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Probiotic are defined as "live micro

health benefit on the host”(Tanabe 
protective role by directly competing with intestinal pathogens via the produce metabolites such as lactic acid 
and acetic acid or antimicrobial peptides AMPs such as 
2015).Probiotics can increase immunogenicity of vaccines, in addition to its maintenance and re
the equilibrium the intestinal microflora which achieved by many methods of action

Lactobacilli and Bifidobacterium
considered as harmless for human use, even for children and immunocompromised persons
Lactobacilli are normally present or added for technological reasons or to c
yogurt is one of the best known foods that have probiotics
many properties such as resistant to bile acids, resistant to low pH value, adhesion to gut epithelium cells to 
cancel the flushing effects of peristalsis, ability to interact with immune cells associ
of human origin, resistant to luminal secretory immunoglobulin A (
(Presti et al., 2015). 

The Lactobacillus genus consist of genetically and physiologically divers groups of rod
positive, non-pigment, catalase negative, non
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A B S T R A C T  
Background: Probiotic are "live micro-organisms which, 
adequate amounts, confer a health benefit on the host. Objectives: 
aims to assess immune adjuvant activity of probiotics bacteria against MRSA
experimental animals. Design and Methods: A case control study included 
male white newzeland rabbits, that divided into tow groups (10 rabbits at each one), 
group I received orally one milliliter of 109 cells/ ml of L.acidophilus
group II have no received any thing as control group. After 10 days from las
adminstration of probiotic bacteria, all animals injected in intraperitonial (IP) with six 
doses of killed somatic antigen of Staphylococcus aureus. Blood samples were taken by 
heart puncture from all animals to detect the immunological parameter
technique. Results: The results show increased significantly (p
activity, mean value of complement component C3 and C4, IFN
group I as compared with group II. Conclusion: It is concluded that probiot
improve immune responses as adjuvant against MRSA antigen via increase the levels of 
cellular immune elements.  

INTRODUCTION

"live micro-organisms which, when administered in adequate amounts, confer a 
(Tanabe et al., 2013; Galdaeno, 2015). Probiotics have been shown to play a 

protective role by directly competing with intestinal pathogens via the produce metabolites such as lactic acid 
and acetic acid or antimicrobial peptides AMPs such as bacteriocins (Bohnsen et al

robiotics can increase immunogenicity of vaccines, in addition to its maintenance and re
the equilibrium the intestinal microflora which achieved by many methods of action(Hamasalim, 2015)

Bifidobacterium are the greatest often used bacteria in probiotic products as they are 
considered as harmless for human use, even for children and immunocompromised persons

are normally present or added for technological reasons or to create a health benefit for the user and 
yogurt is one of the best known foods that have probiotics (Hoque et al., 2010). Probiotic bacteria should have 
many properties such as resistant to bile acids, resistant to low pH value, adhesion to gut epithelium cells to 
cancel the flushing effects of peristalsis, ability to interact with immune cells associated with gut, the strains are 
of human origin, resistant to luminal secretory immunoglobulin A (sIgA) in addition to viability of bacterial cell

genus consist of genetically and physiologically divers groups of rod
pigment, catalase negative, non-motile and micro to strictly anaerobic. LAB is considered as 
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Generally Recognized As Safe (GRAS) organism(Hoque et al., 2010).Some strains of Lactobacillus such as L. 
acidophilus are considered as probiotic, since they compete and interfere with adhesion of other microbial 
pathogens in addition to its ability to yield H2O2, bacteriocin, lactic acid and other molecules that capable of 
inhibiting the growth of pathogens (Hamasalim, 2015). 

Probiotics bacteria have been shown to stimulate nonspecific and specific immune responses. The effects 
on nonspecific immunity represent the NK cells which are the large granular lymphocytes that derived from 
bone marrow and display non major histocompatibility complex-MHC classes. NK act as cytolysis effector cells 
of nonspecific immune system and regulate the development of allergic diseases (Isolauri et al., 2001).  

