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Figure 1. Flush test to determine optimal flow rate and wash time. Lines show log10 viral quantity over time at different flow rates measured in PFU/mL H2O. Flow rates included 75 mL/min (navy), 135 mL/min (orange), and 200 mL/min (green). By 40 minutes and 120 minutes for 200 mL/min and 135 mL/min, respectively, viral counts were at zero. Therefore, flow above 135 mL/min for 120 minutes or two hours sufficiently removed all viral particles from the tank.

Survival

Table 1. Experiment 1 Survival Model Output. 
Model: coxph(Surv(Day.Dead, Censor="0") ~ Vaccine+Fish.Line+Dosage+ Vaccine*Dosage)
Confidence intervals and p-values by Wald Test (28.2 on 5 df, p=3.323 x10-5).
                      
	
	coef   
	exp(coef)
	se(coef)  
	z  
	Pr(>|z|)  

	VaccineVax           
	0.2568   
	1.2928  
	0.7325 
	0.351  
	0.7259  

	Fish.LineARS-Fp-S    
	0.3237   
	1.3822  
	0.3119 
	1.038  
	0.2994  

	Fish.LineIHNV.R     
	-0.9983   
	0.3685  
	0.4455
	-2.241  
	0.0250 *

	Dosage               
	0.2175   
	1.2429  
	0.1015 
	2.142  
	0.0322 *

	VaccineVax:Dosage    
	-0.4231   
	0.6550  
	0.2026
	-2.088  
	0.0368 *


Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


Table 2. Experiment 2 Unvaccinated Fish Survival Model Output
Model for Unvaccinated Fish: coxph(formula=Surv(Day.Dead, Censor=="0") ~ Fish.Line+
Dosage)
Confidence intervals and P-values by Wald Test (39.52 on 2 df, p-value=2.626x 10-9)                      
	
	Coef
	se(coef)
	exp(coef)
	z       
	P-value

	Fish.LineIHNV.R
	-0.7362    
	0.4789   
	0.2825
	-2.606  
	0.00916*

	Dosage            
	0.6491    
	1.9139   
	0.1133  
	5.732
	9.95e-09***


Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Number of fish shedding per day

Table 3. Experiment 1 Number of fish shedding Model Output.  
Model: glm(cbind(Number.for.pos.count,Number.for.neg.count)~ Vaccine+Day +Fish.Line+Dosage+Vaccine*Day+ Vaccine*Fish.Line+ Day*Dosage, family=binomial)
Null deviance: 2052.9 on 2240 degrees of freedom
Residual deviance: 1286.8 on 2231 degrees of freedom
                     
	                                
	Estimate 
	Std. Error 
	z value
	Pr(>|z|)    

	(Intercept)                     
	-6.52980    
	0.51466 
	-12.688  
	< 2e-16 ***

	VaccineVax                      
	-0.05815    
	0.35857  
	-0.162 
	0.871179    

	Day                             
	0.35035    
	0.09615   
	3.644 
	0.000269 ***

	Fish.LineARS-Fp-S             
	1.07617    
	0.22776   
	4.725 
	2.30e-06 ***

	Fish.LineIHNV.R                  
	0.14662    
	0.23990   
	0.611 
	0.541085    

	Dosage                       
	1.84022    
	0.13087  
	14.062 
	< 2e-16 ***

	VaccineVax:Day                  
	-0.12920    
	0.07587  
	-1.703 
	0.088612 .  

	VaccineVax:Fish.LineARS-Fp-S 
	-1.32254    
	0.36355  
	-3.638 
	0.000275 ***

	VaccineVax:Fish.LineIHNV.R      
	-0.07533    
	0.36459  
	-0.207 
	0.836312    

	Day:Dosage                      
	-0.20933    
	0.02674  
	-7.828 
	4.95e-15 ***


Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 4. Experiment 2 Number of fish shedding Model Output.
Model: glmer cbind(Number.for.pos.count, Number.for.neg.count) ~ Vaccine + Fish.Line + 
Dosage + Day + Vaccine * Day + Fish.Line *  Dosage + I(Day^2), family = binomial)
Null deviance: 2808.7 on 2239 degrees of freedom
Residual deviance: 2076.8 on 2232 degrees of freedom

	                       
	Estimate
	Std. Error
	z value
	Pr(>|z|)

	(Intercept)
	-6.89677
	   0.47245
	-14.598
	 < 2e-16 ***

	VaccineVax
	0.80077
	   0.25588
	3.129
	 0.00175 ** 

	Fish.LineIHNV.R
	0.82656
	   0.49562
	  1.668
	 0.09537 .  

