
Air and Rail Travels Accelerated Spatial Spread of 2009
Pandemic Influenza A (H1N1) in Mainland China
Jun Cai* and Bing Xu
Center for Earth System Science, Tsinghua University, Beijing, 100084, P. R. China
*Email: cai-j12@mails.tsinghua.edu.cn Mobile: (+86)18612529744

BACKGROUND & AIMS
The geographic spread of 2009 pandemic in-
fluenza A (H1N1) substantially affected the lives
of ten thousands of people in the world. Few
studies have investigated the effects of domestic
travel on the spatial spread of pandemic influenza
within mainland China.

1. Assess the impact of domestic travel on spa-
tial spread of pandemic influenza

2. Explore the explanatory power of travel-
related variables for the arrival timing of
pandemic influenza
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Figure 1: Distribution of 174,675 influenza A (H1N1)
cases reported to CISDCP

Mann-Whitney U test at 95% confidence level is
used to determine whether significant differences
in arrival days (or peak days) exist between pre-
fectures grouped by presence of airports (or rail-
way stations).
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Figure 2: Illustration of arrival days and peak days

Potential variables for predicting arrival days :
Lng, Lat, Pop, PopDen, Rail, RailDen, Road, Road-
Den, PTotal, PAir, PRail, PRoad, and PBoat are com-
piled for 340 prefectures. A novel method for
multivariate regression is developed:

1. Perform univariate regression for each vari-
able and its log transformation

2. Use log-transformed variable if it could im-
prove R2 by at least 0.01

3. Select variable with p < 0.05 and R2 > 0.1

4. Fit selected variables and their interactions
to arrival days in a stepwise regression

RESULTS 1

Figure 3: Maps of (a) arrival days, (b) peak days, existence of
(c) airports and (d) railway stations

• No evident significant difference in peak days is in-
directly verified that the local transmission of pan-
demic influenza was modulated by environmental
factors such as climatic variables.
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Figure 4: Boxplots and Mann-Whitney U test of ar-
rival days and peak days in different groups

• The difference of median arrival days ei-
ther between PAY and PAN or between
PSY and PSN was about 2 weeks.

• Approximate 1 week time lag was ob-
served when comparing the median ar-
rival days between PAY and PSY or be-
tween PAN and PSN.

RESULTS 2

Table 1: Summary of multivariate regression model

Variable B CI p

(Intercept) 439.05 291.78 - 586.32 <.001
Lng -1.16 -2.07 - -0.25 .013
Lat 2.29 1.15 - 3.42 <.001
logPopDen -5.07 -17.59 - 7.45 .424
logPAir -14.53 -21.88 - -7.19 <.001
logPRail -6.71 -13.41 - -0.02 .049
logPTotal -6.77 -15.30 - 1.77 .119
RoadDen -194.10 -836.00 - 447.79 .550
logPAir:RoadDen 50.64 12.60 - 88.68 .010
logPopDen:RoadDen -57.14 -127.42 - 13.14 .110

Observations 111
R2 / adj. R2 .619 / .585

• The neagtive coefficient of Lng and posi-
tive coefficient of Lat show that the pan-
demic influenza spread across mainland
China with an overall direction from
southeast to northwest, which is line
with results from [1].

• The coefficients of logPAir and logPRail
indicate that air and raili passenger vol-
umes were significantly negatively asso-
ciated with the invasion of pandemic in-
fluenza.

• Different from [1], our results indicates
that rail travel also played an important
role in the spread of pandemic influenza
in mainland China. Because our study
is conducted at prefecture-level while
theirs is carried out at county-level.

CONCLUSIONS
• The pandemic influenza spread across

mainland China with an overall direction
from southeast to northwest.

• Both air and rail travels accelerated the spa-
tial spread of pandemic influenza between
prefectures in mainland China by about 2
weeks.

• The strategy of regulating air and rail trav-
els to mitigate pandemic influenza within
mainland China is highlighted.
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FUTURE RESEARCH
We are developing a hybrid model combining
meta-population and agent-based models to eval-
uate the containment and mitigation strategies.


