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SUMMARY

Weather conditions and social contact patterns provide some clues to understanding year-round
influenza epidemics in the tropics. Recent studies suggest that contact patterns may direct
influenza transmission in the tropics as critically as the aerosol channel in temperate regions.
To examine this argument, we analysed a representative nationwide survey dataset of contact
diaries with comprehensive weather data in Taiwan. Methods we used included model-free
estimated relative changes in reproduction number, R0; relative changes in the number of
contacts; and model-based estimated relative changes in mean contacts using zero-inflated
negative binomial regression models. Overall, social contact patterns clearly differ by demographics
(such as age groups), personal idiosyncrasies (such as personality and happiness), and social
institutions (such as the division of weekdays and weekend days). Further, weather conditions
also turn out to be closely linked to contact patterns under various circumstances. Fleeting
contacts, for example, tend to diminish when it rains hard on weekdays, while physical contacts
also decrease during weekend days with heavy rain. Frequent social contacts on weekdays
and under good weather conditions, including high temperature and low absolute humidity,
all might facilitate the transmission of infectious diseases in tropical regions.
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INTRODUCTION

Seasonal variations in infectious diseases have long
been recognized as a critical issue in epidemiology.
However, what causes such variations remains largely
unclear [1]. Recent efforts have explored how one of
the main potential factors, weather conditions, is asso-
ciated with the ways that social contacts lead to the
spread of infectious diseases. Although pre-existing

studies have focused more on the seasonality of
influenza epidemics in temperate climates, year-round
influenza activity is present in some tropical areas
[2, 3]. Even during summers, when the temperature
constantly averages above 30 °C, influenza keeps
transmitting in the tropics, probably because of spe-
cial patterns of social contact in everyday life [4].

The relatively unexplored tropics, then, may differ
from temperate areas in both cultural institutions
(such as residential arrangements and school terms)
and weather conditions that are closely linked to
social contact patterns. As influenza causes a high
burden to the whole population, particularly young
children and the elderly, disease-control strategies
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need to take local contexts into account when deter-
mining both social and natural factors [5, 6]. In this
paper, we examine how contact patterns differ under
various weather conditions in Taiwan, which is partly
tropical and partly subtropical, and how such vari-
ations may be related to the transmission of influenza.

Earlier studies have shown how various weather
conditions act as a direct driving force behind influ-
enza epidemics. In an experiment on guinea pigs, for
example, cold (temperature=5 °C) and dry (relative
humidity, RH=35%) weather conditions were two
critical factors that increased the aerosol transmission
of influenza, which became completely blocked when
it was warm (30 °C) or humid (RH 580%) [7–9].

The efficiency of transmission also varies by
other wide-ranging weather factors, such as absolute
humidity, solar radiation, and precipitation. These fac-
tors affect influenza transmission because they may
prolong the virus’s survival, impede the human im-
mune system, or enhance contact intensity among
people [8–10]. However, despite such universal effects
of weather conditions on virus survival and immune
systems, social contact patterns may respond differ-
ently to weather conditions between temperate and
tropical regions, which has important policy impli-
cations.

Recent studies have started to use empirical contact
data to explore such a linkage. A study conducted in
Belgium [10], found that the number of contacts last-
ing longer than 1 h increased during weekdays, and
when the temperature, precipitation, or absolute
humidity of the air was low during the winter time.
We follow this latter line of inquiry and examine
how weather conditions may affect influenza trans-
mission by means of shaping different contact pat-
terns. Although previous studies have suggested that
influenza epidemics in the tropics differ from those
in temperate zones, it remains unclear how contact
patterns pertinent to influenza transmission differ
under various weather conditions in tropical and sub-
tropical zones. To gain more reliable clues about this
important issue, we used both comprehensive weather
data and representative contact diaries collected from
the whole population of Taiwan [11].

