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The effect of oral administration of �-1,3/1,6-glucans from Saccharomyces cerevisiae on humoral immunity in
domestic dogs is not known. In this study, 15 beagle dogs were orally given MacroGard tablets, which contain
150 mg of this �-glucan, daily for 4 weeks. At the end of this period, the total serum immunoglobulin A (IgA)
level decreased significantly in the group treated with the glucan compared to that in the control group as well
as compared to the concentrations before supplementation. In contrast, the total serum IgM level rose
significantly, whereas no effect on the IgG level occurred. Similar changes were seen in Bordetella-specific IgA
and IgM titers following vaccination during the supplementation period. The IgA concentration also became
significantly lower in the saliva and tears of the glucan group than in the placebo group. The effects disap-
peared 1 week after the cessation of the supplementation. In conclusion, the results showed a temporary change
in the isotype profile during glucan supplementation.

The cell wall glucans of yeasts and fungi have a linear
backbone of �-1,3-linked glucosyl units with �-1,6-linked
side chains (25, 42). These �-1,3/1,6-glucans have the capac-
ity to act as immunostimulants (23, 30), directly enhancing
innate antimicrobial defense mechanisms (11, 20, 27, 39).
Furthermore, they can have an adjuvant effect on systemi-
cally coadministered vaccines (3, 36, 37), and they tend to
increase antigen-specific IgG and IgA levels in serum and
secretions when they are given orally or intragastrically (i.g.)
to rats (21, 26). �-1,3/1,6-Glucans exert most of these effects
by binding to specific receptors on macrophages, neutro-
phils, monocytes, dendritic cells, and NK cells (6, 28). Dec-
tin 1 has been identified as the major �-glucan receptor.
This receptor acts collaboratively with Toll-like receptor 2
(TLR2) for the induction of cytokines (i.e., tumor necrosis
factor alpha [TNF-�] and interleukin-12 [IL-12]) and other
inflammatory mediators (6, 9). Another less prominent re-
ceptor is complement receptor 3. Furthermore, lactosylcer-
amide and scavenger receptors have been proposed to be
potential receptors (38). Interestingly, the different �-1,3/
1,6-glucans do not all have the same effects (32). Their
immunostimulatory activities may vary greatly depending
on, among other factors, their origin, the length of the main
chain, and the degree of branching (4, 22).

The canine dietary supplement MacroGard (Biotec Pharma-
con ASA, Tromsø, Norway) contains �-1,3/1,6-glucans from
the cell wall of Saccharomyces cerevisiae. This product has been
proven to be beneficial in various animal species, such as fish
(1, 15), shellfish (34), mice (11, 14, 41), pigs (33), and horses
(19), because it induces greater resistance to infections, better
growth, and/or a favorable feed conversion. Whereas a lot is
already known about the effects of �-1,3/1,6-glucans on the
innate immune system (5, 16), a great deal still needs to be
learned about their effects on the adaptive immune system in
mammals. Preliminary experiments in the Laboratory of Im-
munology, Faculty of Veterinary Medicine, University of Ghent,
with oral supplementation of �-1,3/1,6-glucans during the sys-
temic immunization of pigs showed a shift in the antigen-
specific antibody response toward IgA. Such a shift could be
beneficial during systemic vaccination, since most of these
types of vaccines aim to protect against pathogens which enter
the host via the mucosa. In the present study, we analyzed the
effect of oral supplementation with MacroGard on the isotype-
specific serum antibody response in healthy dogs against a
subcutaneously injected vaccine, Pneumodog, on the total IgA,
IgM, and IgG concentrations in serum and the IgA concentra-
tion in saliva and tears.

