Supplemental C: R code for model, sensitivity of model, and generation of plots

##CWD transition model (not for sensitivity analysis)
#initial conditions (how many prions invade which organs upon inoculation)
Inoc <- matrix(c(1.34e28, 0, 0, 0), 1, 4) 	#number of prions present in inoculum
#1 lethal dose = 1 fg PrPD; PrPD = 27 kDa
#inoculation route [oral/nasal, intravenous (IV), intracerebral (IC), intraperitoneal (IP)]
time = 18 	#number of months to run simulation (18-24 clinical)

#amount of initial inoculum taken up by each organ (initial invasion)
gT = 0.1   		#amount of initial inoculum taken up by tongue (assuming oral)
gE =  0.05  	#amount of initial inoculum taken up by oral/nasal epithelium (assuming oral)
gL.o = 0.4	#amount of initial inoculum taken up by lymph via paracellular transport (assuming oral)
gB.o = 0.2 		#amount of initial inoculum taken up by blood (assuming oral)
gTs = 0.05 		#amount of initial inoculum taken up by tonsils (assuming oral)
gI = 1 - gE – gT	 	#amount of initial inoculum present in intestines (assuming oral)
gP = 0.1  		#amount of initial inoculum taken up by Peyer's patches (assuming oral)
gR = 0.05  		#amount of initial inoculum taken up by rectal follicles (assuming oral)
gF = 1 - gI - gP – gR	#amount of initial inoculum present in feces (assuming oral)
gB = 1     		#amount of initial inoculum taken up by blood (assuming IV injection)
gBn = 1     		#amount of initial inoculum taken up by brain (assuming IC injection)
gL = 1     		#amount of initial inoculum taken up by lymphatic fluid (assuming IP injection)
	
#transition parameters between organs/fluids
Beta.epi_sal = 0.3	 #transition of prions from oral/nasal epithelium to saliva
Beta.epi_ans = 0.00008 #transition of prions from oral/nasal epithelium to autonomic NS
Beta.epi_cn = 0.000002 #transition of prions from oral/nasal epithelium to cranial nerves
Beta.tng_sal = 0.754 	#transition of prions from tongue to saliva
Beta.tng_cn = 0.00002 	#transition of prions from tongue to cranial nerves
Beta.rpln_lph = 0.01	#transition of prions from retropharyngeal lymph nodes to lymph
Beta.spl_ans = 0.001 	#transition of prions from spleen to autonomic NS
Beta.mln_lph = 0.01 	#transition of prions from mesenteric lymph nodes to lymph
Beta.lph_rpln = 0.05 	#transition of prions from lymph to retropharyngeal lymph nodes
Beta.lph_mln = 0.05 	#transition of prions from lymph to mesenteric lymph nodes
Beta.lph_bld = 0.7 	#transition of prions from lymph to blood
Beta.lph_stay = 1 - (Beta.lph_rpln + Beta.lph_mln + Beta.lph_bld)
#prions staying in lymph between time steps (check for later)
Beta.sgd_sal = 0.2 	#transition of prions from salivary glands to saliva
Beta.sal_exsal = 0.1	#transition of prions from saliva into excreted saliva
Beta.sal_tsl = 0.001 	#transition of prions from saliva to tonsils
Beta.sal_pp = 0.01	#transition of prions from saliva to Peyer's Patches
Beta.sal_rf = 0.001 	#transition of prions from saliva to rectal follicles
Beta.sal_fcs =  0.6 	#transition of prions from saliva to feces
Beta.sal_stay = 1 - (Beta.sal_exsal + Beta.sal_tsl + Beta.sal_pp + Beta.sal_rf + Beta.sal_fcs)
#prions staying in saliva between time steps (check for later)
Beta.tsl_lph = 0.2 	#transition of prions from tonsils to lymph
Beta.tsl_sal = 0.01 	#transition of prions from tonsils to saliva
Beta.pp_lph = 0.5 	#transition of prions from Peyer's Patches to lymph
Beta.pp_sal = 0.05	#transition of prions from Peyer's Patches to saliva
Beta.pp_ens = 0.1 	#transition of prions from Peyer's Patches to enteric NS
Beta.ofb_epi = 0.1 	#transition of prions from olfactory bulb to oral/nasal epithelium
Beta.ofb_sal = 0.5	#transition of prions from olfactory bulb to saliva (olfactory receptor neuron turnover)
Beta.ans_epi = 0.03 	#transition of prions from autonomic NS to oral/nasal epithelium
Beta.ans_spl = 0.006 	#transition of prions from autonomic NS to spleen
Beta.ans_ssm = 0.0001 #transition of prions from autonomic NS to stomach smooth muscle
Beta.ans_sgd = 0.001	#transition of prions from autonomic NS to salivary glands
Beta.ans_spc = 0.2 	#transition of prions from autonomic NS to spinal cord
Beta.ans_kd = 0.001 	#transition of prions from autonomic NS to kidney
Beta.ens_sal = 0.001	#transition of prions from enteric NS to saliva
Beta.ens_pp = 0.03 	#transition of prions from enteric NS to Peyer's Patches
Beta.ens_spc = 0.2 	#transition of prions from enteric NS to spinal cord
Beta.cn_brn = 0.3 	#transition of prions from cranial nerves to brain
Beta.brn_ofb = 0.1 	#transition of prions from brain to olfactory bulb
Beta.brn_cn = 0.00002 	#transition of prions from brain to cranial nerves
Beta.brn_spc = 0.1 	#transition of prions from brain to spinal cord
Beta.brn_csf = 0.001 	#transition of prions from brain to cerebrospinal fluid
Beta.spc_ans = 0.2 	#transition of prions from spinal cord to autonomic NS
Beta.spc_ens = 0.2 	#transition of prions from spinal cord to enteric NS
Beta.spc_brn = 0.2 	#transition of prions from spinal cord to brain
Beta.csf_brn = 0.0001	 #transition of prions from cerebrospinal fluid to brain
Beta.csf_bld = 0.9 	#transition of prions from cerebrospinal fluid to blood
Beta.bld_lph = 0.0001	 #transition of prions from blood to lymph
Beta.bld_spl = 0.2 	#transition of prions from blood to spleen
Beta.bld_brn = 0.001 	#transition of prions from blood to brain
Beta.bld_kd = 0.2 	#transition of prions from blood to kidneys
Beta.kd_urn = 0.8 	#transition of prions from kidney to urine
Beta.ub_urn = 0.5 	#transition of prions from urinary bladder to urine
Beta.urn_ub = 0.001 	#transition of prions from urine to urinary bladder
Beta.urn_exurn = 0.8 	#transition of prions from urine to excreted urine
Beta.urn_stay = 1 - (Beta.urn_ub + Beta.urn_exurn)
#prions in urine remaining between time steps (check for later)
Beta.rf_fcs = 0.2 	#transition of prions from rectal follicles to feces
Beta.fcs_exfcs = 0.8	#transition of prions from feces to excreted feces
Beta.fcs_stay = 1 - Beta.fcs_exfcs
#prions in feces remaining between time steps (check for later)

#prion replication in specific organs/fluids
r.epi = 1.1 	#replication of prions in oronasal epithelium
r.tng = 1.5 	#replication of prions in tongue
r.rpln = 1.1 	#replication of prions in retropharyngeal lymph nodes
r.spl = 1.1 	#replication of prions in spleen
r.mln = 1.1 	#replication of prions in mesenteric lymph nodes
r.lph = 1 	#replication of prions in lymph
r.sgd = 1.1 	#replication of prions in salivary glands
r.sal = 1 	#replication of prions in saliva
r.exsal = 1 	#replication of prions in excreted saliva
r.tsl = 1.5 	#replication of prions in tonsils
r.pp = 1.5 	#replication of prions in Peyer’s Patches
r.ssm = 1.5 	#replication of prions in smooth muscle of stomach
r.ofb = 1.5 	#replication of prions in olfactory bulb
r.ans = 1.5 	#replication of prions in autonomic nervous system
r.ens = 1.5 	#replication of prions in enteric nervous system
r.cn = 1.5 	#replication of prions in cranial nerves
r.brn = 10 	#replication of prions in brain
r.spc = 10	#replication of prions in spinal cord
r.csf = 1 	#replication of prions in cerebrospinal fluid
r.bld = 1 	#replication of prions in blood 
r.kd = 1.1 	#replication of prions in kidney
r.ub = 2 	#replication of prions in urinary bladder
r.urn = 1 	#replication of prions in urine
r.exurn = 1 	#replication of prions in excreted urine
r.rf = 1.1 	#replication of prions in rectal follicles
r.fcs = 1 	#replication of prions in feces
r.exfcs = 1 	#replication of prions in excreted feces

