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SUMMARY

This study aims to develop a typology of generic meeting places based on social contact and
mixing of relevance for infectious disease transmission. Data were collected by means of a
contact diary survey conducted on a representative sample of the Swedish population. The
typology is derived from a cluster analysis accounting for four dimensions associated with
transmission risk: visit propensity and its characteristics in terms of duration, number of other
persons present and likelihood of physical contact. In the analysis, we also study demographic,
socio-economic and geographical differences in the propensity of visiting meeting places. The
typology identifies the family venue, the fixed activity site, the family vehicle, the trading plaza
and the social network hub as generic meeting places. The meeting place typology represents a
spatially explicit account of social contact and mixing relevant to infectious disease modelling,
where the social context of the outbreak can be highlighted in light of the actual infectious

disease.
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INTRODUCTION

In recent decades, technological progress and forced
migration have substantially altered interpersonal
contact patterns and social diffusion processes at the
global level. Developments in transportation — in par-
ticular air travel — have significantly contributed to
reducing the friction of distance. In parallel, armed
conflicts have led to that situation where millions of
people have been forced to leave their homes to find
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temporary or permanent residence in a new region,
country or even continent. These developments have
given rise to challenges in other societal areas; for
example, infectious disease control [1, 2]. Information
and computer technology have increasingly been used
to comprehend and respond to these challenges.
Mathematical models and simulations have emerged
as important methodological approaches for charting
and understanding the population-level spread of infec-
tious diseases, for example, tuberculosis [3-6] and
influenza [7-11]. In such analyses, sound representations
concerning social structures and interpersonal contacts
need to be made, in addition to accurate estimates of
disease natural history [12, 13].


mailto:magnus.stromgren@umu.se
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268817001169&domain=pdf
https://doi.org/10.1017/S0950268817001169

Spatial proximity and neighbourhood effects con-
stitute central components in shaping the outcome
in social diffusion processes [14]. However, such
geographical resistance to spread tends to coincide
with patterns that are more hierarchical in nature,
facilitated by infrastructure and gravitating towards
centres of population distribution [15]. Furthermore,
social diffusion is mediated by individual demo-
graphic and socio-economic factors (such as age,
sex and education level) through their influence on
time use, activity patterns and interpersonal con-
tact. In infectious disease epidemiology, the relative
importance of such concrete (denoting physical
locations) vs abstract (denoting, for instance, educa-
tion level) representations of populations and com-
munities has been debated for almost two centuries
[16]. Regarding the structuring of social contacts
and mixing patterns relevant for infectious disease
transmission, age has generally been shown to be a
pivotal individual characteristic [17, 18]. Substantial
disparities in how males and females allocate their
time have also been reported [19], with females
exhibiting a higher number of interpersonal contacts
when professional contacts are excluded [17]. In
addition, educational level is relevant in this con-
text, not only as a potential influence as such, but
also by its strong association with employment in
particular. For instance, Danon et al. [20] report
marked differences in interpersonal contact by
occupation.

However, how social contacts and mixing patterns
of relevance for infectious disease transmission are
conditioned by the location and characteristics of
meeting places in the geographical environment has
only been studied to a relatively small extent. An
empirically verified, spatially explicit representation
of meeting places thus has the potential to improve
the modelling of infectious disease transmission, com-
pared with approaches accounting only for the effect
of individual demographic and socio-economic fac-
tors. The aim of this study is to develop a typology
of generic meeting places based on social contact
and mixing of relevance for infectious disease trans-
mission. The typology is derived from an analysis
accounting for four dimensions associated with trans-
mission risk: visit propensity and its characteristics in
terms of duration, number of other persons present
and likelihood of physical contact. In the analysis,
we also study demographic, socio-economic and geo-
graphical differences in the propensity of visiting
meeting places.

https://doi.org/10.1017/50950268817001169 Published online by Cambridge University Press

Place-based social contact and mixing 2583

METHODS

The study is based on a cross-sectional contact diary
survey on time use and interpersonal contacts con-
ducted on a representative sample of the Swedish
population. The data were collected by means of tele-
phone interviews in the first quarter of 2012. A ran-
dom sample of 1011 persons was drawn from all
persons aged 20-90 years residing in Sweden. The per-
sons in the sample received a letter via postal mail,
explaining the purpose of the survey and inviting
them to participate. The document informed the
addressees that they would be contacted by telephone
on a specified day, and then asked to account for the
whereabouts and contacts the day before the call per-
taining to themselves and any children in the household.!
Contact attempts were made based on available home
and/or cell telephone numbers. When a person was
not reached on the first call occasion, at least nine
additional contact attempts were made before that
individual was designated unreachable.?

