Text S1: Cytokine signalling model equations
The cytokine models are more empirical than the cell compartmental model and were designed to explain the data and predict potential interactions between the observed cytokines and CFUs without capturing all the essential biology. To do this we assumed that CFUs are a proxy of within cattle MAP bacteria, which is an oversimplification, since infected animals can express different immune responses, but may not excrete bacteria in their faeces. The limitation of this model is, however dealt with in the cell model, in which we tried to capture most of the essential MAP infection biology. Also, the cytokine model, does not explain the dynamics from the onset of infection, since it does not model the within animal bacteria density, but the excreted bacteria. Therefore, only explains the interactions that are important to reproduce the observed experimental data.   
Model 1 (Calf A)        

               	

            		

       	                              (S1)

                	
This model predicts that MAP bacteria stimulates the expression of IFN- while IL4 and IL10 inhibit the expansion of the IFN- responses. IL4 is stimulated by the bacteria and the IL10, and IL4 induce the expression of IL10. Also, this model predicts IL10 to enhance bacteria multiplication hence shedding. IFN- response are predicted to be protective.

Model 2 (Calf B)        	

             

            		

       	                              (S2)

                	
Model 2 predicts MAP infection to stimulate IFN- expression while IL4 inhibit this process. MAP bacteria and IL10 promote expansion of the IL4 responses while IFN- suppress the IL4 stimulation. IL10 expression and CFU excretion are explained in a similar way as in Model 1.

Model 3 (Calf C)         

        	

            		

       	                              (S3)

                	
[bookmark: _GoBack]In Model 3, IFN- responses proliferate  without inhibition from IL4 and IL10 mechanisms. However, the expansion of IL4 is inhibited by IFN- responses. The expression of IL10 is supported by both IL-4 and IFN- responses. MAP bacteria are predicted to expand while both IL4 and IL10 are predicted to enhance their multiplication, hence their excretion. IFN- responses are predicted to have a similar role like in all the other models.
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