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The objective of the study was to determine the immunostimulatory effect 
of β-(1,3/1,6)-D-glucan in puppies. The effect exerted on the efficacy of vaccina-
tion, especially against canine parvovirus and rabies infection, was studied. The 
application of vaccine and glucan leads to significant increases in the nonspecific 
immunological parameters (phagocytic ability of leukocytes, blastogenic response 
of lymphocytes, metabolic and chemotactic activity of polymorphonuclear cells). 
The level of antibodies against canine parvovirus (Ab CPV) and rabies infection 
reached the most statistically significant values on the 28th day after the applica-
tion of vaccine and a syrup containing β-(1,3/1,6)-D-glucan (Group GV) as com-
pared to the control group (Group V, puppies receiving only vaccine). Dogs with-
out glucan supplementation did not produce such significant levels of antibodies. 
We can conclude that glucan has relevant immunostimulatory effects in dogs with 
altered immunity. The glucan product tested in this study (PleraSAN V, PLEURAN, 
Bratislava, Slovakia) could be used in the small animal clinical practice. 
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Canine parvovirus infection and canine distemper are infectious diseases 
characterised by high morbidity and mortality in puppies between 6 weeks and 6 
months of age (Pollock and Coyne, 1993). Therefore, it is a common practice to 
immunise puppies with a modified live or inactivated vaccine. The vaccine usu-
ally provides satisfactory protection. Immunosuppressive conditions can influ-
ence the effect of vaccination, which has consequences on the protection of ani-
mals against infectious diseases (Maďar et al., 2003; Mojžišová et al., 2004). In 
recent years, one of the active ingredients responsible for the immunomodulatory 
effect of many herbs has been found to be a form of complex polysaccharides 
known as ‘β-D-glucan’, or simply called β-glucan (Ooi and Liu, 2000; Chang, 
2002). The receptors and mechanisms of action of β-glucans have recently been 
unfolded by in vitro and in vivo animal experiments. β-glucans are ubiquitously 
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found in both bacterial or fungal cell walls and have been implicated in the initia-
tion of antimicrobial immune response. Based on in vitro studies, β-glucans act 
on several immune receptors including Dectin-1, complement receptor (CR3) 
and TLR-2/6 and trigger a group of immune cells including macrophages, neu-
trophils, monocytes, natural killer cells and dendritic cells. As a consequence, 
both innate and adaptive response can be modulated by β-glucans, and they can 
also enhance opsonic and nonopsonic phagocytosis (Chan et al., 2009). Glucans 
are well known for their ability to stimulate the innate immunity and the cellular 
branch of immune reactions (Whistler et al., 1976). Of all ligniperdous mush-
rooms used in the food industry, the Oyster mushroom (Pleurotus ostreatus) has 
the most suitable nutritional values. The β-(1,3/1,6)-D-glucan isolated from this 
mushroom has considerable anticancer and immunomodulating effects (Mizuno, 
1996). It is assumed that glucan application results in signalling processes that 
lead to the activation of macrophages and other cells and the subsequent secre-
tion of cytokines and other substances initiating inflammation (e.g. interleukins 
IL-1, IL-2, IL-6, TNF-α) (Abel and Czop, 1992; Adachi et al., 1994; Vetvicka et 
al., 2002). Since β-glucans are inexpensive and have a good margin of safety 
based on historical track records, their potential therapeutic value deserves fur-
ther investigation. 

The aim of our study was to evaluate specific (antibodies after antirabies 
vaccination and after vaccination against canine parvovirus [CPV] infection) and 
nonspecific immunological parameters (the phagocytic ability of leukocytes, meta-
bolic and chemotactic activity of polymorphonuclear cells, blastogenic response of 
lymphocytes to the mitogen phytohaemagglutinin [PHA]) after immunostimulation 
by β-(1,3/1,6)-D-glucan. 

