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[ Abstract] Objective To evaluate the variation of human mobility patterns in Kunming during
holiday and non-holiday periods, and to assess their impact on the transmission of influenza. Methods
We collected influenza surveillance data in Kunming from July 31, 2023, to August 4, 2024, and mobile
phone signaling data from September 1, 2023, to February 29, 2024. We analyzed variations in the
influenza composite index, and compared mobility indicators between holiday and non-holiday periods. We
also developed an infectious disease transmission model that integrated human mobility using mobile phone
signaling data. The differences in the total number of cumulative influenza cases under holiday and non-
holiday scenarios to quantify the impact of holidays on influenza transmission. Results  During the
holiday period, the influenza composite index showed a downward trend, followed by an upward trend
after the public holidays. The average daily number of travelers and average travel frequency per person

during the National Day and Mid-Autumn Festival (48.36/10 000, 0.62 per person), Spring Festival
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(33.24/10 000, 0.48 per person), and winter vacation(51.87/10 000, 0. 69 per person) were lower
than those on regular days (all P<0.05), whereas there was no significant difference on New Year’s Day
(Z=-0.71, P=0.531). Model simulations indicated that different holidays had varying impacts on the
transmission of influenza; the Spring Festival reduces the cumulative number of flu cases by 1 556, while
the National Day, Mid—Autumn Festival, New Year’s Day, and winter vacation increase the cases by
867, 11, and 1 548, respectively. Additionally, substantial spatial heterogeneity was observed across
different administrative districts. Conclusions Holidays altered the human mobility patterns and affect

the transmission of influenza in Kunming. The impact varied across different types of holidays. In the

future, attention should be paid to the interaction between holidays, human mobility, and influenza

transmission.
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Table 1 Settings of mobile data in counterfactual scenario
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Figure 1 Characteristics of influenza surveillance data and human mobility data of intra-city
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Figure 2 Inter-group comparison of mobility indicators of intra-city in different periods
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Table 2 Mean values (95% CI) of mobility indicators of intra-city in different periods

H ¥ H17 AL Average daily number of travelers/10 000

B3] Holiday

B3 H Holiday ¥ B Regular day 7 {8 value P {8 value
A FHEIY Public holiday
[E P15 5 s Bk National Day and Mid—Autumn Festival — 48.36 (44.66~52.05) 61.55 (60.72~62.38) -4.64 <0.001
JEH New Year’s Day 54.84 (44.77~64.92) 58.63 (57.55~59.70) -0.97 0.410
F17 Spring Festival 33.24 (29.38~37.09) 47.63 (45.60~49.66) -2.75 0.011
AR School holiday
FE{R Winter vacation 51.87 (49.74~54.00) 57.76 (55.20~60.32) -2.54 0.016
. AFIHATHRIUR Average travel frequency per person
3% Holiday - \
B3 B Holiday 5 H Y] Regular day 7 1Y value P {H value
A FAEH] Public holiday
[E P17 5 5Bk National Day and Mid—Autumn Festival 0.62 (0.57~0.67) 0.79 (0.77~0.79) —-4.89 <0.001
JGH New Year’s Day 0.63 (0.39~0.87) 0.69 (0.67~0.70) -0.71 0.530
7 Spring Festival 0.48 (0.43~0.54) 0.69 (0.66~0.72) -2.68 0.013
2B School holiday
FE{B Winter vacation 0.69 (0.67~0.71) 0.75 (0.73~0.76) -2.06 0.040
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28

4] Holiday

HRUELL 14T A% Standardized number of travelers/10 000

B3 H Holiday - HIY Regular day 7 {8 value P {H value
NFEEIN Public holiday
[E P17 5 s K5 National Day and Mid—Autumn Festival —9.06 (-12.76~-5.36) 4.13 (3.30~4.96) —-4.64 <0.001
JGH. New Year’s Day -2.57 (-12.65~7.51) 1.21 (0.14~2.28) -0.97 0.410
7 Spring Festival -24.18 (-28.04~-20.32) -9.78 (-11.81~-17.75) =2.75 0.011
R School holiday
FE{B Winter vacation -5.55 (~7.68~-3.42) 0.34 (-2.22~2.90) -2.54 0.016

