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Individuals who consume alcohol have a higher chance of contracting tuberculosis (TB) due

to their social mixing patterns. We aimed to study the social mixing patterns of TB patients

who consume alcohol on a regular basis using a quantitative social network approach. In a

high-TB prevalence context in India, a social network survey of 300 newly diagnosed pul-

monary drug-sensitive TB patients was done. The survey found 52 (17%) male TB patients

who shared alcohol on a regular basis with 106 (4%) of their first-degree social contacts.

Alcohol sharing happened in 16 neighborhood venues. When compared to contacts who did

not use alcohol, a higher proportion of contacts with regular alcohol use were diagnosed with

TB (12.3%; 95% CI: 6.6–20.00 vs. 3.5%; 95% CI: 2.8–4.3). Social network analysis showed

that the network consisting of patients and contacts was less dense and less connected (with

density ratio of 0.009, and degree centrality of 1.3, and betweenness centrality of 0.5),

indicating weaker transmission potential of the network. Comparatively the network con-

sisting of patients, contacts and their alcohol sharing venues was more dense and more

connected (with density ratio of 0.018, higher degree centrality of 3.1 and betweenness

centrality of 154.2) indicating stronger transmission potential of the network. Regular alcohol

sharing in four venues created a giant network component, that linked a higher proportion of

contacts without TB (72.3%) to a higher proportion of TB patients (67.3%) and their contacts

with TB (38.4%). When examined from a network perspective, the pooled TB transmission

exposure of contacts with regular alcohol use grew by a factor of 10, which helped explain the

unfavorable social mixing of patients and contacts with regular alcohol use.
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Introduction

According to the global tuberculosis (TB) report, alcohol
use disorders were attributed for 2,33,000 new TB cases
detected in India. Alcohol use accounted for 8.9% of all

incident TB cases in India (WHO, 2020). Individuals with alcohol
use disorders are more likely to develop active TB and are more
prone to re-infection, due to the impact of alcohol on their
immune system and underlying alcohol-related diseases. (Lonn-
rot K, 2008). TB patients with alcohol use disorder are more likely
to have poor treatment outcomes, as alcohol use potentially alters
the pharmacokinetics of TB medicines (Rehm et al., 2009). Stu-
dies have also emphasized the importance of social mixing pat-
terns of individuals who consume alcohol in congregate settings,
which puts them in a disadvantageous position with a higher
chance of transmission (Classen et al., 1999). Previous research
had suggested that alcohol sharing groups and drinking venues
are important in amplifying TB transmission outside of families
(Classen et al., 1999; Diel et al., 2002). However, from a quanti-
tative standpoint, there is still a lack of understanding of the
alcohol-driven social mixing of TB patients. Quantifying social
mixing patterns necessitates individual relational data and an
adequate analytical tool for analyzing such relational data.

We attempted to undertake a primary study among TB
patients who reported regular alcohol usage, through a social
network-based approach. The social mixing of TB patients and
their contacts was meticulously followed and investigated using
social network analysis tools to obtain standard network metrics
and quantitative insights. Through this primary social network
study, we attempted to collect and explore a difficult-to-obtain
data on alcohol-driven social mixing of TB patients.

Methods
Study setting. This investigation of TB patients who regularly
consumed alcohol was undertaken as part of a wider social net-
work study in Chennai, India, which tracked the potential extra-
household contacts of TB patients (Nagarajan et al., 2021). As of
2019, Chennai has a disproportionately high TB burden,
accounting for 14370 (13.7%) of the state’s total cases (CTD,
2020). The National Tuberculosis Elimination Program (NTEP)
of Chennai has established several case finding strategies to
address gaps in early TB case identification and effective tracking
of vulnerable contacts of TB patients. Efforts were also under-
taken to identify the hotspots of TB with high transmission
potential in the city. The present study was conducted in this
background of identifying social mixing patterns in congregate
settings that could drive transmission of TB in the locality. The
sample catchment area for this study represented the population
of 24 geographically adjacent Designated Microscopy Center’s
(DMCs) of the NTEP in the norther part of Chennai with high
incidence of TB.