 
Materials and methods 

Animals. Forty-eight dogs of different breeds and sexes were divided into 
two groups at the age of 4 months. Group 1 (GV): 24 dogs coming from a shelter 
for stray dogs were administered orally (at the day of vaccination and after vac-
cination) the veterinary syrup PleraSAN V (PLEURAN, Bratislava, kindly pro-
vided by the manufacturer) at a daily dosage of 2 ml/5 kg of body weight for a 
period of two months, followed by subcutaneous vaccination against canine par-
vovirus, distemper, parainfluenza, infectious hepatitis and leptospirosis using a 
commercially modified live vaccine (Eurican DHPPI2 and DHPPI2L, Merial, 
France) and against rabies with an inactivated vaccine (Rabisin, Merial, France). 
Group 2 (V): 24 dogs of different breeds and sexes obtained from a shelter, at the 
age of approximately 4 months, without the application of PleraSAN, were vac-
cinated against the same infectious disease as dogs in Group GV. Both groups of 
dogs (GV and V) were primo-vaccinated (sampling 1) and subsequently revacci-
nated at an interval of two weeks. On day 28 (sampling 3), the dogs were vacci-
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nated against rabies. Immunosuppression was suspected because of the origin 
and healthy status of the experimental dogs, and it was later confirmed by immu-
nological tests (sampling 1). 

Blood collection. Peripheral blood samples were obtained by puncture of 
the cephalic vein and placed into plastic tubes containing heparin for immu-
nological tests and into glass tubes for the evaluation of specific antibodies in se-
rum. Sampling was carried out at the day of vaccination (sampling 1), and then 
on postvaccination days 14 (sampling 2), 28 (sampling 3, vaccination against ra-
bies), 42 (sampling 4), 56 day (sampling 5) and 70 (sampling 6) and after the 
administration of β-(1,3/1,6)-D-glucan. 

Blastogenic response of blood lymphocytes to mitogens. Lymphocytes 
were separated from venous blood on Ficoll density gradient (Pharmacia Biotech 
AB, Sweden). Cultivation (at 37 °C and 5% CO2 in humidified air for 48 h), mi-
togen stimulation and measurement of the blastogenic response of lymphocytes 
were performed using a colorimetric BrdU cell proliferation enzyme-linked im-
munosorbent assay kit (Roche, Mannheim, Germany; Russmann et al., 1993). 
Phytohaemagglutinin (PHA-P, Sigma Chemical Co., USA) was used for stimula-
tion in the optimum concentration of 20 μg/ml (Tajima et al., 1990). The level of 
the blastogenic response of lymphocytes was expressed as stimulation index (SI). 

The phagocytic ability of blood leukocytes was assessed by the method de-
scribed by Vetvicka et al. (1982). We used 2-hydroxyethylmetacrylate particles 
(MSHP, diameter 1.2 μm, ARTIM, Prague, Czech Republic). The phagocytic ac-
tivity (PA) of leukocytes was expressed as the percentage of cells phagocyting 3 
and more MSHP, and as the phagocytic index (PI) representing the ingestion ca-
pacity of leukocytes (the ratio of the number of cells phagocyting MSHP and the 
number of all potentially phagocyting leukocytes). Chemotactic activity was 
measured by the method of chemotaxis of polymorphonuclear cells (PMNL) un-
der agarose (Procházková et al., 1986a). The chemotactic index (CI) represents 
the ratio between the lengths of chemotactic and spontaneous paths of migration. 
The iodonitrotetrazolium test (INT) was carried out in accordance with the modi-
fications made by Procházková et al. (1986b). Assessment of the functional abil-
ity of phagocytes is based on the ratio between spontaneous activity and the ac-
tivity after stimulation by zymosan (Sigma, USA) i.e. the index of metabolic ac-
tivity (IMA). The antirabies antibody titres were determined by an ELISA test 
developed in our laboratory with our own kit (Beníšek et al., 1989; Süliová et al., 
1994). In this test, an anti-dog labelled antibody (RAD/IgG/Px, rabbit anti-dog 
IgG labelled with peroxidase, Sigma, USA) was used. The results were ex-
pressed in equivalent units (EU/ml) (Meslin et al., 1996) and were read from a 
calibration curve using a reference control positive serum with a known concen-
tration of antirabies antibodies. A control negative serum was included in the 
test. The level of specific antibodies against CPV was evaluated by the haemag-
glutination inhibition test (HIT) using 1% pig erythrocytes. Before testing, the 
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serum was inactivated by heating to 56 °C. Serial twofold dilutions of serum in 
buffer were added in microtitre plates. Then 4 haemagglutination units (HAU) of 
virus were added into each well and the plate was kept at room temperature for 
1 h. Results were read after adding the suspension of pig erythrocytes and incu-
bation at 4 °C for 1 h. CPV antibody titre measured by the HIT was considered 
protective at a level of ≥ 64 (Carmichael et al., 1983). 

