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Abstract

Understanding the structure of human sexual contact networks is vital in a broad range of
disciplines, including sociology, biology, public health, and anthropology. However, sexual
contact networks are yet to be understood because technical and privacy issues make it dif-
ficult to conduct accurate, large-scale surveys. In this study, we surveyed data openly avail-
able on one of the largest adult entertainment websites in Japan, where male clients (MCs)
can write online customer reviews of female commercial sex workers (FCSWSs). In particu-
lar, our investigation focused on a type of establishment called “soapland,” the only type of
sex industry in Japan where sexual intercourse is publicly permitted. Soaplands are scat-
tered throughout Japan, and the study website covers approximately 66% of them. Using
such a vast amount of data on a nationwide scale, we clarified the network structure of com-
mercial sex, characterized by small-world, scale-free, and disassortative mating properties.
To study geographical characteristics, we compared the resulting network with three differ-
ent artificially generated networks via the random rewiring of links. Moreover, we considered
a simple epidemic model on the resulting network, and investigated whether it would be
more effective to provide infection control measures to FCSWs or MCs. We determined that
active FCSWs constitute an important pathway of infection propagation in commercial sex
networks, but MCs also play an essential role as weak ties.

Introduction

Social network analysis, which focuses on social ties rather than individual characteristics
[1,2], is an effective tool for understanding social structures. For example, collaboration net-
works, such as co-starring relationships in movies and coauthorship relationships among
researchers, have been well-studied for more than 20 years [3,4]. Recently, online friendships
have been investigated using large-scale data from social networking services, e.g., Facebook
and Twitter [5]. Sexual contact is a direct and fundamental contact in human society, and its
study is of great importance in a wide variety of fields [6]. However, technical and privacy
issues have made it difficult to conduct comprehensive research on sexual contact networks.
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Several studies have investigated the number of partners engaged in sexual contact with a
respondent without revealing partner details [7-10]. While it has traditionally been extremely
difficult to obtain information on “who had sexual contact with whom,” recently studies have
been conducted using sex industry websites that publish information that provides a basis for
assuming that sexual contact has occurred [11-16].

In this paper, we surveyed a Japanese commercial adult entertainment website that allows
male clients (MCs) to write reviews and describe their experiences with female commercial sex
workers (FCSWs) registered there. Users (MCs) write reviews under their registered names to
ensure credibility. Such reviews can be used as data on actual sexual contacts between FCSW's
and MCs [17]. We constructed a review network between MCs and FCSWs and analyzed its
properties, focusing only on FCSWs working in Japanese brothels called “soaplands” that have
existed since the 1960s. Sex establishments other than soaplands are prohibited from offering
sexual intercourse in exchange for money (for more information on soaplands, see S1 Appen-
dix). FCSWs can work legally at a licensed soapland, and they can engage in sex work while
being protected from violence and various problems caused by the MCs by the soapland to
which they belong, unlike street sex workers.

In 2021, there were 1,185 soaplands regulated by the National Police Agency. Soaplands
were scattered throughout Japan, and the study website covered 66% of them (Fig 1A). We
focused on reviews that were posted on the target website and were available to anyone online
on April 4, 2021. Here, 96.4% of the reviews on the site at that time were written after the year
2020 (S1 Fig). We considered a sexual contact had occurred between the review writers (MCs)
and review receivers (FCSWs) and built sexual contact networks they composed. This nation-
wide sexual contact network we obtained is the largest to date: it is much larger and more
exhaustive than those previously studied in Brazil [11] and the UK [16]. We performed net-
work analysis and compared the empirical network to three randomized artificial networks to
see the tendency of each MC to limit his contacts with FCSWs to specific prefecture (the largest
administrative division in Japan, see Fig 1 A for the spatial division) and establishment. Soap-
lands are licensed by ordinances of each prefecture and are monitored by the prefecture police.
Moreover, we examined how the network structure changes when top FCSWs or MCs are
removed, considering a simple epidemiological model. This study provides important baseline
material for the structural characteristics of large-scale commercial sex networks.

