
Statistical analysis 

Considering the incubation period of human brucellosis and the data stability, a monthly 

time-series analysis was conducted to determine the temporal associations between climatic 

factors and the incidence of human brucellosis. First, climatic factors and the incidence rates of 

human brucellosis were described, and a cross-correlation analysis was performed to assess 

correlations. Next, a Granger causality test was performed for each climatic factor to determine 

the likely effect of climate variability on the transmission of human brucellosis. Final, the 

variables selected in the Granger causality test were included in a distributed lag non-linear 

model (DLNM) to examine their non-linear and lagged effects on the disease transmission.. The 

methodology is based on the definition of a cross-basis, which is a function expressed by the 

combination of two sets of basic functions that specify the relationships in the dimension of 

predictor and time lags, respectively [13,14]. The structure of the DLNM was as follows: 

𝑌𝑡~𝑃oisson (μ𝑡) 

log(E(Y𝑡)) = 𝛼 + 𝛽𝑇𝑡,𝑙 + 𝑁𝑆(𝑡𝑖𝑚𝑒) + 𝑚𝑜𝑛𝑡ℎ 

where t is the month of the observation; 𝑌𝑡 is the observed incidence of brucellosis in month 

t; 𝛼 is the intercept; 𝑇𝑡,𝑙 is a matrix obtained by applying the DLNM to climatic factors, β is the 

vector of coefficients for 𝑇𝑡,𝑙, and 𝑙 is the time lag. Four degrees of freedom per year were used 

to adequately control for the seasonality of brucellosis transmission. 𝑀𝑜𝑛𝑡ℎ is an ordinal 

variable for the month of the year. A spline–natural cubic spline for climatic factors that 

generated a basis matrix of polynomials was used to simulate the non-linear effect and the lag 

effect. The average value for each variable was defined as the baseline reference for calculating 

the RR, and the separate effect (in a specific lag month) and cumulative effect (in all months 

preceding a specific lag month) on the incidence of brucellosis were calculated. 



The analyses were performed using R software version 3.5.1 with the packages “lmtest” and 

“dlnm”. All statistical tests were two-sided, and a p value <0.05 was considered statistically 

significant. 

 


