). In addition, sufficient passive transfer of im-
munity to the calf may be jeopardized if cows are not
able to transfer enough Ig into colostrum to provide
adequate colostrum quality (Stott and Fellah, 1983; Rea
et al., 1996). For instance, Perino et al. (1995) reported
that calves born to dams with mastitis had lower
plasma protein and IgG concentrations at 10 and 24 h
after birth compared with calves born to dams with-
out mastitis.

Diseases such as mastitis in periparturient cows and
scours in calves decrease performance and may require
the use of therapeutic agents. Greater than 62% of
deaths in calves are attributed to diarrhea or other
digestive problems (NAHMS, 2003). Additionally, ani-
mals challenged by disease organisms have been shown
to produce several classes of cytokines that can increase
metabolic rate, decrease appetite, decrease milk pro-
duction, and direct nutrients away from growth to
mount an immune response (Williams et al., 1997; Fer-
ket and Qureshi, 1999; Sauber et al., 1999). Often, pro-
ducers administer antibiotics to help combat diseases
in cows and calves. The European Union, however, re-
cently passed legislation restricting the use of antibiot-
ics. Alternative products are needed that may demon-
strate performance, health, and economic benefits simi-
lar to those provided by antibiotics. Feed supplements
that can decrease the use of antibiotics while enhancing
immune function and passive transfer of immunity are
needed to help dairy cows meet the challenges of the
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periparturient period and aid in survival of their off-
spring. Examples of dietary factors that can influence
immune function range from energy and protein to mi-
cronutrients such as vitamins A and E and trace miner-
als (Goff and Stabel, 1990; Hogan et al., 1992; Franklin
et al., 1998).

Mannan oligosaccharide (MOS) has enhanced perfor-
mance, improved immune function, and inhibited colo-
nization of the digestive tract by unfavorable microor-
ganisms in a number of livestock species. In chickens,
Ig concentrations were greater in birds receiving MOS
compared with birds receiving the control diet (Savage
et al., 1996). Supplementation of broiler chicks with
MOS beneficially influenced the bacterial populations
in the digestive system (Spring et al., 2000). Several
studies (Vander Beke, 1997; Davis et al., 2002; White
et al., 2002) have reported improvements in various
measures of performance or immune function such as
gain, feed conversion, lymphocyte transformation, and
Ig concentrations, compared with unsupplemented ani-
mals. Pigs from sows supplemented with MOS per-
formed better than pigs from unsupplemented sows,
attributable in part to increased concentrations of Ig
in colostrum of supplemented sows (Newman and New-
man, 2001; O’Quinn et al., 2001).

The ability of MOS to alter the intestinal and fecal
microflora of poultry is well documented (Spring et al.,
2000; White et al., 2002). Research with cattle regard-
ing the effects of MOS supplementation has been pri-
marily in calves and heifers and has concentrated on
alteration of the intestinal microflora. Newman and
coworkers (1993) found that calves receiving MOS in
milk replacer had lower coliform concentrations than
unsupplemented calves. Other field data support a re-
duction in Salmonella concentrations in dairy heifers
supplemented with MOS (K. E. Newman, personal com-
munication, 1999), however, studies have not been con-
ducted that evaluate the ability of MOS to influence
the immune system of dairy cows and transfer of immu-
nity to calves.

Supplementation of cows with MOS may enhance
immune function of the dam and provide for improved
transfer of passive immunity to the offspring. The objec-
tives of this research, therefore, were to determine if
feeding MOS to dairy cows during the close-up dry pe-
riod influences immune status of the cows or the subse-
quent transfer of passive immunity to their calves.

MATERIALS AND METHODS

Animals and Animal Procedures

Fifty cows (30 Holstein and 20 Jersey) were randomly
assigned to treatments. Immune system parameters for
the dams were monitored from 4 wk before expected
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parturition (−4 wk) through the immediate postparturi-
ent period. Subsequently, transfer of passive immunity
was monitored in the calves. All animal procedures
were in accordance with the Guidelines for the Care
and Use of Agricultural Animals in Agricultural Re-
search and Teaching and were approved by the Institu-
tional Animal Care and Use Committee.

At −4 wk, blood samples were obtained, and the cows
were vaccinated against rotavirus, coronavirus, and
Escherichia coli toxoid (Scourguard 3KC; Pfizer, Inc.,
New York, NY). Blood samples for analysis of serum
protein concentrations (SPC), serum Ig concentrations,
and rotavirus neutralization titers were obtained in
Vacutainer tubes without anticoagulant (Becton Dick-
inson Vacutainer Systems, Franklin Lakes, NJ) via jug-
ular venipuncture. Additional blood samples were ob-
tained in Vacutainer tubes containing acid citrate dex-
trose for determination of packed cell volume (PCV),
white blood cell (WBC) counts, and preparation of slides
for WBC differentiation. At −3 wk, cows were weighed,
assigned to treatments, and moved to close-up dry cow
lots. Treatments were either a control diet or the control
diet supplemented with MOS (10 g/animal daily of
MOS; Alltech, Inc., Nicholasville, KY). The MOS was
mixed into the concentrate portion of the diet, and each
diet was fed as a TMR consisting of 4.1 kg of concen-
trate, 1.8 kg of corn silage, and 1 kg of alfalfa silage/
cow daily on a DM basis. An alfalfa/grass hay mixture
was provided for ad libitum intake for all cows. The
control diet was formulated to provide 18% CP, 1.56
Mcal of NEL/kg of diet, 37% NDF, 24% ADF, and
3.1% fat.

