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			Abstract

			Several studies have already demonstrated the ability of probiotics to fight virus infection either by enhancing the host immune response or by inhibiting viral adhesion to the host cells. The aim of this work was to determine the ability of an antimicrobial fraction derived from kefir to inhibit the cytopathic effect of Zika virus on epithelial cells. In addition, the influence of this fraction on lymphocytes was also investigated. The results demonstrated that after 72h of infection the antimicrobial fraction, at a concentration of 37.5µg/mL, was able to inhibit 44% of Zika virus cytopathic effect on Vero cells. The results also showed a decrease in the humoral immune response of mice immunized subcutaneously with BSA adsorbed on alum in the presence of the antimicrobial fraction. However, the number of B and T lymphocytes in their spleen was not affected. In contrast, the proliferative effect of Concanavalin A (ConA) on T cells was fully inhibited by the fraction. In summary, the results suggest that the antimicrobial fraction derived from kefir has an anti-virus effect that can be improved either by exploiting its ability to reduce viral cytopathic effect or by antagonizing the influence that some types of viruses have on T-lymphocyte proliferation.
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			Introduction

			A huge increase in the number of new emerging viral diseases such as dengue, Chikungunya, Ebola and lately Zika, a flavivirus transmitted by Aedes mosquitos, has become a serious problem in public health worldwide [1], especially taking into consideration the fact that there are not enough drugs in the pharmaceutical pipeline to control the evolution of viral drug-resistance. For these reasons, there is a continual search for new antiviral agents to replace the current ones used in the medical practice when they become ineffective. In the search for anti-viral drugs with few side effects, several studies have 

investigated whether probiotic products could be utilized as remedies against viral diseases. The results obtained by these studies have demonstrated that probiotic products have the potential to be used as medicines against viral infection [2-4]. In this regard, a very interesting study was published by Morsy 
and colleagues [5], who demonstrated that patients with chronic hepatitis C virus infection could benefit by drinking kefir. Our results also indicate that kefir has anti-viral properties since we have shown that a molecular fraction with mass lower than 3kDa derived from milk kefir was able to inhibit the cytopathic effect of Zika virus on Vero cells. In this experiment, the cytopathic effect of Zika virus was observed after 72 hours incubation of cells in 96 well cell culture plates containing 5 x 104 cells/mL (100µl/well) of fresh VP SFM medium [6] diluted serially with kefir antimicrobial fraction at the following concentrations: 150μg/mL to 0.29μg/mL. After 2 hours incubation, a MOI (multiplicity of infection) of 0.1 plaque-forming unit/cell of Zika virus culture was added to the wells at a final volume of 100μg per/well. After 72h of incubation, the plates were stained and read, revealing a 44% CPE (cytopathic effect) inhibition when the antimicrobial fraction of Kefir was used at 37.5µg/mL (Figure 1).
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			Other studies have also demonstrated that kefir metabolites are able to arrest proliferation and induce apoptosis of HTLV-1 negative malignant lymphocytes [7]. Likewise, studies using probiotic bacteria instead of metabolites have demonstrated that the probiotic bacteria themselves can help the immune system to fight viral infection by enhancing the host’s immune response. A good example is the work of Sugimura and colleagues who demonstrated that Lactococcus lactis JCM5808 activates plasmocytoid dendritic cells in vivo and increases their ability to produce IFNs (interferons) [8]. In addition, Yang and coworkers [9] have demonstrated that oral immunization of chickens with a recombinant probiotic L. plantarum expressing NP-M1-DCpep from H9N2 avian influenza virus (AIV) significantly increased T-cell-mediated immune responses, mucosal sIgA and IgG levels, and provided protection against H9N2 AIV challenge. Accordingly, it was decided in the present work to determine whether the humoral immune response induced by CTB (the B subunit of Cholera Toxin), a very potent immune adjuvant would be influenced by co-administration with the antimicrobial fraction of kefir. The results demonstrated that the humoral immune response against CTB of mice immunized subcutaneously with 1µg/mL of CTB (100µl/animal) in PBS diluted (1/2) with the antimicrobial fraction was equivalent to the response generated by the group immunized with 1µg/mL  of CTB in PBS, showing that in this case the kefir fraction did not enhance the immune response generated by CTB (Figure 2). In order to determine whether the fraction would interfere with the humoral response generated in the presence of another adjuvant such as alum, female Balb/c mice (6 to 8 weeks old) were immunized subcutaneously twice with BSA adsorbed on alum in the presence or absence of the antimicrobial fraction. Seven days after the last immunization blood was collected, pooled and the IgG response against BSA was measured. Contrary to what was observed previously with CTB, the IgG response against BSA generated by the group immunized with BSA on alum in the presence of the fraction was much lower than the response obtained by the group control immunized with BSA on alum in PBS (Figure 2). These data indicate that depending on the antigen and the adjuvant used for immunization, the antimicrobial fraction can influence the immune response in different ways. Therefore, in this study, the influence of the antimicrobial fraction of kefir on the proliferation of T and B cells in-vivo was examined. For this experiment, seven days after the last immunization, the splenic cells of the animals immunized subcutaneously with BSA adsorbed onto alum in the presence or absence of the antimicrobial fraction were incubated for 30 minutes with the following antibodies: rat IgG anti-mouse CD3-Tricolor, rat IgG anti-mouse CD4 labelled with FITC, rat IgG anti mouse CD8 labelled with (PE) and rat IgG anti mouse CD 45R labelled with PE. After 30 minutes of incubation with the afore-mentioned antibodies, the lymphocyte population profiles were determined by FACS according to the manufacturer’s instructions. The results obtained in these experiments showed that the number of B and T cells of mice immunized with BSA adsorbed onto alum in the presence of the antimicrobial fraction was equivalent to the number encountered in the group of mice immunized with BSA on alum in PBS (Figure 3). In addition, the number of T cells (CD4 and CD8) was not altered by co-immunization with the antimicrobial fraction (Figure 4). Nevertheless, some studies have shown that kefir can influence the number of malignant T cells [7]. Therefore, it was decided to determine the influence of the kefir antimicrobial fraction on T cell proliferation induced by ConA. For this experiment, seven days after the last immunization, the splenic cells of the animals immunized subcutaneously with BSA adsorbed onto alum in the presence or absence of the antimicrobial fraction were incubated with ConA in RPMI-1640 medium either alone or in the presence of the antimicrobial fraction diluted two-fold in RPMI-1640 medium (Sigma). The incubation was performed for 72 h at 37 °C in a 5% carbon dioxide atmosphere. After incubation, the ability of ConA to induce T cell proliferation was determined by the MTT methodology [10]. The results demonstrated that the kefir antimicrobial fraction was able to inhibit fully the proliferative effect of ConA on T cells (Figure 5), indicating that this fraction has the potential to inhibit proliferation of malignant T lymphocytes, as previously demonstrated by Maalouf and co-workers [7].
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			Conclusion