Located across tropical and subtropical zones,
Taiwan has a well-developed infrastructure of public
health and rich macro-level data that facilitate the
study of influenza [12, 13]. Because the data on social
contacts used in this paper were drawn from a nation-
wide survey, the findings can be generalized to the
whole population. The survey also provides detailed

demographic information that helps adjust for po-
tential confounders on contact patterns in our model-
based analyses. With such advantages, we aim to
untangle how weather-associated contact patterns
help explain the probability of influenza transmission
within a population, particularly in tropical countries.

METHODS

Ethical statement

To address potential concerns about ethical issues,
we took sequential steps to protect our survey par-
ticipants. First, all field interviewers and research
staff signed a confidentiality agreement not to disclose
any personal information from the sample list, which
was destroyed after the interviews. Second, for par-
ticipants aged <9 years, we asked a parent or guardian
to answer the questions on the child’s behalf. Third,
written informed consent was required from the par-
ticipants prior to the interviews; for those aged
<18 years, a parent or guardian supplied the written
consent. Fourth, we maintained the anonymity of
all individual survey results and kept no identifiable
personal information (including the names listed in
the contact diaries). Finally, we destroyed all the
completed paper questionnaires after data cleaning
[11]. The study and further data analysis were ap-
proved by the IRB at Academia Sinica, Taiwan
(AS-IRB-HS 02-13020).

Survey design

We adopted practices associated with previous large-
scale social surveys in Taiwan to collect a representa-
tive survey sample of 24-h contact diaries from the
whole population [11, 14, 15]. In April–July 2010,
we launched an in-person household survey to inves-
tigate Taiwan residents’ knowledge and experiences
regarding H1N1 influenza. To understand how
contact patterns are linked to the transmission of
influenza, we added contact diaries that were slightly
revised from those in similar studies in Europe and
Asia [16–21]. For each physical contact and each
face-to-face contact with at least three words spoken
within 2 m (up to 40 persons because of the survey’s
space and time limitations), respondents recorded
information about the location, duration, and in-
itiation, among other contact features, of the contact.
By providing no age limit to our sample, we targeted
Taiwan’s residents of all ages.
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This representative survey was facilitated by three-
stage probability sampling: first by selecting 34 out
of Taiwan’s 358 towns and cities, then by identifying
two villages or precincts from each sampled town or
city, and finally by randomly choosing 28–86 residents
from each village or precinct. In this final stage, we re-
lied on a computer file that recorded all residents
listed in the Household and Population Register
[11]. We allowed no substitute respondents during
the field interviews and finished the survey with 1943
24-h contact diaries, yielding a response rate of
about 51·3%.

To ensure the representativeness of our sample,
we employed the following measures before and
after the survey. First, we checked the demographics
of our targeted sample against those of Taiwan’s
population with a test of goodness of fit and found
no significant differences in any of the distributions
for gender, age group, or the interaction between gen-
der and age group. Second, another test showed that
our ‘completed sample’ did not differ from the ‘non-
respondents sample’ in gender and region of residence,
although younger people were underrepresented in
the completed sample and the elderly were slightly
overrepresented, a common problem in social surveys.
We used a weighted sample to partly alleviate such a
potential bias. Third, we investigated the reasons for
non-response according to the standard definition em-
ployed by the World Association of Public Opinion
Research (http://wapor.org/standards-definitions/).
The non-response was due to ‘no contact with selected
person’, ‘personal refusal’, as well as other reasons,
such as untraceable addresses or no contact at the
selected address.

In addition, we cross-checked several major indica-
tors from our findings with both official records and
results from similar studies. The records of Taiwan’s
CDC showed that about 72% of the population
aged 7–18 years received a H1N1 vaccination during
the 2009–2010 season [22], compared to 74% in our
completed sample. Furthermore, our 24-h diaries
recorded 12·5 contact partners per survey participant,
which was only slightly higher than the 12·1 partners
(with non-fleeting, face-to-face contacts) averaged in
4776 diaries from a comprehensive, long-term contact
diary study in Taiwan [23]. Finally, in our completed
sample, about 4·0% of the diaries reached the upper
cut-off point of 40 partners, while in the long-term
contact diary study, which employed no upper limit,
about 5·2% showed 540 partners. Even though set-
ting an upper cut-off point may cause concern about

censoring, such a low percentage should not affect
estimates markedly.

