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Objective: Using mixed methods, we explored properties of long-haul truckers’ social networks
potentially influencing STI/BBI acquisition and transmission. Methods: We recruited inner-city
drug and sex network members (N = 88) for interviews. Blood and urine samples and vaginal
swabs were collected to test for STIs/BBls. Data were collected on participants’ role in the net-
work (trucker, sex worker, or intermediary), sexual and substance-use behaviors, and dyadic rela-
tionships with drug and/or sex contacts. We analyzed network data using UCINET. Results: Data
revealed 2 major network clusters (58 male truckers, 6 male intermediaries, and 24 female sex
workers; 27.3% STI/BBI positive). Overall, 18.8% of network members had more than one type
of risky relationship with the same person (multiplexity), 11.4% of dyads were between 2 STI/
BBI positive people (assortative mixing), 36.4% were between one STI/BBI positive person and
one negative person (disassortative mixing), 44.3% of people were connected to more than one
person who was STI/BBI positive (concurrency), and 62.5% of nodes were just one path removed
from an STI/BBI positive individual (bridging). Conclusion: Despite only 27.3% of the network
being STI/BBI positive, our results revealed network characteristics (and potential intervention

points) that amplify risk of disease spread within trucker-centered networks.
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ocial networks play a critical role in the prolif-

eration of substance use and risk-laden sexual

behaviors that can facilitate the spread of sex-
ually transmitted and bloodborne infections (STIs/
BBIs)."* Given that STIs are mainly transmitted
through intimate contact between infectious and
susceptible individuals, the pattern of disease dif-
fusion through populations traces the structure of
social networks.> Who partners with whom, how
partnerships are maintained, and the larger net-

works they are embedded in have defined STI ac-
quisition and transmission, and therefore, directly
relate to a person’s risk of infection.*

Transient populations, such as long-haul truck
drivers in the United States (US), are especially
vulnerable to disease risk.” Truckers are dispro-
portionately exposed to individual-level chronic
stressors that often lead to substance use and sexual
risk taking, including excessive work hours and
disrupted sleep patterns, time pressures, social iso-
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lation, unhealthy dietary patterns, inadequate ac-
cess to affordable, quality healthcare, and work-life
conflicts.®

In addition to individual-level stressors, trucker-
centric urban settings (eg, truck stop parking lots,
low-budget motels), have the capacity to render
truckers and their network contacts vulnerable to
multiple risk exposures due to increased risk-taking
activities in these locales.® Typically trucker net-
works are composed of truckers themselves, along
with a subgroup of people (eg, female sex workers
and intermediaries) who account for disproportion-
ately high numbers of contacts with truckers within
the network, most notably in trucker-centric urban
settings.” Because the core individuals of these risk
networks (sex workers and intermediaries) are pri-
marily non-transient persons permanently settled
in the area, they stabilize the network while also
perpetuating the spread of disease by having a mul-
titude of contacts in an established geographic lo-
cation.” These risky network structures can persist
in geographic locations for long periods and can
exacerbate risk for those traveling through, includ-
ing truckers.®® This is especially problematic be-
cause truckers often engage recurrently with these
persons due to their stability in the area, increasing
pseudo-security that can lead to unprotected sex
and increased risk for disease spread.'®!!

Empirical evidence corroborates the importance
of key social network properties in increased in-
fection risk and spread.” Common network
properties in the study of disease spread include
multiplexity (having multiple types of relation-
ships with the same person)," assortative (connect-
ing with someone based on similar characteristics)
and disassortative mixing (connecting with some-
one who is different in some way),'® concurrency
(having multiple overlapping connections within
the same network),"” and bridging (being the con-
nection point between 2 otherwise unconnected
people in a network).'® The social and sexual net-
works of long-haul truck drivers have been impli-
cated in ongoing STI/HIV transmission spikes in
less developed areas of the world;>'” however, there
is less investigation of social network properties
in relation to STT transmission and endemicity in
inner-city locales in the US.***' Thus, the purpose
of this study is to explore properties of US truckers’
social networks that potentially influence STI/BBI
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acquisition and transmission in inner-city Atlanta,
Georgia. Specifically, we used a mixed-methods
approach to examine multiplexity, assortative and
disassortative mixing, concurrency, and bridging
within this network of truckers, sex workers, and
intermediaries.

METHODS
Participants and Procedures

Data for this paper come from a large mixed
methods ethno-epidemiological study on the sex
and drug exchanges of US long-haul truckers.*!
This particular investigation used interview data
collected in socioeconomically depressed areas of
inner-city Atlanta, as well as serological test results,
to construct social networks consistent with drug
and sex exchanges among long-haul truckers and
their contacts.