			The results obtained in the present work suggest that the antimicrobial fraction isolated from kefir has the potential to be used as an antiviral medicine. However, in order to be used as a product, the fraction needs to be better characterized and its mechanism of action has to be elucidated further.
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Figure 3: Influence of the antimicrobial fraction on B and T cells.
Spleens of mice immunized with BSA on alum (with or without
the fraction) were collected 7 days after the last immunization
and their cells were incubated with the following conjugates
labeled with florescent markers: rat 1gG anti-mouse CD3 and
rat IgG anti mouse CD45R. After incubation, the percentage of
B and T cells was determined by FACS. This experiment was
repeated twice with similar results.
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Figure 2: Influence of the antimicrobial fraction on the humoral
response against CTB and BSA. Balb/c female mice were
immunized subcutaneously twice either with CTB or BSA
adsorbed on alum (with or without the antimicrobial fraction).
Seven days after the last immunization blood samples were
collected, pooled, diluted 1/720 and the 1gG response against
CTB and BSA was determined by ELISA. This experiment was
repeated twice with similar results.
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Figure 1: Inhibition of the cytopathic effect of Zika virus. The
cytopathic effect of Zika virus was observed after 72 hours
incubation of Vero cells in 96 well cell culture plates containing 5
X 10¢ cells/mL (100pl/well) of fresh VP SFM medium diluted with
different concentrations of kefir antimicrobial fraction. After 2
hours incubation, a MOI of 0.1 PFU/cell of Zika virus culture was
added to the wells at a final volume of 100yl per/well. After 72h
ofincubation, the plates were stained and read. The percentage
of inhibition was calculated as follows: (the mean absorbance of
the virus in the presence of kefir fraction was subtracted from the
mean absorbance of the virus control). The result was divided
by (the mean absorbance of the culture with no virus subtracted
from the mean absorbance of the virus control). The final result
was multiplied by 100
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Figure 4: Influence of the antimicrobial fraction on CD4 and
CD8 T cell populations. Spleens of mice immunized with BSA
on alum were collected 7 days after the last immunization and
their cells were incubated with the following conjugates labeled
with florescent markers: rat IgG anti-mouse CD3, rat IgG anti-
mouse CD4 and rat IgG anti-mouse CD8. After incubation, the
percentage of CD4 and CD8 T cells was determined by FACS.
This experiment was repeated twice with similar results.
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Figure 5: Influence of the kefir antimicrobial fraction on T cell
proliferation induced by ConA. The splenic cells of animals
immunized subcutaneously with BSA adsorbed onto alum (in
the presence or absence of the antimicrobial fraction) were
incubated in vitro with ConA in RPMI-1640 medium (with
or without the antimicrobial fraction). The incubation was
performed for 72 h at 37°C in a 5% carbon dioxide atmosphere.
Subsequently, the ability of ConA to induce T cell proliferation
was determined by the MTT methodology. This experiment was
repeated twice with similar results.
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