MATERIALS AND METHODS

Animals and experimental procedure. For this study, 29 healthy female beagle
dogs 3 to 4 years old were selected. Two different experiments were performed.
In the first experiment, 10 and 9 dogs were allocated at random to a glucan-
treated group and a control group, respectively. In the second experiment a
glucan-treated group and a control group contained five dogs each, and all dogs
were vaccinated. The dogs in each glucan-treated group received orally, at about
8 a.m. daily, 1.5 tablets of MacroGard (150 mg �-1,3/1,6-glucan; 400 mg of liver
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powder; 37 mg of calcium; and as the remaining ingredients cellulose, lactose,
SiO2 and magnesium stearate per tablet; Biotec AS, Tromsø, Norway) and for
the 28 subsequent days. At the same time, the control dogs were given 1.5
placebo tablet(s) (49.4% cellulose, 49.4% lactose, 0.2% silicium dioxide, 1%
magnesium stearate) to exclude the effects of manipulations on the antibody
concentrations.

In the second experiment, the dogs were vaccinated subcutaneously (s.c.) in
the neck with 1 ml Pneumodog (Merial, Brussels, Belgium) on days 14 and 28 of
the experiment. Pneumodog is a bivalent vaccine containing inactivated Borde-
tella bronchiseptica and parainfluenza virus type 2 virus and aluminum hydroxide
as the adjuvant. All dogs had previously been vaccinated with Pneumodog.

The experiments were approved by the ethical committee of the Faculty of
Veterinary Medicine, University of Ghent, Ghent, Belgium.

Sample collection and handling. Serum, saliva, and tears were sampled at the
beginning of the experiment and then weekly for 5 weeks. MacroGard was given
for only 4 weeks, so that the last sampling occurred exactly 1 week after the
supplementation was ceased.

Sampling was always performed just before administration of the tablet. Blood
samples were obtained by puncture of the jugular vein, after which serum was
collected and stored at �20°C until analysis. Saliva was collected by gently rolling
a sterile plain cotton swab (Copan Italia, Brescia, Italy) over the buccal mucosa,
and tears were collected by rolling a swab over the mucosa of the third eyelid
until the swab was saturated with fluid. The amount of secretion collected was
determined by weighing the swabs before and immediately after sampling. The
samples were subsequently diluted (wt/vol) five times in dilution fluid (79.95%
phosphate-buffered saline [PBS; pH 7.4], 20% fetal calf serum [Greiner Bio-one,
Frickenhausen, Germany], 0.05% Tween 20 [Merck, Darmstadt, Germany]), in
which they were stored at �70°C until analysis.

ELISA. (i) Total immunoglobulin concentrations. The total IgA concentra-
tions in serum, tears, and saliva and the total IgM and IgG concentrations in
serum were determined by a sandwich enzyme-linked immunosorbent assay
(ELISA), as described by Bethyl Laboratories (Montgomery, TX), with minor
modifications. Microtiter plates (Maxisorp; Nunc A/S, Roskilde, Denmark) were
coated for 1 h with 10 �g/ml goat anti-dog IgA, IgM, or IgG (Bethyl Laborato-
ries) in PBS, after which nonspecific binding sites were blocked with blocking
buffer (0.05 M Tris base, 0.15 M NaCl, 1% bovine serum albumin [BSA], pH 8.0)
for 30 min. Twofold serial dilutions of each sample in dilution buffer (0.05 M
Tris-base, 0.15 M NaCl, 1% BSA, 0.05% Tween 20, pH 8.0) were subsequently
added to the wells for 1 h. In addition, serial dilutions of a standard reference
serum sample (RS10-105; Bethyl Laboratories) with known isotype-specific Ig
concentrations were added to every plate to obtain a calibration curve. Subse-
quently, horseradish peroxidase (HRP)-conjugated goat anti-dog IgA, IgM, or
IgG (1/10,000 in dilution buffer; Bethyl Laboratories) was added to the wells and
the plates were incubated for 1 h. All incubations were carried out at room
temperature (RT), and between incubations, the plates were washed three times
(0.05 M Tris-base, 14 M NaCl, 0.05% Tween 20, pH 8.0). Finally, 50 �l freshly
prepared, 2,2�-azino-di-(3-ethylbenzthiazoline sulfonate) diammonium salt
(ABTS; Roche Diagnostics, Vilvoorde, Belgium) was added. Following 1 h of
incubation at 37°C, the optical density at 405 nm (OD405) was read. The con-
centration of each immunoglobulin in a sample was calculated from the calibra-
tion curves.