Before recruiting persons for interviews, re-
searchers engaged in non-participant observation
to identify geographic locations and key people
within these locations that could be important to
the study of trucker networks. This observational
period was followed by efforts to build trust with
community members via informal conversations
and socio-spatial mapping in and around truck
stops to ascertain the potential pathways of truck-
ers’ STI/BBI risk.?! In doing so, the research team
learned of prominent locales where drug and sex
exchanges occurred, as well as prominent network
members within these locales. Once these commu-
nity members were identified and engaged, several
focus groups were conducted with truckers, female
sex workers, drug suppliers, and community gate-
keepers to uncover prevalent risk domains and de-
velop interview guides to be used in the next phase
of the study.

Using respondent-driven sampling (RDS), par-
ticipant recruitment was initiated with 9 female
sex workers and 3 intermediaries (individuals who
often work near truck stops or gas stations and pro-
vide various services for truckers, including polish-
ing wheels, running errands, or procuring drugs or
sex workers for truckers)® identified during focus
groups. RDS is a type of sample recruitment that
uses a group of initial network members, known
as indexes, to identify and connect researchers to
more transient or hidden network members for
data collection.”?? Previous research on hard-to-
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Figure 1
Sample of Interview Questions Used to Create Relational Edge Lists

DYADIC RELATIONSHIPS WITH RISK PARTNERS

IF NOMINATED BY A SEX CONTACT

1.

2.

10.

11.

12.

13.

___told us that you and s/he have had sex. Is this true?

Do you also (use drugs with) or (buy from/sell to) ? If yes...which is it?
[IF YES, ask ?s 55-62 also]
[IF NO, after 254, go to 263]

On a scale from 1 (not at all) to 5 (very well), how well do you know  ?

On a scale from 1 (not at all) to 5 (very much), how much do you trust _ ?

How regularly do you have sex with _ ?

In the last 3 months, how many times did you have sex with 7 When was the last time?
[NOTE: If subject can’t remember last THREFE months...work with him for last

month, a week, a day...trying to get the longest amount estimated]
a. From these, how many were vaginal, anal, and oral sex?

b. How often did you use condoms on a scale from 1 (never) to 5 (always)?
For which sex acts do you use condoms with ?

Where do you usually have sex with _ ?
How do you usually pay  (money, drugs, rides, food, other)?
Have you ever paid __ more for sex without a condom? Why?

To the best of your knowledge, in the last 3 months...how many other people has  had
sex with besides you?

To the best of your knowledge, has  ever had any STDs?
To the best of your knowledge, has _ ever tested positive for HIV or been diagnosed
with AIDS?

reach populations, injection drug users and persons  in focus groups and selected due to their stability
at risk for HIV infection, support RDS as a means  in the community led researchers to truckers with
to identify important people within a subgroup of ~ whom they engaged in drug and/or sex transac-
the population, particularly in social network re-  tions. Whereas we initially recruited a total of 112
search.?*?® These 12 indexes who were identified  trucker network members, arrests, incarceration,
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disappearance/moving away, illnesses, or unfore-
seen travel yielded 88 individuals (58 long-haul
truckers, 24 female sex workers, and 6 intermedi-
aries) who participated in data collection.”

To be eligible to participate in interviews, female
sex-workers had to be at least 18 years old, had sex
for money with a trucker in the last month, agreed
to provide a specimen for STI/BBI testing, and
shared their sex and drug contacts with interviewer.
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Similarly, intermediaries were included if they were
at least 18 years old, had sold drugs or pimped to
truckers in the last month, agreed to specimen test-
ing, and shared their sex and drug contacts. Lastly,
truckers had to be male, at least 18 years old, used
drugs or paid for sex while on the job in the last
month, agreed to specimen collection, and shared
their sex and drug contacts. More details on study
design, sample recruitment, and participant pro-
tections can be found elsewhere.?*?!
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Figure 3
Fulton Cluster of Network Chains
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During interviews, participants provided data on
their: (1) role in the network (trucker, sex worker,
or intermediary); (2) demographic information
(age, race, sex, and sexual orientation); (3) sexual
and substance-use behaviors; and (4) dyadic sexual
partnerships and drug relationships. Figure 1 pro-
vides sample of questions used in interviews. For
sexual behaviors, we asked participants to indicate
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anyone they had oral, anal, or vaginal sex with in
the past 6 months. For substance-use behaviors, we
asked participants about any substances, including
alcohol, cigarettes, and illicit drugs, they were cur-
rently using or had used within the last 3 months.
We asked interviewees if they did drugs with any
of their sex contacts, and vice versa to identify
multiplex relationships. Truckers confirmed rela-



tionships identified in index interviews when they
were interviewed. We conducted interviews with
all participants identified through RDS. Finally,
at the conclusion of interviews, blood specimens
were collected and tested for HIV, syphilis, HCV
and HBV, while urine specimens and vaginal swabs
were collected and tested for chlamydial infection,
gonorrhea, herpes, and trichomoniasis for each
participant. Serological analysis was performed at
the medical laboratories of Emory University in
Atlanta. Each interview lasted approximately one
hour, and participants were given $40.00 at the
conclusion of the interview.