Weather data and study cases

We collected daily weather data, including precipi-
tation, average temperature, temperature range (the
gap between high and low temperature), and absolute
humidity, from the Central Weather Bureau, Taiwan.
A total of 13 local weather stations were identified to
cover the 34 townships where 1942 study cases (i.e. all
but one of our survey respondents) were located. We
matched all these study cases to the corresponding
counties’ or cities’ weather stations with the weather
conditions on the day when they reported contact
diaries (from April to July 2010). To compare contact
changes under various weather conditions, we defined
four types of weather conditions by classifying the
weather variables of temperature, humidity, and pre-
cipitation into two conditions (either high or low) as
follows. Temperature was classified as high when
the daily temperature averaged >28 °C. The cut-off
point was chosen according to Taiwan’s environmen-
tal policies and guidelines for using air conditioning
when the temperature reaches 28 °C. Temperature
range was treated as high when the daily temperature
range was >6·5 °C, which was the median of daily
temperature ranges. Absolute humidity H (g/m3) was
calculated by the following formula [24]: H=1000×
k×ev /(T+d), where k=0·21668, d=273, ev is vapour
pressure (hPa) and T is temperature (°C). The median
of 19·9 g/m3 was chosen as the threshold for dis-
tinguishing high and low absolute humidity. High pre-
cipitation refers to days when the rainfall was at least
50 mm, which is the Central Weather Bureau’s defini-
tion for ‘heavy rain’ in Taiwan [25].

Model-free estimate of contact change

Our contact diaries yielded data similar to those
analysed by Willem et al. [10]. To better compare
our findings from the tropical weather conditions
with those temperate zones, we applied the same for-
mulae to calculate relative changes in the average
number of contacts and reproduction number R0,
and analysed how contact patterns varied by the
weather conditions with these two measures. Willem
et al. first divided the contacts of each respondent
into several categories by the contacted person’s age
and then calculated both the mean contact number
and the reproduction number. For each contact pat-
tern, the mean number of contacts in age group
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j during one day reported by a respondent in age
group i is estimated by m̂ij in equation (4) of Willem
et al. [10], which is expressed as:

m̂ij =
∑Ti

t=1
wd
t yijt/

∑Ti

t=1
wd
t ,

where Ti is the number of participants in age group i,
yijt is the reported number of contacts made in the
specific category by participant t of age group i with
someone of age group j, and wt

d is the diary weight
of participant t. The diary weights were calculated
based on the participants’ age and household size
and the day of the week when the survey was taken.
The weights were further constrained to a maximum
of three to limit any single participant’s influence
[10]. The relative change in the number of contacts
was then estimated by the ratio

∑
ij m̂

a
ij/

∑
ij m̂

b
ij ,

where indices a and b refer to the contacts that took
place under two different conditions along the same
weather dimension. The relative change in the repro-
duction number in equation (7) of Willem et al. [10]
can be simplified and estimated, with the assumption
of the proportionality factor being constant, by the
ratio of the maximum eigenvalue of Ca to that of Cb,
where the element of the C matrix is cij = (m̂ij/Nj +
m̂ji/Ni)/2 and Nj is the population size in age group j.
We used a non-parametric bootstrap method to cal-
culate 95% confidence intervals for the two measures
of relative changes [26]. We generated 10000 bootstrap
samples through resampling with replacements from
the participants, stratified by age group. For each boot-
strap sample, we re-calculated the diary weights
and used the same procedures as those in Willem
et al. to estimate the relative change. The 2·5th percen-
tile and 97·5th percentile of the 10000 bootstrapped
relative changes are the lower and upper limits of
the 95% bootstrap confidence interval, respectively.