Data collection

We recorded detailed information on the adult
respondents’ physical contacts for up to three places
where the most time had been spent, as well as travel-
related time use and contact information. In order for
a meeting between a respondent and another person
to qualify as a ‘physical contact’, at least a physical
touch was required. Consequently, solely conversa-
tional encounters were not registered as constituting
physical contact. The places reported were classified
as belonging to one of 16 specified generic place
types; or coded as ‘some other type of place’. If
more than three place types had been visited, five
attempts were made to record information from one
additional type of place, randomly selected from the
13 remaining categories. This simplified survey tem-
plate, producing detailed information on one to six
place types, required an average time of approxi-
mately 20 min per completed telephone interview.
The respondents also answered on behalf of up to
two randomly selected children, accounting for up to
three places where most time had been spent and phys-
ical contact occurring there. Although the survey was

1 These dates were selected so that each day of the week was distrib-
uted approximately equally among the potential respondents.

2 1If potential respondents were reached at a later date than origin-
ally intended, they were given the option of accounting for either the
initially specified day, or the day before the time of the successful
contact attempt.
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primarily designed to collect information regarding
the specified day, a number of additional questions
of both a general and health-specific nature were
included, some of which are used in this study.

Response rates, dropout analysis and representativeness

In the survey, 443 out of 1011 individuals submitted
completed questionnaires, a response rate of 43-8%.
When taking into account only the 757 persons
reached by telephone, the participation rate was con-
siderably higher (58:5%). The most common reason
for declining to take part in the survey was time con-
straints. There were 288 children living in the respon-
dents’ households, of which 251 (87-:2%) were included
in the survey.

A dropout analysis was performed based on the
adult respondents’ sex, age and geographical location
(Table 1). In the entire sample, the response rate was
particularly high among elderly persons (54-4%) and
individuals residing in small labour market regions
(51-4%). Among potential respondents reached by
telephone, it was instead the youngest age category
that exhibited the highest age-based response rate
(64:1%). This implies that although young people
were comparatively harder to reach by phone, they
were actually more inclined to take part in the survey
if reached.

The representativeness of the adult respondents in
relation to the Swedish population in the correspond-
ing age range of 20-90 years was also examined, tak-
ing into account not only sex, age and geographical
location, but also education level. We used »°
goodness-of-fit tests to make the comparisons; stan-
dardised residual values outside the range —1-96 to
196 were regarded as contributing to significant
deviations. Significant differences relative to the refer-
ence population was found in terms of age and educa-
tion. In the test of age representativeness, > (df =3, n
=443)=28-35, P=0039. In line with the result of the
dropout analysis, the residual values show that the age
category 65-90 years is especially prevalent in our
data. For education level, y* (df=1, n=443)=
23-42, P<0-001; the residuals reveal overrepresenta-
tion of people with high education.

Such overrepresentation may cause problems regard-
ing the possibility of drawing general conclusions from
the study. However, in evaluating this potential prob-
lem, effect size rather than significance is a more
informative measure; especially as y” tests are sensitive
to large sample sizes. We used Cramér’s V as a
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measure of effect size. For the age category y° test,
J'=0-08, and in the test of representativeness of edu-
cation level, V"'=0-23; both values representing small
effects [21]. Thus, although elderly and highly edu-
cated individuals are especially prevalent in our
data, the impact of these deviations from the reference
population is of small magnitude.

Data analysis

Three related aspects of time use, activity patterns and
interpersonal contact were investigated: places visited
during the course of a typical day, the characteristics
of such visits and the central relational perspective
of who meets whom there. Although the survey ini-
tially distinguished between 17 types of meeting
places, those visited by <5% of the study participants
were excluded from further analysis. The 12 remaining
categories were: (1) home, (2) work, (3) pre-school and
(4) compulsory or upper secondary school; transport
and movement by (5) car and (6) public transport,
as well as in (7) public urban space; the shopping facil-
ities (8) convenience and (9) large or specialist store;
and leisure destinations in the form of visiting (10)
friends and relatives, (11) restaurants and (12) sport
venues.