We reviewed interview data to create relational
edge lists (data files containing all dyadic relation-
ships that exist between members of the network)
and attribute files (data files detailing characteris-
tics of each node in the network). We uploaded
both data files into UCINET network software?”
and created network graphs that visually repre-
sent the connections present within the network,
as well as characteristics of each node (eg, role in
the network, STI/BBI status). As a result, we were
able to: (1) determine the sex and drug behaviors
and connections of network members; (2) map the
relationships and interactions between and among
network members and their consequences; and (3)
illustrate the various network characteristics that
lead to greater risk for infection and disease spread
among trucker networks.

Data Analysis

We assessed structure of the networks and 5 key
network properties in this analysis: multiplexity,
assortative and disassortative mixing, concurrency,
and bridging. Structure consisted of clusters and
components. Clusters were groups of nodes from
the same geographic location that had the oppor-
tunity to connect, and components are defined as
a maximally connected subgraph of the network,
with a set of points that are linked to one another
through paths of any length.” We determined that
multiplex relationships included both sex and drug
exchanges between 2 people (indicated by thick,
dark lines in the figures). Assortative mixing was
based on connections between 2 people who both
tested positive for infections. Disassortative mixing
was identified when a person negative for an STI/
BBI was connected with someone who tested posi-
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tive. Concurrency was measured based on whether
a person had multiple, overlapping sexual or drug
ties in the network. Bridging was measured based
on individuals being one path (ie, one connection)
away from an infection. Using the network graphs
generated in UCINET, we calculated the propor-
tion of each network consistent of multiplex ties,
proportion of nodes directly involved in a multi-
plex ties, proportion of nodes involved in concur-
rent ties, proportion of ties consistent of assortative
and disassortative mixing, and proportion of nodes
connected to a bridging node (eg, one path re-
moved from another node).

RESULTS

Analyses revealed 2 clusters of network members
(the Moreland Cluster and Fulton Boulevard Clus-
ter, named for their geographic location), further
broken down into 11 components of 88 individu-
als (58 male truckers, 24 female sex workers, and
6 male intermediaries; Figures 2 and 3). Of the 88
people included in the analysis, 24 tested positive
for an STI/BBI (27.3%). The last column (called
“Total”) of Table 1 presents a detailed overview of
the demographic, behavioral, and serological char-
acteristics of all inner-city Atlanta trucker network
members measured in this study.

Five of the 11 components consisted of people
who had drug and sex exchanges (indicating mul-
tiplexity), ranging from 0%-37.5% of ties across
components. Nearly 20% (18%) of nodes were
involved in these multiplex relationships, and
21.6% were one connection away from a multi-
plex dyad. Nine of the 11 components had char-
acteristics of disassortative mixing, with 29.5% of
people who tested negative for an infection engag-
ing in sex and/or drug exchanges with people who
tested positive. Four of the 11 trucker-centered
components (and 10.4% of total connections)
contained assortative mixing, reaching as high
as 25% of ties within components. Nine of the
11 components contained concurrency, and sev-
eral concurrent relationships included someone
who tested positive for at least one infection. Of
the people involved in concurrent relationships,
41.7% tested positive for a STI/BBI in the More-
land cluster, and 47.1% in the Fulton cluster. Fi-
nally, 6 of the 11 components contained bridges,
or nodes that connected a STI/BBI negative per-
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Table 2
Network Properties for the Moreland Cluster of Network Chains
Network Property Chainl Chain2 Chain3 Chain4 Chain5 Chain 6 Overall
Multiplexity
% of multiplex ties 0% 30% 8.3% 0% 0% 0% 10.3%
% of nodes directly involved 0% 36.4% 15.4% 0% 0% 0% 13.3%

in a multiplex tie

Assortative Mixing
% of ties between two 18.2% 30% 0% 0% 0% 0% 12.8%
STI/BBI positive people