Results

To clarify the geographical appearance of the review network, we show coarse-grained visuali-
zations focusing on prefectures (Fig 1B) or establishments (Fig 1C). Some prefectures have
banned soaplands. Fig 1B shows weighted links between prefectures, which are defined as the
number of MCs who wrote reviews of FCSWs in the both prefectures. In other words, the
thickness of the line between prefectures indicates how often MCs used establishments across
prefectures. At the establishment level, the network is connected (Fig 1C), but at the individual
level, there are many small, connected components in addition to the giant connected compo-
nent (Fig 1D and Table 1). The enlarged panel in Fig 1D shows that there are many patterns
that link one FCSW to many MCs and vice versa. We focus on the bipartite network consisting
of the individual connections between FCSWs and MCs (Fig 1D), and there are no links
between the same groups (left panel in Fig 2A). The properties of the bipartite network are
summarized in Table 1. To clarify the characteristics of the observed network, we consider
three types of artificial networks: Type I, randomly rewired networks preserving the degrees of
all nodes; Type II, randomly rewired networks without changing the prefectures and degree;
and Type III, randomly rewired networks without changing either the establishments or the
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Fig 1. The commercial sex network in Japan. (A) Distribution of soaplands in Japan and the percentage of
establishments registered on the surveyed website. The gray areas show the nine prefectures without soaplands, and the
white areas show the four prefectures where review data were not obtained. (B) Review network at the prefecture level.
The circles represent the prefectures, and their sizes indicate the number of reviews. The links between prefectures are
weighted by the number of MCs who wrote reviews of the FCSWs in the two prefectures, and the weight of the link is
defined as the number of such MCs and is illustrated in different thicknesses. (C) Review network at the establishment
level. The circles represent the establishments, and their sizes were equal. (D) Bipartite network of FCSWs and MC.
Red and blue nodes represent FCSWs and MCs, respectively.

https://doi.org/10.1371/journal.pone.0276981.9001

degree (Fig 2B). In Type I, only the degree distributions of FCSWs and MCs are preserved,
and other network structures are destroyed. Type II additionally preserves location informa-
tion in the form of prefectures. In other words, network properties originating from the ten-
dency of MCs to move between prefectures is conserved. Type III additionally preserves
information of establishments. This means that the network properties originating from the
tendency of MCs to use certain establishments are conserved. Thus, Types II and III are intro-
duced to explore the influence of prefectures and establishments, respectively.

Fig 3A shows the cumulative distributions of degrees. As a result of model selection based
on Bayesian information criteria (BIC) and Akaike’s information criteria (AIC), the power-
law distribution was the best fit (S1 Table). The network exhibited large giant connected com-
ponents (GCCs), which included 62,917 nodes (FCSWs and MCs). Therefore, 89.0% of the
nodes could be connected to each other through the review network. The average path length
of the GCC was 9.87. We compared this to the artificial networks created by swapping links
(Fig 3B). The average path length of the actual network is close to that of Type III artificial net-
works. Even if MCs make random visits throughout the country (i.e., Type I), the average
resulting path length would only be three-quarters. We calculated the bipartite clustering coef-
ficient proposed by Robins and Alexander [18], which was 0.028. The conventional clustering
coefficient is defined as the ratio of 3-cycles and 2-paths, while the bipartite clustering coeffi-
cient is defined as the ratio of 4-cycles and 3-paths (see Material and Methods). This value is

Table 1. Characteristics of a sexual contact network extracted by reviewing a sex industry website.

