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Summary

Mannanoligosaccharides (MOS) have been used to control microorganisms and possibly interact with the immune response of the animal. The aim of this study was to evaluate the presence of CD3+ and goblet cells on intestines of broilers vaccinated and challenged with SE, supplemented with MOS. Three experimental groups were used: Control, diet based on corn and soybean; MOS++ and MOS+, in-feed supplemented with different level of MOS. MOS supplementation in diet had significantly reduced the fecal shedding of SE by bird 14 days after challenge and cecum mucosa showed increase of CD3+ expression and reduction of number of goblet cell after vaccinated. The inverse relation occurs at 56 days, after SE challenge. Theses results showed a inversely relationship between CD3+ cells and number of goblet cells on intestinal mucosal suggesting that MOS on diet increase specific immune response by CD3+ cells and reduce the innate immune response related to mucus production by reducing the number of goblet cells.
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Introduction
The feed additives that interact with the immune response have a considerable potential to reduce the susceptibility of birds to infectious diseases. In this context, the relation between the immunocompetent apparatus (immune system) and the health of the birds has been studied, with the use of prebiotics as the manano oligosaccharides (mananoligosaccharides. MOS). These compounds are derived from the cell wall of the Sacharomyces cerevisiae yeasts that, when added to the animal feed, have a beneficial effect on the host by stimulating the selective growth and/or activity of a limited number of bacteria of the intestine microbiota (Gibson y Roberfroid, 1995). The study of their mode of action and other benefits is of particular interest for poultry farming, because the MOS not only affect the intestinal microbiota (Fairchild et al., 2001), but they also have immune modulating properties (Savage et al., 1996; Shashidhara y Devegowda, 2003).The object of this study was to quantify the chaliciform cells and the T lymphocytes of the intestinal mucosa of broilers supplemented with MOS, accompanied with a vaccine and challenged with Salmonella Enteritidis (SE).
Material y Methods
One day old 45 Cobb 500 broilers were used and distribuited in 3 treatments with 15 repetitions each.  The birds, identified with numbered rings, were weighted weekly and were vaccinated on day 14 and 28 with a commercial bacterin (dead vaccine) against SE. On day 42 the birds were inoculated with 1ml of a solution containing 105 colony forming units (CFU) of SE via oroesophagic.
The diets used were: control, control feed based on corn and soybean tart (pasta or flour); MOS++, control ration with a higher level of MOS (2 Kg/ton from 1 to 21 days and 0.5 Kg/ton from 22 to 56 days); MOS+, control ration with a lower level of MOS (1 Kg/Ton from 1 to 21 days and 5Kg/Ton from 22 to 56 days).
After 7, 37 and 56 days, 5 birds per treatment were slaughtered and a necropsy was carried on to take consistent samples from pieces of cecum. Histological tests were completed to quantify chaliciform cells and immune histochemistry for the quantification of T CD3 lynfocites.  The results were run through variance analysis (ANOVA) (P<0.05) and the various medias were subjected to Fischer’s exact test.

Results and Discussion
Table 1 shows the weight gain numbers during the 1 to 21, 1 to 42, 1 to 49 and 1 to 56 life days of the birds. During the 1 to 21 days and 1 to 42 days of age periods, the MOS++ group presented the lower weight gain compared with the other experimental groups, but there was no statistic difference in other periods regarding weight gain. 
Table 1. Weight gain of the birds in the different periods of growth, in the experimental groups.
	Groups
	1 to 21 days
	1 to 42 days
	1 to 49 days
	1 to 56 days

	Control
	886.3 ± 37.0 ª 
	3,028.7 ± 106.9 ª
	3,758.5 ± 133.2
	4,267.9 ± 270.6

	MOS++
	799.7 ± 62.6 b
	2,861.0 ± 144.5 b
	3,646.0 ± 163.5
	4,324.3 ± 217.2

	MOS+
	863.9 ± 61.3 a
	3,017.6 ± 127.9 a
	3,732.6 ± 136.9
	4,352.6 ± 192.9


Mean ± deviation. a, b Different letters in the same column indicate a difference  statistically significant (P<0.05).

Table 2 presents the results of the microbiological analysis to count SE.  There was no statistical difference between the experimental groups, during the samples taken after 2 and 7 days after the challenge with SE, but the MOS+ group reduced the fecal excretion of SE after 14 days of the challenge, in comparison with the other experimental groups.

Table 2. Count of Salmonella Enteritidis, Log 10 UFC, on swabs from cloaca collected at  2, 7 and  14 días post-challenge (PD) in the different experimental groups.
	Groups
	2 days PD

(44 days of age)
	7 days PD

(49 days of age)
	14 days PD

(56 days of age)

	Control
	3.31
	3.68
	3.91 ª

	MOS++
	3.35
	3.22
	2.76 ab

	MOS+
	3.60
	3.91
	2.64 b


a,b L a, b Different letters in the same column indicate a difference  statistically significant (P<0.05).