Cows were vaccinated a second time at −2 wk, and
blood samples were obtained weekly from −1 wk
through parturition. At parturition, blood samples were
obtained from the cows. The cows were milked in the
maternity stall as soon after calving as possible. All
cows received an intramuscular injection of oxytocin to
facilitate complete removal of colostrum. The colostrum
was weighed, the temperature was recorded, and the
quality of a representative sample was estimated using
a colostrometer. Colostrometer readings were corrected
based on temperature (Mechor et al., 1991). Colostrum
samples were frozen for later analysis of Ig concentra-
tion and rotavirus neutralization titers. Cows were
weighed at the second milking after parturition.

Calves were separated from the cows before suckling,
and weighed. Blood samples were collected in Vacu-
tainer tubes without anticoagulant at birth and 24 h
after the first feeding via jugular venipuncture for anal-
ysis of SPC, serum Ig concentrations, and rotavirus
neutralization titers. Maternal colostrum was fed at
the rate of 1.9 L for Holstein calves and 1.2 L for Jersey
calves at birth and 12 h after the first feeding. Feeding
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of colostrum was accomplished within 3 h of birth except
for 5 calves that were born between 2200 and 0400 h.
Time of first feeding for these calves ranged from 3.5
to 6 h.

Sample Analysis

Serum was harvested from 10-mL Vacutainer tubes
without anticoagulant for immediate determination of
SPC using a handheld refractometer (Westover model
RHC-200ATC, China). Samples of the serum and ma-
ternal colostrum were frozen at −20°C until analysis
for IgG1, IgG2, IgM, and IgA concentrations by radial
immunodiffusion (Bethyl Laboratories, Inc., Montgom-
ery, TX). Total amounts of each Ig isotype in the colos-
trum were determined by multiplying the amount of
colostrum obtained at the first milking by the concen-
tration of each isotype. The total amount of Ig obtained
from each cow was then determined by summing the
amounts of the isotypes.

Colostrum samples obtained immediately after calv-
ing were stored frozen at −20°C for determination of
rotavirus neutralization titers. Serum samples from
cows at wk −4 and calving and serum samples from
calves at birth and 24 h were stored at −20°C until the
end of the trial. The samples were shipped frozen to
the Veterinary Diagnostic Laboratory at South Dakota
State University for determination of rotavirus neutral-
ization titers (Besser et al., 1988a; Wu et al., 2001).
The antibody titers were expressed as the reciprocal of
the highest dilution that resulted in neutralization of
the rotavirus (Archambault et al., 1988; Besser et al.,
1988a; Parreño et al., 2004).

Packed cell volumes were determined using an Inter-
national Clinical Centrifuge (International Equipment
Co., Boston, MA). White blood cell counts were per-
formed using a Coulter Z1 Particle Counter (Coulter
Corp., Miami, FL). Blood smears were examined micro-
scopically to determine percentages of neutrophils, eo-
sinophils, basophils, and mononuclear leukocytes pres-
ent in peripheral blood samples.

Statistical Analysis

Data from 39 (28 Holstein and 11 Jersey) multiparous
cows were used to compare the effects of a control diet
(n = 19; 14 Holsteins and 5 Jerseys) vs. a diet supple-
mented with MOS (n = 20; 14 Holsteins and 6 Jerseys)
on immune parameters of cows. Fourteen Holsteins and
5 Jerseys were entering their second lactation and 14
Holsteins and 6 Jerseys were entering their third or
greater lactation. Data from 41 calves, including one
set each of Holstein and Jersey twins, were analyzed
for effects of the control diet (n = 19) vs. the MOS diet
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(n = 22) on transfer of passive immunity to calves. An
additional 11 cows (2 Holsteins and 9 Jerseys) started
but did not complete the project because of insufficient
colostrum volume (1 Holstein and 3 Jerseys), calves
that died at birth (1 Holstein and 1 Jersey), calves that
nursed before sampling (4 Jerseys), or illness of the cow
(1 Jersey).

