Epidemics 14 (2016) 36-44

journal homepage: www.elsevier.com/locate/epidemics

Contents lists available at ScienceDirect

Epidemics

Comparison of the social contact patterns among school-age children
in specific seasons, locations, and times

@ CrossMark

Dih-Ling Luh®", Zhi-Shin You?, Szu-Chieh Chen?>-*

a Department of Public Health, Chung Shan Medical University, Taichung 40201, Taiwan, ROC
b Department of Family and Community Medicine, Chung Shan Medical University Hospital, Taichung 40201, Taiwan, ROC

ARTICLE INFO

Article history:

Received 12 May 2015

Received in revised form 31 July 2015
Accepted 22 September 2015
Available online 3 October 2015

Keywords:
Seasonal influenza
Behavior

Contact patterns
Contact diary
Social mixing
Taiwan

ABSTRACT

Social contact patterns among school-age children play an important role in the epidemiology of infec-
tious disease. This study explored how people interact in specific seasons (flu season and non-flu season),
environmental settings (city and county), and times (weekend and weekday). We conducted a survey
of junior high school students (grades 7-8) using an established questionnaire during May-June 2013
and December 2013. The sample size with pair-wise comparisons for the times (weekday/weekend) and
stratification by location and seasons were 75, 87, 105 and 106, respectively. The sample size with pair-
wise comparisons for the seasons (flu/non-flu) and stratification by location were 54 and 83, respectively.
Conversation and skin-to-skin contact behaviors were surveyed through diary-based questionnaires, of
which 665 valid questionnaires were returned. There was no difference in the number of contacts during
the flu and non-flu seasons, with averages of 16.3 (S.D.=12.9) and 14.6 (S.D.=9.5) people, respectively.
However, statistical analysis showed that the average number of contacts in Taichung City and Yilan
County were significantly different (p <0.001). Weekdays were associated with 23-28% more contacts
than weekend days during both the non-flu and flu seasons (p <0.001) (Wilcoxon signed-rank test). Our
work has important implications for the dynamic modeling of infectious diseases and performance anal-
ysis of human contact numbers and contact characteristics for schoolchildren in specific seasons, places,

and times.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Social contact is thought to be a major factor in the transmission
process for many important infections, including SARS, influenza,
smallpox, measles, pertussis and tuberculosis (Read et al., 2012;
Eames et al., 2012; Wallinga et al., 2006). Since many of the great-
est threats to human health are spread by direct person-to-person
contact, understanding the spread of respiratory pathogens and
patterns of human interactions are public health priorities (Read
et al., 2012; Eames et al., 2012). The social mixing of schoolchil-
dren is considerable, and favors the spread of infectious diseases
in school environments. Such environments are thus an impor-
tant source of infection into households, from which infections can
spread further (McLean et al., 2010; Miller et al., 2010a,b).
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Empirical studies of social mixing specifically targeted at under-
standing the spread of respiratory infections have been performed
in the UK (Eames et al., 2011), Switzerland (Smieszek et al., 2012),
Italy (Fournet and Barrat, 2014) and other European countries
(Mossongetal.,2008),as well as the USA (Destefanoetal.,2011)and
Vietnam (Horby et al., 2011). Contact studies such as these provide
the contact number per day per participant, model the potential
transmission risk, and describe the different contact networks and
contact characteristics. However, few studies have investigated if
seasonal and environmental differences have an impact on contact
patterns. In other words, there is a tendency to investigate the role
of human contact behavior in the influenza seasons. Consequently,
we decided to study how mixing is driven by seasonal variation
(specifically, flu season and non-flu season), variation by location
(city and county), and variation in time (weekend and weekday).