Model-based estimate of contact change

To obtain better estimates of the relative change in the
number of contacts, we proposed a model-based ap-
proach for controlling socio-demographic background
and other individual characteristics collected in a
questionnaire along with the contact diaries. In par-
ticular, we used the following variables for this pur-
pose: household size, age, gender, region of the
residence, a BIG-5 personality item (extraversion; we
treated ‘being very extraverted and sociable’ as the
base category, with three less extraverted and sociable
groups as dummy variables), mental health (CMQ-12)
[27], happiness, and school holiday (July). Because

these background factors were also expected to influ-
ence social contact patterns [11, 28], controlling for
them in a regression model allowed us to adjust poten-
tial confounders and achieve a better estimation of
weather effects on the change in the average number
of contacts.

In addition to the number of total contacts, all of
the contacts were further divided by three criteria:
membership (household, work/school, neither), con-
tact duration (<15 min, 15–59min, 1–4 h, >4 h), and
the presence of physical contact (yes/no). Let Yi de-
note the number of contacts with a specific pattern
for respondent i. To take the overdispersion of the
count data into account, we first fitted the data with
negative binomial regression models, in which the
mean can be expressed by the equation:

log(μi) =α0 + α1 log(Xi1) +
∑8

j=2

∑Gj

g=2
α jgI (Xij = g)

+
∑5

l=1
βlBli +

∑5

l=2
γl(B1i × Bli).

The first covariate, Xi1, is household size. The other
covariates, Xij, j=2,. . .,8, are factors of Gj levels,
including age group (ages 0–10, 11–18, 19–64,
565 years), gender, region of residence, extraversion,
mental health (CHQ-12 score 53 vs. <3), happiness,
and school holiday. In the mean equation, I(·) is an
indicator function, and αjg is the effect of level g com-
pared to the baseline level 1of factor j. The second
part of the mean equation is for modelling the week-
day/weekend and four weather effects on contacts.
We define dummy variables B1i=1 when the subject
was interviewed on a weekday, B2i=1 if the daily
average temperature was >28 °C, B3i=1 if the daily
temperature range was >6·5 °C, B4i=1 if the daily
absolute humidity was >19·9 g/m3, and B5i=1 if it
was a heavily rainy day. The parameters of interest
βl and βl+ γl for l=2, . . ., 5 correspond to effects of
the four weather conditions on the number of contacts
during weekends and weekdays, respectively.

Because there were high proportions of zero counts
in some contact patterns, we also fitted the data with
zero-inflated negative binomial regression models, in
which the mean count was multiplied by 1 minus the
proportion of zero, and written as E(Yi)= (1−pi)μi.
We modelled the proportion of zero by logit(pi)=λ0
+λ1Wi, where Wi is the total number of contacts of
respondent i. Vuong’s non-nested test was used to de-
termine whether the zero-inflated negative binomial
model was better than the negative binomial model
for each data reference [29]. The relative change of
mean contact number between days with high weather

Social contact patterns under tropical weather conditions 443

https://doi.org/10.1017/S0950268814000843 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268814000843


conditions and days with low weather conditions dur-
ing weekends and weekdays were estimated, respect-
ively, by exp(β̂l) and exp(β̂l + γ̂l), where β̂l and γ̂l for
l=2, . . ., 5 were the estimated coefficients. Since the
estimate of relative change is an exponential of the
coefficient of the model, we used a non-parametric
bootstrap method to generate a 95% confidence inter-
val of relative changes based on 10000 bootstrap
samples. The original sample of participants was stra-
tified by age group, household size, and weekend/
weekday into 4×11×2=88 categories. We drew a
bootstrap sample from each category independently
and then pooled the obtained bootstrap samples of
the 88 categories to form a whole bootstrap sample
to calculate model-based relative change estimates.
The 2·5th percentile and the 97·5th percentile of the
10000 bootstrapped relative changes are the lower
and upper limits of the 95% bootstrap confidence
interval, respectively.