#checks for negative values
#warning if any negative values in exsal, exurn, exfcs (more prions left than where in compartment)
Stay <- c(Beta.sal_stay, Beta.urn_stay, Beta.fcs_stay)
if(any(Stay < 0)) {
stop("Derived Value(s) are Negative: ", toString(Stay[Stay < 0]))
}

#set-up useful vectors for model
#initial prion amounts in organs (assuming quick uptake by organs)
PrioNum <- c(gE * Inoc[1], gT * Inoc[1], 0, 0, 0, (gL * Inoc[4]) + (gL.o * Inoc[1]), 0, 0, 0, gTs * Inoc[1], gP * Inoc[1], 0, 0, 0, 0, 0, gBn * Inoc[3], 0, 0, (gB * Inoc[2]) + (gB.o * Inoc[1]), 0, 0, 0, 0, gR * Inoc[1], gF * Inoc[1], 0)

PrioNum.new <- PrioNum 	#storage matrix for number of prions in each organ starting with initial conditions

#transition matrix based off parameters (no replication terms)
A <- matrix(0, 27, 27)
A[,1] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ofb_epi, Beta.ans_epi, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into oronasal epithelium
A[,2] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)	#into tongue
A[,3] = c(0, 0, 0, 0, 0, Beta.lph_rpln, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into retropharyngeal lymph nodes
A[,4] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_spl, 0, 0, 0, 0, 0, Beta.bld_spl, 0, 0, 0, 0, 0, 0, 0)
 #into spleen
A[,5] = c(0, 0, 0, 0, 0, Beta.lph_mln, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	
#into mesenteric lymph nodes
A[,6] = c(0, 0, Beta.rpln_lph, 0, Beta.mln_lph, 0, 0, 0, 0, Beta.tsl_lph, Beta.pp_lph, 0, 0, 0, 0, 0, 0, 0, 0, Beta.bld_lph, 0, 0,  0, 0, 0, 0, 0) 	#into lymph
A[,7] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_sgd, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into salivary glands
A[,8] = c(Beta.epi_sal, Beta.tng_sal, 0, 0, 0, 0, Beta.sgd_sal, 0, 0, Beta.tsl_sal, Beta.pp_sal, 0, Beta.ofb_sal, 0, Beta.ens_sal, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)	#into saliva
A[,9] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_exsal, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into excreted saliva
A[,10] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_tsl, 0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)	#into tonsils
A[,11] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_pp, 0, 0, 0, 0, 0, 0, Beta.ens_pp, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into Peyer's patches
A[,12] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_ssm, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into stomach smooth muscle
A[,13] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.brn_ofb, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into olfactory bulb
A[,14] = c(Beta.epi_ans, 0, 0, Beta.spl_ans, 0, 0, 0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, Beta.spc_ans, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	#into autonomic nervous system
A[,15] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.pp_ens, 0, 0, 0, 0, 0,  0, Beta.spc_ens, 0, 0, 0, 0, 0, 0, 0, 0, 0) #into enteric nervous system
A[,16] = c(Beta.epi_cn, Beta.tng_cn, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.brn_cn, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	#into cranial nerves
A[,17] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.cn_brn, 0, Beta.spc_brn, Beta.csf_brn, Beta.bld_brn, 0, 0, 0, 0, 0, 0, 0)	#into brain
A[,18] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_spc, Beta.ens_spc, 0, Beta.brn_spc, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	#into spinal cord
A[,19] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.brn_csf, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into cerebrospinal fluid
A[,20] = c(0, 0, 0, 0, 0, Beta.lph_bld, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.csf_bld, 0, 0, 0, 0, 0, 0, 0, 0) 
	#into blood
A[,21] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_kd, 0, 0, 0, 0, 0, Beta.bld_kd, 0, 0, 0, 0, 0, 0, 0) 
#into kidney
A[,22] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.urn_ub, 0, 0, 0, 0) 
#into urinary bladder
A[,23] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.kd_urn, Beta.ub_urn, 0, 0, 0, 0, 0) #into urine
A[,24] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.urn_exurn, 0, 0, 0, 0) 
#into excreted urine
A[,25] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_rf, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into rectal follicles
A[,26] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_fcs, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.rf_fcs, 0, 0) 
#into feces
A[,27] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.fcs_exfcs, 0)
 #into excreted feces

#calculate replication terms based on prion movement
#replication terms based on movement in/out of fluids only
Rep <- matrix(0, 27, 27) 
#matrix indicating movement of prions (1=prions move/0=prions induce replication at boundary)
Rep[,1]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,2]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,3]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of lymph into retropharyngeal lymph nodes
Rep[,4]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0)
#uptake of blood into spleen
Rep[,5]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of lymph into mesenteric lymph nodes
Rep[,6]= c(0, 0, 1, 0, 1, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0) #shedding into lymph
Rep[,7]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,8]= c(1, 1, 0, 0, 0, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #shedding into saliva
Rep[,9]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #excretion of saliva
Rep[,10]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of saliva in tonsils
Rep[,11]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
#uptake of saliva in Peyer’s patches
Rep[,12]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,13]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,14]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,15]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,16]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,17]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0) 
#uptake of blood/CSF into brain
Rep[,18]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,19]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#shedding into CSF by brain
Rep[,20]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0) 
#transfer from lymph/CSF to blood at draining
Rep[,21]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0)
#uptake of blood in kidney
Rep[,22]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0)
#uptake from urine by bladder
Rep[,23]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0) #shedding into urine
Rep[,24]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0) #excretion of urine
Rep[,25]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of saliva by rectal follicles
Rep[,26]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0) 
#saliva transfer to feces, shedding into feces
Rep[,27]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0) #excretion of feces

#replication terms based on movement of prions only into fluids (all others are induction)
Repm <- matrix(0, 27, 27) #matrix indicating movement of prions (1=prions move / 0=prions induce replication at boundary without movement out)
Repm[,1]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,2]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,3]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of lymph into retropharyngeal lymph nodes
Repm[,4]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of blood into spleen
Repm[,5]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of lymph into mesenteric nodes
Repm[,6]= c(0, 0, 1, 0, 1, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0) #shedding into lymph
Repm[,7]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
Repm[,8]= c(1, 1, 0, 0, 0, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #shedding into saliva
Repm[,9]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #excretion of saliva
Repm[,10]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of saliva in tonsils
Repm[,11]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of saliva in Peyer’s Patches
Repm[,12]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,13]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,14]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,15]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,16]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,17]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of blood/CSF into brain
Repm[,18]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
Repm[,19]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
#shedding into CSF by brain
Repm[,20]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0) 
#transfer from lymph to blood at draining
Repm[,21]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of blood in kidney
Repm[,22]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake from urine by bladder
Repm[,23]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0) #shedding into urine
Repm[.24]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0)
Repm[,25]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no saliva uptake by rectal follicles
Repm[,26]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0) 
#saliva transfer to feces, shedding into feces
Repm[,27]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0)

#replication terms based on movement of prions at all interfaces
Rep.am <- A
Rep.am[Rep.am != 0] <- 1 #convert all non-zero entries to 1

#entering replication term into A based on move/no move (CHANGE FOR SCHEME!)
#Rep=in/out fluids, Repm=into fluids, Rep.am=all move
for (p in 1:ncol(Rep.am)) { #calculating replication terms based on loss of prions
r.organ <- c(r.epi, r.tng, r.rpln, r.spl, r.mln, r.lph, r.sgd, r.sal, r.exsal, r.tsl, r.pp, r.ssm, r.ofb, r.ans, r.ens, r.cn, r.brn, r.spc, r.csf, r.bld, r.kd, r.ub, r.urn, r.exurn, r.rf, r.fcs, r.exfcs)
A[p,p] <- r.organ[p] * (1 - sum(A[p,] * Rep.am[p,])) #vector of growth parameter instead of 1
}

#warning if any negative values in matrix A
if(any(A < 0)) {
stop("Input Contains Negative Value(s): ", toString(A[A < 0]))
}