The seasonality of influenza is governed by numerous factors,
and calls for the efforts of researchers from multiple disciplines.
The effects of weather on viral survival (Shaman and Kohn, 2009)
and host susceptibility (Dowell, 2011) as well as the effects of social
contacts on transmission (Cauchemez et al., 2008) favor the spread
of influenza during the winter months (Lipsitch and Viound, 2009).
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Furthermore, Willem et al. (2012) provided information on the
relationships between weather conditions and those social con-
tact patterns relevant to influenza transmission. They pointed out
that while weather conditions are believed to affect the efficiency
of transmission and host immunity, seasonality may also be driven
by a tendency of people to congregate indoors during periods of
bad weather. With regards to this hypothesis, they combined data
from a social contact survey in Belgium with local weather data,
and found the number of contacts at school increased in conditions
of high temperature and low precipitation.

Recently, Read et al. (2014 ) conducted a study of human contact
patterns in Guangzhou, China, which focused on the social mixing
patterns in rural and urban areas. They contrasted the contact pat-
terns by age and community urbanization, finding little difference
in the number and duration of contacts or the age-mixing patterns
between these populations. While animal densities are generally
higher in rural areas, urban locations tend to serve as hubs for global
spread. The difference between urban and rural populations may be
particularly important for the initial spread of zoonotic pathogens
(Hufnagel et al., 2004).

Previous studies have suggested that school closures might be
effective for controlling the spread of influenza within a school
(Eames et al., 2012; Cauchemez et al., 2008; Eames, 2014; Xue
et al.,, 2012; Cowling et al., 2008; Glass et al., 2006). A system-
atic review of epidemiological studies to assess the effect of school
closures on the transmission of influenza has also been reported
(Jackson et al., 2013). Miller et al. (2010a,b) agreed that school
closure can reduce student-student contacts but may also accel-
erate spread within a community. Hence, they suggested that the
student behavior during a school closure may enhance or detract
from the effectiveness of the closure. Eames et al. (2011) pre-
sented the results of a prospective survey designed to provide
a detailed comparison of social mixing patterns of schoolchil-
dren both during school terms and during school holidays. Eames
et al. (2011) also suggested that while infections may spread
rapidly within schools during the term, in the holiday period
there are increased opportunities for transmission to other schools
and other age groups. Hence, a precise quantification of human
contacts can help in the identification of possible contagion path-
ways, and in the design and evaluation of containment strategies
such as targeted vaccination, social distancing, and school clo-
sures.

This study used social contact diaries to compare the number
of contacts per day per participant across different seasons, loca-
tions, and times of the week. We also present contact properties
such as sex, age, masking, setting, frequency, duration, and contact
types among school-age children. This information could provide
the basis for investigations into social contact patterns in Taiwan
and for the modeling of control measures in the future.

2. Material and methods

2.1. Study population

The study populations were chosen from Taichung City and Yilan
County. Taichung City is located in western Taiwan, and has a pop-
ulation of just over 2.7 million people as of April 2014, making it
the third largest city in Taiwan. Taichung has a warm, humid sub-
tropical climate with an average annual temperature of 23.3 °C. The
highest temperature of the year occurs in July and August, while the
lowest temperature occurs in January and February. The average
annual rainfall is just above 1700 mm and the average humidity is
75.6%.Yilan is a county in northeastern Taiwan with a population of
458,000. The average annual temperature is 22.5 °C with the high-
est temperature of the year occurring in July and August and the
lowest temperature occurring in January and February. The average

annual rainfall is just above 2837 mm and the average humidity is
82%.

Our study was conducted using a questionnaire survey in
Chung-Lun and Shun-An junior high schools (grades 7-8, age 13-15
years) in Taichung City and Yilan County, respectively. In Chung-
Lun Junior High School, the population was 1052 students in 36
classes, and each grade had 12 classes. In Shun-An Junior High
school the population consisted of 313 students in 12 classes, and
each grade had 4 classes. Each class had an average of 30 and
27 students in the Chung-Lun and Shun-An junior high schools,
respectively. We selected 3 classes in each grade for our analysis.
The eligible population was 720 students in Grades 7-8. The study
population (selected schools) in Taichung City and Yilan County
were chosen with the convenience sampling. However, the grades
7-8 were chosen because the better comprehension to the defini-
tion of “contact” in our questionnaire. Besides, those classes were
selected with random sampling.