The individual demographic and socio-economic
characteristics taken into account in the analysis
were sex, age and (for adults) education level. The
study participants were evenly distributed between
males and females, comprising 51-0% and 49-0% of
the research population, respectively. Concerning
age, we distinguished between six age classes: 0-6
years (15-8% of the study participants), 7-19 years
(19:0%), 20-29 years (10-7%), 30-49 years (22-2%),
50-64 years (13-7%) and 65-90 years (18:6%). In our
study, somewhat less than half of the adult respon-
dents (44-2%) reported having some kind of higher
education.

Among the aspects of geographical location that
influence social contacts and mixing patterns, the
urban-rural dichotomy is central. Accessibility to
amenities, such as employment, services and leisure,
varies across space; regional population density is
related to the diversity and number of, as well as dis-
tance to, available facilities that could potentially
function as arenas for daily interaction [22]. This geo-
graphical dimension was operationalised as the size of
the labour market region in which the respondents
resided. The labour market regions (N=75) are
formed by aggregating Sweden’s 290 municipalities
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Table 1. Response rates (%) for the entire sample (n = 1011 ) and the subset reached by telephone (n=757) by sex,

age and geographical location

Response rate (%)

Variable Category Entire sample Subset reached by telephone
Sex Male 427 599
Female 451 571
Age 20-29 years 40-0 64-1
3049 years 40-8 584
50-64 years 40-6 54-3
65-90 years 54-4 59-4
Geographical location Small labour market region 51-4 651
Medium-sized labour market region 45-3 59-4
Large labour market region 41-4 56-5
Overall 43-8 585

based on commuting patterns [23]. Labour market
region population size is highly correlated with actual
regional population density (P=0-85). We distin-
guished between three categories of labour market
regions: small (<100000 inhabitants), medium-sized
(100 000-1 000 000) and large (>1 000 000). A major-
ity of the respondents (53-:5%) lived in large labour
market regions, 35-3% in medium-sized regions and
11-2% in small regions.

In examining who visits different places during the
course of a typical day, we compared visit propensity
by individual attributes and geographical location to
the corresponding averages. Specifically, the proportion
of all respondents who frequented a specific type of
place was subtracted from the proportion of groups of
participants who did so. This yields numbers that express,
in percentage points, the degree to which the various
groups of study participants were more (positive number)
or less (negative number) inclined to visit the specific
places compared with the corresponding averages.
Notable differences from the mean values were identified
based on Wilson confidence intervals [24].

The typology of generic meeting places is created by
means of a cluster analysis that identifies place types
with similar characteristics. The analysis takes into
account four meeting place dimensions associated
with transmission risk: visit propensity and its charac-
teristics in terms of duration, number of other persons
present and likelihood of physical contact. The
specific form of cluster analysis used is hierarchical
cluster analysis based on standardised versions of the
included variables, using Ward’s method and a squared
Euclidean distance measure. Squared Euclidean dis-
tance is a commonly used distance measure for scale
data, and Ward’s method has the benefit of providing
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comparatively high statistical power. The clustering
technique used is agglomerative in character; at the
outset, each observation (i.e. meeting place) is a clus-
ter of its own; observations are subsequently itera-
tively grouped together or not based on their degree
of (dis)similarity [25]. The final number of clusters
was determined by interpreting changes in the dis-
tance coefficient, as reported in the resulting agglom-
eration schedule.?

RESULTS

The home was the meeting place reported to be visited
by the largest proportion of participants (95-0%) on
the day surveyed (Table 2). The next most common
place was a car, reported by 58-7%. Thereafter, the
respondents had to a similar extent visited a large or
specialist store (24-1%), been at work (21-2%) and vis-
ited friends and relatives (21:0%). Other place types
frequented by at least 5% of the study participants
were public transport (16:3%), compulsory or upper
secondary school (12-0%), sports venue (11:5%), res-
taurant (9-4%), pre-school (8-6%), public urban
space (6:6%) and convenience store (5-:2%).