#organ size for adult female deer w/ mass of 233 kg
s.epi = 1000 	#mass of epithelium (g)
s.tng = 63 	#mass of tongue (g)
s.rpln = 15 	#mass of retropharyngeal lymph nodes (g)
s.spl = 200 	#mass of spleen (g)
s.mln = 20	#mass of mesenteric lymph nodes (g)
s.lph = 2000 	#volume of lymph present (ml)
s.sgd = 20 	#mass of salivary glands (g)
s.sal = 405000 * (1 - Beta.sal_drl) 	#volume of saliva produced, but not orally excreted each month (ml)
s.exsal = 405000 * Beta.sal_drl 	#volume of saliva excreted as drool each month (ml)
s.tsl = 20 	#mass of tonsils (g)
s.pp = 20 	#mass of Peyer’s Patches (g)
s.ssm = 100 	#mass of stomach smooth muscle (g)
s.ofb = 60 	#mass of olfactory bulbs (g)
s.ans = 100 	#mass of autonomic nervous system (g)
s.ens = 100 	#mass of enteric nervous system (g)
s.cn = 10 	#mass of cranial nerves (g)
s.brn = 350	#mass of brain (g)
s.spc = 50 	#mass of spinal cord (g)
s.csf = 330 	#volume of cerebrospoinal fluid (ml)
s.bld = 4000	#volume of blood (ml)
s.kd = 443 	#mass of kidneys (g)
s.ub = 10 	#mass of urinary bladder (g)
s.urn = 83333 * (1 - Beta.urn_exurn) 	#volume of urine produced, but not excreted each month (ml)
s.exurn = 83333 * Beta.urn_exurn 	#volume of urine excreted each month (ml)
s.rf = 10 	#mass of rectal follicles (g)
s.fcs = 23400 * (1 - Beta.fcs_exfcs) 	#mass of feces produced, but not excreted each month (g)
s.exfcs = 23400 * Beta.fcs_exfcs 	#mass of feces excreted each month (g)

s.organ <- matrix(c(s.epi, s.tng, s.rpln, s.spl, s.mln, s.lph, s.sgd, s.sal, s.exsal, s.tsl, s.pp, s.ssm, s.ofb, s.ans, s.ens, s.cn, s.brn, s.spc, s.csf, s.bld, s.kd, s.ub,  s.urn, s.exurn, s.rf, s.fcs, s.exfcs), 1, 27)

for (n in 1:time) {
PrioNum <- PrioNum %*% A #determining spread if prions based on transition parameters
PrioNum.new <- rbind(PrioNum.new, x) #adding prion spread/number to storage matrix
}
PrioNum.new

#calculating prion concentration in each organ ((g or ml prions) / g of tissue or fluid)
Plode.time <- (PrioNum.new[1,] / s.organ) * ((27 * 1.6605e-21) / 6.02e23) 
#storage matrix for prion concentrations over time
#convert prion strands to g; assume PrPcwd = 27kDa
for (n in 2:nrow(PrioNum.new)) {
Plode <- (PrioNum.new[n,] / s.organ) * ((27 * 1.6605e-21) / 6.02e23) 
#concentration of prion in each tissue (g/g or g/ml)
Plode.time <- rbind(Plode.time, Plode) #prion concentration over time
}
Plode.time


##Plots of CNS tissue, detection of prions in excreta, & number of accumulated prions in excreta
##code for each plot for either new R script (source in model) or same R script as above model
#plot of CNS tissue (using broken-axis notation)
par(mfrow=c(2,1), mai=c(1.1,1.5,1,1)) 
gap.plot(0:nrow(Plode.time), Plode.time[,17], gap=c(1.01,10), gap.axis="x", breakcol = "white", xtics=c(0:1,10:20), xticlab=c(0:1,10:20), type="l", col="dimgray", lty=1, lwd=3, xlab="Time After Inoculation (Months)", xlim=c(0,20), ylab="Prion Concentration \n (g/g)", main="Prion Concentration in Tissues", font.lab=1, font.main=2, font.axis=1) 
#olfactory bulb concentration on plot with gap between 1 and 10 months
gap.plot(0:nrow(Plode.time), Plode.time [,13],  gap=c(1.01,10), gap.axis="x", type="l", col="gray", lty=1, lwd=3, add=TRUE)		#add olfactory bulb concentration to plot
gap.plot(0:nrow(Plode.time), Plode.time [,18],  gap=c(1.01,10), gap.axis="x", type="l", col="black", lty=1, lwd=3, add=TRUE)		#add spinal cord concentration to plot
abline(v=c(1.01,1.25), col="white")	#hide vertical lines from break in plot
abline(h=1.5e-4) 			#complete top line across break
grid(nx=0, ny=NULL)			#add grid
library(plotrix)				#needed for broken axis notation
axis.break(1, 1.1, style="zigzag") 	#add zigzag broken axis notation across break
legend("topleft", legend=c("Olfactory Bulb", "Brain", "Spinal Cord"), col=c("gray", "dimgray", "black"), lty=1,lwd=2, text.font=1, ncol=1, x.intersp = 0.5, bg="white")

#plot excreta concentrations against detection thresholds on broken-axis plot
library(plotrix)	 #needed for broken axis notation
AcumFd <- matrix(c(Plode.time[,9], Plode.time [,24], Plode.time [,27], Plode.time [,9] + Plode.time [,24] + Plode.time [,27]),  nrow(x), 4) 
#matrix of excreted saliva, excreted urine, excreted feces, and combined excreta concentrations

#plot of fluid concentration with western blot detection
par(mfrow=c(2,1), mai=c(1.1,1.5,1,1))
gap.plot(0:nrow(AcumFd), AcumFd[,4], gap=c(1.01,10), gap.axis="x", breakcol = "white", ylim=c(0,1e-11), xtics=c(0:1,10:20), xticlab=c(0:1,10:20), ytics = c(seq(0,1e-11,2e-12)), yticlab = c(seq(0,1e-11,2e-12)), type="l", col="darkslategray", lty=1, lwd=3, xlab="Time After Inoculation (Months)", xlim=c(0,20),  ylab="Prion Concentration \n (g/g or g/ml)", main="Prion Concentration in Excreta", font.lab=1, font.main=2, font.axis=1) 
#combined excreta concentration on broken-axis plot (gap between 1 and 10)
gap.plot(0:nrow(AcumFd), AcumFd[,1], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="lightgray", lty=1, lwd=3, add=TRUE) 	#excreted saliva concentration added to plot
gap.plot(0:nrow(AcumFd), AcumFd[,2], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="dimgray", lty=1, lwd=3, add=TRUE) 	#excreted urine concentration added to plot
gap.plot(0:nrow(AcumFd), AcumFd[,3], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="black", lty=1, lwd=3, add=TRUE) 		#excreted feces concentration added to plot
abline(v=c(1.01,1.25), col="white") 			#hide vertical lines from break in plot
abline(h=1.04e-11) 					#complete top line in plot across break
grid(nx=0, ny=NULL)					#add grid to plot
abline(h=4e-12) 					#detection threshold (4ng/g) for western blot
text(x=1, y=3.7e-12, labels = "Western Blot", pos=3)
axis.break(1, 1.1, style="zigzag") 			#add zigzag in break

#plot of fluid concentration with RT-QuIC/bioassay detection threshold
gap.plot(0:nrow(AcumFd), AcumFd[,4], gap=c(1.01,10), gap.axis="x", breakcol = "white", ylim=c(0,1e-14), xtics=c(0:1,10:20), xticlab=c(0:1,10:20), ytics = c(seq(0,1e-14,2e-15)), yticlab = c(seq(0,1e-14,2e-15)), type="l", col="darkslategray", lty=1, lwd=3, xlab="Time After Inoculation (Months)", xlim=c(0,20), ylab="Prion Concentration \n (g/g or g/ml)", main="Prion Concentration in Excreta", font.lab=1, font.main=2, font.axis=1) 
#combined excreta concentration for broken-axis plot with y-axis max of 1e-14
gap.plot(0:nrow(AcumFd), AcumFd[,1], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="lightgray", lty=1, lwd=3, add=TRUE) 	#excreted saliva concentration added to plot
gap.plot(0:nrow(AcumFd), AcumFd[,2], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="dimgray", lty=1, lwd=3, add=TRUE) 		#excreted urine concentration added to plot
gap.plot(0:nrow(AcumFd), AcumFd[,3], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="black", lty=1, lwd=3, add=TRUE) 		#excreted feces concentration added to plot
abline(v=c(1.01,1.25), col="white") 			#hide vertical lines from break in plot
abline(h=1.04e-14) 					#complete top line in plot across break
grid(nx=0, ny=NULL)					#add gridlines to plot
abline(h=1e-15) 					#detection threshold (1fg/g) for RT-QuIC
text(x=1.6, y=0.7e-15, labels = "Bioassay/RT-QuIC", pos=3)
axis.break(1, 1.1, style="zigzag") 			#add zigzag in break