Statistical analysis. The data were expressed as mean ± standard deviation. 
The significance of difference was checked by one-way analysis of variance 
(ANOVA), Mann-Whitney U-test, and Student’s unpaired test. Statistical analy-
ses were done with the programme GraphPad Instat V2.04. P values less than 
0.05 were considered significant. 

 
Results 

All results and the statistical analyses of differences between Group GV 
and Group V are presented in Table 1. Statistical comparisons between sampling 
1 and the other samplings in the particular groups before and after vaccination 
are presented in Table 2. The dogs examined came from a shelter for stray dogs, 
so we can presume that poor nutrition and stress contributed to the alteration of 
activity of the immune system. On the day of vaccination (sampling 1), most of the 
selected immunological parameters were lower than in healthy dogs examined in 
our laboratory (Mojžišová, 1997; Hromada et al., 2003; Mojžišová et al., 2004). 

The phagocytic activity of the leukocytes (PA Le %) showed an increasing 
tendency in both groups, and the most noticeable value was observed at the last 
sampling (day 70). Phagocytic activity was not significantly higher in Group GV 
than in Group V. 

On day 56 after vaccination, the phagocytic index of the leukocytes (PI Le) 
was significantly different (P < 0.05) in Group GV as compared to Group V, and 
a significantly lower value (P < 0.05) was observed after the third blood sam-
pling in puppies administered glucan. In Group GV this parameter was higher at 
day 56 than at day 1. PI Le was equal in the two groups when sampling 1 was 
compared with the last sampling. The values of IMA in vaccinated animals ad-
ministered glucan were not significantly different from those found in dogs vac-
cinated only; however, the index significantly increased in both groups when 
comparing day 1 vs. day 56 and day 1 vs. day 70. The IMA slightly (but signifi-
cantly) changed in Group V already after the third blood sampling (P < 0.001) as 
compared to the first blood sampling. 

The CI significantly increased (P < 0.05) only after the second blood col-
lection in Group GV. 

The most significant increase of SI (P < 0.0001) in puppies of Group GV 
as compared to Group V was observed on day 14. A significant increase (P < 
0.05) in SI was found between day 1 and day 28 in Group GV. 
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Table 1 

Nonspecific immunological parameters and titres of antirabies and CPV antibodies before and after the application of vaccine. Statistical compari-
son of Groups GV vs. V on the same days 

Group GV 

Sampling 1 
Day 1  

(application of  
DHPPI2 vaccine) 

Sampling 2 
Day 14 

(application of  
vaccine DHPPI2L) 

Sampling 3 
Day 28 

(application of  
antirabies vaccine) 

Sampling 4  
Day 42 

Sampling 5 
Day 56 

Sampling 6 
Day 70 

PA Le% 32.0 ± 7.2 35.8 ± 15.1 33.75 ± 13.36 36.75 ± 10.37 42.83 ± 14.35 54.46 ± 3.59 
PI Le 5.25 ± 0.9 6.21 ± 1.65 5.23 ± 1.12* 6.54 ± 0.89 7.72 ± 1.51* 8.88 ± 1.83 
IMA 1.25 ± 0.13 1.25 ± 0.12 1.39 ± 0.22 1.512 ± 0.248 1.56 ± 0.254 1.97 ± 0.375 
CI 1.43 ± 0.47 1.796 ± 0.24* 1.41 ± 0.54 1.432 ± 0.227 1.164 ± 0.460 1.25 ± 0.16 
SI 1.4 ± 0.5 3.6 ± 1.17*** 2.125 ± 0.521 1.2 ± 0.258 1.7 ± 0.62 1.13 ± 0.497 
CPV Ab  52.0 ± 67.24* 195.0 ± 202.4 1200.0 ± 788.63 1648.0 ± 755* 1600.0 ± 692** 912.0 ± 636.57 
Ab Rabies UE/ml 0.003 ± 0.002 0.50 ± 0.308 0.66 ± 0.432 1.52 ± 0.3*** 1.7 ± 0.2*** 1.57 ± 0.3*** 