Data with repeated measures were analyzed using
the mixed model procedure of SAS (SAS Institute,
1996). Treatment, time, season, lactation number, and
breed were included as main effects. Colostral Ig values
were included as covariates for analysis of serum Ig
values for calves. Colostral rotavirus neutralization ti-
ters were included as a covariate for serum titers for
calves but did not significantly affect the model and
were removed. Because some cows calved earlier (re-
sulting in fewer samples) and some later than projected
(resulting in excess samples), only the samples obtained
before vaccination (−4 wk), 1 wk after the first vaccina-
tion (−3 wk), and at calving (0 wk) were analyzed. Rotav-
irus titers were analyzed both as the reciprocal of the
greatest dilution that resulted in neutralization of ro-
tavirus and as log base10 of the reciprocals. The distribu-
tions for rotavirus neutralization titers were skewed,
whereas log10 of the titers resulted in a more normal
distribution. Results, therefore, are presented as log10
of the reciprocal of the titer. Effects were considered
significant at P ≤ 0.05 unless otherwise stated. Differ-
ences among least square means were determined us-
ing the predicted difference option of the mixed model
procedure of SAS. Tendencies were reported at P > 0.05
but ≤ 0.1.

Data with single measurements or single measure-
ments with a covariate were analyzed using the GLM
procedure of SAS with treatment, lactation number,
breed, and season included as main effects for cows. For
calves, gender was substituted for lactation number.
Corrected colostrometer readings were included as a
covariate for SPC analyses. Differences were considered
significant at P ≤ 0.05. Tendencies were reported at P
> 0.05 but ≤ 0.1.

RESULTS

Parameters for Dams

There was no effect of treatment on the number of
cows that did not complete the study. There were no
significant breed × treatment interactions for any of the
parameters measured relating to the cows. Therefore,
although there were breed differences in parameters
measured, both breeds responded to treatment in the
same manner.

Mean SPC decreased (P = 0.001) from −4 wk through
parturition and reached their lowest values at parturi-
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Table 1. Blood parameters of control cows and cows supplemented daily with 10 g of mannan oligosaccharide (MOS) per animal from 4
wk before expected parturition through parturition.1

−4 wk −3 wk Parturition P value

Item Control MOS Control MOS Control MOS Time Treatment

(n = 19) (n = 20) (n = 19) (n = 20) (n = 19) (n = 20)
SPC2 7.2 ± 0.1 7.0 ± 0.1 6.5 ± 0.1 6.3 ± 0.1 6.3 ± 0.2 6.3 ± 0.2 0.001 0.39
Serum IgG1 1020 ± 91 1067 ± 199 692 ± 99 488 ± 66 332 ± 74 349 ± 74 0.001 0.85
Serum IgG2, mg/dL 1352 ± 128 1432 ± 148 1465 ± 146 1513 ± 171 1570 ± 155 1577 ± 178 0.013 0.88
Serum IgA, mg/dL 16 ± 1.4 14 ± 0.9 12 ± 1.4 12 ± 0.9 14 ± 2.5 20 ± 7.6 0.29 0.46
Serum IgM, mg/dL 319 ± 34 362 ± 46 330 ± 38 306 ± 32 304 ± 44 299 ± 34 0.28 0.22
Total serum Ig, mg/dL 2707 ± 181 2874 ± 236 2498 ± 170 2320 ± 197 2221 ± 192 2270 ± 216 0.001 0.80
Serum titer3 2.99 ± 0.10 3.03 ± 0.08 . . . . . . 3.37 ± 0.10 3.45 ± 0.10 0.0001 0.04
Packed cell volume, % 39.1 ± 1.3 39.6 ± 1.8 38.0 ± 1.4 37.7 ± 1.6 42.1 ± 1.2 39.6 ± 0.8 0.03 0.16
WBC,4 106 cells/mL 15.8 ± 1.1 14.0 ± 1.5 13.6 ± 1.1 13.3 ± 1.3 27.0 ± 4.7 20.9 ± 1.5 0.0001 0.99
Neutrophils, % 31.2 ± 2.8 34.9 ± 2.0 37.9 ± 3.3 37.3 ± 2.5 55.2 ± 2.9 53.5 ± 2.6 0.0001 0.90
MNL,5 % 63.1 ± 2.8 59.4 ± 2.5 57.9 ± 3.4 57.9 ± 2.9 43.6 ± 2.8 45.2 ± 2.6 0.0001 0.85
Eosinophils, % 5.6 ± 0.9 5.5 ± 1.0 3.4 ± 0.6 4.3 ± 0.9 1.0 ± 0.3 1.3 ± 0.3 0.0001 0.71

1Data are presented as means ± SEM.
2SPC = Serum protein concentration.
3Means of log10 of the reciprocals of the greatest dilution that provided for neutralization of rotavirus.
4WBC = White blood cell counts.
5MNL = Mononuclear leukocytes.

tion (Table 1). The most dramatic declines in SPC oc-
curred within the last 2 wk before parturition. There
was no effect of treatment on SPC concentrations. Simi-
lar dramatic decreases over time (P < 0.001) occurred for
serum IgG1, with the lowest concentrations occurring at
parturition, whereas serum IgG2 concentrations gradu-
ally increased (P = 0.013) through parturition. Serum
IgG1 concentrations at parturition were approximately
32.5% of the values measured at −4 wk, whereas IgG2

concentrations were approximately 112% of the values
at −4 wk. Both serum IgA and IgM concentrations re-
mained constant over time. None of the serum Ig con-
centrations were affected by treatment (P > 0.05). Lac-
tation number did not significantly affect serum IgG1

concentrations; however, there was a tendency (P =
0.09) for a lactation number × time interaction. Second-
lactation cows had a higher mean (P = 0.05) serum
IgG1 concentration at −3 wk (739 ± 109 vs. 444 ± 103)
compared with cows with more than 2 lactations (Fig-
ure 1).