Meeting place visit propensity

As expected, meeting place visit propensity was highly
stratified by age (Table 2). The youngest study partici-
pants (0-6 years) tended to be in pre-school (259

3 As a form of sensitivity analysis, we subsequently repeated the
cluster analysis procedure using an additional linkage method and
distance measure: between-groups linkage and Euclidean distance,
respectively. For two out of the three additional analyses conducted,
the preferred cluster solution was the same as the one used in the

paper.
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Table 2. Meeting place visit propensity

Age Regional population density
Total 0-6 7-19 20-29 30-49 50-64 65-90
Domain Meeting place (n=694) years years years years years years Low Medium High
Home, work and school =~ Home 95-0 +0-5 =7-1¥*x - —1-8 +1-8 +2:9 +3-4%* —0-1 +0-1 —0-1
Work 21-2 —21-2%¥%  _[89¥¥* )39k 430 THFFF [[4F¥x _[5.8¥FF +].9 —0-8 +0-1
Pre-school 86 +25:9%%% 4% -32 —0-2 —8-6%* —7-1%* +5-5% +1-2 -19
Compulsory or upper 12-0 —Q-2¥¥%  444.9%¥¥  _Q.3k¥ —11-3%¥%  _]Q-9%**  _]]-2%k%  _94¥*  _]4 +2-8*
secondary school
Transport and movement Car 58-7* n/a n/a —4-2 +6-7 +2-4 =75 +17:2%%  4+7.2% —9-4x**
Public transport 16-3% n/a n/a +3-4 +2:0 —37 —1-6 —12:6%*  —9-0%**  +9.5%**
Public urban space 66 -39 —2-8 +0-2 +3-8% +0-8 +1-2 —5-3% +1-2 +0-4
Shopping Convenience store 52 —5:2%% —5:2%%* +2:9 +19 +0-1 +5-7HE* +2:5 +1-7 -1-7
Large or specialist store  24-1 —13:2%%*  _16:5%**  +7-0 +6-4* +8-5%* +10-0%**  +2-8 +4-1 -33
Leisure Friends and relatives 21-0 +9-9*** +0-2 +6-0 —7-4%% -3-1 —0-8 +9-8%* +1-4 -29
Restaurant 9-4 -39 —7-9%¥x  +2.8 +4-2% +4-3 +1-5 -30 —-12 +1-4
Sports venue 11-5 =51 +10-5%**  —0-7 +0-8 -1-0 —6- %% —38 —0-1 +0-9

Proportions of individuals who visited the meeting place on an average day shown with variations (in percentage points) by age and regional population density.

*P<0-10; ¥**P <0-05; ***P <0-01.
% Adult respondents only (n = 443).
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percentage points above the average), whereas the
older children (7-19 years) more often attended com-
pulsory or upper secondary school (+44-9 percentage
points) (Table 2). Correspondingly, adult study parti-
cipants were more likely to be at a workplace, particu-
larly those aged 30-49 years (+30-7 percentage
points); the obvious exception was the oldest age cat-
egory (65-90 years) of retirement age (—15-8 percent-
age points). Furthermore, adults were more likely to
visit shopping facilities; the differences were especially
pronounced for large or specialist stores. Visiting
friends and relatives was most common among children
aged 0-6 years (+9-9 percentage points) and the least
common in the age group 30-49 years (—7-4 percentage
points). The older children (7-19 years) were least likely
to visit restaurants (—7-9 percentage points) and most
likely to visit sports venues (+10-5 percentage points).
For obvious reasons, visits to work and school were
far less common during weekends, especially for people
in concerned age groups. In fact, the only place type
that exhibited a substantially larger visit propensity dur-
ing weekend days was friends and relatives. Even here,
however, the difference was quite small (an overall
increase of 2 percentage points).

The most tangible difference related to regional
population density (defined as geographically defined
labour market regions) related to the transport and
movement domain. Respondents living in medium-
sized and especially small regions were more likely to
travel by car (7-2 and 17-2 percentage points above
the average, respectively), and less prone to use public
transport (—9-0 and —12-6 percentage points, respect-
ively). Conversely, in large regions, there was a higher
reliance on public transport (+9-5 percentage points)
and car use was less prominent (—9-4 percentage
points). Another notable difference was that, in small
labour market regions, visiting friends and relatives
was a popular leisure activity (+9-8 percentage points).
On the other hand, visits to public urban space were not
surprisingly relatively uncommon (—5-3 percentage
points) in such geographical settings.

There were no significant differences in visit pro-
pensity by sex. For instance, males were only slightly
more prone to travel by car (1-7 percentage points
above the average), whereas females opted for using
public transport to a larger degree (+1-5 percentage
points). The figures for education, which only pertain
to the adult respondents, distinguish between those
respondents who have a higher (university-level) edu-
cation and those who do not. Although such differ-
ences in visit propensity in general were small, there
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was one exception: respondents with higher education
were more likely to make use of public transport (+5-1
percentage points; P <0-10) than those with a lower
level of education (—4-2 percentage points; P <0-10).