2.2. Study design

Fig. 1 shows the design and framework for this study. We inves-
tigated the social contact patterns in specific seasons (flu and
non-flu season), locations (Taichung and Yilan), and times (week-
day and weekend). During the non-flu season (NS), each participant
inthe Chung-Lun (T) and Shun-An (Y) junior high schools was asked
to fill out two questionnaires during one randomly assigned week-
day (denoted NSTa and NSYa) and one randomly assigned weekend
(NSTb, NSYb), respectively. Each participant from each school was
additionally requested filled out two questionnaires in the same
way (FSTa, FSYa and FSTb, FSYb for a random weekday and week-
end, respectively) during the flu season (FS).

Time-paired sample sizes were defined by the number of par-
ticipants who correctly completed the questionnaires during the
weekday and weekend, while season-paired sample sizes were
defined by the number of participants in the same school who
correctly completed questionnaires during flu/non-flu seasons and
during the weekday and weekend.

2.3. Questionnaire survey and contact variables

This questionnaire survey was approved by the Institutional
Review Board of the Ethical Committee of Chung Shan Medical
University (CSMUH No: CS13100). Questionnaires were completed
only after the participants and their parents (or legal guardians)
signed an informed consent form. Parents signed the consent
form but did not participate in this study or assist children
when they were completing a questionnaire. The participants
were told in advance which days they had been assigned and
encouraged to fill out the questionnaire before they went to
bed.

A contact was defined as a two-way conversation in which at
least 3 words were spoken by each party. Two types of physical
contact were defined: (i) two-way conversations during which at
least three words were spoken (conversation only), and (ii) contacts
that involved any sort of skin-to-skin contact (physical contact)
(Horby et al., 2011). A contact diary was used to record all contacts
during one day. The diary followed the course of the day, which was
broken down by activities, starting with activities in the morning
after waking, on the way to school, playing during breaks, and other
activities after school until going to bed.

At the beginning of the questionnaire, participants were asked
to provide information regarding sex, age, household size, their liv-
ing situation (at home or in a dormitory), their health status on the
day of sampling, their influenza vaccination history of the past six
months, and the weather conditions that day. The scores to express
the different levels of health status ranged from 0 to 10, e.g., feeling
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Fig. 1. Study design and framework of the data analysis of this study. We investigated the social contact patterns during specific seasons, locations, and times. Three statistical
analyses were used to analyze the differences between the contact numbers (Y) and the related variables of participants (X1) and contactors (X2).

bad (score =0), normal (score =5), or good (score = 10). All students
were asked to list all contacts they had during the day, as well as
the estimated age (0-5, 6-12, 13-19, 20-39, 40-59, or >60yrs),
sex, relationship (family, classmate, teacher, and others), and health
status (healthy, fever, runny nose, headache, cough, or sore throat)
of those contacted. Other recorded items included whether those
contacted were wearing a mask (yes or no), the contact setting
(school, home, cram school, or others), contact frequency (daily
or almost daily, 1-2 times a week, 1-2 times a month, <1 time a
month, first time), contact duration (<5 min, 5-15 min, 15 min-1h,
1-4h, or >4 h), and contact type (conversation or physical contact
or both). In this study, the questionnaire survey was designed to
record up to 35 and 52 contacts per day in the non-flu season form
and the flu season form, respectively (see Appendix A).

2.4. Surveillance of influenza-like illness

Weekly influenza-like illness (ILI) sentinel physician surveil-
lance data were obtained from the Taiwan CDC for the period from
1999 to 2006. These data represent ILI cases reported in patients
under outpatient and hospital care in all medical centers and teach-
ing hospitals in Taiwan. The case definition of ILI included patients
with a fever (an ear temperature of over 38 °C), respiratory symp-
toms, and symptoms such as myalgia, headache, and fatigue (King
etal.,, 2001). We analyzed the 95th percentile and 5th percentile of
weekly ILI cases for the period from 1999 to 2006. The definition of
the periods of flu season and non-flu season were the times above
the 95th percentile and lower than the 5th percentile of weekly
ILI cases, respectively. This method was adopted from Wang et al.
(2012).