Sample size and participant recruitment. Between February
2018 and June 2019, a total of 713 newly diagnosed TB patients
were consecutively screened in 24 geographically adjacent DMCs
of the NTEP in the northern part of Chennai. Of the total
screened, 300 patients were identified to be eligible for the study
as they were newly diagnosed adult pulmonary (drug-sensitive)
TB patients who had lived in the study area for at least one year
and agreed to give information about their social mixing outside
of their homes.

Study process. An exploratory cross-sectional personal social
network survey (ego-centric survey) was conducted among the
eligible TB patients (Nagarajan and Das, 2019). A tested social
network questionnaire was used to probe the study subjects to

generate a list of first-degree social network members with
whom the TB patients had consistently lived, socialized, worked,
spent time together during their pre-TB diagnostic period
(6-month period before their diagnosis). Name generator
method was used to list the network members and social mixing
venues of the TB patients. The utility of personal social network
methods in eliciting the closer social relationships of TB patients,
as well as methodological specifics and quality issues, have
already been discussed (Nagarajan and Das, 2019). A thorough
participant recruitment process has already been published
(Nagarajan et al., 2021).

Study definitions
Consistent social relation. Lived or social mixed or worked toge-
ther for three or more days in a week and for two to four hours
during the pre-diagnostic reference period.

First degree social network contacts or contacts. Those individuals
with whom the TB patients had consistent social relation (lived,
social mixed, worked) during their pre-TB diagnostic reference
period.

Patients with regular alcohol use. Patients who had alcohol
sharing for three or more days in a week during the pre-
diagnostic reference period with his first-degree social network
contact in a neighborhood venue. Henceforth termed as “patients
with RAU”.

Contacts with regular alcohol use. First degree contacts who
regularly shared alcohol with a patient for three or more days in a
week during the pre-diagnostic reference period. Henceforth
termed as “contacts with RAU”.

Contacts without regular alcohol use. First-degree contacts who
did not share alcohol with a patient on a regular basis during the
pre-diagnostic reference period. Henceforth termed as “contacts
without RAU”.

Regular alcohol use venues. The neighborhood venues or places
in which the patients and contacts with RAU had social mixing
during the pre-diagnostic reference period. Henceforth termed
as “venues”.

TB diagnosis. TB diagnostic definition used for patients and
contacts with RAU were based on the guidelines of NTEP in
India (Nagarajan et al., 2021).

Attribute and relationship characteristics. Attribute character-
istics of patients and contacts with RAU were collected which
included age, sex, occupation status, TB diagnostic status, and
alcoholic social mixing during their pre-diagnostic reference
period. TB diagnostic status of the contacts with RAU were
tracked and confirmed through documentation verification at
health facilities. Relationship types of contacts with RAU were
classified into family, extended family, friendship, neighborhood,
and occupational contacts.

Statistical analysis. Descriptive statistics were used to char-
acterize attributes of patient’s and contacts with RAU. Standard
deviations and confidence intervals were used to assess the dif-
ference in the proportion of contacts with RAU who had been
diagnosed with TB. STATA software version 15.1 was used for
the analysis.
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Network generation and analysis. Social network analysis
methods were used to explore the social mixing patterns of the
patients and contacts with RAU. Using relational data, a ‘Patient-
contact’ network was created, with each patient and contact with
RAU considered a ‘node’. Alcoholic sharing relation between a
patient and a contact was considered an ‘edge’ or ‘relational tie’. A
relational dataset was used to develop another ‘Patient-contact-
venue’ network, which included alcohol venues as a ‘node’ and
regular alcoholic sharing at that venue as an ‘edge.’ Such
approach was considered to compare the positional importance of
patients and contacts within their respective networks, as well as
their positional importance in relation to the venues they shared
as a network.

Both relational datasets from respective networks were
loaded into Gephi Program (Version 0.9.2) for separate
network analysis. An undirected network analysis perspective
was used to construct network metrics indicative of node
transmission potentials (Nagarajan et al., 2020; Salathé and
Jones, 2010). Both networks were visualized and interpreted

using network graphs or sociograms. The network graphs were
shown using Gephi software’s force atlas and Fruchterman
Reingold layouts (Bastian et al., 2009).