Group V Sampling 1 
Day 1 

Sampling 2 
Day 14 

Sampling 3 
Day 28 

Sampling 4  
Day 42 

Sampling 5 
Day 56 

Sampling 6  
Day 70 

PA Le% 29.3 ± 6.7 30.67 ± 23.37 32.16 ± 8.45 36.83 ± 13.30 36.54 ± 19.55 57.83 ± 16.03 
PI Le 5.31 ± 1.5 8.02 ± 3.14 7.71 ± 2.22 7.66 ± 2.34 5.57 ± 1.545 9.35 ± 2.602 
IMA 1.16 ± 0.13 1.28 ± 0.123 1.25 ± 0.18 1.56 ± 0.147 1.58 ± 0.228 2.24 ± 0.531 
CI 1.29 ± 0.15 1.41 ± 0.148 1.36 ± 0.182 1.42 ± 0.212 1.15 ± 0.288 1.11 ± 0.109 
SI 1.4 ± 0.8 2.02 ± 0.9 2.18 ± 0.756 0.9 ± 0.283 1.57 ± 0.89 1.4 ± 0.389 
CPV Ab  25.0 ± 33.68 65.0 ± 68.3 736.0 ± 529.52 1088.0 ± 741.36 693.0 ± 524.8 443.0 ± 584.3 
Ab Rabies UE/ml 0.002 ± 0.002 0.451 ± 0.070 0.459 ± 0.039 0.669 ± 0.346 0.640 ± 0.302 0.488 ± 0.277 

PA Le – phagocytic activity of blood leukocytes; PI Le – phagocytic index of leukocytes; IMA – index of metabolic activity of phagocytes; CI – 
chemotactic index; SI – stimulation index of lymphocytes; Ab Rabies – antirabies antibody, UE/ml; CPV Ab – titre of antibody against canine par-
vovirus, mean ± standard deviation. Statistical comparison between Groups GV vs. V: ***P < 0.0001, **P < 0.01, *P < 0.05; ns – nonsignificant 
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Table 2 

Statistical comparison of the first blood collection (sampling 1) vs. other blood samplings in the particular groups before and after vaccination 

Comparison PA Le PI Le IMA CI SI Ab CPV  Ab Rabies 

Group GV        

Day 1 vs. 14 ns ns ns ns ***P < 0.0001 ns ns 
Day 1 vs. 28 ns ns ns ns *P < 0.05 **P < 0.01 ns 
Day 1 vs. 42 ns ns ns ns ns ***P < 0.0001 ***P < 0.0001 
Day 1 vs. 56 ns ***P < 0.0001 *P < 0.05 ns ns ***P < 0.0001 ***P < 0.0001 
Day 1 vs. 70 ***P < 0.0001 ***P < 0.0001 ***P < 0.0001 ns ns ns ***P < 0.0001 

Group V        

Day 1 vs. 14 ns *P < 0.05 ns ns ns ns ns 
Day 1 vs. 28 ns ns ns ns ns ***P < 0.0001 ns 
Day 1 vs. 42 ns ns **P < 0.01 ns ns ***P < 0.0001 *P < 0.05 
Day 1 vs. 56 ns ns **P < 0.01 ns ns ***P < 0.0001 *P < 0.05 
Day 1 vs. 70 ***P < 0.0001 ***P < 0.0001 ***P < 0.0001 ns ns ns ns 

For explanations, see footnotes in Table 1 
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Antibodies against rabies. In Group GV, the level of rabies antibodies 
reached the protective level (> 1 UE/ml) at all blood sampling dates from the be-
ginning of the immunoprophylaxis, whereas in Group V it did not reach the level 
required for protection at any of the blood samplings. The highest antibody level 
(P < 0.0001) was observed on day 28 after vaccination against rabies (sampling 
5) in Group GV (administered glucan) as compared to Group V (without glucan). 
Significant differences (P < 0.0001) were found between values measured on 
days 14 and 42 as compared to the first blood sampling (day 1) in Group GV. 

The development of antibody titre against CPV after vaccination was de-
layed by one week in Group V as compared to Group GV. At samplings 1 and 4 
(P < 0.05) and sampling 5 (P < 0.01), the titre of antibodies in Group GV treated 
with glucan was significantly higher than in Group V. The titre of antibodies in 
Group V decreased rapidly until the end of observation but remained on the pro-
tective level. 