#plot of fluid concentration with sPMCA detection
gap.plot(0:nrow(AcumFd), AcumFd[,4], gap=c(1.01,10), gap.axis="x", breakcol = "white", ylim=c(0,1e-17), xtics=c(0:1,10:20), xticlab=c(0:1,10:20), ytics = c(seq(0,1e-17,2e-18)), yticlab = c(seq(0,1e-17,2e-18)), type="l", col="darkslategray", lty=1, lwd=3, xlab="Time After Inoculation (Months)", xlim=c(0,20), ylab="Prion Concentration \n (g/g or g/ml)", main="Prion Concentration in Excreta", font.lab=1, font.main=2, font.axis=1) 
#combined excreta concentration for broken-axis plot with y-axis max of 1e-17
gap.plot(0:nrow(AcumFd), AcumFd[,1], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="lightgray", lty=1, lwd=3, add=TRUE) 	#excreted saliva concentration added to plot
gap.plot(0:nrow(AcumFd), AcumFd[,2], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="dimgray", lty=1, lwd=3, add=TRUE) 	#excreted urine concentration added to plot
gap.plot(0:nrow(AcumFd), AcumFd[,3], gap=c(1.01,10), gap.axis="x", breakcol = "white",type="l", col="black", lty=1, lwd=3, add=TRUE) 		#excreted feces concentration added to plot
abline(v=c(1.01,1.25), col="white") 			#hide vertical lines from break in plot
abline(h=1.04e-17) 					#complete top line in plot across break
grid(nx=0, ny=NULL)
abline(h=1.3e-18) 					#detection threshold (1.3ag/g) for sPMCA
 text(x=0.5, y=1e-18, labels = "sPMCA", pos=3)
axis.break(1, 1.1, style="zigzag")			#add zigzag in break
par(mai=c(0,1.1,0.2,1.5))
plot(0,type='n',axes=FALSE,ann=FALSE) 		#empty plot for legend below plot
legend("topleft", legend=c("Saliva", "Urine", "Feces", "Combined \n Excreta"), col=c("lightgray", "dimgray", "black",  "darkslategray"),lty=1, lwd=2, text.font=2, ncol=4, text.width=c(0, 0.1, 0.09, 0.09), x.intersp=0.5, bty="n", cex=1)

#plot of number of prions in excreta (not broken-axis notation)
AcNuFd <- matrix(c(PrioNum.new[,9], PrioNum.new[,24], PrioNum.new[,27], PrioNum.new[,9] + PrioNum.new[,24] + PrioNum.new[,27]), nrow(x), 4) 
#matrix of prion numbers in excreted saliva, excreted urine, excreted feces, combined excreta
par(mfrow=c(2,1), mai=c(1.1,1.5,1,1))
matplot(0:(nrow(AcNuFd)-1), AcNuFd, type="l", col=c("lightgray", "dimgray", "black", "darkslategray"), lty=1, lwd=3, xlab="Time After Inoculation (Months)", ylab="Total Number of\n Accumulated Prions", main="Number of Accumulated Prions in Excreted Fluids", font.lab=1, font.main=2, font.axis=1, ylim = c(0, 2e29))
grid(nx=0, ny=NULL)		#gridlines for plot
abline(h=1.34e28) 		#1 lethal dose
abline(h=1.34e29) 		#10 lethal doses
text(x = c(2, 2.3), y = c(0.3e28, 1.21e29), labels = c("1 Lethal Dose", "10 Lethal Doses"), pos = 3) 
#label lines in plot as 1 or 10 lethal doses
par(mai=c(0,1.1,0.2,1.5))
plot(0,type='n',axes=FALSE,ann=FALSE) 	#empty plot for legend
legend("topleft", legend=c("Saliva", "Urine", "Feces", "Combined \n Excreta"), col=c("lightgray", "dimgray", "black", "darkslategray"), lty=1, lwd=2, text.font=2, ncol=4, text.width=c(0, 0.1, 0.09, 0.09), x.intersp=0.5, bty="n", cex=1)


##CWD mode as function for use in sensitivity analysis (own R script)
CWDMod <- function(x) { #x is either transition, replication or initial invasion parameters
param.types = 1	#select parameter class for sensitivity analysis
#1=transition / 2=replication / 3=invasion
P.dist <- list()		#set-up list to hold prion counts for each run
P.conc <- list() 	#set-up list to hold prion concentrations for each run
acm.t <- vector() 	#set-up vector to hold time to accumulation for each run

#set-up initial values/matrices/vectors
for (i in 1:nrow(x)) {
#initial transition, replication, and uptake parameters (choose later on parameters for sensitivity)

#initial conditions (how many prions invade which organs upon inoculation)
Inoc <- matrix(c(1.34e28, 0, 0, 0), 1, 4) 	#number of prions present in inoculum
#1 lethal dose = 1 fg PrPD; PrPD = 27 kDa
#inoculation route [oral/nasal, intravenous (IV), intracerebral (IC), intraperitoneal (IP)]

#amount of initial inoculum taken up by each organ (initial invasion)
gT = 0.1   		#amount of initial inoculum taken up by tongue (assuming oral)
gE =  0.05  		#amount of initial inoculum taken up by oral/nasal epithelium (assuming oral)
gL.o = 0.4	#amount of initial inoculum taken up by lymph via paracellular transport (assuming oral)
gB.o = 0.2 		#amount of initial inoculum taken up by blood (assuming oral)
gTs = 0.05 		#amount of initial inoculum taken up by tonsils (assuming oral)
gI = 1 - gE – gT	#amount of initial inoculum present in intestines (assuming oral)
gP = 0.1  		#amount of initial inoculum taken up by Peyer's patches (assuming oral)
gR = 0.05  		#amount of initial inoculum taken up by rectal follicles (assuming oral)
gF = 1 - gI - gP – gR #amount of initial inoculum present in feces (assuming oral)
gB = 1     		#amount of initial inoculum taken up by blood (assuming IV injection)
gBn = 1     		#amount of initial inoculum taken up by brain (assuming IC injection)
gL = 1     		#amount of initial inoculum taken up by lymphatic fluid (assuming IP injection)
	
#transition parameters between organs/fluids
Beta.epi_sal = 0.3	 	#transition of prions from oral/nasal epithelium to saliva
Beta.epi_ans = 0.00008 	#transition of prions from oral/nasal epithelium to autonomic NS
Beta.epi_cn = 0.000002 	#transition of prions from oral/nasal epithelium to cranial nerves
Beta.tng_sal = 0.754 	#transition of prions from tongue to saliva
Beta.tng_cn = 0.00002 	#transition of prions from tongue to cranial nerves
Beta.rpln_lph = 0.01		#transition of prions from retropharyngeal lymph nodes to lymph
Beta.spl_ans = 0.001 	#transition of prions from spleen to autonomic NS
Beta.mln_lph = 0.01 	#transition of prions from mesenteric lymph nodes to lymph
Beta.lph_rpln = 0.05 	#transition of prions from lymph to retropharyngeal lymph nodes
Beta.lph_mln = 0.05 	#transition of prions from lymph to mesenteric lymph nodes
Beta.lph_bld = 0.7 		#transition of prions from lymph to blood
Beta.lph_stay = 1 - (Beta.lph_rpln + Beta.lph_mln + Beta.lph_bld)
#prions staying in lymph between time steps (check for later)
Beta.sgd_sal = 0.2 		#transition of prions from salivary glands to saliva
Beta.sal_exsal = 0.1	#transition of prions from saliva into excreted saliva
Beta.sal_tsl = 0.001 	#transition of prions from saliva to tonsils
Beta.sal_pp = 0.01		 #transition of prions from saliva to Peyer's Patches
Beta.sal_rf = 0.001 		#transition of prions from saliva to rectal follicles
Beta.sal_fcs =  0.6 		#transition of prions from saliva to feces
Beta.sal_stay = 1 - (Beta.sal_exsal + Beta.sal_tsl + Beta.sal_pp + Beta.sal_rf + Beta.sal_fcs)
#prions staying in saliva between time steps (check for later)
Beta.tsl_lph = 0.2 		#transition of prions from tonsils to lymph
Beta.tsl_sal = 0.01 		#transition of prions from tonsils to saliva
Beta.pp_lph = 0.5 		#transition of prions from Peyer's Patches to lymph
Beta.pp_sal = 0.05		#transition of prions from Peyer's Patches to saliva
Beta.pp_ens = 0.1 		#transition of prions from Peyer's Patches to enteric NS
Beta.ofb_epi = 0.1 		#transition of prions from olfactory bulb to oral/nasal epithelium
Beta.ofb_sal = 0.5 	#transition of prions from olfactory bulb to saliva (olfactory receptor neuron turnover)
Beta.ans_epi = 0.03 	#transition of prions from autonomic NS to oral/nasal epithelium
Beta.ans_spl = 0.006 	#transition of prions from autonomic NS to spleen
Beta.ans_ssm = 0.0001 	#transition of prions from autonomic NS to stomach smooth muscle
Beta.ans_sgd = 0.001	#transition of prions from autonomic NS to salivary glands
Beta.ans_spc = 0.2 		#transition of prions from autonomic NS to spinal cord
Beta.ans_kd = 0.001 	#transition of prions from autonomic NS to kidney
Beta.ens_sal = 0.001 	#transition of prions from enteric NS to saliva
Beta.ens_pp = 0.03 		#transition of prions from enteric NS to Peyer's Patches
Beta.ens_spc = 0.2 		#transition of prions from enteric NS to spinal cord
Beta.cn_brn = 0.3 		#transition of prions from cranial nerves to brain
Beta.brn_ofb = 0.1 		#transition of prions from brain to olfactory bulb
Beta.brn_cn = 0.00002 	#transition of prions from brain to cranial nerves
Beta.brn_spc = 0.1 		#transition of prions from brain to spinal cord
Beta.brn_csf = 0.001 	#transition of prions from brain to cerebrospinal fluid
Beta.spc_ans = 0.2 		#transition of prions from spinal cord to autonomic NS
Beta.spc_ens = 0.2 		#transition of prions from spinal cord to enteric NS
Beta.spc_brn = 0.2 		#transition of prions from spinal cord to brain
Beta.csf_brn = 0.0001	#transition of prions from cerebrospinal fluid to brain
Beta.csf_bld = 0.9 		#transition of prions from cerebrospinal fluid to blood
Beta.bld_lph = 0.0001	#transition of prions from blood to lymph
Beta.bld_spl = 0.2 		#transition of prions from blood to spleen
Beta.bld_brn = 0.001 	#transition of prions from blood to brain
Beta.bld_kd = 0.2 		#transition of prions from blood to kidneys
Beta.kd_urn = 0.8 		#transition of prions from kidney to urine
Beta.ub_urn = 0.5 		#transition of prions from urinary bladder to urine
Beta.urn_ub = 0.001 	#transition of prions from urine to urinary bladder
Beta.urn_exurn = 0.8 	#transition of prions from urine to excreted urine
Beta.urn_stay = 1 - (Beta.urn_ub + Beta.urn_exurn)
#prions in urine remaining between time steps (check for later)
Beta.rf_fcs = 0.2 		#transition of prions from rectal follicles to feces
Beta.fcs_exfcs = 0.8	 #transition of prions from feces to excreted feces
Beta.fcs_stay = 1 - Beta.fcs_exfcs
#prions in feces remaining between time steps (check for later)