Holstein cows had greater (P < 0.01) serum rotavirus
neutralization titers at parturition compared with Jer-
sey cows. Log10 of titers averaged 3.515 for Holstein
cows and 3.147 for Jersey cows. Rotavirus neutraliza-
tion titers increased (P < 0.001) from the prevaccination
sample (−4 wk) to the parturition sample (Table 1).
Treatment affected serum rotavirus neutralization ti-
ters; with cows fed MOS having greater (P = 0.04) log10

rotavirus neutralization titers compared with cows fed
the control diet (least square means of 3.236 ± 0.07 and
3.013 ± 0.08, respectively). Although lactation number
did not affect (P = 0.17) serum rotavirus neutralization
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titers of cows at parturition, there was an interaction
between lactation number and treatment (Figure 2, P =
0.01). Second-parity cows fed MOS had greater serum
titers at parturition compared with second-parity cows
fed the control diet. Serum titers of third and greater
parity cows were not affected by treatment.

Packed cell volume was not affected (P = 0.16) by
treatment but did vary (P = 0.028) over time (Table 1).
Specifically, PCV was greater (P = 0.008) at parturition
compared with the week before parturition. White blood
cell counts were not affected (P = 0.99) by treatment
(Table 1) but were greater (P < 0.001) at parturition
compared with values at −4 and −3 wk.

Figure 1. Concentrations of IgG1 in serum of second parity (black
bars) and >second parity (gray bars) cows at 4 and 3 wk before ex-
pected parturition and at parturition. Data are presented as least
square means ± SEM. An asterisk indicates differences between par-
ity groups at a time point at P < 0.05.
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Figure 2. Serum rotavirus neutralization titers for cows fed a
control diet (black bars) or a diet supplemented daily with 10 g/
cow of mannan oligosaccharide (gray bars) and vaccinated against
rotavirus at 3 and 1 wk before expected parturition. Data were ana-
lyzed as log10 of the reciprocal of the lowest dilution that neutralized
virus. Means were converted from log10 back to titer reciprocals for
presentation. An asterisk indicates differences within parity at P
< 0.05.

Microscopic evaluation of stained blood smears indi-
cated that the proportion of neutrophils increased (P <
0.001) over time with greater percentages at parturition
compared with −4 and −3 wk (Table 1). There was no
effect (P = 0.90) of supplementation with MOS on neu-
trophil proportions. The proportions of mononuclear
leukocytes and eosinophils decreased (P < 0.001) from
−4 wk through parturition with no effect (P > 0.70) of
treatment. The concentrations of the leukocyte cell
types in peripheral blood were determined by multi-
plying the proportion of each cell type by the WBC
count. Analysis of the concentrations of the leukocyte
cell types indicated that the concentration of neutro-
phils and mononuclear leukocytes increased (P < 0.05)
in the peripheral blood from −4 wk through parturition,
whereas the concentration of eosinophils decreased (P
< 0.001).

As expected, BW of cows decreased (P < 0.001) from
3 wk before parturition to the second milking after par-
turition. There was no effect (P > 0.1) of treatment on
BW of cows. Mean BW at −3 wk was 714 ± 143 and 660
± 129 kg for control and MOS treatments, respectively.
At the second milking after calving, BW was 635 ±
140 and 599 ± 117 kg for control and MOS animals,
respectively. The numerical difference between BW for
the 2 treatment groups is because there were only 5
Jerseys fed the control diet compared with 6 Jerseys
fed the MOS diet.

Parameters for Colostrum

When a sufficient volume of colostrum was available,
calves were fed colostrum from their dam regardless of
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estimated colostrum quality. As expected, the amount
of colostrum produced was greater (P = 0.04) for Hol-
steins (7.87 ± 3.97 kg) compared with Jerseys (5.08 ±
3.29 kg). Neither lactation number nor supplementa-
tion with MOS affected (P > 0.05) the amount of colos-
trum produced (Table 2). Colostrometer readings cor-
rected for temperature of the colostrum (Mechor et al.,
1991) ranged from 22 to 149 mg/mL and did not differ
(P > 0.05) by treatment (Table 2). Lactation number
affected specific gravity of colostrum, however, with
third- and greater lactation cows having greater (P <
0.001) corrected colostrometer values compared with
second-lactation cows. There was no effect (P > 0.1) of
breed on colostrometer values.