2.5. Statistical analysis

Statistical analyses were carried out with SAS Version 9.3 for
Windows (SAS Institute Inc., Cary, North Carolina, USA). Two meth-
ods were used for the detection of the difference between the
contact numbers (Y) with the related variables of participants (X1)
and contactors (X2). Individual-level changes in the number of
encounters recorded in specific seasons, locations, and times of the
week were tested using the Wilcoxon matched-pairs signed-rank
test (p <0.05). The Wilcoxon signed-rank test is a non-parametric
statistical hypothesis test used when comparing two related sam-
ples, matched samples, or repeated measurements on a single
sample to assess whether their population mean ranks differ. We
also used the non-parametric Kruskal-Wallis test for comparing
more than two samples that were independent (Fig. 1).

3. Results
3.1. Period of investigation and sample size

According to the weekly ILI cases, the flu/non-flu seasons were
predominantly in December-January and May-June. The 5th and
95th percentiles were 589 and 2378 cases per week, respectively
(Fig. 2). Hence, the questionnaire surveys in the two junior high
schools were conducted during May to June 2013 and December
2013, which correspond to the non-flu and flu seasons, respectively.

Table 1 presents the pair-matched sample sizes and response
rates. The numbers of time-matched pairs were 75, 87, 105 and 106
participants in NST, FST, NSY, and FSY, respectively. In Taichung,
94 participants (169 minus 75) in the NST group were excluded,
including 83 who did not give consent (88%), 10 who did not
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Fig. 2. Weekly illness-like influenza (ILI) cases from 1999 to 2006 in Taiwan. The red and blue bars represent the ILI cases higher than the 95th percentile and lower than
5th percentile of cases, respectively. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 1
The sample sizes and response rates of the questionnaire survey according to location-, season-, and time (day of week)-based analyses.
Place Seasons Times Survey date Survey Returned Time-paired Response Season-paired
sample (Ns) sample (Nr) samples? rate (%)° samples®
Taichung Non-flu season (NS) Weekday May 30-Jun 05, 169 160 75 44.37 54
Weekend 2013 169 160
Flu season (FS) Weekday December 3-12, 2013 175 145 87 49.71
Weekend 175 145
Yilan Non-flu season (NS) Weekday June 11-19, 2013 161 146 105 65.21 83
Weekend 161 146
Flu season (FS) Weekday December 21-27,2013 160 133 106 66.25
Weekend 160 133

@ Participants who correctly completed the questionnaires during both the weekday and weekend.
b Response rate = (time-paired samples/Ns) x 100%.
¢ Participants in same school who correctly completed the questionnaires during flu/non-flu seasons and during both the weekday and weekend.
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Table 2

Average number of contacts, standard deviation (S.D.), median, and 1st-3rd quartiles (Q1-Q3) in specific seasons, locations, and times (days of week).

Locations/Times/Seasons Weekday Weekend Median (Q1-Q3)? Average number of
contacts (S.D.)°

Flu season (FS)

Taichung 22.2(15.3) 15.8 (14.8) 14.5 (8.5-25) 19.0 (14.0)

Yilan 15.2(12.9) 12.9(12.5) 9.5 (6-16.4) 14.0(11.6)

Average number of contacts® 18.4(14.4) 14.2 (13.6) 12 (7-21.5) 16.3 (12.9)¢
Non-flu season (NS)

Taichung 20.0(11.7) 12.6 (10.7) 14.5(7.75-22.5) 16.3(10.1)

Yilan 14.97 (9.98) 11.81(9.0) 11.5(5.5-18.5) 13.4(8.8)