Disassortative Mixing
% of ties between a STI/BBI 36.4% 70% 16.7% 66.7% 100% 100% 46.2%
positive person and STI/BBI
negative person

Concurrency
% of nodes having more 33.3% 9.1% 30.8% 50% 33.3% 0% 26.7%
than one tie

% of nodes that have more 50% 100% 0% 50% 100% 0% 41.7%
than one tie who are
STI/BBI positive

Bridging
% of nodes one path 75% 90.9% 61.5% 25% 0% 0% 62.2%
removed from a STI/BBI

son with a STI/BBI positive person. This resulted  (ie, one connection) removed from an infection.
in 62.2% of nodes in the Moreland cluster and ~ Tables 2 and 3 summarize the network properties
47.5% of nodes from the Fulton cluster one path  across clusters.

Table 3
Network Properties for the Fulton Cluster of Network Chains
Network Property Chainl Chain2 Chain3 Chain4 ChainS Overall
Multiplexity
% of multiplex ties 37.5% 4.5% 50% 0% 0% 15.8%
% of nodes directly involved in a 55.6% 10% 60% 0% 0% 25%

multiplex tie

Assortative Mixing
% of ties between 2 STI/BBI 0% 9.1% 25% 0% 0% 7.9%
positive people

Disassortative Mixing
% of ties between a STI/BBI positive 0% 40.9% 50% 0% 100% 31.6%
person and a STI/BBI negative
person

Concurrency
% of nodes having more than one tie 22.2% 55% 40% 50% 0% 44.7%

% of nodes that have more than one 0% 54.5% 50% 0% 0% 47.1%
tie who are STI/BBI positive

Bridging
% of nodes one path removed from 0% 80% 60% 0% 0% 47.5%
a STI/BBI
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DISCUSSION

The purpose of this study was to examine net-
work properties among a group of truckers, sex
workers, and intermediaries in relation to STI/
BBI disease risk. Similar to previous research, our
results demonstrate that network structures could
increase risk of disease spread through sexual and
drug interactions.

Several of the relationships mapped were multi-
plex, indicating the existence of more than one type
of relationship (ie, sex and drug exchanges) within a
dyad.”® For example, in Figure 2 (Moreland Avenue
Component 2), the index (who tested positive for
HCV) had multiplex relationships with 3 truckers;
thus, chances of HCV spread to those directly con-
nected to the index increase due to new opportu-
nities for bodily fluid exchange. Furthermore, the
index has a multiplex relationship with a trucker
who tested positive for syphilis; not only does the
index’s risk increase, but anyone connected to her
is now at greater risk of contracting syphilis based
on her multiplex relationship. Multiplexity has im-
plications on HIV/AIDS and STT transmission for
both men and women; women might be at higher
risk for HIV due to overlapping relationships con-
sidered to be risky, and men might connect with
women that have increased exposure to infection
due to multiplexity."” Previous research exploring
multiplexity within persons at greater risk for HIV
transmission (eg, sex workers, intravenous drug
users) reported greater rates of multiplexity than
the present study (21%-53%), and found a higher
likelihood of multiplexity among people with more
connections within persons of the same race, sexual
orientation, and those with more network ties.!>?
Our study identified similar patterns of multiplex-
ity, particularly among those most densely con-
nected in the network.

Although the drugs most widely used within
these networks do not involve a syringe or intrave-
nous injection that would increase BBI transmis-
sion risk, drug use in general increases partaking
in risky behaviors, including unprotected sex.’*%!
Drug use can result in reducing inhibitions and
negatively affecting one’s judgment, which could
mean inconsistent condom use and other safer sex
practices with partners that partake in multiplex
relationships. Thus, multiplexity is not only a mat-
ter of exacerbating exposure to infection through
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needle sharing and unprotected sex, but also the 2
behaviors can converge to increase disease burden
exponentially.*

Disassortative mixing can introduce infections to
new groups of people across networks, and there-
fore, helps to maximize epidemics over long pe-
riods of time, especially in transient populations
like long-haul truck drivers.” In this case, 29.5%
of people who tested negative for an infection en-
gaged in sex and/or drug exchanges with people
who tested positive, increasing their risk of infec-
tion, and in turn, transmission to other contacts.
For example, in Figure 3 (Fulton Boulevard Com-
ponent 2), the female sex worker index who tested
negative for STIs/BBIs is connected directly to 6
people with various STIs/BBIs, and is also con-
nected to 3 other STI/BBI negative people that are
directly tied to someone who tested positive. Not
only does her risk increase through disassortative
mixing, but others she engages with also face in-
creased risk.