Network metrics. We used conventional network measures such
as degree centrality, betweenness centrality, network density, and
network components to quantify the social mixing patterns. A
more in-depth description of network measurements can be
found elsewhere. Mean differences were used to compare sum-
mary metrics from both the ‘Patient-contact’ network and the
‘Patient-contact-venue’ network.

Definition of network metrics
Degree centrality. The number of direct relational linkages that a
node has with other nodes in the network (patients, contacts with
RAU, and their venue). Within the ‘Patient-contact’ and ‘Patient-
contact-venue’ networks, mean degree centrality shows a node’s
immediate transmission potential (Science Direct, 2022a).

Table 1 Attribute characteristics of patients and contacts with and without RAU.

Age (years) Patients with RAU
(n= 52)

Patients without RAU
(n= 248)

Contacts with RAU
(n= 106)

Contacts without RAU
(n= 2348)

N (%) N (%) N (%) N (%)

≤25 7 (13.46) 36 (14.52) 9 (8.49) 824 (33.8)
26–35 9 (17.31) 44 (17.74) 28 (26.42) 498 (20.43)
35–45 9 (17.31) 51 (20.56) 32 (30.19) 400 (16.41)
46–55 13 (25) 61 (24.6) 31 (29.25) 398 (16.32)
>55 14 (26.92) 56 (22.58) 6 (5.66) 318 (13.04)
Sex
Male 52 (100) 169 (68.15) 106 (100) 1337 (54.84)
Female 0 (0) 79 (31.85) 0 (0) 1100 (45.12)
Third Gender 0 (0) 0 (0) 0 (0) 1 (0.04)
Occupation
Unemployed/Homemaker 7 (13.46) 108 (43.55) 3 (2.83) 659 (27.03)
Daily wages/Informal Sector 31 (59.62) 74 (29.84) 58 (54.72) 532 (21.82)
Services sector 3 (5.77) 25 (10.08) 16 (15.09) 255 (10.46)
Formal sector/Office based 5 (9.62) 21 (8.47) 8 (7.55) 208 (8.53)
Student 6 (11.54) 20 (8.06) 21 (19.81) 784 (32.16)

Fig. 1 Distribution of venue locations. GPS mapping of venues which were frequented by patient and contacts with RAU in the study area are depicted by
red triangles.
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Betweenness centrality. Indicates the number of times a given
node acts as a bridge between other nodes in the network. Mean
betweenness centrality indicates the power of nodes with high
transmission potential within the ‘Patient-contact’ network and
‘Patient-contact-venue’ network (Science Direct, 2022b).

Density. Indicates the total number of relational ties present
between the nodes divided by the total possible number of rela-
tional ties within the networks. Density highlights on how con-
nected the nodes are when compared to how connected they
could be.

Network component. Connected sub-structures composed of
patients, contacts and their venues with at least one direct or
indirect relation between them.

Ethical considerations. This study was approved by the Institu-
tional Ethics Committee of National Institute for Research in
Tuberculosis (NIRT), Indian Council of Medical Research
(ICMR), Chennai (IEC No. 2017018). The study was conducted

as per the Ethical Guidelines for Biomedical Research on Human
Participants, 2017. All respondents received written and oral
explanations of the study and signed an informed consent form
before the interview.

Results
Of the enrolled 300 TB patients, 52 (17%) were identified as
patients with RAU, i.e., who regularly shared alcohol with their
106 (4% of 2544), first degree contacts (contacts with RAU)
(Table 1). Alcohol was shared at 16 overcrowded and poorly
ventilated neighborhood venues (Fig. 1). Patients with RAU
(n= 106) and contacts with RAU were all male with majority
being friends, neighbors or occupational relations (96.2%).

During the pre-diagnostic reference period or after the TB
diagnosis of patients with RAU, a high proportion of contacts
with RAU were also diagnosed with TB (12.3%; 95% CI:
6.6–20.00 vs. 3.5%; 95% CI: 2.8–4.3). (Table 2). ‘Patient-con-
tact network’ was found less dense (ratio= 0.009) with
sparsely connected components (n= 52). Mean degree cen-
trality showed that one patient with RAU had 1.3 immediate

Table 2 Relation type and TB status of contacts with and without RAU.