Average number of contacts® 17.04(11.0) 12.3(9.8) 12.5(6.5-21) 14.6 (9.5)¢

2 Median and 1st-3rd quartiles (Q1-Q3) of the number of contacts for weekdays and weekends in specific places and seasons.
b Average number of contacts for weekdays and weekends in specific places and seasons.
C
d

Average number of contacts for both Taichung and Yilan during specific times.
Average number of contacts during the FS and NS.

return the questionnaire (11%), and 1 participant whose responses
were invalid (1%). In the FST group, 88 participants (175 minus 87)
were excluded, of which 30 did not give consent (34%), 30 did not
return the questionnaire (34%),and 28 gave invalid responses (32%).
The response rates were thus 44.37% and 49.71% for NST and FST,
respectively.

In Yilan, 56 participants (161 minus 105) in the NSY group were
excluded: of these, 24 did not give consent (43%), 15 did not return
the questionnaire (27%), and 17 gave invalid responses (30%). In
the FSY group, 54 participants (160 minus 106) were excluded, of
whom 11 did not give consent (20%), 27 did not return the ques-
tionnaire (50%), and 16 gave invalid responses (30%). The response
rates were thus 65.22% and 66.25% for NSY and FSY, respectively.

3.2. Number of contacts

Table 2 lists the statistical summary for the comparison of the
average number of contacts per participant per day. The results

indicate that there was no difference in the number of contacts
during the flu and non-flu seasons, with an average respondent
contact number of 16.3 (S.D.=12.9) and 14.6 people, (S.D.=9.5),
respectively. However, statistical analysis showed that the average
number of contacts in Taichung City and Yilan County were signif-
icantly different (p <0.001). Weekdays were associated with 23%
and 28% more contacts than weekend days during the non-flu and
flu seasons, respectively (p <0.001) (Wilcoxon signed-rank test).

3.3. Chronological differences in contact properties

The average numbers of recorded contacts per day and 1st-3rd
quartiles of reported contacts at specific times (weekday or week-
end) across all variables are summarized in Table 3. The contacts
were recorded from 373 participants, of whom 57% were female.
The number of contacts was significantly different between week-
days and weekends (p <0.05), regardless of the participant’s sex
or household size. During the weekdays, 48%, 23%, and 30% of