	Dosage
	0.95130
	   0.07585
	 12.543
	 < 2e-16 ***

	Day
	1.81047
	   0.15440
	 11.726
	 < 2e-16 ***

	I(Day^2)
	-0.25316
	   0.01955
	-12.950
	 < 2e-16 ***

	VaccineVax:Day
	-0.59664
	   0.07390
	 -8.074
	6.82e-16 ***

	Fish.LineIHNV.R:Dosage
	-0.21479
	   0.10273
	 -2.091
	 0.03654 *  


Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Figure 2. Predicted likelihood of shedding through time.  Lines represent best fit trend of predicted daily likelihood of virus shedding, from statistical models (described in methods), for each Log10 (Virus dosage ((PFU/mL)) in experiment 1 (panel a) and 2 (panel b). The gray shading is the 95% confidence interval around the model fit line. The dots are fitted values for individual fish; however some fish have the same predicted value, so dots overlap. 
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Figure 3. Interaction between fish line and vaccine treatment for likelihood of virus shedding. 
Lines show predicted likelihood of viral shedding for each fish line, and vaccine treatment (vaccinated = grey, unvaccinated = black), from experiment 1. Values were obtained from generalized linear model of number of fish shedding (Supplemental table 4). BCWD.R represents ARS-Fp-R, IHNV.BCWD.S represents ARS-Fp-s and IHNV.R represents IHNV.R.
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Figure 4. Predicted likelihood of shedding through time. Lines represent best fit linear trend of predicted daily likelihood of virus shedding, from statistical models (described in methods), for each vaccine in experiment 1 (a) and 2 (b). Black lines represent unvaccinated hosts while gray lines represent vaccinated hosts. The gray shading is the 95% confidence interval around the model fit line. The dots are fitted values for individual vaccinated (gray) or unvaccinated (black) fish. There are values for each fish, however some have the same value so they overlap.                        

Quantity of virus shed per day
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Figure 5. Virus quantity shed per day. Lines show mean[log10(viral RNA copies/ml H2O+1)], shed per day of fish exposed to different dosages (pfu/ml, denoted by color) of IHNV. Panels a (ARS-Fp-R), b (IHNV.R), and c (ARS-Fp-S) show experiment 1, while panels d (ARS-Fp-R) and e (IHNV.R) show experiment 2. Unvaccinated fish are represented by the dotted line, and vaccinated fish are represented by the solid line. If no point is shown, all fish were negative. Only fish actively shedding virus are included in the mean.  Both live and dead fish were included.
Table 5. Experiment 1 Quantity of virus shed per day Model Output.
Model: lme(Log.Quantity~I(Day^2)+Day+Vaccine+Dosage+Fish.Line+Day:Fish.Line, 
random=~Day|Tank.Number,+ method="ML", na.action="na.omit", weights=varExp(), 
correlation=corSymm())

	                              
	Value
	 Std.Error
	 DF
	 t-value
	P-value

	(Intercept)
	1.4921516
	0.20195160
	197
	 7.38866
	 0.0000

	I(Day^2)    
	-0.0438054
	0.01133982
	197
	-3.86297
	 0.0002

	Day          
	0.3153212
	0.09766263
	197
	 3.22868
	 0.0015

	VaccineVax   
	-0.3297817
	0.06353079
	134
	-5.19090
	 0.0000

	Dosage       
	0.4462417
	0.01120700
	134
	39.81811
	 0.0000

	Fish.LineARS-Fp-S
	-0.0192258
	0.14158917
	134 
	-0.13579 
	0.8922

	Fish.LineIHNV.R      
	-0.2366426
	0.14179379
	134
	-1.66892
	 0.0975

	Day:Fish.LineARS-Fp-S
	 0.0169744
	0.06734745
	197
	 0.25204
	 0.8013

	Day:Fish.LineIHNV.R     
	 0.0376794
	0.06915240
	197
	 0.54488
	 0.5865




Table 6. Experiment 2 Quantity of virus shed per day Model Output.
Model: lme(Log.Quantity~I(Day^2)+Day+Vaccine+Dosage+Fish.Line+Day:Dosage+
Dosage:Fish.Line, random=~1|Tank.Number, + method="ML", na.action="na.omit", 
weights=varExp(), correlation=corAR1())