#prion replication in specific organs/fluids
r.epi = 1.1 	#replication of prions in oronasal epithelium
r.tng = 1.5 	#replication of prions in tongue
r.rpln = 1.1 	#replication of prions in retropharyngeal lymph nodes
r.spl = 1.1 	#replication of prions in spleen
r.mln = 1.1 	#replication of prions in mesenteric lymph nodes
r.lph = 1 	#replication of prions in lymph
r.sgd = 1.1 	#replication of prions in salivary glands
r.sal = 1 	#replication of prions in saliva
r.exsal = 1 	#replication of prions in excreted saliva
r.tsl = 1.5 	#replication of prions in tonsils
r.pp = 1.5 	#replication of prions in Peyer’s Patches
r.ssm = 1.5 	#replication of prions in smooth muscle of stomach
r.ofb = 1.5 	#replication of prions in olfactory bulb
r.ans = 1.5 	#replication of prions in autonomic nervous system
r.ens = 1.5 	#replication of prions in enteric nervous system
r.cn = 1.5 	#replication of prions in cranial nerves
r.brn = 10 	#replication of prions in brain
r.spc = 10	#replication of prions in spinal cord
r.csf = 1 	#replication of prions in cerebrospinal fluid
r.bld = 1 	#replication of prions in blood 
r.kd = 1.1 	#replication of prions in kidney
r.ub = 2 	#replication of prions in urinary bladder
r.urn = 1 	#replication of prions in urine
r.exurn = 1 	#replication of prions in excreted urine
r.rf = 1.1 	#replication of prions in rectal follicles
r.fcs = 1 	#replication of prions in feces
r.exfcs = 1 	#replication of prions in excreted feces

#select transition parameter 'class' for sensitivity analysis
if (param.types==1) { 	#transition parameters between organs as parameter class for sensitivity analysis
Beta.epi_sal = x[i,1] 	#transition of prions from oral/nasal epithelium to saliva
Beta.epi_ans = x[i,2] 	#transition of prions from oral/nasal epithelium to autonomic NS
Beta.epi_cn = x[i,3] 	#transition of prions from oral/nasal epithelium to cranial nerves
Beta.tng_sal = x[i,4]		#transition of prions from tongue to saliva
Beta.tng_cn = x[i,5] 		#transition of prions from tongue to cranial nerves
Beta.rpln_lph = x[i,6		#transition of prions from retropharyngeal lymph nodes to lymph
Beta.spl_ans = x[i,7]	#transition of prions from spleen to autonomic NS
Beta.mln_lph = x[i,8]	#transition of prions from mesenteric lymph nodes to lymph
Beta.lph_rpln = x[i,9]	#transition of prions from lymph to retropharyngeal lymph nodes
Beta.lph_mln = x[i,10	#transition of prions from lymph to mesenteric lymph nodes
Beta.lph_bld = x[i,11]	#transition of prions from lymph to blood
Beta.lph_stay = 1 - (Beta.lph_rpln + Beta.lph_mln + Beta.lph_bld)
#prions staying in lymph between time steps (check for later)
Beta.sgd_sal = x[i,12] 	#transition of prions from salivary glands to saliva
Beta.sal_exsal= x[i,13]	#transition of prions from saliva into excreted saliva
Beta.sal_tsl = x[i,14] 	#transition of prions from saliva to tonsils
Beta.sal_pp = x[i,15] 	#transition of prions from saliva to Peyer's Patches
Beta.sal_rf = x[i,16		#transition of prions from saliva to rectal follicles
Beta.sal_fcs =  x[i,17]	#transition of prions from saliva to feces
Beta.sal_stay = 1 - (Beta.sal_exsal + Beta.sal_tsl + Beta.sal_pp + Beta.sal_rf + Beta.sal_fcs)
#prions staying in saliva between time steps (check for later)
Beta.tsl_lph = x[i,18] 	#transition of prions from tonsils to lymph
Beta.tsl_sal = x[i,19] 	#transition of prions from tonsils to saliva
Beta.pp_lph = x[i,20	]	#transition of prions from Peyer's Patches to lymph
Beta.pp_sal = x[i,21		#transition of prions from Peyer's Patches to saliva
Beta.pp_ens = x[i,22]	#transition of prions from Peyer's Patches to enteric NS
Beta.ofb_epi = x[i,23]	#transition of prions from olfactory bulb to oral/nasal epithelium
Beta.ofb_sal = x[i,24	#transition of prions from olfactory bulb to saliva (olfactory receptor neuron turnover)
Beta.ans_epi = x[i,25]	#transition of prions from autonomic NS to oral/nasal epithelium
Beta.ans_spl = x[i,26]	#transition of prions from autonomic NS to spleen
Beta.ans_ssm = x[i,27	#transition of prions from autonomic NS to stomach smooth muscle
Beta.ans_sgd = x[i,28]	#transition of prions from autonomic NS to salivary glands
Beta.ans_spc = x[i,29	#transition of prions from autonomic NS to spinal cord
Beta.ans_kd = x[i,30]	#transition of prions from autonomic NS to kidney
Beta.ens_sal = x[i,31]	#transition of prions from enteric NS to saliva
Beta.ens_pp = x[i,32]	#transition of prions from enteric NS to Peyer's Patches
Beta.ens_spc = x[i,33	#transition of prions from enteric NS to spinal cord
Beta.cn_brn = x[i,34]	#transition of prions from cranial nerves to brain
Beta.brn_ofb = x[i,35]	#transition of prions from brain to olfactory bulb
Beta.brn_cn = x[i,36]	#transition of prions from brain to cranial nerves
Beta.brn_spc = x[i,37]	#transition of prions from brain to spinal cord
Beta.brn_csf = x[i,38]	#transition of prions from brain to cerebrospinal fluid
Beta.spc_ans = x[i,39]	#transition of prions from spinal cord to autonomic NS
Beta.spc_ens = x[i,40]	#transition of prions from spinal cord to enteric NS
Beta.spc_brn = x[i,41]	#transition of prions from spinal cord to brain
Beta.csf_brn = x[i,42]	#transition of prions from cerebrospinal fluid to brain
Beta.csf_bld = x[i,43]	#transition of prions from cerebrospinal fluid to blood
Beta.bld_lph = x[i,44]	#transition of prions from blood to lymph
Beta.bld_spl = x[i,45]	transition of prions from blood to spleen
Beta.bld_brn = x[i,46]	#transition of prions from blood to brain
Beta.bld_kd = x[i,47]	#transition of prions from blood to kidneys
Beta.kd_urn = x[i,48]	#transition of prions from kidney to urine
Beta.ub_urn = x[i,49]	#transition of prions from urinary bladder to urine
Beta.urn_ub = x[i,50]	#transition of prions from urine to urinary bladder
Beta.urn_exurn = x[i,51] 	#transition of prions from urine to excreted urine
Beta.urn_stay = 1 - (Beta.urn_ub + Beta.urn_exurn)
#prions remaining in urine between time steps
Beta.rf_fcs = x[i,52]		#transition of prions from rectal follicles to feces
Beta.fcs_exfcs= x[i,53]	#transition of prions from feces to excreted feces
Beta.fcs_stay = 1 - Beta.fcs_exfcs
#prions in feces remaining between time steps
}