Table 3
Average number of contacts with the standard deviation (S.D.), median and 1st-3rd quartiles (Q1-Q3) for different times (weekday and weekend), according to different
variables.
Variables Covariate Weekday Weekend
Number of Average Median Number of Average Median
participants (%) number of (Q1-Q3) participants (%) number of (Q1-Q3)
contacts (S.D.) contacts (S.D.)
Sex Male 160(42.9) 16.6 (13.1) 13 (6-26) 160(42.9) 12.0(11.8) 7.0 (4-15)
Female 213(57.1) 18.6 (12.7) 14 (8-28) 213(57.1) 14.0 (12.0) 10 (6-17)
Grade 7 135(36.2) 17.3(13.2) 13 (7-25) 135(36.2) 14.5(13.0) 9(5-19)
8 238(63.8) 18.0(12.7) 13 (7-28) 238(63.8) 12.4(11.2) 8.5(5-15)
Household 2 5(1.3) 4.2 (3.3) 3 5(1.3) 4(2.8) 3
3 47(12.6) 17.1(13.2) 13 (7-25) 47(12.6) 12.7 (13.2) 8(3-16)
4 115(30.8) 19.1 (14.1) 14 (7-29) 115(30.8) 12.6 (12.0) 8(5-15)
5 107(28.7) 18.0(11.9) 14 (8-28) 107(28.7) 14.0(11.2) 10(5-19)
>5 99(26.5) 16.7 (12.2) 13(7-26) 99(26.5) 13.6 (12.3) 9(6-15)
School day Monday 85(22.8) 19.6 (13.4) 16 (9-29)
Tuesday 71(19.0) 16.6 (12.4) 13 (6-25)
Wednesday 71(19.0) 16.5(12.5) 13 (7-25)
Thursday 75(20.1) 154 (11.7) 13(7-23)
Friday 71(19.0) 20.2 (13.8) 19 (7-30)
Holiday Saturday 199(53.4) 13.7(11.7) 10(5-17)
Sunday 174(46.6) 12.6 (12.2) 8 (4-15)
Health status 0-4 33(8.8) 21.6 (12.1) 24 (13-30) 37(9.9) 12.6 (10.3) 8(6-15)
5-7 179(48.0) 17.8(12.8) 13(8-27) 169(45.3) 12.8(11.9) 8(5-15)
8-10 161(43.2) 16.9 (13.0) 13 (6-25) 167(44.8) 13.7 (12.4) 9(5-17)
Vaccine Yes 50(13.4) 18.8(12.3) 15 (8-27) 49(13.1) 14.1(12.9) 8(5-18)
No 323(86.6) 17.6 (13.0) 13(7-28) 324(86.9) 13.1(11.8) 9(5-16)
Weather Sunny 177(47 5) 19.4(13.2) 15(8-29) 189(50.7) 14.0 (12.3) 8(5-18)
Rainy 86(23.1) 16.5(13.1) 13(7-23) 88(23.6) 12.8(10.9) 9.5 (6-15)
Cloudy 110(29.5) 16.0 (12.0) 13(7-25) 96(25.7) 12.8(12.2) 9(5-16.5)
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Fig. 3. Properties of encounters during weekdays (left bar) and weekends (right bar). (A) Comparison of encounter (family, classmate, teacher, or others), sex (male, female),
and age groups (0-5, 6-12, 13-19, 20-39, 40-59, and >60 years). (B) Comparison of physical condition (healthy, fever, rhinorrhea, headache, cough, or sore throat), mask
(used or not) and setting (school, home, cram school, or others). (C) Comparison of contact frequency (daily or almost daily, 1-2 a week, 1-2 a month, <1 a month, never met
before), contact duration (<5 min, 5-10 min, 10 min-1h, 1-4 h, or >4 h), and contact type (conversation or physical contact).

participants responded that the weather conditions were sunny,
rainy, or cloudy, respectively. In contrast, 51%, 24%, and 26% of
participants reported these conditions, respectively during the
weekend.

Fig. 3 shows the contact characteristics during weekdays and
weekend days. There were 6610 contacts during weekdays, which
was markedly higher than during weekends (4922 contacts). Most
contacts during weekdays were with females (57.94%), and of the
conversation type (86%). The most highly encountered groups were
classmates (4305 contacts) and families (1567 contacts). The dom-
inant contact frequency was everyday contact (90.8%) and the
dominant contact duration was <5 min (41.8%). 69.4% of contacts
took place at school on weekdays and 57.7% of contact numbers
were at home during weekends.

Furthermore, the age distribution of weekday and weekend con-
tacts is shown by contact type in Table 4. The average number of
all contacts during weekdays (17.7 contacts per day) and week-
ends (13.2 contacts per day) were significantly different (p <0.05)
(Wilcoxon signed-rank test). A significant difference (6.4 per day)
took place in the 0-19 age group, showing that it was most com-
mon for junior high school students to decrease the contacts with
their classmates during weekends.

3.4. Location-based differences in contact characteristics
Statistical analysis showed that the average number of contacts

(Table 2) in Taichung City and Yilan County were significantly
different (p<0.05) (Wilcoxon signed-rank test). In Table 5, the
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Table 4

Average number and standard deviation (S.D.) of reported encounters by all contact types (sum of physical and conversation contacts) and physical contact. The numbers of

encounters reported during specific times (weekday and weekend) are compared.