1 : Kruskal-Wallis ¥z 3025 RIGFAE R E 2SR N Z H5 PAEN Dunn K230 25 R

Note: the Kruskal-Wallis test results all showed significant differences; the Z and P values in the table are the results of the Dunn test.
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Table 3 Under the scenarios with holidays (normal) and without holidays ( counterfactual) ; the total number of cumulative

influenza cases in each administrative district estimated by the SEIR model, and the ratio of the cumulative

number of travelers traveling within the administrative district to that between administrative districts

T 5 A A
SRS 23 B National Day and Mid-Autumn Festival New Year’s Day
Ratio of cumulative cases to cumulative population A T =(Y Pt Tl 2(H
Have holiday ~ No holiday Difference Have holiday ~ No holiday Difference
BRI B Total cumulative cases 225136 224 269 867 225136 225125 11
FTEX B3 B4 Cumulative cases by administrative region
FAEX Wuhua District 33 498 33372 126 33 498 33 497 1
#JEIX. Panlong District 30 144 30 031 113 30 144 30 143 1
BIEX Guandu District 54 352 54 150 202 54 352 54 349 3
PLLIX Xishan District 31 376 31259 117 31 376 31375 1
H)IIX Dongchuan District 3391 3379 12 3391 3391 0
157X Chenggong District 23 008 22923 85 23 008 23 007 1
HTIX Jinning District 5417 5395 22 5417 5417 0
& R Fumin County 2510 2497 13 2510 2510 0
HRE Yiliang County 7339 7310 29 7339 7338 1
AR IR B Shilin Yi Autonomous County 5200 5179 21 5200 5198 2
M8 Songming County 7225 7195 30 7225 7225 0
FoSIIE ) AR Luquan Yi and Miao Autonomous County 4392 4 369 23 4392 4392 0
) [ % 3 E- Xundian Hui and Yi Autonomous County 4727 4702 25 4727 4727 0
LT Anning Cily 12 557 12 508 49 12 557 12 556 1
j[‘jl‘l?(rlz:iz\]o?zz‘n%l{:t!?emtrgflﬁi&;ﬁiﬁ%ﬁveen administrative regions 1.3 1.21 0.03 132 1.32 0
e L g | %7 Spring Festival FE{} Winter vacation
Ratio of ciﬂfv{?fsziliﬁﬁdﬁi{eﬁpopulduon ﬁ@%ﬁ %ﬂ?ﬂiﬁ E{E ﬁ@ﬁ’q %fﬁ{ﬁﬁ %{E
Have holiday ~ No holiday Difference Have holiday ~ No holiday Difference
BRI HIEL Total cumulative cases 225 136 226 692 -1556 225 136 223 588 1548
TTBUX BT HI4L Cumulative cases by administrative region
HAEIX Wuhua District 33 498 33178 320 33 498 33 398 100
#JEIX Panlong District 30 144 29 877 267 30 144 30 033 111
B Guandu District 54 352 53 900 452 54 352 54 282 70
PYILIX Xishan District 31376 31 067 309 31376 31325 51
A)IIX Dongchuan District 3391 3970 -579 3391 3521 -130
797X Chenggong District 23 008 22 831 177 23 008 22786 222
BT X Jinning District 5417 5390 27 5417 5294 123
& R & Fumin County 2510 2553 -43 2510 2519 -9
H K F Yiliang County 7339 7 696 =357 7339 7528 -189
ARSI A IAE Shilin Yi Autonomous County 5200 5260 -60 5200 5262 -62
A EL Songming County 7225 7618 -393 7225 6 056 1169
TR A B Luquan Yi and Miao Autonomous County 4392 5013 -621 4392 4 395 -3
A 1 84 16 E Xundian Hui and Yi Autonomous County 4727 5880 -1153 4727 4 885 -158
il Anning City 12 557 12 459 98 12 557 12 304 253
G GO O RERESE SN (A L4 138 0.04 141 137 0.04

The ratio of cumulative travel within and between administrative regions
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