

Prevalence of Bovine Tuberculosis in India: a systematic review and meta-analysis

R code:

# load the necessary packages on R

library(meta)
library(metafor)
library(ggplot2)
library(boot)
 
# read the file of interest
data=read.csv("FileName.csv", header=T)
data$event=round(data$Prevalence*data$Sample.size)


##########################################

## try meta ##

m1=metaprop(event, Sample.size, data=data)

# Construct a funnel plot
funnel(m1)

#Construct a forest plot
[bookmark: _GoBack]forest(m1)

# Linear regression test of funnel plot asymmetry
metabias(m1)

#Overall pooled prevalence estimate
data2=read.csv("FileName2.csv")[-(45:46),]
data2$event=round(data2$Sample.size*data2$Prevalence/100)
m2=metaprop(event, Sample.size, data=data2)
summary(m2)

## Univariable regression

# Study period
mr_t=metareg(m1,~Study.period, method.tau = "REML")
summary(mr_t)

# Study location
mr_state=metareg(m1,~State, method.tau = "REML")
summary(mr_state)

# Diagnostic test
mr_d=metareg(m1,~Diagnostic.test, method.tau = "REML")
summary(mr_d)

# Species
mr_species=metareg(m1,~Species, method.tau = "REML")
summary(mr_species)

# Breed
mr_breed=metareg(m1,~Breed, method.tau = "REML")
summary(mr_breed)

# Production system
mr_ps=metareg(m1,~Production.system, method.tau = "REML")
summary(mr_ps)

# Sample size
mr_sample=metareg(m1,~Sample.size, method.tau = "REML")
summary(mr_sample)

## Multivariable regression

# Random effects model
mr_all=metareg(m1,~Study.period+State+Production.system+Species+Diagnostic.test+Breed+Sample.size, method.tau = "REML")
summary(mr_all)

# Fixed effects model
mr_fe=metareg(m1,~Study.period+State+Production.system+Species+Diagnostic.test+Breed+Sample.size, method.tau = "FE")
summary(mr_fe)

# Funnel plot to check for data fit to the Fixed effects model
funnel(mr_fe)

# Funnel plot to check for data fit to the Random effects model
funnel(mr_all)

## qqnorm plots predicted versus empirical cumulative distributions (based on normal approximation)

#Fixed effects model
qqnorm(mr_fe)

#Random effects model
qqnorm(mr_all)

## ROC curve
# Call the required package
require(ROCR)

# Plot predicted versus observed estimates and calculate ROC curve for Fixed effects model

p <- predict(mr_fe,type='response',transf=inv.logit)

pos = data$event[mr_fe$not.na]
N = data$Sample.size[mr_fe$not.na]

df = data.frame(x=pos/N,y=p$pred,yminus=p$ci.lb,yplus=p$ci.ub)
ggplot(df,aes(x=x,y=y,ymin=yminus,ymax=yplus))+geom_errorbar() + geom_point() + geom_abline(col='red')


p <- p$pred

expand_p<-sapply(1:length(p),function(i){if(pos[i]>0){rbind(cbind(p[i],rep(1,pos[i])),
                                                          cbind(p[i],rep(0,N[i]-pos[i])))}else{cbind(p[i],rep(0,N[i]-pos[i]))}})

expand_p<-do.call(rbind,expand_p)  
  
pr <- prediction(expand_p[,1],expand_p[,2])
prf <- performance(pr, measure = "tpr", x.measure = "fpr")
plot(prf)
auc <- performance(pr, measure = "auc")
auc <- auc@y.values[[1]]
auc

# Plot predicted versus observed estimates and calculate ROC curve for Random effects model

p <- predict(mr_all,type='response',transf=inv.logit)
  
pos = data$event[mr_all$not.na]
N = data$Sample.size[mr_all$not.na]

df = data.frame(x=pos/N,y=p$pred,yminus=p$ci.lb,yplus=p$ci.ub)
ggplot(df,aes(x=x,y=y,ymin=yminus,ymax=yplus))+geom_errorbar() + geom_point() + geom_abline(col='red')

# Missing line
p <- p$pred

expand_p<-sapply(1:length(p),function(i){if(pos[i]>0){rbind(cbind(p[i],rep(1,pos[i])),
                                                          cbind(p[i],rep(0,N[i]-pos[i])))}else{cbind(p[i],rep(0,N[i]-pos[i]))}})

expand_p<-do.call(rbind,expand_p)  
  
pr <- prediction(expand_p[,1],expand_p[,2])
prf <- performance(pr, measure = "tpr", x.measure = "fpr")
plot(prf)
auc <- performance(pr, measure = "auc")
auc <- auc@y.values[[1]]
auc


## ANOVA for Random effects model
#Note: column numbers for each moderator obtained from the multivariable meta-regression output

# Study period
anova(mr_all, btt=2:4)

# Study location
anova(mr_all, btt=5:22)

# Production system
anova(mr_all, btt=23:27)

# Species
anova(mr_all, btt=28)

# Diagnostic test
anova(mr_all, btt= 29:36)

# Breed
anova(mr_all, btt=37:39)

# Sample size
anova(mr_all, btt= 40)


## ANOVA for Fixed effects model

# Study period
anova(mr_fe, btt=2:4)

# Study location
anova(mr_fe, btt=5:22)

# Production system
anova(mr_fe, btt=23:27)

# Species
anova(mr_fe, btt=28)

# Diagnostic test
anova(mr_fe, btt= 29:36)

# Breed
anova(mr_fe, btt=37:39)

# Sample size
anova(mr_fe, btt= 40)