In many experiments, observed the NK activity of lymph node, payers patch cells and spleen cell were 
significantly augmented after oral administration of probiotics bacteria and this refers to effects of this bacteria 
on immune responses as well as observed the effects on cellular immunity, by feeding the mice with diet 
containing probiotics, via increasing T-helper type-1 (Th-1) cytokines production such as IFN-γ, and IL-2 
(Matsuzaki and Chin (2000). Phagocytosis is another process that play important role in the nonspecific defense 
against causative agents of diseases and it is responsible for early activation of inflammatory response before 
antibody production (Rakoff-Nahoum et al., 2004). Also observed the ingestion of lactobacilli bacteria in 
fermented milk products or as live bacteria to potentiate the IFN-γ production that promotes the uptake of 
antigens in payer patches in intestine, therefore; this bacteria stabilize the immune barriers in the gut mucosa as 
a result of reducing the production of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF- α) and 
by enhancing the production of IFN-γ (DeSimon et al., 1986; Sutas et al., 1997; Isolauri et al., 2001). 

Thecommunicationamongepithelium, macrophage, DCs and microorganisms in the gastrointestinal tract 
results in T-cell differentiation, ultimately training the innate and adaptive immune systems to achieve immune 
homeostasis and tolerance for commensal bacteria (Kober and Bowe, 2015).On the surface of bacteria there are 
many proteins include flagellin, lipoprotein, lipopolysaccharides LPS, as well as DNA of bacteria within the 
cell, all these interact with TLRs, modifying the immune status, for example, TLR-4 is essential in recognizing 
LPS, TLR-5 recognize flagellin and TLR-9 is important in recognizing CpG islands of DNA(Giorgetti et al., 
2015).  

Probiotics can also control their biotic environment through regulation of intestinal motility and mucous 
secretion of active molecules like fatty acids, H2O2 and bacteriocin. Bacteriocins are secreted protein or peptides 
which kill closely related bacteria by interfering with essential enzymes (Travers et al., 2011).Probiotics induces 
immune modulation, either through interaction with DCs that can, in turn modulate the differentiation of naïve 
T-cells into Th-1, Th-2 or T-regulator T-reg lymphocytes (McGuckin et al., 2011).DCs are antigen presenting 
cells APCs that play critical role in bridging innate and adaptive immunity, many studies showed that DCs 
undergo maturation after interaction with probiotics and consequently promote Th-1/Th-2 differentiation. 
Lactobacillus that is one of probiotics bacteria play important role in the initiation and regulation of nonspecific 
immune response by various cytokines and reactive intermediates released by macrophages(Ren et al., 2015). 

Adjuvants are chemical substances that improve the immune response against antigens (Ags), may be 
decrease the required amount of Ags or number of immunization doses that needed for improvement the 
protective immune responses (El-Ashry and Ahmed, 2012).Weakened vaccine that induce minor infection and 
immune responses that is similar to the infection induced by wild-type strains to initiate innate immunity that 
lead successful elimination of pathogens and these vaccines not need for adjuvants(Pasquale et al., 2015).One of 
the advantages of using bacterial components as adjuvant is their ability to interact with and signal to innate and 
adaptive immune system via TLRs(Miraglia et al., 2014). This study aims to study the immune adjuvant activity 
of probiotics in vivo through estimation the levels of some immunological parameters (complement component, 
interferon gamma IFN-γ, interleukin-2, and perforin). 

 
MATERIALS AND METHODS 

 
Twenty male rabbits included in this study, that divided into tow groups (10 rabbits at each one), group I 

received orally one milliliter of 109 cells/ mlof L.acidophilus per day lasting 10 days, while group II have no 
received any thing as control group. After 10 days from last dose of adminstration of probiotic bacteria 
(L.acidophilus), all animals injected in intraperitonial (IP) with six doses of killed somatic antigen of 
Staphylococcus aureus. L. acidophilus isolated from yoghurt at lacal markets according to 10, as well as 
Staphylococcus aureus isolated according to.Blood samples were taken by heart puncture from all animals to 
detect the immunological parameters by ELISA technique. 
 