if (param.types==2) { #prion replication in specific organs/fluids used in sensitivity
r.epi = x[i,1] 	#replication of prions in oronasal epithelium
r.tng = x[i,2]		#replication of prions in tongue
r.rpln = x[i,3] 	#replication of prions in retropharyngeal lymph nodes
r.spl = x[i,4] 	#replication of prions in spleen
r.mln = x[i,5]	#replication of prions in mesenteric lymph nodes
r.lph = 1 		#replication of prions in lymph; no replication in fluids
r.sgd = x[i,6]	#replication of prions in salivary glands
r.sal = 1 		#replication of prions in saliva; no replication in fluids
r.exsal = 1 		#replication of prions in drool; no replication in fluids
r.tsl = x[i,7] 		#replication of prions in tonsils
r.pp = x[i,8] 		#replication of prions in Peyer’s patches
r.ssm = x[i,9] 	#replication of prions in smooth muscle of stomach
r.ofb = x[i,10] 	#replication of prions in olfactory bulb
r.ans = x[i,11]	#replication of prions in autonomic nervous system
r.ens = x[i,12] 	#replication of prions in enteric nervous system
r.cn = x[i,13]	#replication of prions in cranial nerves
r.brn = x[i,14] 	#replication of prions in brain
r.spc = x[i,15]	#replication of prions in spinal cord
r.csf = 1 		#replication of prions in cerebrospinal fluid; no replication in fluids
r.bld = 1		#replication of prions in blood; no replication in fluids 
r.kd = x[i,16] 	#replication of prions in kidney
r.ub = x[i,17] 	#replication of prions in urinary bladder
r.urn = 1 		#replication of prions in urine; no replication in fluids
r.exurn = 1 		#replication of prions in excreted urine; no replication in fluids
r.rf = x[i,18]		#replication of prions in rectal follicles
r.fcs = 1 		#replication of prions in feces; no replication in fluids
r.exfcs = 1		#replication of prions in excreted feces (poop); no replication in fluids
}

else { #amount of initial inoculum taken up by each organ used in sensitivity
gT = x[i,1] 		#amount of initial inoculum taken up by tongue (assuming oral)
gE =  x[i,2] 		#amount of initial inoculum taken up by oral/nasal epithelium (assuming oral)
gL.o = x[i,3] 	#amount of initial inoculum taken up by lymph via paracellular transport (assuming oral)
gB.o = x[i,4] 	#amount of initial inoculum taken up by blood (assuming oral)
gTs = x[i,5] 		#amount of initial inoculum taken up by tonsils (assuming oral)
gI = 1 - gE - gT 	#amount of initial inoculum present in intestines (assuming oral)
gP = x[i,6] 		#amount of initial inoculum taken up by Peyer's patches (assuming oral)
gR = x[i,7]		#amount of initial inoculum taken up by rectal follicles (assuming oral)
gF = 1 - gI - gP - gR #amount of initial inoculum present in feces (assuming oral)
gB = x[i,8] 		#amount of initial inoculum taken up by blood (assuming IV injection)
gBn = x[i,9] 		#amount of initial inoculum taken up by brain (assuming IC injection)
gL = x[i,10] 		#amount of initial inoculum taken up by lymphatic fluid (assuming IP injection)
}

#checks for negative values
#warning if any negative values in exsal, exurn, exfcs (more prions left than where in compartment)
Stay <- c(Beta.sal_stay, Beta.urn_stay, Beta.fcs_stay)
if(any(Stay < 0)) {
stop("Derived Value(s) are Negative: ", toString(Stay[Stay < 0]))
}

#set-up useful vectors for model
#initial prion amounts in organs (assuming quick uptake by organs)
PrioNum <- c(gE * Inoc[1], gT * Inoc[1], 0, 0, 0, (gL * Inoc[4]) + (gL.o * Inoc[1]), 0, 0, 0, gTs * Inoc[1], gP * Inoc[1], 0, 0, 0, 0, 0, gBn * Inoc[3], 0, 0, (gB * Inoc[2]) + (gB.o * Inoc[1]), 0, 0, 0, 0, gR * Inoc[1], gF * Inoc[1], 0)

PrioNum.new <- PrioNum 	#storage matrix for number of prions in each organ starting with initial conditions

#transition matrix based off parameters (no replication terms)
A <- matrix(0, 27, 27)
A[,1] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ofb_epi, Beta.ans_epi, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #into oronasal epithelium
A[,2] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)	#into tongue
A[,3] = c(0, 0, 0, 0, 0, Beta.lph_rpln, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into retropharyngeal lymph nodes
A[,4] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_spl, 0, 0, 0, 0, 0, Beta.bld_spl, 0, 0, 0, 0, 0, 0, 0)
 #into spleen
A[,5] = c(0, 0, 0, 0, 0, Beta.lph_mln, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	
#into mesenteric lymph nodes
A[,6] = c(0, 0, Beta.rpln_lph, 0, Beta.mln_lph, 0, 0, 0, 0, Beta.tsl_lph, Beta.pp_lph, 0, 0, 0, 0, 0, 0, 0, 0, Beta.bld_lph, 0, 0,  0, 0, 0, 0, 0) 	#into lymph
A[,7] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_sgd, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into salivary glands
A[,8] = c(Beta.epi_sal, Beta.tng_sal, 0, 0, 0, 0, Beta.sgd_sal, 0, 0, Beta.tsl_sal, Beta.pp_sal, 0, Beta.ofb_sal, 0, Beta.ens_sal, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)	#into saliva
A[,9] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_exsal, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into excreted saliva
A[,10] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_tsl, 0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #into tonsils
A[,11] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_pp, 0, 0, 0, 0, 0, 0, Beta.ens_pp, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into Peyer's patches
A[,12] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_ssm, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into stomach smooth muscle
A[,13] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.brn_ofb, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
			#into olfactory bulb
A[,14] = c(Beta.epi_ans, 0, 0, Beta.spl_ans, 0, 0, 0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, Beta.spc_ans, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	#into autonomic nervous system
A[,15] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.pp_ens, 0, 0, 0, 0, 0,  0, Beta.spc_ens, 0, 0, 0, 0, 0, 0, 0, 0, 0) #into enteric nervous system
A[,16] = c(Beta.epi_cn, Beta.tng_cn, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.brn_cn, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	#into cranial nerves
A[,17] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.cn_brn, 0, Beta.spc_brn, Beta.csf_brn, Beta.bld_brn, 0, 0, 0, 0, 0, 0, 0)	#into brain
A[,18] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_spc, Beta.ens_spc, 0, Beta.brn_spc, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 	#into spinal cord
A[,19] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.brn_csf, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into cerebrospinal fluid
A[,20] = c(0, 0, 0, 0, 0, Beta.lph_bld, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.csf_bld, 0, 0, 0, 0, 0, 0, 0, 0) #into blood
A[,21] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.ans_kd, 0, 0, 0, 0, 0, Beta.bld_kd, 0, 0, 0, 0, 0, 0, 0) 
#into kidney
A[,22] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.urn_ub, 0, 0, 0, 0) 
#into urinary bladder
A[,23] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.kd_urn, Beta.ub_urn, 0, 0, 0, 0, 0) #into urine
A[,24] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.urn_exurn, 0, 0, 0, 0) 
#into excreted urine
A[,25] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_rf, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#into rectal follicles
A[,26] = c(0, 0, 0, 0, 0, 0, 0, Beta.sal_fcs, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.rf_fcs, 0, 0) 
#into feces
A[,27] = c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, Beta.fcs_exfcs, 0)
 #into excreted feces