Organization of the website Number of registered establishments 784
Number of establishments listing individual reviews 684
Total number of registered FCSWs 38,964
Size of the bipartite network Total number of reviewed FCSWs 17,341
Total number of reviewing MCs 55,824
Number of links excluding duplicates (number in 89,543
parentheses includes duplicate) (121,988)
Structural indicators of the Size of giant connected components (GCC) 62,917
bipartite network (86.0%)
Second largest component 18
Average path length (in GCC) 9.87
Diameter (in GCC) 33
Bipartite clustering coefficient 0.028
Degree distribution of FCSW's Power exponent o 2.61
Kinin 10
Degree distribution of MCs Power exponent a 3.16
Kimin 5
Degree correlation (assortativity Between FCSWs and MCs -0.181
coefficient) Among FCSWs 0.524
Among MCs 0.150

https://doi.org/10.1371/journal.pone.0276981.t001
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Fig 2. Bipartite network and projection networks; artificially generated networks; average path length and
bipartite clustering coefficient. (A) Bipartite network of FCSWs and MCs. A link implies that there is at least one
review between the FCSW and MC. For the MC-MC projection network, a link implies that the two MCs reviewed at
least one common FCSW. For the FCSW-FCSW projection network, a link implies that two FCSW's were reviewed by
at least one common MC. (B) For comparison, we used three types of artificially generated networks. For each case, we

generated 100 networks where a sufficient number of links were rewired.

https://doi.org/10.1371/journal.pone.0276981.g002

significantly larger than in any artificial network (Fig 3C). These results show that the observed

network maintains a small-world property.

We calculated the assortativity coefficient to check degree correlation (see Material and
Methods). The assortativity coefficient for the bipartite network FCSWs and MCs is —0.18.
This negative correlation indicates that popular FCSWs are shared by many infrequent MCs,
as was observed in Brazil [11] and the UK [16]. In contrast, the assortativity coefficients for
MC-MC and FCSW-FCSW projection networks are 0.524 and 0.150, respectively. In these
cases, the assortativity coefficients were positive, suggesting that active MCs tend to review
common FCSWs, and popular FCSWs tend to be reviewed by common MCs. Fig 3D-3F show
that the above trends are significant. Since the degree correlation cannot be determined from

the assortativity coefficient alone [2], we also calculated the average degree of neighbors of

degree k nodes, and the above results were supported as shown in S2 Fig.
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Fig 3. Results of network analysis. (A) Cumulative distribution of degree. Circles represent real data. Red and blue
correspond to FCSW and MC, respectively. The solid lines, dashed curves, and dotted curves correspond to power-law
distribution, negative binomial distribution, and log-normal distribution, respectively. The best fit can be evaluated by
BIC or AIC, as shown in S1 Table. (B) Aaverage path lengths. (C) Bipartite clustering coefficients. (D), (E), (F)
correspond to the assortativity coefficient between FCSWs and MCs, that for FCSW-FCSW projection networks, and
that for MC-MC projection networks, respectively. The green upward arrows represent the assortativity coefficients of
the observed network. For comparison, we show the result for three types of artificially generated networks, where 100
networks are prepared and their distributions are shown.

https://doi.org/10.1371/journal.pone.0276981.g003

To evaluate the robustness and fragility of the network, we investigated the changes in the
three network indices when nodes were deleted from a high degree. Fig 4A shows the change
in the size of the GCC; the red and blue curves depict cases when FCSWs and MCs are
removed from a high degree, respectively. The horizontal axis is the proportion of removed

PLOS ONE | https://doi.org/10.1371/journal.pone.0276981 November 3, 2022 6/15


https://doi.org/10.1371/journal.pone.0276981.g003
https://doi.org/10.1371/journal.pone.0276981

PLOS ONE

Sexual contact networks by using commercial-sex review website

=

R EETUSSURE L TR L G S G A S B S L T 3
MC FCSW ]
observed
——= Typel

60000 |

(82

o

o

o

o
T

40000
30000 |
20000 f

10000 [

Size of giant connected component

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Proportion of hodes removed
(B)
25’ T T T T T T T T T T ]
[ MC FCSwW ]
-..g_;) 20:_ _ :bserved 1
b . ype I
£ 15}
= _
o [
()] -
o 4O L mzet
s P
% -