Statistical analysis: 

Obtained results were analyzed by SPSS (version 18) to measure mean, stander deviation (SD) and 
percentage. ANOVA test was used to test the significance of data. P value equal or less than 0.05 was 
considered significant. 

Ethical approval: 
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The necessary ethical approval from research committee in college of medicine Babylon university was 
obtained. 

 
RESULTS AND DISCUSSION 

 
1- Phagocytic activitiy: 

Theresults of phagocytic activity indicate a significant increasing in group I(49.29%) as compared with 
group II (43.94%) as in table (2).  
 
Table 2: the percentage of phagocytic activity among the testing groups  

Testing groups No. 
Mean value 
% 

Standard deviation P value 

Group I 10 49.29 1.10 
˂ 0.05 

Group II 10 43.94 1.14 

 
Group I fed with probiotics;  Group II fed without probiotics as control: 

Phagocytosis process is essential for neutrophil and monocytes to clear invaders and they act as bridge 
between two arms of immunity. Probiotics are involving in increase the phagocytic process and this work agreed 
with(Gill et al., 2000; Abo Ali et al., 2013) who stated a significant increase in the phagocytic activity in mice 
fed with probiotics as compare with mice have no consumed probiotics. Phagocytosis in mammalian immune 
cells is activated by attachment to pathogen-associated molecular patterns (PAMPs), which leads to NF-κB 
activation. Opsonins such as C3b and antibodies can act as attachment sites and aid phagocytosis of pathogens. 
Macrophageshave three main functions; one of them is phagocytosis (Levinson, 2014).  
 
Complement Component levels:  
A- C3 Component:    

The results of complement component C3 indicated to increase significantly in the concentration of C3 in 
group I (145 pg/mL) as compared withgroup II (18.61 pg/mL)as intable(3).  

 
Table 3: the result of C3 component concentration among the testing groups  

Testing groups No. 
Mean value 
pg/Ml 

Standard deviation P value 

Group I 10 145.82 12.58 
˂ 0.05 

Group II 10 18.61 0.58 
 

B- C4 Component: 
Theobtained results of C4 concentration pointed to a highly significant increasing in group I(5.62 pg/ml) as 

compared with control group (2.38 pg. /ml) as in table (4). 
 
 Table 4: the result of C4 component concentration among the testing groups  

Testing groups No. 
Mean value 
pg/ml 

Standard deviation P value 

Group I 10 5.62 0.80 
˂ 0.05 

Group II 10 2.38 0.31 

 
Complement system is a part of the immune system that helps antibodies and phagocytic cells to clear 

pathogens. The complement system consists of a number of small proteins found in the blood that synthesized 
by the liver, and normally circulating as inactive proteins(Levinson, 2014). When stimulated by an antigen, 
proteases in the system cleave specific proteins to release cytokines. The end-result of this activation cascade is 
massive amplification of the response and activation of the cell-killing membrane attack complex. There are 
three biochemical pathways activate the complement system: the classical complement pathway, the alternative 
complement pathway, and the lectin pathway(Abbas et al., 2010). 