Table 2 shows concentrations of Ig in colostrum by
treatment and lactation number. The IgG1 isotype was
the predominant isotype in colostrum, providing ap-
proximately 90% of the Ig. There was no effect (P = 0.50)
of treatment on colostral IgG1 concentrations. Cows in
their third or greater lactation had greater colostral
IgG1 concentrations compared with cows entering their
second lactation, which is comparable to results for esti-
mating colostrum quality obtained with the colos-
trometer.

Colostral concentrations of IgG2, IgA, IgM, and total
Ig were not affected (P > 0.05) by treatment. Colostral
IgG2 concentrations were affected (P < 0.05) by lactation
number, with older cows again having greater concen-
trations of IgG2 compared with younger cows. Colostral
rotavirus neutralization titers were not significantly
affected by treatment (P = 0.21) or lactation number
(P = 0.16). Although numerical differences appear large,
with means of 21,777 for control compared with 26,009
for MOS, the high degree of variability in the colostral
rotavirus neutralization titers prevented detection of
significant differences.

Parameters for Calves

Birth weights of calves were not affected (P > 0.05)
by treatment (Table 3) but were affected (P < 0.01) by
breed (least square means of 43.6 ± 1.4 and 26.6 ± 1.5
kg for Holsteins and Jerseys, respectively). As expected,
SPC were greater (P < 0.001) at 24 h after feeding
compared with values obtained at birth. Breed did not
affect (P > 0.05) SPC. Colostrometer readings (corrected
for temperature of the colostrum) were used as a covari-
ate for the effects of treatment on increases in SPC of
calves. There was a tendency (P = 0.08) for a greater
increase in SPC from birth to 24 h of age in calves from
cows fed MOS compared with calves from cows fed the
control diet.

Concentrations of all serum Ig isotypes increased (P
< 0.001) in calves from birth to 24 h (Table 3). Serum
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Table 2. Colostrum values for control cows and cows supplemented daily with 10 g of mannan oligosaccharide
(MOS) per animal from 4 wk before expected parturition through parturition.1

Control MOS

2nd lactation >2nd lactation 2nd lactation >2nd lactation
Item (n = 10) (n = 9) (n = 9) (n = 11)

Colostrum production, kg 8.1 ± 1.3 6.4 ± 1.2 6.5 ± 1.6 7.1 ± 1.1
Colostrometer reading,2 mg/mL 80 ± 10b 111 ± 11a 80 ± 11b 109 ± 7.5a

IgG1, mg/dL 3878 ± 663b 6056 ± 1376a 3550 ± 710b 5218 ± 1082a

IgG2, mg/dL 208 ± 34b 415 ± 69a 228 ± 47b 461 ± 47a

IgA, mg/dL 93 ± 26 97 ± 19 140 ± 34 99 ± 20
IgM, mg/dL 111 ± 18 88 ± 17 113 ± 11 75 ± 12
Rotavirus neutralization titer3 4.30 ± 0.10 4.15 ± 0.11 4.15 ± 0.10 4.38 ± 0.11

a,bWithin a row, values with different superscripts differ at P < 0.05.
1Data are presented as means ± SEM.
2The colostrometer readings were corrected for temperature of the colostrum (Mechor et al., 1991).
3Means of log10 of the reciprocals of the greatest dilution that provided for neutralization of rotavirus.

IgG1, IgG2, and IgM concentrations were not affected
(P > 0.05) by treatment. Serum IgA concentrations,
however, were greater (P < 0.05) in calves from cows
fed the control diet compared with calves from cows fed
MOS. In contrast, serum rotavirus neutralization titers
tended to be greater (P = 0.08) for calves from cows fed
MOS compared with calves from cows fed the control
diet. Only IgM concentrations were affected (P < 0.01)
by breed, with least square means of 108 ± 11.8 and
174.6 ± 18.5 mg/mL for Holsteins and Jerseys, respec-
tively.

The PCV of calves decreased (P = 0.001) from birth
to 24 h, and there was no effect (P > 0.05) of treatment.
Holstein calves had lower (P = 0.001) PCV compared
with Jersey calves (least square means of 34.4 and

Table 3. Blood parameters and body weights of calves from control cows or cows supplemented with 10 g
daily of mannan oligosaccharide (MOS) from 4 wk before expected parturition through parturition.1

