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Data collection
In China, human brucellosis is considered a notifiable
category B infectious disease, and human cases must
be reported to the local Center for Disease Control
and Prevention (CDC). A confirmed case of brucel-
losis is diagnosed based on a combination of epidemi-
ologic exposure, clinical signs, and verification of
infection by serological tests, including the standard
plate agglutination test and/or rose bengal plate test
and/or serum agglutination test, or isolation of Bru-
cella spp. according to the guidelines of the World
Health Organization. In this study, consecutive data
of confirmed brucellosis cases from January 1, 2005
to December 31, 2018 were collected from the CDC
of Shaanxi Province, and demographic data were ob-
tained from the Sixth National Census in 2010. Data
on seven local climatic variables„ temperature, pre-
cipitation, relative humidity, sunshine duration, evap-
oration, atmospheric pressure, and wind velocity„
were collected daily during the study period by the
Chinese Bureau of Meteorology (http://data.cma.cn/).

Statistical analysis
Considering the incubation period of human bru-
cellosis 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 fac-
tors and the incidence rates of human brucellosis were de-
scribed, and a cross-correlation analysis was performed to
assess correlations. Next, a Granger causality test was per-
formed for each climatic factor to determine the likely effect
of climate variability on the transmission of human brucel-
losis. 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 combin-
ation of two sets of basic functions that specify the relation-
ships in the dimension of predictor and time lags,
respectively [13, 14]. The structure of the DLNM was as
follows:

Y t � Poisson � t
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where t is the month of the observation; Yt is the

observed incidence of brucellosis in month t; � is the
intercept; Tt, l is a matrix obtained by applying the
DLNM to climatic factors, � is the vector of coeffi-
cients 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 sep-
arate 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 •lmtestŽ and •dlnmŽ. All statis-
tical tests were two-sided, and a p value < 0.05 was con-
sidered statistically significant.

Ethical statement
The National Health Commission of China determined
whether ethical approval was required for this study. In
China, the collection of data from human brucellosis
cases was part of routine public health surveillance, and
such data collection was exempt from institutional re-
view board assessment [15, 16].

Results
Temporal trend and seasonality of human brucellosis and
climatic factors
In the period from 2005 to 2018, a total of 7103
cases of human brucellosis were reported in the study
area. The annual average incidence of the disease was
15.24 per 100,000 persons, and the highest rate was
30.79/100,000 in 2008. The epidemic curves revealed
a seasonal peak in incidence from April to July, ac-
counting for 51.33% of all cases. In addition, the
mean and standard deviation of the monthly inci-
dence was 1.27 ± 0.86 per 100,000, and the incidence
was highest in May (Fig. 1). Summary statistics for
the climatic factors in the study period are shown in
Table 1. The cross-correlation analysis revealed that
five climatic factors„ temperature, precipitation, evap-
oration, sunshine duration, and wind velocity„ were
positively correlated with the human brucellosis inci-
dence, and relative humidity and atmospheric

Table 2 Granger causality tests for climatic variables and the monthly incidence of human brucellosis in Yulin City, Northern China,
2005–2018

Temperature Precipitation Relative humidity Sunshine duration Evaporation Atmospheric pressure Wind velocity

F-statistics 2.358 1.439 0.827 3.625 2.579 3.741 3.520

P-value 0.033* 0.204 0.551 0.002* 0.021* 0.067 0.769

*P < 0.05
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Fig. 3 (See legend on next page.)
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