 
Discussion 

The common vaccination procedure in dogs can cause changes in nonspe-
cific immunity. Vaccination against canine distemper and canine parvovirus was 
reported to cause enhanced lymphocyte blastogenesis and decreased lymphocyte 
and leukocyte count in puppies (Miyamoto et al., 1992; Miyamoto et al., 1995). 
The positive effect of an inactivated CPV vaccine on lymphocytes in puppies 
was used to improve immunosuppression after surgery (Taura et al., 1995). Other 
authors described a mild, short-lasting suppressive effect of vaccination on lym-
phocyte blastogenesis (Mastro et al., 1986). Phagocytosis and intracellular killing 
were not significantly modified by vaccination (Pratelli et al., 2000). However, 
as already mentioned above, the major finding of this study was that the ob-
served decline in cell-mediated immunity after vaccination was accompanied by 
a simultaneous increase in various components of humoral immunity. Our results 
show that phagocytosis tended to increase in both groups. The most noticeable 
value was observed at the last sampling (on day 70). We demonstrated a stimula-
tory effect of antirabies and CPV vaccination on the proliferative response of 
lymphocytes, which was significant in both groups but was more prominent on 
day 14 in Group GV. Unlike previous studies (Van Loveren et al., 2001; Henry 
et al., 2001), in which no significant difference was observed in antibody re-
sponse after vaccination between immunosuppressed and immunocompetent 
animals, our results demonstrate a considerable difference in the production of 
antirabies antibodies in dogs with altered immunological parameters. The titre of 
antirabies antibodies measured by ELISA test is considered protective at the 
level of > 1.0 EU/ml (Meslin et al., 1996; Cliquet et al., 2000). Such a titre was 
not detected in dogs without the immunostimulating effect of glucan, as com-
pared to puppies of Group GV whose immunity was supported by β-(1,3/1,6)-D-
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glucan. The CPV antibody titre measured by the HIT was considered protective 
at a level of ≥ 64 (Carmichael et al., 1983). Such a titre was detected one week 
later in non-stimulated puppies than in dogs stimulated with glucan. Subse-
quently, the level of antibodies in Group V decreased rapidly until the end of the 
observation period but remained on a protective level. 

As shown in animal experiments, after oral administration the specific 
backbone 1→3 linear β-glycosidic chain of β-glucans cannot be digested. Most β-
glucans enter the proximal small intestine and some of them are captured by the 
macrophages. They become internalised and fragmented within the cells, then 
transported by the macrophages to the bone marrow and the endothelial reticular 
system. Small β-glucan fragments are eventually released by the macrophages and 
taken up by other immune cells, leading to various immune responses. However, 
β-glucans of different sizes and branching patterns may have significantly variable 
immune potency. Careful selection of appropriate β-glucans is essential for the 
clinical investigation of the effects of β-glucans (Chan et al., 2009). The β-glucan 
of high purity selected by us (PLEURAN, Bratislava) had a positive effect on the 
immunological parameters. β-(1,3/1,6)-D-glucan administered at a dose of 2 ml/ 
5 kg body weight caused, besides a marked improvement of phagocytic functions, 
a significant increase in CPV and antirabies antibody titres that persisted until the 
end of the experiment. Similarly, the proliferation activity of lymphocytes was 
higher for a longer time in the group of dogs receiving glucan. In an attempt to 
limit the use of antibiotics in animal husbandry, spent brewer’s yeast is added to the 
feed in order to increase natural resistance. This effect is attributed to β-glucans, 
which are present in yeast cell walls, and are supposed to interfere with, and en-
hance, immunity (Kogan and Kocher, 2000). The possible mechanism of action is 
the ability of β-glucans to bind to cell receptors, which are known to include dec-
tin-1, CR3, LacCer, and scavenger receptors. This event then leads to the activation 
of multiple signal pathways which, in turn, promote immune responses in the af-
fected cells (Chen and Seviour, 2007). The exact immunological actions and signal-
ling pathway(s) induced by β-glucan are still unclear and have to be further defined. 

On the basis of our results we can certify that the application of β-(1,3/ 
1,6)-D-glucan increases specific (antirabies and CPV antibodies) as well as non-
specific (IMA, PI, SI) immunological responses. The use of glucan in small ani-
mal clinical practice is recommended for prevention as well as for the im-
munopotentiation of vaccination. We would recommend repeated antirabies vac-
cination, because primo-vaccination does not guarantee adequate protection. 
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