Birth 24 h
P values

Control MOS Control MOS
Item2 (n = 19) (n = 22) (n = 19) (n = 22) Time Treatment

Birth weight, kg 38.0 ± 2.1 35.6 ± 2.0 . . . . . . . . . 0.23
SPC, g/dL 4.2 ± 0.07 4.1 ± 0.05 5.7 ± 0.18 5.9 ± 0.16 0.0001 0.56
Increase in SPC, g/dL . . . . . . 1.4 ± 0.20 1.8 ± 0.15 . . . 0.08
Serum IgG1, mg/dL 1.6 ± 1.6 ND3 1490 ± 217 1786 ± 191 0.0001 0.31
Serum IgG2, mg/dL ND ND 124 ± 26 158 ± 16 0.0001 0.46
Serum IgA, mg/dL ND ND 127 ± 35 111 ± 21 0.0001 0.05
Serum IgM, mg/dL 13.7 ± 5.7 3.0 ± 2.0 245 ± 34 268 ± 35 0.0001 0.43
Serum titer4 2.04 ± 0.06 2.10 ± 0.07 3.67 ± 0.08 3.86 ± 0.09 0.0001 0.08
PCV, % 38.9 ± 2.1 40.5 ± 1.6 36.1 ± 1.6 35.9 ± 1.7 0.001 0.98
WBC, 106 cells/mL 14.7 ± 1.0 15.0 ± 1.6 15.2 ± 1.5 13.2 ± 1.0 0.62 0.19
Neutrophils, % 57.0 ± 3.4 59.4 ± 2.7 54.9 ± 3.5 56.9 ± 2.6 0.43 0.53
MNL, % 42.6 ± 3.4 40.3 ± 2.7 40.6 ± 3.5 42.5 ± 2.6 0.97 0.82
Eosinophils, % 0.3 ± 0.1 0.2 ± 0.1 0.5 ± 0.2 0.5 ± 0.2 0.13 0.75

1Data are presented as means ± SEM.
2SPC = Serum protein concentration, PCV = packed cell volume, WBC = white blood cell count, MNL =

mononuclear leukocytes.
3ND = Not detectable.
4Means of log10 of the reciprocals of the greatest dilution that provided for neutralization of rotavirus.
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41.7%, respectively). White blood cell counts or percent-
ages of leukocytes in whole blood of calves were not
affected (P > 0.05) by time, treatment, or breed. There
was a breed × treatment interaction for WBC counts
with Jersey calves from cows fed MOS having lower
WBC counts compared with Jersey calves from cows
fed the control diet or Holstein calves from cows fed
MOS. All values were within normal ranges, however.

DISCUSSION

The decreases observed in concentrations of serum
Ig in cows before parturition, with subsequent increases
in Ig concentrations in colostrum, were similar to those
described by Larson (1958). Receptors for IgG1 are pres-
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ent in the mammary glands of dairy cows that allow
for accumulation of IgG1 at greater concentrations than
present in the blood (Barrington et al., 1997), resulting
in IgG1 being the predominant Ig present in colostrum.
Only IgG1 decreased significantly in the serum of cows
from −4 wk through parturition whereas the concentra-
tion of IgG2 increased over time. Although IgG1 was
the only isotype to decrease over time, the decrease
was of sufficient magnitude to cause a decrease in total
serum Ig concentrations from −4 wk through parturi-
tion. The decrease in total serum Ig was mirrored by a
decrease in SPC over time, indicating that SPC is of
value in monitoring serum Ig concentrations in cows
as well as calves.

The greater concentrations of IgG1 in colostrum of
cows with more than 2 lactations compared with sec-
ond-lactation cows may indicate greater expression of
the IgG1 receptor in the mammary glands of older cows.
This is supported by the fact that serum IgG1 concentra-
tions were greater at 3 wk before parturition in second-
lactation cows compared with cows with more than 2
lactations. The decrease is serum IgG1 concentrations
from −4 wk to parturition for second-parity cows was
only 575 mg/dL compared with an 824-mg/dL decrease
for cows with more than 2 parities.

Supplementation with MOS had no effect on concen-
trations of serum Ig isotypes; however, several factors
indicated that MOS supplementation could affect im-
mune function of cows and passive transfer of immunity
to calves. None of the cows had been vaccinated against
rotavirus previously; however, all cows were seroposi-
tive for rotavirus before vaccination, indicating prior
natural exposure of all cows to rotavirus. After 2 vacci-
nations against rotavirus, serum rotavirus neutraliza-
tion titers at parturition were greater for cows fed MOS
compared with those from cows fed the control diet. In
addition, serum rotavirus neutralization titers tended
to be greater in calves from cows fed MOS compared
with calves from control cows, indicating the potential
for greater passive transfer of immunity against rotavi-
rus to calves from cows fed MOS. There was also a
tendency for calves from cows supplemented with MOS
to have a greater increase in SPC from birth to 24 h
compared with calves from control cows. When consid-
ered together, the rotavirus neutralization titers pres-
ent in serum and colostrum of cows fed MOS, and titers
in serum of their calves, indicate that daily supplemen-
tation of the dry cow diet with 10 g of MOS per animal
has an influence on immune function.