(8]
e
1

o- PESEIPRSTUI | SETSPURSSP U | ST SRR | R VNP CRS | (S ST SR S | NP USSR PR | PR ]
000 002 004 006 008 010 012 0.14
Proportion of nodes removed

(€)
16 T T T T T T
MC FCSW ]
14+ o observed |
-—— === Typel

12

10

Eigenvalue of adjacency matrix

6 1 1 1 1 1 1 ]
0.00 002 004 006 008 010 012 0.14
Proportion of nodes removed

PLOS ONE | https://doi.org/10.1371/journal.pone.0276981 November 3, 2022 7/15


https://doi.org/10.1371/journal.pone.0276981

PLOS ONE

Sexual contact networks by using commercial-sex review website

Fig 4. Robustness to selective nodes removal by degree. The horizontal axis indicates the proportion of nodes
removed, and the vertical axis shows the (A) size of GCC, (B) average path length, and (C) maximum eigenvalue of the
adjacency matrix, which is related to the infectious disease model in the network (see Materials and Methods). The
solid and dashed curves show the results for the observed network and the Type I artificial network, respectively. Red
and blue correspond to FCSW and MC, respectively.

https://doi.org/10.1371/journal.pone.0276981.g004

nodes, and the solid and dashed curves denote the cases with observed networks and those
with Type I artificial networks, respectively. Cases with Type II and III networks behave some-
where between these two cases (omitted in the figure). Removing popular FCSWs had a more
rapid impact on both observed and artificial networks. Removing a sufficiently large percent-
age of MCs was more effective, but because MCs outnumbered FCSW, the impact of remov-
ing the most popular FCSWs was highly significant. Fig 4B shows the average path length
when nodes were deleted, such that there was a sufficiently large GCC. However, the average
path length increased faster when MCs were removed. Fig 4C shows the maximum eigenvalue
of the adjacency matrix (A), which implies the strength of the spread of sexually transmitted
infections (STIs) when a simple epidemic model is considered (Materials and Methods). For
the observed network, the maximum eigenvalue decreased faster when FCSW's were removed.

Discussion

We used customer reviews to analyze human sexual contact networks in Japan. We compared
three artificially generated networks via the random rewiring of links (Fig 2B) to the observed
network. The sexual contact networks investigated exhibited a small-world property with
short average path lengths and large clustering coefficients, but were heavily influenced by
establishments and locations (prefectures). The clustering coefficients for the Type III network
were very close to the real values (Fig 3C). This can be attributed to the fact that an MC tends
to visit more than one FCSW within the same establishment. Thus, the establishment is an
important factor in the MC’s choice of FCSW. The average path length for Type II networks
was not minor (Fig 3B). This shows the importance of crossing prefectures, implying that the
migration patterns of MCs have a large impact on the network structure.

A negative correlation was observed in the degrees between FCSWs and MCs, as in previ-
ous studies [11,16] (Fig 4A and 4B). Popular FCSWss tend to be associated with many low-fre-
quency MCs, and regular MCs tend to connect with less popular FCSWs. For FCSWs, gaining
popularity among low-frequency MCs may be beneficial. We also constructed FCSW-FCSW
and MC-MC projection networks based on MCs and FCSW, respectively (Fig 2A). These net-
works showed a significant positive correlation in degrees (Fig 4C and 4D), i.e., popular and
less popular FCSWs tend to only connect with popular and less popular FCSWs, respectively.
Similarly, high- and low-frequency MCs tend to connect only with high- and low-frequency
MCs, respectively. If this finding is true for actual sexual networks, it could be important for
ST1Is that only affect one sex; hence, it requires future study.