Meeting place visit characteristics

There were substantial variations in visit duration by
meeting place among the adult respondents. The
most time was spent at home and at work; on average,
18-4 and 7-6 h, respectively (Table 3). Other than that,
the average duration of visits to public urban space
and places related to leisure-related activities exceeded
1 h. Particularly notable is that, the mean duration of
a visit to friends and relatives was about 5h. The
activities that took the least time on average were
shopping in large or specialist stores (0-8 h) and con-
venience stores (0-4 h).

The number of other persons present also varied con-
siderably; generally, the highest values were found for
place types where the average duration was moderate
or low. The values refer to the median number of add-
itional persons who were present, and again only per-
tain to the adult respondents. The two place types,
home and car, had the lowest values, each having a
median value of one other person present, followed
by visits to friends and relatives with a value of
3. At the other extreme, the values were 40 other per-
sons for public transport, 35 for sports venues and 30
for restaurants. For workplaces, the median number
of other persons present was 20. The standard devi-
ation for sports venue is very high, which reflects the
fact that this kind of visit sometimes involves being
part of the audience to large-scale sports events.

The likelihood of physical contact was by far the
highest for four particular place types, namely friends
and relatives (80-1%), followed by home (73:7%), pre-
school (73-3%) and compulsory or upper secondary
school (71-1%). At work, the likelihood of physical
contact was 55:8%. The two other place types within
the leisure domain, that is, sports venues and restau-
rants, also had comparatively high contact probabil-
ities: 53-8% and 30-8%, respectively. The likelihood
of physical contact was lowest when using public
transportation or visiting a convenience store.

A typology of generic meeting places of relevance for
infectious disease transmission

The cluster analysis resulted in a typology represent-
ing five generic meeting places with similar properties
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Table 3. Characteristics of meeting place visits: duration, number of other persons present and likelihood of physical

contact (%).

Number of other Physical
Duration (hours)*® persons present?® contact
Domain Meeting place Mean (s.D.) Median (s.p.) %
Home, work and school Home 18-4 (4-5) 1(Q2) 737
Work 76 (2°7) 20 (111) 55-8
Pre-school ¢ ¢ 73:3
Compulsory or upper N N 71-1
secondary school
Transport and movement Car 09 (0-8) 1(1) 25-8
Public transport 1-0 (0-7) 40 (62) 83
Public urban space 1-8 (2:2) 20 (188) 28-3
Shopping Convenience store 04 (0-5) 10 (25) 83
Large or specialist store 0-8 (0-8) 21-5 (133) 18-0
Leisure Friends and relatives 51(52) 34 80-1
Restaurant 1-4 (1-1) 30 (129) 30-8
Sports venue 2:3(1:5) 34-5 (1495) 53-8

4 Adult respondents only (n = 443).

® Duration refers to time spent in a meeting place, conditioned on having reported visiting it.

¢ Figure omitted because of the small number of observations.

with regard to visit propensity and its characteristics in
terms of duration, number of other persons present
and likelihood of physical contact: (1) the family
venue, (2) the fixed activity site, (3) the family vehicle,
(4) the trading plaza and (5) the social network hub.
Three of the clusters consisted of a single meeting
place; the remaining two were made up of four and
five place types, respectively (Fig. 1).

The family venue is a clearly distinguishable generic
meeting place of its own in the typology. Almost
everyone in the survey had been at home, and had
spent by far the most time there. This meeting place
type has a high likelihood of physical contact, gener-
ally occurring among a few permanent members.

The fixed activity site consists of different types of
meeting places (N =4) away from home where people
regularly spend time on long-term contracted premises
for work, education and sports activities. The specific
setting visited was largely contingent on age: pre-school
or compulsory or upper secondary school among young
people; work among adults below retirement age. For
these meeting places, visit duration as well as likelihood
of physical contact were high. Compared with the fam-
ily venue, they had lower visit propensity but a higher
number of other persons present.

The family vehicle is characterised by a high visit
propensity; the second most common place visited
on an average day was a car, mostly involving driving
or riding in a family automobile. The average
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duration, however, was low, as was the median num-
ber of other persons present. The likelihood of phys-
ical contact was the same as that for public urban
spaces and restaurants.