(ii) Bordetella-specific immunoglobulin concentrations. The Bordetella bron-
chiseptica-specific IgA, IgM, and IgG concentrations in the serum samples were

determined by an optimized direct-antibody ELISA. Briefly, microtiter plates
(Polysorp) were coated overnight at 4°C with 7.5 �g/ml of Bordetella bronchisep-
tica antigen (kindly provided by P. Deroose, Merial, Belgium) in carbonate-
bicarbonate buffer (6 mM Na2CO3, 43.3 mM NaHCO3, pH 9.4). Residual bind-
ing sites were then blocked for 1 h at 37°C with PBS containing 3% BSA.
Twofold serial dilutions of the serum samples in dilution buffer (0.05 M Tris-
base, 0.15 M NaCl, 1% BSA, 0.05% Tween 20, pH 8.0) were subsequently added
for 1 h at RT, followed by the addition of HRP-conjugated goat anti-dog IgA,
IgM, or IgG (1/10,000 in dilution buffer; Bethyl Laboratories) for 1 h at RT.
Between each incubation step, the plates were washed three times with washing
buffer (0.05% Tween 20 in PBS). Finally, ABTS (Roche Diagnostics) was added
and the OD405 was measured after 45 min of incubation at 37°C. The cutoff
values for the Bordetella-specific antibody ELISAs were defined as the mean
OD405 value for sera from 15 Bordetella-seronegative dogs increased by three
times the standard deviation (the cutoff values for the Bordetella-specific serum
IgA, IgM, and IgG assays were 0.116, 0.199, and 0.268, respectively). The anti-
body titer of the serum samples was the inverse of the highest dilution that still
had an OD405 higher than the calculated cutoff value.

Statistical analysis. The Kolmogorov-Smirnov test (SPSS, version 15.0, for
Windows) was used to verify the normal distribution of the data. The total Ig
concentrations from day 0 (before treatment) for every dog were subtracted from
the concentration on the subsequent days to exclude interference from variations
between the dogs. Statistical analysis was performed by a single-factor analysis of
variance between groups for every time point in the SPSS (version 15.0) program.
The level of significance was set at a P value of �0.05.

RESULTS

In the first experiment (Fig. 1), as well as in the second
experiment (data not shown), glucan administration changed
the total IgA and IgM concentrations in serum. In experiment
1, the total IgA concentration declined after day 21 to a level
that was significantly lower in the glucan-treated group than in
the control group (P � 0.015) (Fig. 1). The same trend in the
total IgA concentration was seen in experiment 2 (data not
shown). In both experiments, the IgA concentration rose again
in the test groups after the cessation of �-glucan administra-
tion on day 28. The opposite was seen for total serum IgM. The
IgM concentration was significantly higher in the glucan-
treated group on day 21 in experiment 1 (P � 0.048) (Fig. 1)
and on day 28 in experiment 2 (P � 0.045) (data not shown).
In contrast, no effects on the total serum IgG concentration
were seen (data not shown).

Samples of tears and saliva were taken from all dogs in
experiment 1 on a weekly basis and were tested by the capture
ELISA for their total IgA concentrations. The results for the
IgA concentrations in saliva revealed a significantly lower IgA
concentration on days 14, 21, and 28 in dogs treated with

FIG. 1. Effect of glucan administration on changes (�) in total IgM and IgA concentrations (mg/dl) in serum compared to those on day 0 (D0).
The bars indicate the standard errors of the means (for the glucan-treated group, n � 10; for the placebo-treated group, n � 9). �, significant
difference (P � 0.05) between groups; 3, duration of �-glucan or placebo supplementation.
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�-glucans (P � 0.001, 0.018, and 0.032, respectively) (Fig. 2).
As was the case for the concentration in serum, the IgA con-
centration climbed to a higher level 1 week after the cessation
of administration, and the increase was even significant for
saliva. For tears, the same effect was seen only from day 21 on
(P � 0,029).