Nodes were removed to evaluate the robustness of the sexual networks. When the nodes
were removed from a higher degree, the network structure change was more complex than
expected. FCSW and MC removal exhibited a larger effect on the size of the GCC and the aver-
age path length, respectively (Fig 4A and 4B). We also investigated the maximum eigenvalues
of the adjacency matrix as a more rigorous measure, considering infection dynamics. The
results showed that FCSW removal was more effective (Fig 4C). Comparison with the result
for Type I network suggests that MC removal has only small effect if the removal is within
approximately 1%. Therefore, infection control measures focused on FCSW's may be consid-
ered more effective in deterring infections. However, the average path length decreased faster
when MCs were removed; thus, the role of MCs should not be underestimated. Active MCs
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with a large number of contacts with relatively inactive FCSWs can create shortcuts that bridge
various establishments and distant areas, i.e., active MCs can fulfill a function that Granovetter
[19] called the “strength of weak ties.”

We emphasize that our study should not give the impression that soaplands (and many
other types of sex trade industry in Japan) are possible hotspots of STIs. In fact, our analysis
does not provide any evidence or relations between STIs and sex industry; furthermore, a pre-
vious study reported that the incidence of STIs among FCSWs in soaplands was relatively low
[20]. However, if our study were to be applied to public health, the following discussion could
be derived. Some previous studies suggested that human sexual networks are highly heteroge-
neous, with many people having few sexual partners, and a few active people having many sex-
ual partners (i.e., scale-free property), which implies that STIs and other infectious diseases
spread easily [7-10]. Thus, popular FCSWs and active MCs (those with a high degree) can
have a significant impact on the entire network, possibly spreading STIs nationwide. This is
because active FCSWs constitute an important pathway of infection propagation in commer-
cial sex networks, and MCs play an essential role as weak ties. Therefore, our results reveal the
potential STI diffusion effects of active MCs who use multiple brothels in different areas,
which has been claimed by some previous studies [21-23].

One major difference between the current study and previous studies of online-sex- worker
networks [11-16] is that the establishments exist independently of the website. We were able
to use three types of randomized networks to see the effect of the establishments and their loca-
tions. Although we did not collect the attribute data of FCWSs and MCs, discussion could be
furthered by using these data. In particular, assigning MCs to prefectures in which they pri-
marily use sex establishments, may allow for a more accurate analysis of the effect of MC
migration. Analysis using the attribute values will be the subject of future work.

It should be noted that the contacts revealed by reviews are only a small fraction of the
actual commercial sexual contacts. According to the website, the number of members
exceeded 2 million in March 2021, but only less than 3% of them wrote reviews. Another
important limitation is that MCs can have more than one accounts with their linked mobile
phone numbers, and FCSWs can have more than one account if they work in more than one
establishments. This is an unavoidable limitation of the study since MCs and FCSWs are anon-
ymized. We did not consider the temporal order of the reviews, but that may be important as
shown in [12]. Thus, the network presented here is only a small part of the long history of
prostitution in Japan. However, the observed network is much larger and more well controlled
than those previously examined, and the results are expected to be more reliable.

Materials and methods
Study website

In this study, we focused on one of the largest adult entertainment websites in Japan. The tar-
geted website is available only in Japanese, and it leverages a reservation system to book
engagements with FCSWs. This website is open to anyone aged 18 years or older, and the
reviews can be read by anyone. This website began its review service in November 2018.
Although many similar review sites do not have reliable sources of information, the target web-
site does. We have selected the largest website among those with reliable sources for this study.
Whether an establishment is registered on this site is the manager’s decision. At the time of
our survey, there were 784 soaplands registered on this website. As shown in Fig 1A, this web-
site covers more than half of the soaplands in Japan. At the time of our survey, the website
included information on 38,964 FCSWs.
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An MC can become a member for free by registering a mobile phone number, and a mem-
ber can post reviews using a registered handle. According to the website, the number of mem-
bers exceeded 2 million in March 2021. In contrast, establishments pay a registration fee to the
website management company and update information about their staff (FCSWs) for promo-
tion. The information on the website contains establishment locations, service fees, and fea-
tures (e.g., portrait, age, and measurements) of FCSWs. Each review includes the name of the
FCSW and the alias of the reviewer. Reviews are written voluntarily, but some soaplands offer
incentives in the form of discount coupons. If the establishment or website operator deems the
content of the review inappropriate (e.g., false and slanderous), the review may not be pub-
lished or may be deleted.