	                            
	Value
	Std.Error
	 DF
	  t-value
	p-value

	(Intercept)
	2.2648222
	0.4740986
	459
	 4.777112
	 0.0000

	I(Day^2)    
	0.0380735
	0.0129063
	459
	 2.950001
	 0.0033

	Day          
	-0.0575106
	0.1460850
	459
	-0.393679
	 0.6940

	VaccineVax   
	-0.2376508
	0.0815256
	250
	-2.915046
	 0.0039

	Dosage       
	0.3428823
	0.0897188
	250
	 3.821743
	 0.0002

	Fish.LineIHNV.R
	-0.5276229
	0.3646719
	250
	-1.446843
	 0.1492

	Day:Dosage    
	-0.0649076
	0.0213399
	459
	-3.041604
	 0.0025

	Dosage:Fish.LineIHNV.R
	 0.1002693
	0.0740712
	250
	 1.353687
	 0.1771
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Figure 6. Predicted mean virus quantity across dosage. Lines show mean[log10(viral RNA copies/mL H2O)], shed per fish exposed to different dosages (pfu/mL), from statistical models (described in methods). The line represents the model fit line. The gray shading is the 95% confidence interval around the model fit line. The dots are predicted values for individual fish; however some have the same value, so they overlap. Dosage is a continuous variable from 101 to 105 PFU/mL for experiment 1 (a) and from 103 to 106 PFU/mL for experiment 2 (b).
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Figure 7. Predicted mean quantity shed. Bars represent best fit linear trend of predicted mean amount shed for each vaccine treatment, from statistical models (described in methods), for experiment 1 (a) and 2 (b). Error bars represent mean ± standard error. Only positive fish for both experiment were included.
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Figure 8. Predicted quantity shed over time. Lines represent best fit trend of predicted quantity shed for multiple fish lines across various dosages over time, for experiment 1 (a) and 2 (b). Red lines represent ARS-Fp-R hosts, green lines represent ARS-Fp-S hosts, and blue lines represent IHNV.R hosts. ARS-Fp-R and ARS-Fp-S are almost identical, so lines overlap. The gray shading is the 95% confidence interval around the model fit line. The dots are predicted values for individual fish; however, some fish have the same predicted value and dots overlap. 

Total virus shed

Table 7. Experiment 1 Total virus shed Model Output.
Model: glm(Quantity ~Vaccine + Fish.Line + Dosage, link=log)
Null deviance: 851.17 on 299 degrees of freedom
Residual deviance: 471.59 on 295 degrees of freedom

	  
	Estimate
	Std. Error
	z value
	Pr(>|z|)    

	(Intercept)
	    -1.11256
	   0.15496 
	-7.180
	6.98e-13 ***

	VaccineVax 
	    -0.35582 
	  0.07968 
	-4.466
	7.98e-06 ***

	Fish.LineARS-Fp-S
	 0.08401  
	 0.09433 
	 0.891
	   0.373    

	Fish.LineIHNV.R   
	  -0.07607   
	0.09817 
	-0.775
	   0.438    

	Dosage            
	   0.57729    
	0.03369 
	17.135
	 < 2e-16 ***


Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


Table 8. Experiment 2 Total virus shed Model Output.
Model: glm(Quantity ~Vaccine + Fish.Line + Dosage + Vaccine*Dosage, link=log)
Null deviance: 489.26 on 318 degrees of freedom
Residual deviance: 330.98 on 314 degrees of freedom

	                 
	Estimate
	Std. Error
	z value
	Pr(>|z|)    

	(Intercept) 
	     -0.11999
	   0.20321
	 -0.590
	 0.55489    

	VaccineVax   
	    -1.01462
	   0.31529
	 -3.218
	 0.00129 ** 

	Fish.LineIHNV.R
	  -0.02225
	   0.06513
	 -0.342
	 0.73259    

	Dosage         
	   0.28394
	   0.04038
	  7.032
	2.03e-12 ***

	VaccineVax:Dosage
	 0.15708
	   0.06229
	  2.522
	 0.01168 * 


Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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