In experiment 2, the animals were vaccinated with Pneu-
modog on day 14 and received a boost on day 28, which
allowed us to determine the effect of the orally administered
MacroGard on the antigen-specific response. The animals
were tested for their Bordetella-specific IgM, IgA, and IgG
titers weekly during the experiment until 1 week after the
cessation of glucan administration (Fig. 3). As expected, in the
glucan-treated group, an increase in the antigen-specific IgM
concentration similar to the increase in the total IgM concen-
tration was seen (in comparison with the concentrations for the
control group, P � 0.049 and 0.044 on days 14 and 21, respec-
tively) (Fig. 3). However, the antigen-specific IgA titers, which
increased after vaccination of the control dogs, remained
nearly unchanged in the glucan-treated dogs.

DISCUSSION

The present study is, to our knowledge, the first to evaluate
the effect of orally administered �-1,3/1,6-glucans in dogs. To
diminish variation, samples were taken each day at the same
hour (13). Furthermore, both experiments were performed
with animals of the same breed (17). The oral administration
of MacroGard increased the serum IgM concentration and
decreased the serum and mucosal IgA concentrations, whereas
no effect on IgG concentrations was seen, suggesting that the
effect of the �-glucan was induced at the intestinal mucosa.
This was further supported by the observation that changes in
the IgA concentration were first seen in mucosal secretions
(saliva, tears) and were seen only later in serum. The mecha-
nisms involved in this immunomodulating effect of the orally
administered MacroGard are unclear. Follicle-associated M
cells in the intestinal epithelium have been described to be
involved in the uptake of �-glucan particles (2, 10, 18). These
cells are specialized in the transport of macromolecules from
the intestinal lumen to the underlying lymphoid tissue (31).
Glucans may target gastrointestinal macrophages and den-
dritic cells that express dectin 1 and TLR2 on their surfaces

(12, 29). The binding of �-glucan results in tyrosine phosphor-
ylation of the immunoreceptor tyrosine-based activation motif
of dectin 1, generating intracellular signals that mediate phago-
cytosis and the production of reactive oxygen species (8). Fur-
thermore, dectin 1 acts synergistically with TLR2 and induces

FIG. 2. Changes (�) in total IgA concentrations (mg/dl) in saliva and tears from the two groups of dogs. Bars indicate the standard errors of
the means. �, significant difference (P � 0.05) between the placebo-treated group and the glucan-treated group at the indicated time point; 3,
duration of �-glucan or placebo supplementation.

FIG. 3. Effect of glucan administration on mean specific IgM, IgA,
and IgG titers (log2) to Bordetella bronchiseptica antigen in serum. Bars
indicate the standard errors of the means. �, significant difference (P �
0.05) between groups;1, time of vaccination;43, duration of �-glu-
can or placebo supplementation.
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via the TLR pathway the production of cytokines, such as
TNF-� and IL-12 (9), directing the immune response toward
T-helper 1 (Th1) cells, while a Th2 cell environment facilitates
IgA class switching, production, and secretion (7). In the
present study, it was remarkable that the IgA concentrations
started rising again in serum, saliva, and tears immediately
after the cessation of �-glucan administration. This indicates a
rapid effect and could suggest that IgA-positive B cells are still
present but are perhaps located at the site most in contact with
the glucans, namely, the gut. It is unlikely a direct effect on B
cells, since such an effect has not yet been described. A change
in the cytokine environment more likely influences isotype
switching since there is an increase in the IgM concentration
and a decrease in the IgA concentration. �-1,3/1,6-Glucans are
known to activate macrophages, NK cells, and dendritic cells,
with the production of IL-12 resulting (2). Therefore, subse-
quent experiments should involve analysis of the changes in the
cytokine profile.