The three pathways generate homologous variants of the proteaseC3-convertase. The classical pathway 
typically requires antigen: antibody complexes for activation (specific immune response), whereas the 
alternative pathway (AP) and lectin pathway can be activated by antigens without the presence of antibodies. In 
all three pathways, C3-convertase cleaves and activates component C3, creating C3a and C3b. C3b binds to the 
surface of pathogens, leading to greater internalization by phagocytic cells by opsonization. C3a is the precursor 
of an important cytokine and is usually rapidly cleaved by carboxypeptidase B. Both C3a and C5a have 
anaphylatoxin activity, as well as increasing vascular permeability and smooth muscle contraction(Klose et al., 
2013).The C5b fragment initiates the membrane attack pathway, which results in the membrane attack complex 
(MAC), consisting of C5b, C6, C7, C8, and polymeric C9. MAC is the cytolytic end product of the complement 
cascade; it forms a transmembrane channel, which causes osmotic lysis of thetarget cell(Goldman and 
Prabhakar, 1996; Levinson, 2014).   
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On the other hand, Complement component C4 is a central protein in the classical and lectin pathways 
within the complement system. During activation of complement, its major fragment C4b becomes covalently 
attached to the surface of pathogens and altered self-tissue, where it acts as an opsonin marking the surface for 
removal. Moreover, C4b provides a platform for assembly of the proteolytically active convertases that mediate 
downstream complement activation by cleavage of C3 and C5 (Sofia et al., 2015).  

 
Cytokines profile:   
Interferon Gamma (IFN-γ) levels:  

The IFN- γ concentration pointed to a significant elevation (p˂ 0.05) in the mean value in group I (26.39 
pg/mL) as compared withgroup II (18.05 pg/mL)as in table (5).  
 
Table 5: the results of interferon gamma concentration among the testing groups  

Testing groups No. 
Mean value 
pg/Ml 

Standard deviation P value 

Group I 10 26.39 0.87 
˂ 0.05 

Group II 10 18.05 0.28 

 
The results in this study was agreement with (Su et al., 2014;Ren et al., 2015) who revealed that  IFN- γ 

was induced by oral administration of L.acidophilus bacteria that referred to the critical role of these bacteria in 
enhancing immune response against food and mouth disease in vaccinated mice. IFN-γ is an essential cytokine 
for immunity that produced by cells that mediate both innate and adaptive immune responses. NK cells are the 
innate cells source of this factor and rabidly produce IFN-γ upon activation. Significant increase in IFN-γ 
expression by CD+4 T-cells is observed only after T-helper (Th1) differentiation, this cytokine secreted by Th1 
cells, induces cell mediated and inflammatory immune responses (Araujo-souza et al., 2015). Furthermore, IFN-
γ aids to direct leukocytes to the infection sites by up-regulating the expression of adhesion molecules and 
chemokines, some Lactobacilli strains directed the Th1/Th2 balance towards Th1, and IFN- γ had activity in 
suppressing the B-cell differentiation process (Ghadimi etal., 2010; Aden and Rifa, 2014). 
 
Interluekine-2 (IL-2) concentration: 

The results indicated to a significantly arise of IL-2 value in both groups I (38.59 pg/mL) as compared 
withgroup II (24.27 pg/mL), as in table (6). 
 
Table 6: the result of Interluekin-2 concentration among the testing groups  

Testing groups No. 
Mean value 
pg/mL 

Standard deviation P value 

Group I 10 38.59 6.29 
˂ 0.05 

Group II 10 24.27 0.30 

IL-2 is a member of cytokines that produced by activated CD+4 and CD+8 T-cells in addition to activated 
DCs, NK and NKT cells(Mohsin et al., 2013). It is stimulates both helper and cytotoxic cells, in addition to it is 
conceder as T-cell growth factorand it is produced primarily by CD+4 T-cells following antigen stimulation but 
also produced to a lesser extent by CD+8 T-cells, NK cells, activated DCs and mast cells.It has broad essential 
biological actions not only driving T-cell proliferation and modulation effector cell differentiation but also 
limiting the dangerous autoimmune reactions(Liao et al., 2013). This cytokine plays important role in immune 
responses via promotes the generation, proliferation and differentiation of T-cells as well as enhances the 
activity of NK and promote antibodies production. In the presence of high concentrations of interleukin-2, NK 
cells differentiate to lymphokine activated killer cells (LAK cells). LAK cells are cytotoxic and are more potent 
killers than the NK cells (Gong, 2003; Levinson, 2014). 
 