Data collection

The data were collected using code written in Python, from which we obtained (i) establish-
ment names, (ii) locations (prefectures), (iii) FCSW names, and (iv) reviewer names per
review. Data collection was conducted on April 4, 2021 (see S1 Fig). The names of FCSWs and
MCs were replaced by arbitrary numbers (S1 Data). We used only those reviews in which both
the staff (FCSW) and customer (MC) could be distinguished. Because the information on the
website is organized by prefecture, scraping was done by prefecture. No soapland exists in 9
prefectures (Aomori, Gunma, Kyoto, Nagano, Nagasaki, Nara, Okayama, Toyama, and Yama-
gata) of Japan’s 47 prefectures owing to the ordinances of those prefectures. Data for two pre-
fectures (Kochi and Tochigi) on the website could not be obtained owing to network problems
on the day of the survey.

Privacy and ethical issues

In this research, we analyzed a network of publicly available customer reviews on a sex indus-
try website. In other words, we did not deal with data on real contact between persons, but
instead with data on connections in virtual space. The website data we collected are open to
the public and can be viewed by anyone without any registration. Reviews are published under
the MC’s alias and their personal information is protected by the website companies. There-
fore, the MC’s personal information is not accessible by the public. The customer reviews are
only published with the informed consent of the FCSWs via the establishments. Note that in
Japan, establishments cannot make excessive demands on FCSWs because if an FCSW reports
the happenings in the establishment to the police, the establishment will be shut down and the
managers imprisoned. When FCSWs quit an establishment, information about them is no lon-
ger accessible.

We collected publicly available information in compliance with the terms of the data
source, and assigned each user account, which was also anonymous, a randomly chosen num-
ber as our ID. Furthermore, we extracted the connections only, and no personal information
was included. Note also that the study website was designed to be anonymous from the outset,
making it impossible for visitors to the website to identify any FCSWs or MCs. Therefore,
there is no risk that any person’s privacy will be violated by this research.

In summary, this survey is based exclusively on publicly available data and includes no per-
sonal information of human subjects; it does not fall under the category of human subject
research. Further, we received a formal letter acknowledging that this study is not categorized
as research involving human subjects, and therefore does not require authorization, from the
Human Research Ethics Committee (Chair, Toshihiko Dozono) of Shizuoka University, to
which the corresponding author belongs.
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Network analysis

We performed a network analysis as follows. We focused on a bipartite network, that is, the
nodes were divided into two groups (FCSWs and MCs), and there were no links between the
same groups.

Degree distribution. Degree distributions are the most commonly used metrics in net-
work analysis. Because the networks are bipartite, we must consider two different degree dis-
tributions: the degree of an MC is defined as the number of FCSWs reviewed, and the degree
of an FCSW is defined as the number of MCs who reviewed the FCSW. We checked whether
these distributions had a power-law tail:

P(k) x k™* fork > k.. (1)

The parameters o and k,,;, are estimated by model selection using AIC and BIC. Further-
more, the model selection confirmed that the power distribution was better than negative
binomial and lognormal distributions [10,24,25].

Average path length. To examine whether the network could be classified as small-world,
we calculated the average path length, which is the average number of steps along the shortest
paths for all pairs of network nodes. If the average path length is small, the network is small-
world.