RESULTS

We used a sample of 1927 participants to conduct
the analysis, excluding 15 participants whose

contact’s age was missing. The descriptive statistics
of the four weather variables are shown in Table 1.
The mean average daily temperature was 26·3 °C
between April and July, the mean daily temperature
range was 6·4 °C, the mean absolute humidity was
19·4 g/m3, and the mean daily precipitation was
8·7 mm. Daily weather conditions were linked to the
corresponding dates when the study participants
were interviewed.

The relative change in R0 takes into account the
number of contacts in different age groups, the popu-
lation size of each age group, and the diary weight for
each participant. The relative change in the number of
contacts also takes into consideration the number of
contacts and the diary weight for each participant.
We first used the methods of Willem et al. [10] to es-
timate the model-free estimates of relative change in
R0 and the number of contacts between weekdays
and weekends. The proposed model-based method
was then applied to estimate the relative change in
the mean number of contacts between weekdays and
weekends, with the adjustment of demographics for
the number of contacts of different contact types
and durations.

Table 1. Descriptive statistics of weather conditions during the study period, April to July 2010.

Weather variables Minimum Maximum Median Mean S.D.

Average daily temperature (°C) 19·5 32·8 26·4 26·3 2·7
Daily temperature range (°C) 1·7 13·6 6·5 6·4 2·3
Average relative humidity (%) 11·3 25·7 19·9 19·4 2·5
Daily precipitation (mm) 0·0 144·5 0·5 8·7 16·7

S.D., Standard deviation.

Fig. 1. Model-free estimates of the relative change in R0, the relative change in the number of contacts, and the
model-based estimated relative change in the number of contacts and 95% confidence intervals between weekends and
weekdays.
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As shown in Figure 1, the total number of contacts
in the three measures of change were all significantly
higher on weekdays than on weekends (model-free es-
timate of relative change in R0 with a 95% confidence
interval (CI): (1·94, 95% CI 1·42–2·58); relative
change in number of contacts (1·34, 95% CI 1·14–
1·44); and model-based estimated relative number of
contacts (1·30, 95% CI 1·16–1·43). Respondents had
1·54 (95% CI 1·21–1·97) times as many contacts in
workplaces or schools on a weekday as on a weekend
day. We also found higher mean numbers of shorter
contacts (<15 min, 15–59 min) on weekdays, com-
pared to weekends, and more physical and non-
physical contacts on weekdays. We compared the
number of contacts on regular days to school holidays,
and the results showed fewer work/school contacts
(0·54, 95% CI 0·24–0·97) and slightly more other con-
tacts (1·33, 95% CI 0·97–2·12) on school holidays.

The model-free estimates of relative change in the
number of contacts shown in the middle panel of
Figure 1 reveal patterns close to those of the model-
based estimates of the relative number of contacts.
The R0 ratios shown in the left panel of Figure 1 are
similar to the results of the contact number ratios,
i.e. transmission increased during weekdays. These
findings are expected and reasonable, as more activi-
ties occurred on weekdays, and the results helped
confirm the accuracy of our data and methods. Since
some social contact behaviours were clearly different
on weekdays and weekends, the data must be stratified
by the day of interview to avoid confounding effects in
calculating relative change in the number of contacts
with the approaches in Willem et al. Our model-based
approach can estimate both relative changes in the
number of contacts between two weather conditions
on weekdays and weekends from the fitted model.

Fig. 2. Model-free estimates of the relative change in R0, the relative change in the number of contacts, and the
model-based estimated relative change in the number of contacts and 95% confidence intervals between days with low and
high daily average temperature. Low: daily average temperature 428 °C; high: daily average temperature >28 °C.
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We summarized the model-free estimated effects of
temperature conditions on relative changes in R0 and
in the number of contacts as well as the model-based
estimated relative changes of the number of contacts
in Figure 2. From the fitted models with the adjust-
ment of confounding factors, we found significantly
more contacts that lasted 15–59 min on both weekdays
(1·69, 95% CI 1·23–2·28) and weekends (1·54, 95%
CI 1·03–2·40) with high temperature (>28 °C). The
model-free estimates showed that participants had
more contacts with members outside the household
and work/school on weekdays with high temperature.
We also observed slightly more physical contacts on
weekends with high temperature.

