Statistical Analysis of Data for : FENBENDAZOLE RESISTANCE IN HETERAKIS GALLINARUM
Terminology related to Veterinary Science are taken from the excel spread sheet and the draft manuscript.
Analysis of pilot data:
Methods:  Statistical analysis of pre and post data  from ten chickens will be performed using count regression models. Specifically, negative binomial distribution, Poisson distribution, zero-inflated negative binomial distribution, and zero-inflated Poisson distribution will be considered as potential models for the available data. Using likelihood criterion, an appropriate distribution will be chosen. Using the chosen distribution, a regression analysis will be performed to study the effect of treatment. Finally, using the formula 
			 Efficacy= 1- (post treatment mean/pre-treatment mean)
will be estimated and appropriate confidence interval will be provided. All statistical comparisons will be evaluated at 5% level of significance using the SAS software version 9.4

Results:   The log-likelihood values for  Poisson, Zero-inflated Poisson, negative Binomial, and zero-inflated negative binomial distributions are summarized below:
		Distribution 				Log-likelihood values
		Poisson						-77. 21
		Zero-inflated Poisson				-62. 79
		Negative binomial 				-57.66
		Zero-inflated negative binomial			-55.49
 Based on the log-likelihood values and exploratory analysis, zero-inflated negative binomial distribution was used to analyze the data.  Using the chosen distribution, the following model was fitted to the data:
	Log(population mean for a treatment group i)= M_1 + B_i , i= 1, 2
and   log (probability of zero-inflation/(1-probability of zero inflation)= M_2 + G_i , i=1,2.
In the above i=1 represents the untreated group and i=2 represents the treated group.   The following two hypotheses were tested using the likelihood ratio procedure: H1: B_1= B_2 and H2: G_1= G_2.   Hypothesis H1 is concerned with if there are statistical differences in the treatment effect while the hypothesis H2 is concerned with if there are statistical differences in the zero-inflation probability. Based on the likelihood ratio test, there were statistically significant differences between B_1 and B_2 (p-value =0.0304). However, there were no statistically significant differences in the zero-inflation probability (p-value=0.332). The least squares means are provided in the following Table 1:


			Table 1: Least squares means on the original scale

Treatment		 	LSmeans 			Standard Error
    Pre				2. 40					0.20
    Post				 1.62					0.27
 The efficacy was estimated to be 54.09 % and the 95% confidence interval was determined to be  (0.12, 0.76).   
Analysis of raw data:
Methods:  Statistical analysis of data from birds in the big study will be performed using count regression models. Specifically, negative binomial distribution, Poisson distribution, zero-inflated negative binomial distribution, and zero-inflated Poisson distribution will be considered as potential models for the available data. Using likelihood criterion, an appropriate distribution will be chosen. Using the chosen distribution, a regression analysis will be performed to study the effect of treatment. Finally, using the formula 
[bookmark: _Hlk82462634]	RR_ij= mean for birds receiving treatment i/ mean for birds receiving treatment j     i,j=0,1,2,
where 0 represents the control group, 1 represents the group treated with 1X, and 2 represents the group treated with 2X, the relative risk will be estimated, and appropriate confidence interval will be provided.  All statistical comparisons will be evaluated at 5% level of significance using the SAS software version 9.4.

Results:   The log-likelihood values for  Poisson, Zero-inflated Poisson, negative Binomial, and zero-inflated negative binomial distributions are summarized below:
		Distribution 				Log-likelihood values
		Poisson						-1025.45
		Zero-inflated Poisson				-638.46
		Negative binomial 				-291.24
		Zero-inflated negative binomial			-290.49
 Based on the log-likelihood values and exploratory analysis, zero-inflated negative binomial distribution was used to analyze the data.  Using the chosen distribution, the following model was fitted to the data:
	Log(population mean for a treatment group i/200)= M_1 + B_i , i= 0, 1, 2
and   log (probability of zero-inflation/(1-probability of zero inflation)= M_2  + G_i , i=0, 1, 2
In the above i=0 represents the untreated group, i=1 represents the 1X treated group, and i=2 represents the 2X- treated group.   The following hypotheses were tested using the likelihood ratio procedure: H1:  B_0=B_1= B_2; H2: B_0= B_1; H3: B_0= B_2; H4: B_1=B_2; H5: G_1= G_2=G_3.   Hypothesis H1 is concerned with if there are statistical differences in the treatment effect. Hypotheses H2 and H3 evaluate if there are statistically significant differences in the mean egg reductions after treatment with 1X and 2X compared to the untreated group respectively. Hypothesis H4 compares 1X treatment and 2X treatment. Finally, the hypothesis H6 is concerned with statistical differences in the zero-inflation probability. Based on the likelihood ratio test, there were no statistical differences between the three groups (Hypothesis H1) (p-value=0.3426) and there were no differences in the zero-inflation probability between the three groups (p-value=0.5726). Turning to Hypothesis H2, H3 and H4, there were no significant treatment effects (p-values: 0.1691, 0.2765, and 0. 8016 respectively). The least squares mean differences for treatment comparisons are given in the following Table:
		Table 2:    Differences in LSmeans  on the log scale
	Treatment Groups 			Diff. LSMeans			Standard Error
	         0 vs 1				 0.6530				0.4749
	         0 vs 2				 0.5345				0.4912
	        1 vs 2				 0.1185				0.4719
 where 	the Diff. Lsmeans  represents the differences in the log scale. The Table in the original scale is:	
		Table 3:     Ratios of LSmeans on the original scale	
Treatment Groups 		     Ratio. LSMeans			Standard Error
	         0 vs 1				1.9213				0.4749
	         0 vs 2				1.7066				0.4912
	        1 vs 2				1.1259				0.4719
The following Table presents the LSmeans (accounting for initial 200 and not accounting for initial 200).
 SE below represents the standard error:
		Table 4:   LSmeans accounting for initial and not accounting for initial in the log scale
Treatment Group                     LSmean-Accounting initial		LSMean-Not Accounting          SE
	0			-197.37					2.6082		      0.4025
	1			-198.04					1.9552		      0.3932
	2			-197.93					2.0737		      0.4104




Since in the log scale the LSmean, after accounting for the initial 200 eggs, was very small we provide the LSmeans  by not accounting for the initial 200 in the original scale.
Treatment Group		LSmean-Not Accounting			SE
				          Original scale				
	0				13.5747			0.4749
	1				7.0652				0.4912
	2				7.9544				0.4719

The next Table summarizes the confidence interval for the Ratios of LSMeans:

		Table 5: Confidence intervals for Lsmean ratios

Treatment Groups 		     Ratio. LSmeans		             Confidence Interval
	         0 vs 1				1.9213				 (0.7574, 4.8737)
	         0 vs 2				1.7066				(0.6517, 4.4692)
	        1 vs 2				1.1259				(0.4465, 2.8388)

Thus, in summary, confidence interval for the ratios of LSmeans  include 1 and hence  we conclude that there are no significant differences   between the three groups.





		
	


	
	
	

	
	
	
	