Contrarily, assortative mixing can prolong epi-
demics, and therefore, increases risk longevity.?
Moreland Avenue Component 1 (Figure 2) illus-
trates 2 people connected that both tested positive
for HCV. Their combined 5 direct contacts, and
the subsequent 5 people they are indirectly con-
nected to, are at heightened risk for HCV. Studies
suggest assortative mixing generates rapid increases
in incidence of an infection in the early stages of
an epidemic, specifically within highly assorta-
tive groups,® while high disassortative mixing can
maximize an epidemic over long periods of time
by introducing the infection to new subgroups of
the population. Additionally, high assortative mix-
ing can produce drawn out epidemics with mul-
tiple peaks.'®% Therefore, these networks are both
vulnerable to increased disease endemicity and lon-
gevity due to assortative and disassortative mixing.
These findings align with previous research suggest-
ing mixing can augment disease risk, particularly
STI/BBI risk between people who engage in sex
and drug exchanges.'®**

Several people across network components had
multiple partners (concurrency), which amplifies
risk of disease spread across network."” For exam-
ple, in Moreland Avenue Component 5 (Figure 2), a
sex worker who tested positive for gonorrhea was
connected to 2 truckers; with each new partner, the



risk for gonorrhea grows. Concurrency influences
the speed of the initial phase of an epidemic, as well
as the number of infected individuals over time.”
Concurrent partnerships increase the likelihood of
exposure to infected persons and as a result, serve
as a risk for infection acquisition and spread.'® Fur-
thermore, individuals with multiple partners rep-
resent heightened risk points within networks, as
they often serve to bridge sections of networks and
impact larger partitions of networks."” Previous
research highlights the risk of concurrent relation-
ships, with studies reporting similar rates of con-
currency between 39% and 54% among high risk
networks (eg, men who have sex with men).?**

Whereas bridging does not necessarily put some-
one in direct connection with risk, it does serve as
a mechanism to link those who would otherwise be
at lower risk with people at higher risk. In this case,
although disassortative mixing directly connected
someone who was negative for infection to some-
one with an infection, bridging creates secondary
risk by more closely associating STI/BBI negative
people with STI/BBI positive people; therefore, in-
dividual nodes become “bridges” for infection to
cross over. Bridging nodes, sometimes referred to
as liaisons, describe people who connect network
members at a low risk for disease, such as HIV,
with members who present a high risk.”” For ex-
ample, in Moreland Avenue Component 3 (Figure
2), 6 people who tested negative for an infection
were connected to a sex worker, who in turn was
directly connected to someone with HBV — the
sex worker now serves as a bridge between her 6
connections and HBV. Bridging is a mechanism
for expediting disease spread, especially to various
subgroups within networks.”® Bridging is often a
product of disassortative mixing and concurrency,
with disassortative mixing serving as a social bridge
(creating new connections across a network based
on various traits), and concurrency operating as a
temporal bridge (connections, and subsequently
disease spread, occur at certain points in time).'®
Overall, the network structures present within
these network chains likely impact the spread of
infection through social ties.

Limitations

The cross-sectional nature of data and partici-
pant attrition comprise the 2 key limitations of this
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study. The use of a longitudinal design would pro-
vide a more accurate representation of the extent
to which network characteristics (eg, mixing, con-
currency) can exacerbate infection spread. Further-
more, based on many features of this population
cohort (transience, incarceration, incapacitation),
networks tend to change over time. Thus, this
study provides an illustration of how social net-
work structure may induce risk for disease at a spe-
cific point in time.

Suggestions for Future Practice

These data serve as an important first step in pos-
sible future programming to combat disease spread
among this population. Valente et al*’ presented a
4-stage model for using network data for successful
program implementation. The first stage (explora-
tion and needs assessment) requires the collection
of network data in a community to determine: (1)
how the network is patterned/structured, (2) key
people that could facilitate change in the network
(eg, opinion leaders, bridge-builders), and (3) as-
sociations between individual characteristics of
interest and network properties. Our study pro-
vides this key information that could then inform
stages 2-4 (program design, implementation, and
sustainment/monitoring), which would result in
a network-informed strategy to reduce STI/BBI
transmission and spread. Using network data to
inform strategies often lead to better health-related
outcomes and more successful interventions com-
pared to those who do not use network data.>**

Conclusion

The social networks truckers engage in within
inner-city locales, particularly for drug and sex
exchanges, present a heightened risk for STI/
BBI spread. In this study. we illustrated how net-
work characteristics may amplify risks of disease
spread across trucker-centered networks, especially
through multiplexity, assortative and disassortative
mixing, concurrency, and bridging.
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