There are several meeting places, primarily within
the shopping and leisure domains, that people visit
to restore their supplies and associate with people.
These place types (N =15), which together make up
the trading plaza, are convenience stores, large or spe-
cialist stores, public transport, restaurants and public
urban spaces. Meeting places in the trading plaza
are characterised by comparatively low visit propen-
sity, average duration and likelihood of physical con-
tact. The median number of other persons present
ranged between 10 (convenience store) and 40 (public
urban transport).

The social network hub represents the homes of
friends and relatives. At this meeting place type, the
likelihood of physical contact is the highest — surpass-
ing even the family venue. Although similar in many
ways to the fixed activity site, the social contact hub
stands out in that the median number of other persons
present was lower.

There were differences between and within the gen-
eric meeting places in terms of not only who visits but
also concerning who they meet there. Table 4 shows
that non-family encounters made up the highest pro-
portion of contacts at work (100-0%), as well as in res-
taurants (91-2%) and large or specialist stores (87-5%).
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Fig. 1. A typology of generic meeting places of relevance for infectious disease transmission. The x-axis represents the
propensity of visiting a specific meeting place, whereas the y-axis corresponds to the average duration of such visits
(expressed in minutes). The size of the circle at each location represents the median number of other persons present; the

degree of shading the likelihood of physical contact.*

Based solely on the observed distribution of respon-
dents’ whereabouts by sex, the expected proportion
of intergender physical contact would be about 50%
for all place types. As Table 4 illustrates, certain
place types deviated from this expected pattern by
exhibiting a lower proportion of physical contact
between men and women. In particular, this was the
case for the meeting places work (27-0%), large or special-
ist stores (28:1%) and sports venues (28:6%). Physical
contact was most likely to concern a first-time personal
encounter in a public urban space (25:0%), a large
or specialist store (17-9%) and a sports venue (14-7%).

DISCUSSION

This study set out to develop a typology of generic
meeting places based on social contact and mixing

4 Given their prominence in the average day of children and adoles-
cents, as well as the possibility of making reasonable estimations
concerning missing visit characteristics, the place types pre-school
and compulsory or upper secondary school have been included
even though some information was missing. Average duration
(y-axis) has been assigned that of adult respondents’ average time
at work, whereas the number of other persons present (circle size)
is estimated to be 20 (pre-school) and 30 (compulsory or upper sec-
ondary school).
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of relevance for infectious disease transmission. We
derived the typology from an analysis that accounted
for four dimensions associated with transmission risk:
visit propensity and its characteristics in terms of dur-
ation, number of other persons present and likelihood
of physical contact. Five generic meeting places were
identified, where the representation of the family
venue was strong in all four transmission-related
dimensions. The thematically related family vehicle
had the second highest visit propensity, but lower
average duration and likelihood of physical contact.
The fixed activity site and trading plaza are both pub-
lic in nature, but also exhibit important differences.
The fixed activity site is characterised by regular,
longer visits to specific instances of places, is largely
stratified by age and tends to involve persons with
whom one is already acquainted. The trading plaza,
on the other hand, is characterised by less regular,
shorter visits to different instances of meeting places,
is more heterogeneous in terms of who visits and
tends to involve persons with whom one is not already
acquainted. The social network hub also largely
involves non-family members. However, like the fam-
ily venue, it is characterised by a low proportion of
first-time contacts.
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Table 4. Contact type characteristics by meeting place: proportion of adult respondents’ (n =443 ) physical contacts

(%) that were non-family or intergender, or concerned a first-time personal encounter

Contact type

Cluster Meeting place Non-family Intergender First time®
Family venue Home 19-8 689 0-0
Fixed activity site Work 100-0 27-0 83
Pre-school b b b
Compulsory or upper secondary school b b b
Sports venue 81-0 286 14-7
Family vehicle Car n/a n/a n/a
Trading plaza Public transport n/a n/a n/a
Public urban space 80-0 50-0 250
Convenience store b b b
Large or specialist store 875 281 17-9
Restaurant 912 382 65
Social network hub Friends and relatives 76-8 50-6 1-6

4 Non-family contacts only.

® Figure omitted because of the small number of observations.