Contact types Age Weekday Weekend Difference? p-Value®

All contact Total 17.7 (12.9) 13.2(11.9) 4.5(9.8) <0.0001°
0-19yrs 13.0(11.0) 6.6 (8.3) 6.4(9.3) <0.0001"
20-59yrs 44(5.1) 5.9(6.4) -1.53(5.1) 0.0004
>60yrs 0.3(0.8) 0.67 (1.6) -0.34(1.5) 0.0069

Physical contact Total 3.3(4.7) 24(3.8) 0.9 (4.6) 0.0032"
0-19yrs 2.8(4.2) 1.5(3.1) 1.3(4.2) <0.0001
20-59yrs 0.5(1.08) 0.9(1.5) -0.36 (1.6) 0.0002°
>60yrs 0.02 (0.2) 0.06 (0.3) —-0.03 (0.3) 0.0489

2 The difference is defined as the number of contacts during weekdays minus the number of contacts during weekends.

b Wilcoxon signed-rank test.
" p-Value <0.05.

contact levels are shown by age and setting. The average numbers
of all contacts were 17.7 (S.D.=12.3) and 13.7 (S.D.=10.3) contacts
per day in Taichung City and Yilan County, respectively. For all
contact patterns (conversation and physical contact), a significant
difference appeared in the 0-19 age group (p<0.05) in a school
setting (p <0.05) (Wilcoxon signed-rank test). Furthermore, Fig. 4
reveals the properties of contacts in the two locations. There were
2872 and 2895 contacts in Taichung City and in Yilan County,
respectively. On average, the most highly encountered groups
were classmates (approximately 47%) and families (approximately
40%). The dominant contact frequency was everyday contact (83%)
and the dominant contact duration was <5 min (43%).

4. Discussion

This study compared the social contact patterns among school-
age children in specific seasons, locations, and times (of the week)
using a contact questionnaire survey. Though we did not find statis-
tically significant differences in the daily contact numbers between
non-flu and flu seasons, there were significant differences in social
contact patterns in different locations and times. The following
paragraphs cover discussion points based on the results.

First, in this study, the daily contact numbers were not sig-
nificantly different between the non-flu and flu seasons. One of

Table 5

Average number and standard deviation (S.D.) of reported encounters by all contact
types (sum of physical and conversation contacts) and physical contact. The numbers
of encounters reported in Taichung and Yilan are compared.

Contact types Age Taichung Yilan p-Value?
All contact Total 17.7 (12.3) 13.7(10.3) 0.0003
0-19yrs 11.7(9.2) 8.4(7.7) <0.0001"
20-59yrs 5.6 (6.4) 4.8 (4.0) 0.1663
>60yrs 0.5(0.9) 0.5(1.1) 0.4328
Physical Total 3.14(3.8) 2.7(3.4) 0.2007
contact 0-19yrs 2.5(3.2) 1.9(2.8) 0.1021
20-59yrs 0.6(1.1) 0.7 (1.0) 0.1438
>60yrs 0.04(0.2) 0.05(0.2) 0.4885
Setting Taichung Yilan p-Value®
All contact Total 17.7 (12.3) 13.7(10.3) 0.0003"
School 8.9(7.3) 59(5.7) <0.0001
Home 6.1(7.3) 5.5(5.1) 0.1856
Cram school 1.1(2.5) 0.9 (2.2) 0.4701
Others 1.5(2.5) 1.5(3.0) 0.4798
Physical Total 3.14(3.8) 2.7(34) 0.2007
contact School 1.6 (2.6) 1.4(2.5) 0.4355
Home 1.03 (1.8) 0.6(1.1) 0.0159
Cram school 0.13(0.5) 0.3 (0.9) 0.1013
Others 0.33(1.2) 0.3(0.8) 0.3968

3 Wilcoxon signed-rank test.

" p-Value <0.05.

the reasons for this may be the short period of the investigations,
i.e.,, one week in each season. There was insufficient evidence to
describe the differences in social contact patterns between the two
seasons. However, this study did not quantify the effect of the psy-
chological pressures to attend school. If a student developed mild
symptoms, they might nonetheless choose to attend school; thus,
the influence of contact frequency or seasonal forces may be less
than the pressure of learning. However, the seasonal fluctuations
of influenza cases were not correlated with social contact patterns.
In this study, the analysis of the weather conditions of the sampling
day indicated that, during the flu season, the highest number of con-
tacts were during sunny days (on average 18.8 contacts, compared
to 14.5 and 15.6 contacts on rainy and cloudy days, respectively).
The differences between the weather conditions were not signifi-
cant.