Perforin levels: 

Perforin significantly increased (p˂ 0.05) in both groups I (0.23 ng/mL) as compared withgroup II (0.12 
ng/mL) as in table (7). 
 
Table 7: the result of perforin levels among the testing groups  

Testing groups No. 
Mean value 
ng/ml. 

Standard deviation P value 

Group I 10 0.23 0.02 
˂ 0.05 

Group II 10 0.12 0.01 

Perforin studied in this work as a marker for the activity of cytotoxic cells. A cytotoxic response is 
concerned primarily with destroying the cells that infect with virus and tumor cells. In response to viral 
infections, CD+8 must recognize both viral antigens and class I molecules on surface of infected cells. In order to 
kill these cells, the cytotoxic T-cells must be activated by production of IL-2 by CD+4 T-cells. The activated T-



126                                              Mohammad A. K. Al-Saadi and Salim H. H. AL-Greti, 2016 
Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 122-127 

 

helper cells produce cytokines such as IL-2 that stimulates the virus specific CTC to form a clone of activated 
CTC, and these latter kill a virus infected by inserting a specific protein called perforin and granzymes (Osinska 
et al., 2014; Levinson, 2014). Perforin is a glycoprotein that weights 60-70 kilo Dalton KDa and consists of four 
domains, two (C-terminal and N-terminal) which are related to biological functions, and other two domains are 
located in perforin molecule center. CTC and NK cells are the main source of perforin as well as CD+4 cells are 
also able to express a few amount of it (Osinska et al., 2014).NK cells produce IFN-γ that is activating 
macrophages to kill ingested bacteria as well as produce a perforin (Levinson, 2014). Perforin and FasL are the 
key molecules in lymphocyte mediated cytotoxicity with some accessory functions of TNF. FasL induce the 
receptor-mediated apoptosis, while the perforin mediated lysis does not require to these receptors but depend on 
the interaction with phosphorylcholine residues on the surface of target cells (Lopez et al., 2013; Osinska et al., 
2014).Perforin has been shown anti-tumor mediator that assist the growth and spread of tumor, and this 
achieved with a study that showed the lung cancer is associated with decreased perforin and IFN-γ expression, 
possibly as a result of factors produced via cancer cells like PGE2(Hodge et al., 2014).

 
REFERENCES 

 
Abbas, A.K., A.H. Lichtman and S. Pillai, 2010. Cellular and Molecular Immunology. 6thed.  Elsevier. 

pp: 272-288. 
Abo Ali, F.H., Z.A. Ashour, R.Y. Shahin, W.K. Zaki, S.B. Ragab and Y.A. Mohamed, 2013. Role of 

intestinal microflora (Lactobacillus Acidophilus) in phagocytic function of leukocytes in type 2 diabetic 
patients. EgyptianJournal of MedicalHumanGenetics, 14(1): 95-101. 

Aden, A.Z. and M. Rifa, 2014. Bioactivity of Ethanolic Extract of Propolis (EEP) in Balb/C Mice’s 
CD4+CD25+ and B220+ Lymphocyte Cells  , Journal .Experimental Life Science, 4(2): 2-7. 

Araújo-souza, P.S. De, S.C.H. Hanschke and J.P.B. Viola, 2015. Epigenetic Control of Interferon-Gamma 
Expression in CD8 T Cells. Journal of Immunology Research Review Article.   

Bohnsen, J., E. Deriu, M. Sassone-Corsi and M. Raffatellu, 2013. Probiotics:properties, examples, and 
specific applications. Cold spring Harb Perspect Med., 3: a010074.  

DeSimone, C., B.B. Salvadori, R. Negri, M. Ferrazzi, L. Baldinelli, R. Vesely, 1986. The adjuvant effect of 
yogurt on production of gammainterferon by ConA-stimulated human peripheral blood lymphocytes. Nutr Rep 
Int; 33:  419-33. 