Figure 3 summarizes the effects of temperature
range on contact patterns. On weekdays with a
large temperature range (>6·5 °C), the mean number
of contacts with those outside the household and

work/school was slightly higher. By contrast, on week-
ends with a large temperature range we found sig-
nificantly more contacts with household members
(1·05, 95% CI 1·00–1·11).

Figure 4 shows the association between high ab-
solute humidity (>19·9 g/m3) and contacts. The num-
ber of mid-range contacts (15–59min) significantly
increased on weekdays with low absolute humidity
(0·71, 95% CI 0·54–0·90). On weekends with high ab-
solute humidity, there were also significantly more
contacts outside the household and work/school
(1·31, 95% CI 1·03–1·66), as well as more contacts
that lasted longer than 4 h (1·38, 95% CI 1·12–1·70).

The estimated associations between heavy rain
and contacts are given in Figure 5. Fleeting contacts,
those lasting <15min (0·63, 95% CI 0·42–0·90), were
significantly less common on weekdays with heavy
rain. The same pattern was observed on weekends.

Fig. 3. Model-free estimates of the relative change in R0, the relative change in the number of contacts, and the
model-based estimated relative change in the number of contacts and 95% confidence intervals between days with low and
high daily temperature range. Low: daily temperature range 46·5 °C; high: daily temperature range >6·5 °C.
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On weekends with heavy rain, contacts were less likely
to be longer than 4 h (0·70, 95% CI 0·50–0·92) and
physical contacts (0·69, 95% CI 0·46–0·97), and
more likely to last between 1 and 4 h (1·95, 95% CI
1·14–3·36).

In the regression models, we included eight covari-
ates for each contact pattern in addition to weekday/
weekend. To explain such background effects, we
give here only the results for the total number of
contacts (Table 2). Household size was significantly
associated with all contacts. People living in a larger
household had 13% more contacts than those living
in a household half that size (1·13, 95% CI
1·08–1·18). The ratio of the mean number of contacts
between schoolchildren aged from 11 to 18 years and
children aged <11 years was 1·13 (95% CI 1·00–1·28).
Elders had fewer contacts than young children (0·62,
95% CI 0·55–0·71). Males had slightly more contacts

than females. Compared to individuals living in east-
ern Taiwan, residents living in other regions tended
to have contact with more people. As expected,
those who answered with the most positive categories
on the items of extraversion had a significantly higher
number of total contacts. However, those with a
CHQ-12 score 53, indicating probable common
mental disorders (CMDs), also had a higher number
of contacts, with a ratio estimate of 1·09 (95% CI
1·02–1·16). Those who were not at all happy had a
lower number of contacts (0·63, 95% CI 0·45–0·86)
compared to very happy participants. The number
of total contacts decreased slightly (0·89, 95% CI
0·78–1·00) during school holidays. The number of
contacts was significantly higher on weekdays (1·30,
95% CI 1·16–1·43).

We tried other associated variables with regular
stepwise regression methods. For demographic

Fig. 4. Model-free estimates of the relative change in R0, the relative change in the number of contacts, and the
model-based estimated relative change in the number of contacts and 95% confidence intervals between low and high daily
absolute humidity. Low: daily absolute humidity 419·9 g/m3; high: daily absolute humidity >19·9 g/m3.
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background, we also examined how contact patterns
might vary on education level. Because education
level was highly associated with age groups, and some-
times the two were even inseparable from each other
(e.g. all those aged <11 years were either preschool or
in elementary school), we did not include education
level in the final model of Table 2. In addition, we
tested how contact patterns were linked to different
BIG-5 personality items and found extraversion to be
the only significant personality item that led to a higher
number of contacts. As a result, we kept only extra-
version and dropped the items measuring openness,
conscientiousness, agreeableness, and neuroticism.