In the second experiment, the vaccination of dogs that did
not receive the glucan supplement induced a Bordetella-specific
IgA and IgG response and no IgM response, which is the
normal response for animals who have been primed by one or
more previous immunizations, as was the case in the present
study. Since MacroGard is promoted as an optimizer of the
immune system and may be administered to dogs on a daily
basis, we aimed to know if this administration enhanced im-
munity to a booster vaccination. Since the interval between the
previous and the present vaccination varied for all dogs, we
decided to immunize the dogs twice at an interval of 14 days
with the intention of obtaining a more homogeneous response
in the group. We performed the first immunization 14 days
after the start of glucan administration, since we expected to
see a strong glucan effect at that time. Indeed, in a previous
experiment with pigs, MacroGard (�-1,3/1,6-glucans) was ad-
ministered orally for 21 days and the immune response of these
pigs to a systemically injected antigen was determined (unpub-
lished results). The pigs were immunized twice. A first immu-
nization occurred during �-glucan intake, while the second one
occurred 3 weeks later and after the cessation of the supple-
mentation. A higher antigen-specific IgM and IgA response
was induced and lasted until the end of the experiment, 3
weeks after the cessation of �-glucan administration, so the
effect remained after the end of the glucan supplementation.
Therefore, the second immunization in the present study was
done at the time that glucan administration was ceased, 14 days
after the first immunization, and was expected to increase the
effect of the first immunization, as we observed in pigs.

The oral glucan administration did change the antigen-spe-
cific isotype response. The glucan-treated animals showed a
normal IgG response but a significantly increased Bordetella-
specific IgM response, whereas the IgA titers slowly decreased,
suggesting diminished IgA class switching. The effect on anti-
gen-specific IgA was less obvious than that on total IgA, which
could have been due to the systemic administration of Borde-
tella, whereas the glucan effect is probably the most pro-
nounced at the mucosa. We therefore checked for changes in
total IgA concentrations in feces but could not demonstrate a
consistent effect due to a large variation in the titers within
each group (data not shown).

An increase in the total serum IgM concentration has also

been seen in immunosuppressed mice during �-glucan supple-
mentation (40). However, that study used a �-1,3/1,4-glucan
and i.g. or s.c. administration to these mice, which increased
not only the total IgM concentration but also the total IgG and
IgA concentrations, whereas only the antisporozoite- and an-
timerozoite-specific IgG concentrations were higher in the sera
of the �-1,3/1,4-glucan-treated groups. Higher antigen-specific
serum IgG concentrations and higher antiamebic copro-IgG
and -IgA concentrations were also observed in rats following
the i.g. administration of a �-1,3-glucan (26). However, those
authors did not mention whether the �-1,3-glucan had 1,6 or
1,4 branches. In contrast to our study with dogs, the oral
administration of soluble �-1,3/1,6-glucans to humans signifi-
cantly increased the salivary IgA concentration when the glu-
cans were administered at a concentration of 400 mg/day,
whereas no effect on serum IgA or IgG was seen (24). In that
particular study, they administered the �-glucans for only 4
days, and sampling occurred only before supplementation and
at day 5.

Our data show that the oral administration of the �-1,3/1,6-
glucan MacroGard to dogs influences the humoral immune
response, possibly by the initial interaction of the �-glucan
particles with macrophages and dendritic cells in the gut,
thereby initializing the cascade of immunological events (35).
The oral administration of glucans had an effect on systemi-
cally induced IgA and IgM responses but not on the IgG
response, which suggests that the glucans can reach not only
Peyer’s patches but also mucosa-draining lymph nodes, such as
mesenteric lymph nodes, as these represent the transition be-
tween gut-associated lymphoid tissue and the systemic immune
system.

In summary, this study is the first to evaluate the adjuvant
effect of orally administered �-1,3/1,6-glucans in healthy dogs
on the total IgM, IgA, and IgG concentrations in serum; the
IgA concentrations in tears and saliva; and the isotype-specific
antibody response against Bordetella. There seems to be a
temporary decrease in the switch from IgM toward IgA due to
oral MacroGard supplementation in dogs, so that serum and
mucosal IgA levels decrease. The same effect on a systemically
induced serum antibody response against a Bordetella vaccine
was seen.
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