In the preparatory analyses underpinning the typ-
ology, we identified the meeting places most com-
monly visited by the Swedish population, but also
found that there were significant differences within
the population depending on personal and geograph-
ical characteristics. Not surprisingly, persons of work-
ing and school age were more likely to be at work and
in school, respectively. In addition, young individuals
were also more likely to visit sports venues and friends
and relatives. With regard to geographical location,
defined as labour market regions of different popula-
tion density, we found that the lower the population
density, the higher the reliance on car use and the
lower the use of public transport. In addition, indivi-
duals living in small labour market regions were
more likely to visit friends and relatives. Regarding
meeting place visit characteristics, the duration of
stay was longest for home, work and public urban
spaces, plus leisure-related activities, particularly visits
to friends and relatives. The number of other persons
present was largely related to degree of ‘publicness’ of
the place: low for home, car and friends and relatives;
high, for example, for public transport and sports
venues. The likelihood of physical contact while visit-
ing a certain place type was the highest at friends and
relatives, followed by the fixed activity sites. The
importance of leisure-related activities in facilitating
social contacts, especially among young persons, was
recently corroborated in a similar study conducted in
Russia [26].
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It has recently been indicated that demography,
particularly in terms of age, is of great importance
in explaining infectious disease transmission [18].
While generally largely the case (infectious diseases
where infection tend to take place at low age, such
as measles, constitute notable exceptions) [27], this
inference may lead to important information being
neglected in the analyses. Throughout history, meet-
ing places have reflected essential aspects of human
social life: how human beings protect themselves and
their families from the environment, fulfil their basic
needs and learn from each other [28]. One conse-
quence of the current focus on mixing by age is that
the spatial representation of meeting places has not
been developed to the level that makes such models
optimally efficient [29]. It is noteworthy that mixing
group representations introduced by, for instance,
Elveback et al [30] and refined by Longini et al
[31], Halloran et al [10, 32] and others are still widely
used in infectious disease modelling, even though their
empirical relevance has seldom been verified. It can be
questioned, for instance, whether ‘family’, ‘playgroup’
and ‘community’ are sufficient representations of
social contact and mixing in today’s dynamic soci-
eties. In the present study, we used an inductive statis-
tical method to identify the family venue, the fixed
activity site, the family vehicle, the trading plaza and
the social network hub as spatially explicit generic
meeting places. These meeting place types, with their
empirically verified characteristics and urban-rural
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variations, provide a current and detailed spatial foun-
dation for modelling of infectious disease transmission
based on social contacts and mixing patterns. Previous
empirical studies of interpersonal contact vary in their
approach, ranging from focusing on arguably the
most pertinent place types such as home, work and
school [20, 33] to incorporating a more extensive set
of meeting places [17, 28, 34]. There are also studies
that make ambitious efforts to integrate social contact
information with data on time spent in specific loca-
tions [35-37]. The general impression, however, is
that the thematic ‘resolution’ of the specific places
where people meet and interact in everyday life thus
far has been coarse, distinguishing between a limited
number of meeting place types.

The main contribution of the meeting place typ-
ology to infectious disease modelling and control is
that it provides a stable yet flexible spatial framework
accounting for social contact and mixing, where the
social context of the outbreak can be highlighted in
light of the actual infectious agent. The typology
can be compared with previously identified personal
meeting place-adjusted contact profiles [29], also
derived by means of cluster analysis. The clusters
represent contact profiles related to (1) work (‘profes-
sional’), (2) school, (3) leisure, (4) the family (‘big
home’), (5) other places, (6) multiple locations
(‘mixed’) and (7) having a low degree of contact.
Evidently, there are both similarities and differences
between the approaches. While the meeting place typ-
ology focuses on specific spatial locations, the contact
profiles describe how particular individuals habitually
visit and experience social contacts there. In other
words, the typology and profiles meet different needs
and purposes. For instance, the meeting place typ-
ology can be particularly used in planning of social
distancing policies, such as closing of certain meeting
places, in the early phases of disease outbreaks.
Representation of meeting places that are stable over
time is also of particular interest for control of infec-
tious agents for which transmission mainly takes
place in settings where infected and susceptible indivi-
duals meet regularly and during extended periods of
time, for example, for control of tuberculosis [5, 6].
In contrast, regarding bioterror threats, spread of cer-
tain agents such as anthrax is expected to occur
through aerosols at large meeting places [38]. By dis-
tinguishing the number of visitors and mixing patterns
for each type of large meeting place, the typology can
be used in modelling the secondary dissemination pat-
terns resulting from such attacks. Finally, the recent
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outbreak of Ebola in West Africa highlights the
importance of expanding the typology of meeting
places, when needed, to represent even more specific
meeting places with relevance to the infectious agent
in questions, such as those related to local funeral
practices [39]. The typology presented in this paper
can thus provide a pre-processed representation that
can support an earlier start of transmission pattern
analyses and more rapid response planning when a
less known infectious disease is encountered.