Contact type Contacts
with RAU
(n)

Contacts
with RAU
and TB (%)

Exact 95%
confidence
interval

Standard error Contacts
without
RAU (n)

Contacts
without
RAU and TB

Exact 95%
confidence
interval

Standard error

Family/Household 2 0(0) 0 0 1138 19(0.7) 0.4–1.2 0.1
Relatives/
Extended family

4 0(0) 0 0 792 15(0.6) 0.3–1 0.1

Friendship 68 6(5.6) 2.1–11.9 2.2 248 18(0.7) 0.4–1.1 0.1
Neighborhood 6 5(4.7) 1.5–10.6 2 163 29(1.1) 0.7–1.7 0.2
Occupational 26 2(1.8) 0.2–6.6 1.3 97 5(0.2) 0.06–0.4 0.09
Total 106 13(12.3) 6.6–20.0 3.1 2438 86(3.5) 2.8–4.3 0.3

TB diagnosis of contacts were made during the 6-month pre-diagnostic period or post the diagnosis of patients with RAU.

Fig. 2 Sociogram depicting—‘Patient-contact’ network in left and ‘Patient- contact-venue’ network in right. Left figure depicts 52 patients and 106
contacts with RAU as circular nodes, the lines between nodes represent alcohol social mixing ties. Node size is proportional to the betweenness centrality
measure representing its transmission potential. Sparsely connected 52 components are depicted which lack ties between them. Color depiction Patients
with RAU; Contacts with RAU but without TB Contacts with RAU and TB. Right figure depicts 52 patients, 106 contacts with RAU and 8 alcohol venues
as circular nodes, the lines between nodes represent alcohol social mixing ties. Node size is proportional to the betweenness centrality measure
representing its transmission potential. Of the 10 components the giant component in the central consists of 4 alcoholic venues nodes connecting 67% of
index, 38% contacts with TB and 72% contacts without TB. Color depiction Alcoholic venue Patient with RAU Contacts with RAU but without TB
Contacts with RAU and TB.
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contacts with RAU in this network. The nodes in this network
had a low mean betweenness centrality (0.5), indicating
that their transmission potential was limited (Figs. 2 and 3;
Tables 3 and 4).

‘Patient-contact-venue’ network was relatively denser by 66.7%
(ratio= 0.018) with strongly connected components (n= 10) and
each patient with RAU had 3.1 immediate contacts with RAU.
The transmission potential of nodes increased by 198% in this
network as indicated by the higher mean (154.2) betweenness
centrality. A giant network component was identified which
comprised of 67.3% of patients with RAU, 38.4% of contacts with
RAU and TB and 72.3% of contacts with RAU but without TB.
(Figs. 2 and 4, Tables 3 and 5).

Discussion
For the first time, we used a social network-based method to
examine the social mixing patterns of TB patients and their
connections who regularly consume alcohol in an environment
where TB is more prevalent (Thomas et al., 2017). The study
findings provide preliminary empirical evidence on how TB
patients and their contacts with regular alcohol use are at a dis-
advantage in terms of increased TB transmission risk. The study
identified that contacts with RAU had higher proportion of TB
when compared to contacts without alcohol sharing. The pro-
portion of TB was especially found to be higher among contacts
with RAU, who were friends or neighbors of the patient users.
This emphasizes the findings of earlier molecular epidemiological

Fig. 3 Socio gram of ‘Patient-contact’ network labeled with component IDs Numbers in the circular nodes depict component IDs as shown in Table 4.

Table 3 Summary metrics of ‘Patient-contact-venue’ network and ‘Patient-Contact’ network.