Feeding MOS has affected immune function and
health of poultry (Savage et al., 1996), swine (Newman
and Newman, 2001), and neonatal calves (Newman et
al., 1993). For instance, Newman and Newman (2001)
reported that IgM concentrations were greater (P =
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0.04), and IgG concentrations were numerically greater
(P = 0.16) in colostrum from sows supplemented with
MOS compared with sows fed a control diet. This should
lead to improved passive transfer of immunity to the
pigs. Pigs from the sows supplemented with MOS had
greater (P < 0.05) BW at 7, 14, and 21 d compared with
pigs from sows fed the control diet. Passive immune
status of beef calves at 24 h of age is an important
determinant of health and is indirectly associated with
growth (Wittum and Perino, 1995). The improved con-
centrations of Ig in colostrum of sows fed MOS, there-
fore, are likely associated with the improved growth
performance of the pigs.

A potential mechanism for the action of MOS may
involve the presence in serum of proteins called col-
lectins. Cattle possess 3 types of serum collectins
termed conglutinin, collectin 43, and mannose-binding
protein (Srinivasan et al., 1999). Conglutinin and man-
nose-binding protein prefer to bind to mannose or N-
acetylglucosamine, whereas collectin-43 prefers to bind
to mannose or N-acetylmannosamine. Collectins may
act as opsonins that may bind to mannan-containing
particles, allowing for enhanced phagocytosis by the
innate immune system, or they may act through activa-
tion of the complement system. Several organisms, in-
cluding some viruses, have been shown to have man-
nans with structures similar to MOS (Epstein et al.,
1996; Medzhitov and Janeway, 1997; Nielsen et al.,
1999; Srinivasan et al., 1999). Nielsen et al. (1999) re-
ported that concentrations of mannose-binding proteins
increased in chickens during virus infections. It is un-
known whether there are mannan components associ-
ated with rotavirus, however, if present, as they are in
other viruses, mannans may be a target of the innate
immune response. It may be that MOS acts as an adju-
vant by stimulating the production of mannose-binding
proteins (collectins) in cattle. The collectins would then
be available for binding to the rotavirus after immuni-
zation, which could lead to improved phagocytosis, acti-
vation of complement, and enhancement of the immune
response. Medzhitov and Janeway (1997) suggest that
involvement of the innate immune system is essential
for activation of the adaptive immune response. They
suggest that the innate immune system provides sig-
nals that direct the adaptive immune response in the
proper direction such as toward a humoral response or
toward a cell-mediated response. In the present study,
supplementation of MOS enhanced the humoral im-
mune response of the dams. Enhancement of the cell-
mediated immune response was not investigated.

A less likely mechanism for the action of MOS in-
volves the natural production of antimannan antibod-
ies. Recently, researchers have reported the presence
in cattle of natural antibodies (primarily of the IgG1
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isotype) against mannan (Srinivasan et al., 1999). In
particular, the study suggested that the antimannan
antibodies were directed against an oligosaccharide-
based epitope and that these carbohydrate-specific anti-
bodies may be the result of a normal immune response
against microflora in the gut. Supplementation of MOS
to dairy cows may enhance production of these antiman-
nan antibodies at the gut level, which in turn may enter
the blood stream and allow for an enhanced response
to virus vaccinations. If mannan components are pres-
ent in rotavirus, the antimannan antibodies may bind
to the rotavirus, resulting in opsonization of the viral
particles, and allowing for improved ingestion by mac-
rophages. The ultimate result would be enhanced pro-
duction of antibodies to rotavirus by B cells.

Calves from cows supplemented with MOS had lower
serum IgA concentrations compared with calves from
cows not supplemented with MOS. The reason for this
is unknown. Colostral concentrations of IgA did not
differ between treatments, therefore the amount avail-
able to calves for absorption should have been similar.
Concentrations of IgA were enhanced in colostrum of
sows supplemented with MOS (O’Quinn et al., 2001),
however, serum IgA concentrations in pigs were not
determined. Colostral IgA is nonselectively absorbed
into the bloodstream by calves whereas in pigs, IgA
remains primarily in the intestinal tract (Tizard, 1996).
The retention of IgA in the intestinal tract of pigs is
likely related to the presence of large amounts of secre-
tory component in the intestine compared with other
species. Supplementation of cows with MOS may have
altered the absorption of IgA from the intestinal tract
of calves, possibly through some effect on secretory com-
ponent; however, intestinal IgA was not determined in
the present study. Because antibody against rotavirus
is primarily of the IgG1 isotype rather than the IgA
isotype (Besser et al., 1988a), and because IgG1 antibod-
ies are secreted back into the intestinal lumen of calves,
the protection provided to calves through absorption of
IgA is likely less important than the protection provided
by IgA in other species.