El Ashry, E.S. and T.A. Ahmad, 2012. The use of propolis as vaccine’s adjuvant. Vaccine Journal, 31(1): 
31-39.  

Galdeano, C.M., 2015. Stimulation of Innate Immune Cells Induced by Probiotics: Participation of Toll-
Like Receptors. Journal of Clinical and Cellular Immunology, 6(1): 1-9. 

Ghadimi, D., M. Vrese de, K.J. Heller and J. Schrezenmeir, 2010. Lactic acid bacteria enhance autophagic 
ability of mononuclear phagocytes by increasing Th1 autophagy-promoting cytokine (IFN-g) and nitric oxide 
(NO) levels and reducing Th2 autophagy-restraining cytokines (IL-4 and IL-13) in response to mycobacterium 
tuberculosis antigen. International Immuno-pharmacology, 10(6): 694-706. 

Gill, H.S., K.J. Rutherfurd, J. Prasad and P.K. Gopal, 2000. Enhancement of natural and acquired immunity 
by Lactobacillusrhamnosus (HN001), Lactobacillusacidophilus (HN017) and Bifidobacteriumlactis (HN019). 
The British Journal of Nutrition,  83(2): 167-176.  

Giorgetti, G., G. Brandimarte, F. Fabiocchi, S. Ricci, P. Flamini and G. Sandri, 2015. Interactions between 
Innate Immunity, Microbiota, and Probiotics. Journal of Immunology Research, review article 501361 pp: 1-7. 

Goldman, A.S., B.S. Prabhakar, 1996. "The Complement System". In Baron S; et al. Baron's Medical 
Microbiology 4thed.  Univ. of Texas Medical Branch. 

Gong, F.L., 2003. Medical Immunology. 1st ed. Beijing, China: Science Publication., pp: 238-252. 
Hamasalim, H.J., 2015. The Impact of Some Widely Probiotic (Iraqi Probiotic) on Health and Performance. 

Journal of Bioscience and Medicine, 3: 25-36. 
Hodge, G., J. Barnawi, C. Jurisevic, D. Moffat and M. Holmes, 2014. Lung cancer is associated with 

decreased expression of perforin, granzymes B and interferon gamma by infiltrating lung tissue T-cells, natural 
killer (NK) T-like and NK cells. Clinical and experimental immunology Journal, 178: 79-85. 

Hoque, M.Z., F. Akter, K.M. Hossain, M.S.M. Rahman, M.M. Billah and K.M.D. Islam, 2010. Isolation, 
Identification and Analysis of Probiotic Properties of Lactobacillus spp. From Selective Regional Yoghurts. 
World Journal of Dairy and Food Sciences, 5(1): 39-46. 

Isolauri, E., Y. Sutas, P. Kankaanpaa, H. Arvilommi and S. Salminen, 2001. Probiotics: Effects on 
Immunity. American Journal of Clinical Nutrition, 73(2): 444-450.  

Klose, A., E. Wende, K.J. Wareham and P.N. Monk, 2013. "International Union of Pharmacology. 
Complement Peptide C5a, C4a, and C3a Receptors". Pharmacological Reviews, 65(1): 500-43. 

Kober, M. and W.P. Bowe, 2015. The effect of probiotics on immune regulation, acne, and photoaging. 
International Journal of Women’s Dermatology, 1(2): 85-89. 



127                                              Mohammad A. K. Al-Saadi and Salim H. H. AL-Greti, 2016 
Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 122-127 

 

Levinson, W., 2014. Review of medical microbiology and immunology. 13th ed. Textbook Mc Graw Hill 
Lange. London  

Liao, W., J.X. Lin and W.J. Leonard, 2013. Interleukin-2 at the Crossroads of Effector Responses, 
Tolerance, and Immunotherapy. Immunity Journal, 38(1): 13-25.   