#calculate replication terms based on prion movement
#replication terms based on movement in/out of fluids only
Rep <- matrix(0, 27, 27) 
#matrix indicating movement of prions (1=prions move/0=prions induce replication at boundary)
Rep[,1]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,2]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,3]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
#uptake of lymph into retropharyngeal lymph nodes
Rep[,4]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0) 
#uptake of blood into spleen
Rep[,5]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of lymph into mesenteric lymph nodes
Rep[,6]= c(0, 0, 1, 0, 1, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0) #shedding into lymph
Rep[,7]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,8]= c(1, 1, 0, 0, 0, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #shedding into saliva
Rep[,9]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #excretion of saliva
Rep[,10]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of saliva in tonsils
Rep[,11]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of saliva in Peyer’s patches
Rep[,12]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,13]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,14]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,15]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,16]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,17]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0) 
#uptake of blood/CSF into brain
Rep[,18]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Rep[,19]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#shedding into CSF by brain
Rep[,20]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0) 
#transfer from lymph/CSF to blood at draining
Rep[,21]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0) 
#uptake of blood in kidney
Rep[,22]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0)
#uptake from urine by bladder
Rep[,23]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0) #shedding into urine
Rep[,24]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0) #excretion of urine
Rep[,25]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#uptake of saliva by rectal follicles
Rep[,26]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0) 
#saliva transfer to feces, shedding into feces
Rep[,27]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0) #excretion of feces

#replication terms based on movement of prions only into fluids (all others are induction)
Repm <- matrix(0, 27, 27) #matrix indicating movement of prions (1=prions move / 0=prions induce replication at boundary without movement out)
Repm[,1]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,2]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,3]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of lymph into retropharyngeal lymph nodes
Repm[,4]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
#no uptake of blood into spleen
Repm[,5]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of lymph into mesenteric nodes
Repm[,6]= c(0, 0, 1, 0, 1, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0) #shedding into lymph
Repm[,7]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
Repm[,8]= c(1, 1, 0, 0, 0, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #shedding into saliva
Repm[,9]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) #excretion of saliva
Repm[,10]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of saliva in tonsils
Repm[,11]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of saliva in Peyer’s Patches
Repm[,12]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,13]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,14]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,15]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,16]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Repm[,17]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of blood/CSF into brain
Repm[,18]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
Repm[,19]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#shedding into CSF by brain
Repm[,20]= c(0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0) 
#transfer from lymph to blood at draining
Repm[,21]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake of blood in kidney
Repm[,22]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no uptake from urine by bladder
Repm[,23]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0) #shedding into urine
Repm[.24]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0)
Repm[,25]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
#no saliva uptake by rectal follicles
Repm[,26]= c(0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0) 
#saliva transfer to feces, shedding into feces
Repm[,27]= c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0)

#replication terms based on movement of prions at all interfaces
Rep.am <- A
Rep.am[Rep.am != 0] <- 1 #convert all non-zero entries to 1

#entering replication term into A based on move/no move (CHANGE FOR SCHEME!)
#Rep=in/out fluids, Repm=into fluids, Rep.am=all move
for (p in 1:ncol(Rep.am)) { #calculating replication terms based on loss of prions
r.organ <- c(r.epi, r.tng, r.rpln, r.spl, r.mln, r.lph, r.sgd, r.sal, r.exsal, r.tsl, r.pp, r.ssm, r.ofb, r.ans, r.ens, r.cn, r.brn, r.spc, r.csf, r.bld, r.kd, r.ub, r.urn, r.exurn, r.rf, r.fcs, r.exfcs)
A[p,p] <- r.organ[p] * (1 - sum(A[p,] * Rep.am[p,])) 	#vector of growth parameter instead of 1
}

#warning if any negative values in matrix A
if(any(A < 0)) {
stop("Input Contains Negative Value(s): ", toString(A[A < 0]))
}
  
#organ size for adult female deer w/ mass of 233 kg
s.epi = 1000 	#mass of epithelium (g)
s.tng = 63 	#mass of tongue (g)
s.rpln = 15 	#mass of retropharyngeal lymph nodes (g)
s.spl = 200 	#mass of spleen (g)
s.mln = 20	#mass of mesenteric lymph nodes (g)
s.lph = 2000 	#volume of lymph present (ml)
s.sgd = 20 	#mass of salivary glands (g)
s.sal = 405000 * (1 - Beta.sal_drl) #volume of saliva produced, but not orally excreted each month (ml)
s.exsal = 405000 * Beta.sal_drl 	#volume of saliva excreted as drool each month (ml)
s.tsl = 20 	#mass of tonsils (g)
s.pp = 20 	#mass of Peyer’s Patches (g)
s.ssm = 100 	#mass of stomach smooth muscle (g)
s.ofb = 60 	#mass of olfactory bulbs (g)
s.ans = 100 	#mass of autonomic nervous system (g)
s.ens = 100 	#mass of enteric nervous system (g)
s.cn = 10 	#mass of cranial nerves (g)
s.brn = 350	#mass of brain (g)
s.spc = 50 	#mass of spinal cord (g)
s.csf = 330 	#volume of cerebrospoinal fluid (ml)
s.bld = 4000	#volume of blood (ml)
s.kd = 443 	#mass of kidneys (g)
s.ub = 10 	#mass of urinary bladder (g)
s.urn = 83333 * (1 - Beta.urn_exurn) #volume of urine produced, but not excreted each month (ml)
s.exurn = 83333 * Beta.urn_exurn 	#volume of urine excreted each month (ml)
s.rf = 10 	#mass of rectal follicles (g)
s.fcs = 23400 * (1 - Beta.fcs_exfcs) 	#mass of feces produced, but not excreted each month (g)
s.exfcs = 23400 * Beta.fcs_exfcs 	#mass of feces excreted each month (g)

s.organ <- matrix(c(s.epi, s.tng, s.rpln, s.spl, s.mln, s.lph, s.sgd, s.sal, s.exsal, s.tsl, s.pp, s.ssm, s.ofb, s.ans, s.ens, s.cn, s.brn, s.spc, s.csf, s.bld, s.kd, s.ub,  s.urn, s.exurn, s.rf, s.fcs, s.exfcs), 1, 27)

#calculated prion spread to determine time to 10 lethal dose accumulated through shed excreta
#run calculations until detection threshold reached, keep track of loop numbers
t = 2 	#initial conditions at t=1
repeat {
PrioNum <- PrioNum %*% A #determining spread if prions based on transition parameters
PrioNum.new <- rbind(PrioNum.new, PrioNum) #adding prion spread/number to storage matrix
if((PrioNum.new[t,9] + PrioNum.new[t,24] + PrioNum.new[t,27]) >= 1.34e29) break() 
#if accumulated excreta (excreted saliva, urine, or feces) shed equal/above 10 lethal doses (1 lethal dose=1.34e28), exit loop
#only evaluate prion counts in excreta pool at that one time (rewritten each repeat)
t = t + 1 #revalue counter for next repeat
}

P.dist[[i]] = PrioNum.new #prion counts in all tissues over time for this run
s.org.mat = matrix(rep(s.organ, nrow(PrioNum.new)), nrow(PrioNum.new), ncol(s.organ),byrow = TRUE)
#matrix of same nrow as PrioNum.new so able to calculate concertation quickly below
Plode = (PrioNum.new / s.org.mat) * ((27 * 1.6605e-21) / 6.02e23)
#need as matrix for interpolation values
P.conc[[i]] = Plode 	#prion concentrations in all tissues for this run (put in list to save)

#isolate decimal time to accumulation of 10 lethal doses by linear interpolation
x.approx <- c(PrioNum.new[t-1, 9] + PrioNum.new[t-1, 24] + PrioNum.new[t-1, 27],  PrioNum.new[t, 9] + PrioNum.new[t, 24] + PrioNum.new[t, 27]) 
#prion counts in excreta (saliva, urine, feces) at last two time steps
y.approx <- c(t-1, t)	 #last 2 time steps
t.acm <- approxfun(x=x.approx, y=y.approx, method = "linear") 	#linear interpolation function
accumulated <- t.acm(1.34e29)	#find time at which count is 1.34e30 (10 lethal doses)
acm.t[i] = accumulated 	#isolate time to accumulation (time since initial prions counts) as vector for model output (quantity of interest)
}
return(acm.t) 		#output final times (this used in sensitivity)
}


##Sensitivity analysis on three parameter classes (transition, replication, initial invasion) with boxplot of most sensitive parameters
##used different script file from model, sourced in model
library(randtoolbox)
library(sensitivity)