Clustering coefficient. The clustering coefficient measures the closeness of a node’s
neighbors [4]. Review networks are bipartite; therefore, traditional clustering coefficients can-
not be used as such network structures do not produce triangles. Several clustering coefficients
have been proposed for bipartite networks [18,26]. Here, we used the bipartite clustering coef-
ficient proposed by Robins and Alexander, which is the ratio between the number of four
4-cycles and the number of 3-paths [18]:

where C, is the number of 4-cycles and L; is the number of 3-paths in a bipartite network. If
the bipartite clustering coefficient is high, then multiple FCSWs with an MC tend to be with
another MC, and multiple MCs with an FCSW tend to be with another FCSW. For calculating
the bipartite clustering coefficient, we used reinforcement_tm from the tnet package in R.

Degree correlation. Degree correlation is an important indicator in network analysis. To
quantify the degree of correlation, we calculated the assortativity coefficient, which is the Pear-
son correlation coefficient of the degree between pairs of linked nodes [27]:

Zij( i %) kik,
2 (kféfj B %) kik, |

r =

where k; is the degree of individual i, and m is the number of links. If the degree correlation
between FCSWs and MCs is positive (negative), it indicates that MCs who frequently visit
soaplands are more (less) likely to be associated with popular FCSWs. Similarly, we examined
FCSW-FCSW and MC-MC projection networks (Fig 2A), which are networks in which
FCSWs are connected through MCs and those of MCs connected through FCSWs, respec-
tively. By examining these projection networks, we can see the connections among FCSWs or
among MCs. To ascertain the details of the dependence of degree correlation we also measured
the average degree of neighbors of degree-k nodes and studied its k-dependence (S1 Fig).

Robustness of the network. To understand the spreading phenomenon on the network,
we examined the robustness of the network against node removal. It is known that in scale-
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free networks, deleting nodes starting from those with a higher degree makes the network frag-
ile. Here, we compared the case of removing FCSWs from higher-degree nodes with the case
of removing MCs from higher-degree nodes. To measure robustness, we used three indicators:
GCC size, average path length, and maximum eigenvalue (A;) of the adjacency matrix (A;). A,
is proportional to infectivity, considering a simple epidemiological model in which the infec-
tion propagates along the unweighted links of the network. For example, in an Susceptible-
infected-susceptible (SIS) model, if the probability of infection of individual i is denoted by p;,
B is the infection rate, and vy is the cure rate, we obtain

dp; -

/R G pi)ﬁZA,-jpj
=

using individual-based mean-field theory [28-31]. For the effective transmission rate A = f/y,

the infection threshold is given as

1
A> A Ao =—.
= Moy X A1

An exact calculation [32] yields

1

A > —.
c—[\1

The same result was obtained when SIR, SIRS, or SEIR was used instead of SIS [33]. Note
that the weights of the links in the network and the temporal dynamics of the contacts are not
considered here. Thus, A, is an indicator of the strength of spread on a simple graph, not an
indicator that can predict the final number of infected persons.

Randomly rewired networks. To verify the implications of the obtained results, we com-
pared them to cases from artificially generated networks in which the links were randomly
rewired. We used three types of artificially generated networks, including Type I, which pre-
serves the degree of all nodes; Type II, which does not change prefectures or degrees; and Type
III, which does not change establishments or degrees (Fig 2B). By comparing these three artifi-
cially generated networks, we indirectly validated the influence of prefectures and establish-
ments. For each case, we generated 100 networks in which a sufficient number of links were
rewired.

Supporting information

S1 Data. List of reviews.
(CSV)

S1 Fig. The total number of reviews for each month.
(DOCX)

S2 Fig. Degree correlation curve. Plot of the average degree of the neighborhood of degree k
nodes as a function of k. The green marks correspond to the observed networks, whereas the
purple ones correspond to the randomized network preserving the degree distribution. (A)
and (B) show the average degree of neighbors of degree k nodes for FCSWs and MCs, respec-
tively. The assortativity coefficient is -0.181. This negative correlation indicates that popular
FCSWs are shared by many infrequent MCs. (C) and (D) show the same analysis for the
FCSW-FCSW and MC-MC projection networks (right panel in Fig 2A). The assortativity
coefficients were positive, suggesting that active MCs tend to review common FCSWs, and
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