Lopez, J.A., O. Susanto, M.R. Jenkins, N. Lukoyanova, V.R. Sutton, R. Law and I. Voskoboinik, 2013. 
Perforin forms transient pores on the target cell plasma membrane to facilitate rapid access of granzymes during 
killer cell attack. Blood, 121(14): 2659-2668.  

Matsuzaki, T. and J. Chin, 2000. Modulating immune responses with probiotic bacteria. Immunology and 
Cell Biology, 78(1): 67-73. 

McGuckin, M.A., S.K. Lindén, P. Sutton, T.H. Florin, 2011. Mucin dynamics and enteric pathogens. Nat 
Rev Microbiol., 9: 265-278.  

Miraglia, M., S. Leonardi, F. Galdo, A. Allegorico, M. Filippelli and T.M. Arrigo, 2014. Vaccines and 
Vaccination Probiotics and Vaccination in Children, 5(3). 

Mohsin, A.J., T.A. Hussein and K.T. Mashkoor, 2013. The role of IL-2 in the pathogenesis of multiple 
myeloma “a study in Iraqi patients”. Kufa Medical Journal, 16(2): 30-37. 

Osińska, I., K. Popko and U. Demkow, 2014. Perforin: an important player in immune response. Central 
European Journal of Immunology, 39(1): 109-115.  

Pasquale, A., S. Preiss, F. Silva and N. Garçon, 2015. Vaccine Adjuvants: from 1920 to 2015 and Beyond. 
Vaccines Journal, 3(2): 320-343.  

Presti, I., G. D'Orazio, M. Labra, B. La Ferla, V. Mezzasalma, G. Bizzaro, S. Giardina, A. Michelotti, F. 
Tursi, M. Vassallo, Di and P Gennaro, 2015. Evaluation of the probiotic properties of new Lactobacillus and 
Bifidobacterium strains and their in vitro effect. Applied Microbiology Biotechnology Journal, 99(13): 5613-26. 

Rakoff-Nahoum, S., J. Paglino, F. Eslami-Varzaneh, S. Edberg and R. Medzhitov, 2004. Recognition of 
commensal microflora by Toll-like receptors is required for intestinal homeostasis. Cell, 118: 229-241. 

Rask, C., I. Adlerberth, A. Berggren, I.L. Ahrén and A.E. Wold, 2013. Differential effect on cell-mediated 
immunity in human volunteers after intake of different Lactobacilli. Clinical and Experimental Immunology, 
172(2): 321-332.  

Ren, D., C. Li, Y. Qin, R. Yin, S. Du, H. Liu and N. Jin, 2015. Evaluation of immunomodulatory activity of 
two potential probiotic Lactobacillus strains by in vivo tests. Anaerobe, 35: 22-27. Elsevier. 

Sofia, M., T. Rune, V. Steen, S. Ágnes, P. Zoltan and R.A. Gregers, 2015. Structural Basis for the Function 
of Complement Component C4 within the Classical and Lectin Pathways of Complement. Journal of 
Immunology, 194: 11. 

Su, J., J. Li, H. Zheng, Y. You, X. Luo, Y. Li and X. Cai, 2014. Adjuvant Effects of L. acidophilus LW1 on 
Immune Responses to the Foot-and-Mouth Disease Virus DNA Vaccine in Mice. PLoS one, 9(8): e104446.  

Sutas, Y., S. Autio, I. Rantala and E. Isolauri, 1997. IFN- enhances macromolecular transport across 
Peyer’s patches in suckling rats: implications for natural immune responses to dietary antigens early in life. 
Journal Pediatric Gastroenterol Nutrition, 24: 162-9. 

Tanabe, S., 2013. The effect of probiotics and gut microbiota on Th17 cells. International reviews of 
immunology, 32(5-6): 511-25.  

Travers, M.-A., I. Florent, L. Kohl and P. Grellier, 2011. Probiotics for the control of parasites: an 
overview. Journal of parasitology research, pp: 610769. 