Geography also influences social contacts and mix-
ing patterns in a wider sense. Interpersonal contacts
are likely to be influenced by the availability of phys-
ical places that can function as arenas for such
encounters, and the supply of amenities in spatial
proximity to the home is highly dependent on popula-
tion density [22]. There are only a few studies [40]
explicitly addressing this link between space on the
one hand and social contact and mixing on the
other. Another way of expressing the importance of
geography in infectious disease diffusion is to acknow-
ledge the fundamental difference between types of
meeting places and specific instances of meeting places
within each type. People do not actually meet within a
type (e.g. work), but mainly within one specific instance
of the type (i.e. their own workplace). This applies, in
particular, to meeting places with largely permanent
members such as those belonging to the family venue
and fixed activity site. Not taking this distinction into
account blurs the heterogeneity of pairwise social con-
tacts in the population, thus also contributing to an
ostensible but illusory unimportance of place and
space in infectious disease modelling.

Indeed, the discussion concerning the importance of
individual demographic and socio-economic vs meet-
ing place-related characteristics for infectious disease
transmission sometimes seems to miss a fundamental
point: transmission is not a social construction but a
biological, space-related phenomenon requiring phys-
ical nearness. While susceptibility can be directly
affected by factors such as age, the role of individual
attributes is mainly indirect, influencing the selection
of specific persons meeting each other. Demographic
and socio-economic characteristics help substantially
in pinpointing which types of meeting places different
persons tend to visit. It is, for instance, more likely
that two randomly selected children meet (at school),
compared with two randomly selected persons from
the same overall population. Much more precise infor-
mation about the process is gained from knowing
which specific instances of meeting places persons
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visit. Individual attributes, however, does not reveal
much about the selection into instances, which instead
first and foremost comes about based on geography
and proximity. A large part of this spatially structured
selection of instance-specific meeting place members is
often as available empirically from register and/or sur-
vey data (or possible to impute) as are demographic
and socio-economic characteristics. Consequently,
main findings about meeting place types, such as
visit propensity and its characteristics in terms of dur-
ation, likelihood of physical contact and number of
other persons present as presented in this article, pro-
vides a foundation for the explicit use of geography in
creating relevant instances of meeting places of differ-
ent types.

Regarding our study, a pertinent issue relates to the
validity of social contact and mixing data in under-
standing the transmission of infectious disease. We
based our analyses on a cross-sectional contact diary
survey conducted on a representative sample of the
Swedish population. The contact diary approach to
data capture is one among several available techni-
ques, in itself requiring additional methodological
considerations and choices [41]; the other ‘families’
of methods are direct observation, use of proximity
sensors and making inferences from secondary data
analysis [42]. Although a relationship reported phys-
ical contacts—infection risk cannot be taken for
granted, there exists ‘strong circumstantial evidence
that the contact diary approach, with a definition of
contact which includes conversational or physical
touch encounters, can capture aspects of social inter-
action important for the transmission of infection of
influenza’ [42, p. 2125]. Even so, there are some limita-
tions to our study that should be kept in mind. The
form of physical contact is an important factor
influencing transmission risk for different types of
infectious disease. In our survey, ‘physical contact’
meant at least actually touching another person, but
we did not distinguish between such contacts in
more detail. We also mainly took into account the
locations where study participants spent the majority
of their time. In the vast majority of cases, our survey
template managed to capture more or less a whole
day, but for a few respondents more time was
unaccounted for. In addition, data were collected dur-
ing the first quarter of the year, and climate may influ-
ence social contacts and mixing patterns. In
particular, this is likely to be the case in a country
like Sweden, where seasons tend to differ substantially
in terms of temperature and snow cover.
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In conclusion, we set out to develop a typology of
generic meeting places of relevance for infectious dis-
ease transmission. The typology, comprising five gen-
eric meeting places, was derived from an analysis that
accounted for four central dimensions associated with
transmission risk. However, the fundamental differ-
ence between types of meeting places and specific
instances of meeting places within each type needs to
be acknowledged. Furthermore, the daily mobility
between different meeting places, as well as instances
of the same type, constitutes a pivotal issue in infec-
tious disease transmission. More research is also war-
ranted on how the typology can be made more
detailed by further integrating demographic and
socio-economic data related to visits to and contacts
in different meeting places. These aspects of social
contacts and mixing patterns are not addressed in
this study, and thus constitute highly relevant topics
for further research.
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