#parameter ranges for all transition parameters
par.rng.t.list = list() #set up list for transition ranges to be used in CWDMod function
par.rng.t.list[[1]] = c(0, 0.9)
par.rng.t.list[[2]] = c(0, 0.0001)
par.rng.t.list[[3]] = c(0, 0.00001)
par.rng.t.list[[4]] = c(0, 0.9)
par.rng.t.list[[5]] = c(0, 0.0001)
par.rng.t.list[[6]] = c(0, 0.99)
par.rng.t.list[[7]] = c(0, 0.99)
par.rng.t.list[[8]] = c(0, 0.99)
par.rng.t.list[[9]] = c(0, 0.1)
par.rng.t.list[[10]] = c(0, 0.1)
par.rng.t.list[[11]] = c(0, 0.8)
par.rng.t.list[[12]] = c(0, 0.99)
par.rng.t.list[[13]] = c(0, 0.4)
par.rng.t.list[[14]] = c(0, 0.01)
par.rng.t.list[[15]] = c(0, 0.01)
par.rng.t.list[[16]] = c(0, 0.01)
par.rng.t.list[[17]] = c(0, 0.5)
par.rng.t.list[[18]] = c(0, 0.5)
par.rng.t.list[[19]] = c(0, 0.5)
par.rng.t.list[[20]] = c(0, 0.5)
par.rng.t.list[[21]] = c(0, 0.2)
par.rng.t.list[[22]] = c(0, 0.3)
par.rng.t.list[[23]] = c(0, 0.2)
par.rng.t.list[[24]] = c(0, 0.8)
par.rng.t.list[[25]] = c(0, 0.1)
par.rng.t.list[[26]] = c(0, 0.01)
par.rng.t.list[[27]] = c(0, 0.001)
par.rng.t.list[[28]] = c(0, 0.01)
par.rng.t.list[[29]] = c(0, 0.5)
par.rng.t.list[[30]] = c(0, 0.01)
par.rng.t.list[[31]] = c(0, 0.1)
par.rng.t.list[[32]] = c(0, 0.1)
par.rng.t.list[[33]] = c(0, 0.5)
par.rng.t.list[[34]] = c(0, 0.99)
par.rng.t.list[[35]] = c(0, 0.3)
par.rng.t.list[[36]] = c(0, 0.0001)
par.rng.t.list[[37]] = c(0, 0.5)
par.rng.t.list[[38]] = c(0, 0.1)
par.rng.t.list[[39]] = c(0, 0.33)
par.rng.t.list[[40]] = c(0, 0.33)
par.rng.t.list[[41]] = c(0, 0.33)
par.rng.t.list[[42]] = c(0, 0.01)
par.rng.t.list[[43]] = c(0, 0.9)
par.rng.t.list[[44]] = c(0, 0.001)
par.rng.t.list[[45]] = c(0, 0.4)
par.rng.t.list[[46]] = c(0, 0.1)
par.rng.t.list[[47]] = c(0, 0.5)
par.rng.t.list[[48]] = c(0, 0.99)
par.rng.t.list[[49]] = c(0, 0.99)
par.rng.t.list[[50]] = c(0, 0.01)
par.rng.t.list[[51]] = c(0, 0.9)
par.rng.t.list[[52]] = c(0, 0.99)
par.rng.t.list[[53]] = c(0, 0.99)

#parameter ranges for replication parameters
par.rng.r.list = list() #set up list for transition ranges to be used in CWDMod function 
par.rng.r.list[[1]] = c(1.1, 1.55)
par.rng.r.list[[2]] = c(1.5, 2.1)
par.rng.r.list[[3]] = c(1.1, 1.55)
par.rng.r.list[[4]] = c(1.1, 1.55)
par.rng.r.list[[5]] = c(1.1, 1.55)
par.rng.r.list[[6]] = c(1.1, 1.55)
par.rng.r.list[[7]] = c(1.5, 2.1)
par.rng.r.list[[8]] = c(1.5, 2.1)
par.rng.r.list[[9]] = c(1.5, 2.1)
par.rng.r.list[[10]] = c(1.5, 2.1)
par.rng.r.list[[11]] = c(1.5, 2.1)
par.rng.r.list[[12]] = c(1.5, 2.1)
par.rng.r.list[[13]] = c(1.5, 2.1)
par.rng.r.list[[14]] = c(10, 11)
par.rng.r.list[[15]] = c(10, 11)
par.rng.r.list[[16]] = c(1.1, 1.55)
par.rng.r.list[[17]] = c(2, 2.1)
par.rng.r.list[[18]] = c(1.1, 1.55)

#parameter ranges for invasion parameters
par.rng.u.list = list() #set up list for transition ranges to be used in CWDMod function
par.rng.u.list[[1]] = c(0, 0.1)
par.rng.u.list[[2]] = c(0, 0.05)
par.rng.u.list[[3]] = c(0, 0.4)
par.rng.u.list[[4]] = c(0, 0.2)
par.rng.u.list[[5]] = c(0, 0.1)
par.rng.u.list[[6]] = c(0, 0.1)
par.rng.u.list[[7]] = c(0, 0.05)
par.rng.u.list[[8]] = c(0, 1)
par.rng.u.list[[9]] = c(0, 1)
par.rng.u.list[[10]] = c(0, 1)

#run sensitivity (CHANGE ‘par.ranges =’ FOR DIFFERENT PARAMETER CLASSES)
#CHANGE PARAM.TYPE in CWDMod.R to match ‘par.ranges =’ choice
CWD.sens <- delsa(model = CWDMod, par.ranges = par.rng.t.list, samples = 100,  method = "sobol")
A <- CWD.sens
print(CWD.sens) #summary of the first order indices across parameter space

#capture sensitivity for parameter class (most sensitive parameters) to use in boxplot, label columns with parameter name
if (length(A$delsafirst)==length(par.rng.t.list)*100) { 
Sens.t <- A$delsafirst 
#class was transition (# parameters * samples = variables in sensitivity output)
colnames(Sens.t, do.NULL = FALSE)		#label columns with transition parameter names
colnames(Sens.t) <- c("Epi.Sal", "Epi.ANS", "Epi.CN", "Tng.Sal", "Tng.CN", "RPLN.Lph", "Spl.ANS", "MLN.Lph", "Lph.RPLN", "Lph.MLN", "Lph.Bld", "SGd.Sal", "Sal.ExSal", "Sal.Tsl", "Sal.PP", "Sal.RF", "Sal.Fcs", "Tsl.Lph", "Tsl.Sal", "PP.Lph", "PP.Sal", "PP.ENS", "OfB.Epi", "OfB.Sal", "ANS.Epi", "ANS.Spl", "ANS.SSM", "ANS.SGd", "ANS.SpC", "ANS.Kd", "ENS.Sal", "ENS.PP", "ENS.SpC", "CN.Brn", "Brn.OfB", "Brn.CN", "Brn.SpC", "Brn.CSF", "SpC.ANS", "SPC.ENS", "SpC.Brn", "CSF.Brn", "CSF.Bld", "Bld.Lph", "Bld.Spl", "Bld.Brn", "Bld.Kd", "Kd.Urn", "UB.Urn", "Urn.UB", "Urn.ExUrn", "RF.Fcs", "Fcs.ExFcs")
#large outliers so manually isolating sensitive parameters
Sens.t.new <- Sens.t[,c(13, 24, 35, 37, 39, 46)]
}

if (length(A$delsafirst)==length(par.rng.r.list)*100) { 
Sens.r <- A$delsafirst
#class was replication (# parameters * samples = variables in sensitivity output)
colnames(Sens.r, do.NULL = FALSE)		#label columns with replication parameter names
colnames(Sens.r) <- c("Epi", "Tng", "RPLN", "Spl", "MLN", "SGd", "Tsl", "PP", "SSM", "OfB", "ANS", "ENS", "CN", "Brn", "SpC", "Kd", "UB", "RF")
a.r <- vector() #used to hold max values of sensitivities
for (i in 1:ncol(Sens.r)) { 
a.r[i] <- max(Sens.r[,i])
}
Sens.r.new <- Sens.r[,a.r >= 1e-3] #save only parameters with max >= 1e-3 (these are most sensitive)
}

if (length(A$delsafirst)==length(par.rng.u.list)*100) {
Sens.u <- A$delsafirst
#class was invasion (# parameters * samples = variables in sensitivity output)
colnames(Sens.u, do.NULL = FALSE)		#label columns with invasion parameter names
colnames(Sens.u) <- c("Tng","Epi", "Lph", "Bld", "Tsl", "PP", "RF", "Bld", "Brn", "Lph")
a.u <- vector() #used to hold max values of sensitivities
for (i in 1:ncol(Sens.u)) { 
a.u[i] <- max(Sens.u[,i])
}
Sens.u.new <- Sens.u[,a.u >= 1e-3] #save only parameters with max >= 1e-3 (these most sensitive)
}

#collect most sensitive parameters into single location
first <- cbind(Sens.t.new, Sens.r.new)	#combine transition and replication
Sens.all.new <- cbind(first, Sens.u.new)	#add invasion to previous
  
#create boxplot of most sensitive parameters
par(mfrow=c(1,1))
boxplot(Sens.all.new, las=2, main="First Order Sensitivity of Most Sensitive Parameters",ylab = "First Order Sensitivity")
abline(v=c(6.5, 8.5), col = "black", lty = 2) 	#dashed lines to separate classes
mtext(c("Transition", "Replication", "Initial Invasion"), at = c(3.25, 7.5, 9.75)) 
[bookmark: _GoBack]#headers on boxplot to identify parameter classes
