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2013 and 2014 were also consistent with the structure in
Fig. 3 A to some extent, but in 2015 and 2016 the results
were a bit different. As the Fig. 2 implied, the ILI%s in
those 2 years were lower, so it was plausible to infer that
the lower sample size weakened the statistical power of
structure learning in 2015 and 2016, resulting in incon-
sistencies in 2015 and 2016.
More importantly, it could be seen from Fig. 4 that

there were four cities with single-direction arrows point-
ing to other cities in the province while with no city in
the province pointing to themselves, i.e., Ziyang, Guan-
gyuan, Yibin and Panzhihua. In addition, all the four cit-
ies are bordering cities in Sichuan province and essential
transportation hubs connecting to other adjacent prov-
inces. Furthermore, influenza is a typical human-to-
human infectious disease, so transportation could play
an important role in the transmission of influenza logic-
ally, which has already been confirmed by a large num-
ber of studies. For example, Hidenori [28] found that
traffic control could delay the spread of flu during peak
flu periods in a simulation study. Therefore, it was
plausible to speculate that there would be potential

spatio-temporal routes of influenza from bordering
provinces or municipalities into Sichuan province.
In addition, to verify the rationality of this speculation,

it was interesting to show the high correlation between
the number of estimated influenza spatio-temporal
routes and the highway transportation capacities in each
subregion of Sichuan province (Table 1). Except for the
correlation in numbers, the relations between influenza
and transportation could again be suggested by the coin-
cidence of the estimated influenza spatio-temporal
routes and the major highways in Sichuan. Taking
Chengdu Plain subregion as an example, the Ziyang→-
Meishan influenza spatio-temporal routes coincided with
the Suizimei Expressway; the Chengdu→Ya’an influenza
spatio-temporal route was to some extent in accordance
with the Chengya Expressway; the Guangyuan→Mia-
nyang←→Deyang←→ Chengdu→Ya’an influenza
spatio-temporal route was possibly in line with the G5
Jingkun Expressway (the Mianguang section, the Cheng-
mian section and the Chengya section); the Nanchong
←→Mianyang ←→Deyang ←→Chengdu influenza
spatio-temporal route was expected to be brought by the

Fig. 1 The ILI% time series in Sichuan surveillance sentinels, 2010–2016. *The time series of ILI% in Sichuan was generally stable from 2010 to
2016, with maximum of 3.66% at week 237 and minimum of 1.69% at week 46

Fig. 2 The yearly ILI% time series in Sichuan surveillance sentinels, 2010–2016. *The time series of ILI% in different years were almost similar
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Fig. 3 The Sequential-week lagged spatio-temporal routes of influenza among different cities. a 1-week lagged b 2-week lagged c 3-week
lagged. *The No. of influenza spatio-temporal routes showed a decreasing trend in 3-week period. The maps of Sichuan were generated by
R software
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Fig. 4 1-week lagged influenza transmission network in different subregions of Sichuan province. (a) Western Sichuan subregion (b) Chengdu
Plain subregion (c) Northeastern Sichuan subregion (d) Southern Sichuan subregion. *There were four cities with single-direction arrows pointing
to other cities in the province while with no city in the province pointing to themselves, i.e., Ziyang, Guangyuan, Yibin and Panzhihua. The map
of Sichuan was generated by R software
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