One study of social contact patterns during the flu season was
reported by Destefano et al. (2011). They reviewed population-
based telephone surveys in four North Carolina counties to
determine the number of social interactions between individuals
during the 2007-2008 influenza seasons. Among 3845 adults, there
were an average number of 10 contacts per day. In our study, there
were 16.3 contacts per day with a standard deviation of 12.9. The
number of social contacts in our study is evidently higher, which
might be the result of different investigation methods.

Second, the number of contacts in Taichung City (average 17.1
contacts) was statistically higher than that in Yilan County (average
13.7 contacts). This may be due to differences in class size and popu-
lation density related to urbanization in the city. There were 30 and
27 students, on average, in each class in the Chung-Lun (Taichung
City) and Shun-An (Yilan County) junior high schools, respectively.
Fig. 4 indicates that 2872 and 2876 contacts were investigated in
Chung-Lun and Shun-An junior high schools, respectively, and that
1438 (50%) and 1255 (53%) of those contacts were at school. Statis-
tical analysis shows that there were significant differences in the
contact setting (school) and age group (0-19 years) between the
two locations. This contrasts with other findings from Taiwan by Fu
et al. (2012), which indicated that most regional differences were
not significant within Taiwan. In their study, the average number of
contacts was 12.4 in the north and 12.3 in the south, albeit with the
exception of those living in the more remote eastern area (where
the average number of contacts was 9.5) (Fu et al., 2012).

Third, the results indicated that the difference between the
number of encounters reported for all contact types during week-
days and the number during weekends was highly significant. As
well as this change in the number of contacts (a 26% decrease), the
age distribution and setting of those contacts were also different.

One limitation of our study is the relatively low response rates,
which were 44.37% and 49.71% in Taichung City and 65.22% and
66.25% in Yilan County for the non-flu and flu seasons, respectively.
This low response rate may have been related to the disagreement
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Fig. 4. Properties of encounters in Taichung (left bar) and Yilan (right bar). (A) Comparison of encounter (family, classmate, teacher, or others), gender (male, female), and
age groups (0-5, 6-12, 13-19, 20-39, 40-59, and >60 years). (B) Comparison of physical condition (healthy, fever, rhinorrhea, headache, cough, or sore throat), mask (used or
not) and setting (school, home, cram school, or others). (C) Comparison of contact frequency (daily or almost daily, 1-2 a week, 1-2 a month, <1 a month, never met before),
contact duration (<5 min, 5-10 min, 10 min-1h, 1-4h, or >4 h), and contact type (conversation or physical contact).

of parents or legal guardians, which averaged at 61% and 32% among
returned samples in Taichung City and Yilan County. That being
said, these response rates could actually be high compared with
other studies, Eames et al. (2010) reported an 8% response rate,
and Rubin et al. (2009) reported a 7% response rate, each for gen-
eral population telephone surveys in the UK. Eames et al. (2011)
reported that 11% of distributed surveys were correctly completed
and returned.

5. Conclusions

In conclusion, from an infectious disease epidemiology view-
point, itis important to understand how people interact in different
times and locations. This investigation provides basic informa-
tion on contact patterns, and we believe that it can augment our
understanding of differences in contact characteristics in specific

locations and times. Our work has important implications for the
dynamics of modeling infectious diseases and for performance
analysis using human contact numbers and contact characteris-
tics for schoolchildren in specific seasons, locations, and times in
Taiwan.
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