Summary metrics ‘Patient-contact-venue’ network (b) ‘Patient-contact’ network (a) Percent change in metrics between
networksa

Mean degree centrality 3.1 1.3 81.8
Mean betweenness centrality 152.4 0.5 198.7
Network density ratio 0.018 0.009 66.7
Components 10 52 −135.5

Mean degree centrality indicates immediate contacts available for each patient within network and mean betweenness centrality indicates the bridging or transmission potential of the nodes in network.
aPercentage change= [b−a/(b+ a)]*100.
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studies that non-household or community contacts contribute to
the major proportion of TB transmission than the household
contacts (Nagarajan et al., 2021).

Findings show that contacts with RAU had a higher proportion
of TB, than contacts who did not share alcohol. The proportion of

those who had TB was found to be higher among contacts with
RAU (especially friends or neighbors). This finding of the study
strengthens the earlier molecular epidemiological findings which
highlighted that non-household or community contacts could
relatively contribute more to TB transmission than household
contacts (Nagarajan et al., 2021).

The study also found that contacts with RAU had a greater
proportion of TB, which holds implications for TB contact
tracing in countries like India, where higher levels of alcohol
consumption and TB burden go hand in hand. Currently,
India’s TB contact tracing strategy is primarily limited to
household contacts and does not include extra household
contacts of TB patients (Velayutham et al., 2020). In this
context, India and similar countries could prioritize contact
tracing among the individuals who regularly share alcohol with
the TB patients. This could lead to early identification of new
TB occurrences which are driven by social mixing of regular
alcohol users.

The social mixing patterns happened in a way that two-
thirds of all contacts with RAU but without TB were exposed to
multiple other patients and contacts with RAU and TB. Their
mutually frequented settings for regular alcohol sharing were
the source of this exposure. The findings highlight that the
pooled transmission exposure for contacts with RAU increased
manifold when assessed from a network perspective and helps
explain the disadvantageous social mixing driven by alcohol use
in key venues. This finding holds implication for the TB contact
tracing strategy in countries like India. At present contact
tracing strategy in general emphasize active case finding in
congregation settings (prisons, mines, hospitals, etc.) which are
likely to have higher transmission potential (CTD, 2020). For
the first time our study underscores the importance of venues
(places where index and contact users regularly shared alcohol)
in amplifying the TB transmission from a network analysis
perspective. Thus, prioritizing venues where alcohol being
shared by patients could be a potential opportunity for TB
contact screening interventions to yield more cases and also to
implement preventive measures for reducing transmission
(Velayutham et al., 2020).

In the past, molecular epidemiology approaches have shown
TB transmission clusters among people who share alcohol.
These methodologies defined “clusters” from an epidemiologi-
cal standpoint, but they lacked information and fine details on
the underlying social mixing patterns among cluster members.
There has been a dearth of research in terms of systematically
analyzing the alcohol-driven social mixing patterns of TB
patients and their contacts. Such systematic approach would
require a quantitative methods and analysis and also necessi-
tates primary social mixing data of TB patients and alcohol
users which is rare to obtain. Our study filled in this gap by
gathering primary social network data from TB patients who
were regular alcohol users, as well as exploring and under-
standing it by using appropriate network analysis methods. As a
result, the current study advances our understanding of social
mixing patterns of regular alcohol users and its implications in
the context of tuberculosis transmission.

The present study holds some limitation. The study did not
assess the social mixing patterns of TB patients in their non-
alcohol consumption venues in order to explain TB transmis-
sion. We found that non-alcohol venue based social mixing of
patients and contacts identified in our study were sparse to
conduct a network analysis. We also found that non–alcohol (or
casual) social mixing took place mostly in open public spaces,
which would be less appropriate to compare to social mixing
that took place in closed and crowded locations where alcohol
was shared.

Table 4 Distribution of Patients and Contacts with RAU by
TB status in the identified components of ‘Patient-contact’
network.