Clearance of IgG1 from the bloodstream of calves oc-
curs through transfer to the intestinal lumen, thereby
providing the ability for antibody to bind to antigen in
the intestinal tract (Besser et al., 1988b). Besser et al.
(1988a) reported that antibody to rotavirus found in
the intestinal lumen of calves fed colostrum from cows
immunized against rotavirus was primarily of the IgG1
isotype and originated from the bloodstream. In con-
trast, IgA with antirotavirus activity was very low or
undetectable in the intestine of the calves indicating
that the immune system of the calf was not providing
the antirotavirus activity. The authors concluded that,
because of the transfer of antibody from the blood-
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stream of calves to the intestinal lumen, calves that
were fed colostrum with greater rotavirus neutraliza-
tion titers received greater protection against rotavirus
in the intestine as the IgG1 was cleared from the blood-
stream. The ability of MOS supplementation to enhance
the rotavirus neutralization titer in serum of cows im-
munized against rotavirus, together with the tendency
for an enhancement of rotavirus titers in the serum of
their calves, provides evidence that improved intestinal
protection against rotavirus in calves may be achieved
because of the potential for transfer of rotavirus anti-
bodies from the bloodstream to the intestine. Parreño
et al. (2004) reported that elevated rotavirus titers in
colostrum provided newborn calves with enhanced pro-
tection against rotavirus, resulting in fewer calves with
symptoms and fewer days of diarrhea compared with
calves fed colostrum from cows not immunized
against rotavirus.

It is unknown why the younger cows supplemented
with MOS had a greater response to rotavirus vaccina-
tion compared with unsupplemented cows. There was
variability in the response to rotavirus vaccination
among the cows. Others (Mallard et al., 1998) have
reported that some cows are high responders and some
are low responders. It may be that some of the older
cows are more refractory because of repeated exposure
to rotavirus.

The increased concentrations of WBC in cows at par-
turition occurred in both treatment groups. Although
the decrease in the fluid portion of the blood of cows
over time, as indicated by the increase in PCV, may
have partially contributed to the increase in WBC
counts; the mean increase in PCV was only 8%, whereas
the mean increase in the WBC count was 77%. The
increase in PCV over time may reflect decreased fluid
intake just before parturition or an increase in fluid loss
because of parturition. Others have noted alterations in
WBC counts in the periparturient period. Kehrli et al.
(1989b) reported that WBC counts peaked 2 wk before
parturition; however, they did not report WBC counts
at calving. Results reported here are more similar to
those of Cai et al. (1994), who reported a significant
effect of time for WBC counts of periparturient cows.
Cai et al. (1994) reported that counts in clinically nor-
mal cows increased from 1.5 wk before parturition until
parturition, followed by a decrease in WBC counts
through 4 wk postpartum.

Although the proportion of mononuclear leukocytes
was lower at parturition compared with values at −4
wk, the concentration of mononuclear cells in periph-
eral blood was greater because of the increased concen-
tration of WBC. The increases observed in absolute
numbers of neutrophils and mononuclear leukocytes in
peripheral blood of cows from −2 wk to parturition are



FRANKLIN ET AL.774

similar to the increases reported by Kehrli et al. (1989b)
from −6 wk to −2 wk. Kehrli et al. (1989b) did not report
absolute numbers at parturition.

Mean (± SD) corrected colostrometer values were 95.5
± 33 mg/mL, and were similar to previously reported
values for multiparous Holstein cows (Franklin et al.,
1998). Cows with more than 2 parities had greater colos-
trometer values compared with cows with 2 parities.
Morin et al. (2001) reported that cows in their third or
greater lactation had greater colostral specific gravity
compared with cows entering their first or second lacta-
tion. Franklin et al. (1998) did not detect significant
differences in corrected colostrometer readings with
values of 89.2 ± 31.5 mg/mL for Holstein cows in their
third or greater lactation compared with 83.7 ± 30.2
mg/mL for Holstein cows in their second lactation.

Pritchett et al. (1991) reported that the weight of
colostrum obtained at the first milking was the most
highly correlated variable affecting the concentration
of IgG1 in colostrum and that lactation number was
second. The weight of colostrum produced in the present
study, however, did not differ by lactation, therefore the
difference between lactation numbers regarding quality
was not related to production.

In general, although differences were detected be-
tween Jerseys and Holsteins for some parameters, both
breeds responded to treatment in the same manner
with the exception of a breed × treatment interaction
in WBC counts for calves. The WBC counts were within
normal ranges, however. Further studies involving
other breeds of cattle, such as beef cattle, are war-
ranted.

CONCLUSIONS

Supplementation of MOS to dry cows resulted in en-
hanced response by the cows to immunization against
rotavirus and a tendency for enhanced concentrations
of rotavirus antibodies in serum of calves. Statistical
differences in colostral rotavirus titers may not have
been detected because of the high degree of variability
in colostral rotavirus titers. There was a tendency for
greater increases in SPC in calves from cows supple-
mented with MOS compared with calves from cows fed
the control diet. Other nonspecific indicators of immu-
nity were not affected by MOS supplementation in cows,
colostrum, or calves. Supplementation of cows with
MOS during the dry period may enhance transfer to
the offspring of passive immunity against specific or-
ganisms, which may result in decreased use of thera-
peutic antibiotics in calves. In the case of viral patho-
gens, where antibiotics are not effective even though
commonly administered to calves with diarrhea, the
supplementation of MOS to dry cows to enhance trans-
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fer of passive immunity to calves may lead to decreased
morbidity and medical treatments for calves.
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