Table 3. Count of CD3+ cells in the ileum and the cecums of the birds at 7, 37 and 56 days of life in the different experimental groups (Immuno-histochemistry, 100X)
	Groups
	Íleum
	Cecum

	
	7 days
	37 days
	56 days
	7 days
	37 days
	56 days

	Control
	30.5±7.6 a
	80.5±20.9 a
	70.1±26.3 a
	5.5±3.5 a
	22.9±13.2
	16.8±6.8 a

	MOS++
	47.1±16.6 b
	121.2±24.8b
	91.9±44.9 ab
	11.7±2.2 b
	30.4±8.1
	20.9±5.4 ab

	MOS+
	30.0±10.7 a
	97.7±15.2 a
	107.0±23.8b
	6.5±0.8 ab
	35.5±13.7
	27.9±10.8b


Mean ± deviation. a, b Different letters in the same column indicate a difference  statistically significant (P<0.05).

In this study, the analysis of the weight gain results from 1 to 21 and from 1 to 42 days, in comparison with the quantification of CD3+ cells provides a direct relationship between these two parameters, where the reduction in weight gain occurs simultaneously with the increase in the number of CD3+ cells in the MOS++ group (Tables 1 and 3). Therefore, it is suggested that some interference occurred during the vaccination process on these weight gain results, due to the bacterin doses that were applied after 14 and 28 life days of the birds. According with Klassing (1998), the immune response may increase the need of organic resources in the animal and, hence affect the performance of the birds, which was also suggested by Dibner et al. (1998) and   Kogut and Klasing (2009).

The birds’ innate immune system is capable of recognizing characteristic structures of pathogen microorganisms that are not present in the bird and mammal cells, such as lipopolysaccharides and manano oligosaccharides (Abbas, 2000).  The protective action from the derivates of the yeasts cell wall, has been described as a non specific immune modulation, due to the participation of different ways including the activation of macrophages, the stimulus of T cells, the stimulus of the reticulum endothelial system, activation of “natural killer” (NK) cells, activation of classic and complementary ways (Zekovic et al., 2005) and the increase in the production of antibodies (Shashidhara y Devegowda, 2003).
Figure 1 represents the numbers in counts of CD3+ cells and of the quantification of chaliciform cells due to downiness in the birds’ cecum. In this we can see an inverse relation between the number of chaliciform cells and CD3+ cells in the intestinal mucosa, where after the application of the dose of the bacterin there was an increase in the number of CD3+ cells and a reduction in the number of chaliciform cells. After 14 days of the challenge with SE (56 days) the intestinal mucosa showed an increase in the number of chaliciform cells and a reduction of CD3+ cells, in comparison with the values observed after 37 days.
Figure 1. Quantification of CD3+ cells and chaliciform cells in the ceca of the birds after 7, 37 and 56 days of life , in the different experimental groups. 
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On the pieces of cecum in the control and MOS++ groups it was observed a reduction in the number of chaliciform cells due to downiness after 37 days and an increase in this same number on day 56, that is 44 days after challenge with SE.  The MOS+ group does not show this tendency, as these birds almost always presented a higher number of chaliciform cells in comparison with the control and MOS++ groups.
Based on the results obtained in the quantification of CD3+ cells from the ileum, it is suggested that a larger amount of MOS in the feed causes an immunological stimulus, while the smaller amount supplemented in the feed causes an immune modulation. It was observed that there is an inverse relation between the number of CD3+ cells and the expression of chaliciform cells in the intestinal mucosa, as an increase was shown in the CD3+ cells and a reduction in the number of chaliciform cells after the vaccination. This also happened in the birds in the group supplemented with the lower level of manano oligosaccharydes (MOS+), but with little variability, that may be beneficial for the animal’s behavior.  The layer of mucus produced by the chaliciform cells, acts as a physical and biological protection media and is also a component of the innate immune response, which is regulated as a response to inflammations or infections (Uni et al., 2003).
The results from the supplemented groups suggest that a higher level of MOS is more clearly related with the physiological processes of the intestinal mucosa in the broilers, while the lower levels of MOS seem to be more efficient in the control of the excretion of SE.
The supplementation with MOS triggered a dose-response effect in the immunological system of the birds, because there was a larger number of lymphocytes T in the ileum of the MOS++ group.
Conclussions
Supplementation with manamo oligosaccharydes (1 Kg/Ton from 1 to 21 days and 0.5 Kg/Ton from 22 to 56 days) in the birds’ ration was able to reduce the fecal excretion of SE, after 14 days of the challenge, in comparison with the control group. The results suggest an inverse relation between the presence of CD3+ cells and the expression of chaliciform cells or innate immunity.
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