Network
components

Nodes
(n= 158)

Contacts with
RAU positive
(n= 13)

Contacts with
RAU and without
TB (n= 93)

Patients
with RAU
(n= 52)

ID N (%) N (%) N (%) N (%)

0 5 (3.2) 0 (0) 4 (4.3) 1 (1.9)
2 5 (3.2) 1 (7.7) 3 (3.2) 1 (1.9)
13 5 (3.2) 0 (0) 4 (4.3) 1 (1.9)
15 5 (3.2) 1 (7.7) 3 (3.2) 1 (1.9)
16 5 (3.2) 0 (0) 4 (4.3) 1 (1.9)
21 5 (3.2) 0 (0) 4 (4.3) 1 (1.9)
38 5 (3.2) 0 (0) 4 (4.3) 1 (1.9)
49 5 (3.2) 1 (7.7) 3 (3.2) 1 (1.9)
3 4 (2.5) 0 (0) 3 (3.2) 1 (1.9)
7 4 (2.5) 0 (0) 3 (3.2) 1 (1.9)
8 4 (2.5) 1 (7.7) 2 (2.2) 1 (1.9)
10 4 (2.5) 1 (7.7) 2 (2.2) 1 (1.9)
25 4 (2.5) 0 (0) 3 (3.2) 1 (1.9)
26 4 (2.5) 1 (7.7) 2 (2.2) 1 (1.9)
29 4 (2.5) 0 (0) 3 (3.2) 1 (1.9)
42 4 (2.5) 0 (0) 3 (3.2) 1 (1.9)
51 4 (2.5) 1 (7.7) 2 (2.2) 1 (1.9)
6 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
9 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
11 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
12 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
19 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
22 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
23 3 (1.9) 1 (7.7) 1 (1.1) 1 (1.9)
24 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
30 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
39 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
44 3 (1.9) 0 (0) 2 (2.2) 1 (1.9)
47 3 (1.9) 2 (15.4) 0 (0) 1 (1.9)
1 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
4 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
5 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
14 2 (1.3) 1 (7.7) 0 (0) 1 (1.9)
17 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
18 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
20 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
27 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
28 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
31 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
32 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
33 2 (1.3) 1 (7.7) 0 (0) 1 (1.9)
34 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
35 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
36 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
37 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
40 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
41 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
43 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
45 2 (1.3) 1 (7.7) 0 (0) 1 (1.9)
46 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
48 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)
50 2 (1.3) 0 (0) 1 (1.1) 1 (1.9)

Nodes represent patients and contacts with RAU in this network. ID represents component
identification number which could be matched with the sociogram of this network labeled
depicted in Fig. 3.
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Conclusion
The present study had explored the social mixing patterns of TB
patients with regular alcohol use in the context of TB transmis-
sion by using the social network data and analysis methods. The
findings highlight those contacts who regularly shared alcohol
with TB patients had increased proportion of TB when compared
to contacts who didn’t share alcohol with TB patients. The
alcohol sharing venues served as important nodes in the network
of TB patients and their contacts. Alcohol sharing venues also
increased the TB transmission exposure by manifold for the
contacts. The findings have implications for the contact tracing
strategy of TB and highlights the need for prioritizing contacts
with alcohol use and venues in which such sharing occurred.

Data availability
Data cannot be shared publicly because of patient confidentiality
who participated in this study. Data are available from the

Institutional Ethics Committee of ICMR-NIRT for researchers
who meet the criteria for access to confidential data. Corre-
sponding author could be communicated in this regard.
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0 111 (70.3) 7 (43.7) 8 (61.5) 68 (73.1) 35 (67.3)
2 12 (7.6) 2 (12.5) 1 (7.7) 7 (7.5) 4 (7.7)
5 11 (7.0) 3 (18.7) 1 (7.7) 6 (6.5) 4 (7.7)
1 8 (5.1) 2 (12.5) 2 (15.4) 3 (3.2) 3 (5.8)
3 5 (3.2) 1 (6.2) 0 4 (4.3) 1 (1.9)
4 3 (1.9) 1 (6.2) 0 2 (2.2) 1 (1.9)
6 2 (1.3) 0 0 1 (1.1) 1 (1.9)
7 2 (1.3) 0 0 1 (1.1) 1 (1.9)
8 2 (1.3) 0 1 (7.7) 0 1 (1.9)
9 2 (1.3) 0 0 1 (1.1) 1 (1.9)

Nodes represent patients and contacts with RAU and venues in this network. ID represents component identification number which could be matched with the sociogram of this network labeled depicted
in Fig. 4.
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