DISCUSSION

Our survey began in April and ended in July, during
late spring and early summer in Taiwan. The mean

average daily temperature was as high as 26·3 °C,
and the mean average absolute humidity was as high
as 19·4 g/m3. Such weather conditions are typical in
Taiwan, while some other tropical countries are hotter
and more humid than Taiwan. Although biological
evidence has shown that high temperature and hu-
midity tend to limit influenza virus transmission and
viral activity [8], influenza laboratory surveillance
data have indicated an annual influenza epidemic in
the tropics [30]. Thus, the transmission pattern and
seasonality may be quite different between temperate
and tropical zones. One hypothesis stated that direct
or indirect social contact might be a possible major
cause of influenza transmission in the tropics, instead
of aerosol transmission, as in temperate countries [7].

Although influenza is often transmitted by four
modes, including aerosol, large droplet, direct, and
fomite transmission, it has been difficult to

Fig. 5. Model-free estimates of the relative change in R0, the relative change in the number of contacts, and the
model-based estimated relative change in the number of contacts and 95% confidence intervals between days without and
with heavy rain. Low: daily precipitation 450mm; high: daily precipitation >50mm.
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differentiate precisely how each mode contributes to
the transmission [31]. In aerosol transmission, the
infected person coughs and sneezes in a confined
space, and the influenza virus remains suspended in
the air, which in turn may cause subsequent infection
[32, 33]. In fomite transmission, the influenza virus
might be deposited on an inanimate object, from
which it is picked up by contact by susceptible people
[34]. These two types of transmission need no direct
personal contact and thus are hard to measure with
the current design. As direct and droplet transmission
require close contact as defined in this study, it is fea-
sible to distinguish such contacts by dividing the

contacts into physical and non-physical. Furthermore,
contact intensity can be approximated by contact dur-
ation, and the frequency of contact plays a role in the
dose–response relationship of the infection. According
to our findings, physical contacts were more common
under the low rainfall condition on weekends. By con-
trast, non-physical contacts increased on weekdays.
The gap probably reflects the fact that physical con-
tacts may occur more frequently in the household
than at work or school.

The correlations between outdoor and indoor
weather conditions, such as temperature and absolute
humidity, were high [35]. Not only are temperature
and absolute humidity closely associated with
human behaviour, but they may also contribute to
transmission efficiency and influenza virus survival
[36]. Although some laboratory experiments have
shown that low temperature and low humidity result
in higher influenza virus transmission, high tem-
perature and high humidity yielded a higher number
of contacts in our findings. The empirical results re-
garding weather conditions and contact patterns pre-
sented here may provide important information and
implications for developing a more accurate and soph-
isticated simulation model and control policy.

In a study conducted in Belgium [10], the relative
change in the number of contacts was significantly
greater on weekdays than on weekends, except for
contacts at home. The low temperature and low pre-
cipitation in winter seemed to increase the contact
duration (>15 min) significantly. However, there was
no clear pattern showing how weather conditions
were related to social contact patterns because of the
neutral estimated results.

To gain more comprehensive insights, we present
the results of three different measures in Figure 1 to
allow comparisons between contacts on weekdays
and weekends. The relative change in R0 provides
the potential contact probability in the population,
which could be applied to estimating the probability
of influenza transmission in the population if an
influenza virus indeed existed. Overall, the number
of contacts was significantly higher on weekdays
than on weekends. This finding was consistent with
that of the study conducted in Belgium [10] and may
give solid support for a social distance policy to help
control influenza pandemics [37]. The model-based
method in estimating the relative number of contacts
can directly fit individual data so that we can adjust
for potential confounders. Overall, we found that con-
tacts lasting for 15–59min were more frequent on

Table 2. The model-based estimates with 95%
confidence intervals of the effects of the covariates in
terms of the relative number of contacts obtained from
the model for the total number of contacts

Covariate
Relative no.
of contacts 95% CI

Household size: m
2m 1·13 (1·08–1·18)

Age group: 0–10 yr
11–18 yr 1·13 (1·00–1·28)
19–64 yr 0·95 (0·86–1·05)
565 yr 0·62 (0·55–0·71)

Gender: female
Male 1·05 (0·98–1·12)

Region: Eastern Taiwan
Northern 1·13 (0·98–1·32)
Central 1·15 (0·99–1·34)
Southern 1·11 (0·96–1·29)

Extraversion: very extraverted
Somewhat extraverted 0·81 (0·75–0·88)
Not very extraverted 0·74 (0·67–0·81)
Not at all extraverted 0·62 (0·54–0·72)

Mental health: CHQ-12 score <3
53 1·09 (1·02–1·16)

Happiness: very happy
Somewhat happy 1·02 (0·94–1·10)
Not very happy 0·89 (0·77–1·02)
Not at all happy 0·63 (0·45–0·86)

School day
School holiday 0·89 (0·78–1·00)

Weekend
Weekday 1·30 (1·16–1·43)

CI, Confidence interval.
We also tried education level and other BIG-5 personality
items (which measure openness, conscientiousness, extraver-
sion, agreeableness, neuroticism; OCEAN), with regular
stepwise regression methods.
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weekdays with high temperature and low absolute hu-
midity, and on weekends with high temperature. Both
fleeting contacts (<15 min) and physical contacts were
less common on weekdays with heavy rain.

In addition to these weather conditions, some indi-
vidual background factors also contributed to a higher
number of contacts. Being a school-aged child, male,
extraverted, happy, and living in a larger household
size were all important factors that helped increase
the number of contacts. It is of particular interest to
find the positive correlation between those with a
CHQ-12 score 53 and the total number of contacts.
In a 20-year longitudinal study in Taiwan, the preva-
lence of people with probable CMDs (CHQ-12 score
53) reached 23·8% in 2010 [27]. The percentage was
correlated with rates of unemployment, divorce, and
suicide during the 20-year period. In our study, people
with CMDs also had more social contacts, suggesting
that such conditions may be associated with the stress
that could result from being overloaded with excessive
social contacts.

This study has some limitations, because it lacks a
comparison group in the winter time. Seasonality is
relatively clear in northern Taiwan, but not in south-
ern Taiwan. Our study participants were distributed
throughout Taiwan. In this sense, therefore, our esti-
mation provides the baseline for contact patterns in
non-epidemic as well as epidemic seasons.

Another limitation lies in the lack of more thorough
verification checks of the self-reported contact diaries.
Without direct verification, we were unable to address
problems about underreporting and discordant rates,
such as those found in Europe [31, 38, 39]. Based on
the comparison tests of our completed sample and
the key indicators from our survey results that are
markedly similar to both official records and other
recent diary studies in Taiwan, we are confident that
our survey data are representative to a certain extent.
Nonetheless, more cross-checking needs to be done
with other means of contact recording, while the cur-
rent state of the art in survey research prevents us from
over-claiming data representativeness with respect to
social contact patterns.

To conclude, certain weather conditions appear
to be closely linked to social contact patterns in
Taiwan. Fleeting contacts, for example, tend to dimin-
ish when it rains hard on weekdays, while physical
contacts also decrease during weekends with heavy
rain. Frequent social contacts on weekdays and
under good weather conditions, including high tem-
perature and low absolute humidity, all might

facilitate the transmission of infectious diseases in
tropical regions. Such variations in different climate
zones should be taken into account when implement-
ing policies to prevent infectious disease transmission
in specific countries. To further reveal such regional
differences, future studies in the tropics should extend
the study period to cover winter as well as other sea-
sons. The resulting greater number of variations
should help clarify how seasonal weather conditions
might be further associated with social contact pat-
terns under various circumstances.
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