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Abstract

Objectives—Population mixing patterns can greatly inform allocation of HIV prevention 

interventions such as treatment as prevention (TasP) or preexposure prophyloaxis (PrEP). 

Characterizing contact patterns among subgroups can help identify the specific combinations of 

contact expected to result in the greatest number of new infections.

Setting—Baseline data from an intervention to reduce HIV related risk behaviors in male PWID 

the northern Vietnamese province of Thai Nguyen was used for the analysis.

Methods—Egocentric network data was provided by PWID who reported any drug injection 

equipment sharing in the previous 3 months. Age-dependent mixing was assessed to explore its 

epidemiological implications on risk of HIV transmission risk (among those HIV infected) and 

HIV acquisition risk (among those not infected) in PWID.

Results—A total of 1,139 PWID collectively reported 2,070 equipment sharing partnerships in 

the previous 3 months. Mixing by age identified the 30–34 and 35–39 year age groups as the 

group from whom the largest number of new infections were transmitted, making them primary 

targets for TasP. Among the uninfected, 25–29, 30–35, and 35–39 year age groups had the highest 

HIV acquisition rate, making them the primary targets for PrEP.

Conclusions—Collection and analysis of contact patterns in PWID is feasible and can greatly 

inform infectious disease dynamics and targeting of appropriate interventions. Results presented 

also provide much needed empirical data on mixing to improve mathematical models of diseases 

transmission in this population.
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INTRODUCTION

Novel biomedical tools for HIV prevention such as treatment as prevention (TasP) or pre-

exposure prophylaxis (PrEP) show great promise in slowing HIV spread.1–3 Yet these tools 

depend on long term patient management, demand strict drug adherence, and are expected to 

require vast infrastructure and financial resources.4,5 Calls for finer-tuned and more cost-

efficient approaches have led to proposals to target (i.e. prioritize) these interventions to 

subgroups with greater propensity to transmit or acquire HV.6–8 Proposed strategies for the 

targeting of TasP, for example, identify candidate subgroups based on biological or 

behavioral indications for enhanced HIV transmission, such as pregnancy in women or 

multiple concurrent sexual partnerships.9,10 Other proposals utilize molecular tools to 

construct HIV transmission networks based on genetic similarity among viral samples in 

order to identify HIV-infected persons of higher network centrality.11–13 For PrEP, drug 

indications and targeting recommendations—particularly in men who have sex with men 

(MSM)—have been informed by findings from clinical trials14 and mathematical models 

designed to identify targeting strategies that maximize prevention benefits.15–17

Such targeting approaches represent important first steps in the rollout of TasP and PrEP, but 

are not without their limitations. Targeting groups based on individual risk factors, for 

instance, fail to account for structural elements of HIV risk (syndemic patterns,18 social 

determinants of health,19 network characteristics,20 etc.) and may therefore overlook 

important target groups. And while molecular tools may provide more granularity in the 

tracking of transmissions, these approaches rely on large amounts of high quality viral 

sequence data, making it resource-prohibitive in many lower income settings.

Debates surrounding the appropriate use of PrEP and TasP to date have largely focused on 

sexual modes of HIV transmission. Despite growing interest in applications of these tools in 

persons who inject drugs (PWID), evidence on their effectiveness to date in this population 

is limited to two ongoing trials21,22 and several mathematical models.23–25 This underscores 

the need for easily measured data, along with low-cost methods to understand PWID 

population network structures to inform optimized implementation of preventive 

interventions. Given the costs and logistical barriers of mapping full networks—also known 

as sociocentric networks, or those which provide information on relationships among all 

nodes within a defined social network (see Figure S1 and Supplemental Digital Content for 

more detail)—particularly in populations such as PWID whose behaviors are stigmatized or 

criminalized, we focus on potential uses of egocentric network data which are comprised 

only of information on the immediate contacts of sampled individuals.

Here we present results of a contact mixing analysis in PWID in Vietnam using data from a 

baseline study of an HIV intervention trial28 in order to identify subgroups at relatively 

higher risk of HIV transmission (among those already infected) or HIV acquisition (among 
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those uninfected). The network data presented in this analysis also provides an empirical 

basis to inform parameterization of population-level mixing in PWID transmission models 

(most often represented in the form of an “assortativity parameter,” also discussed in the 

Supplemental Digital Content), outcomes of which are highly sensitive to assumptions about 

population network structure.26,27 Our analysis also provides an instructional model to guide 

other network analyses that can inform targeting of PrEP and TasP in other settings and 

populations.

METHODS

Data used in this analysis arise from the baseline study of an HIV intervention trial 

examining the effectiveness a multi-level intervention to reduce sexual and injecting risk in 

HIV positive PWID.29 The study was conducted in the northern province of Thai Nguyen 

where injection use of opiates is prevalent and HIV prevalence among PWID estimated to be 

about 34%.30 Eligible PWID were recruited into the baseline study in 2009 through 

snowball sampling and outreach by study staff. Eligible participants were male, at least 18 

years of age, sexually active in the last 3 months, had injected drugs in the past 3 months, 

and planned to remain in the study area for the next two years.31 HIV infection status was 

confirmed through two simultaneous rapid enzyme immunoassay HIV tests: Determine 

(Abbott Laboratories, Abbott Park, IL) and Bioline (SD, Toronto, Canada).

Participant network data was collected using a name generating method in which 

participants listed names of all individuals who had played any kind of social support role in 

the most recent 3 months. Follow-up questions then collected information on each listed 

member including demographics, relationship to the participant, and frequency of equipment 

sharing between them. Equipment sharing was defined as using the same ampoule of water/

Novocain; transferring drug solution, or using the same needle/syringe. Sharing frequency in 

the previous 3 months was assessed using prefixed categories (i.e. “less than once a month,” 

“2–3 times a month,” “weekly,” “2–3 times a week,” and “daily”) which were then 

multiplied by the number of days in the 3-month assessment period (90 days) to estimate 

total numbers of sharing episodes during that time. For sharing frequencies measured as a 

range (e.g. 2–3 times a week), we used the lower and upper bounds to calculate a minimum 

and maximum estimate of total sharing episodes over the 3-month duration (e.g. 24–36 

times in 3 months), from which we randomly drew a value for each partnership. This 

approach was thought to better approximate a more realistic distribution of per-partnership 

sharing frequency in the past 3 months.

Mixing matrices were then constructed to describe contact patterns between participants and 

their drug sharing partners according to five-year age groups (age is thought to bear 

epidemiological implications for HIV risk in PWID32,33). An initial matrix assessed 

frequency of contacts between participants and their partners in the past 3 months (κij). A 

second matrix then assessed transmission risk resulting from contact between each age 

group by calculating expected numbers of new cases (κij * Ij/Nj * Si), with bootstrapped 

confidence intervals using resampling of partnerships over 1000 iterations. Finally, the sum 

of the relative number of new expected infections across columns was used to estimate the 

expected number of relative new infections due to sharing with contacts of the respective age 
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group, and the sum across rows was used to estimate the relative number of expected new 

infections in each participant age group. All statistical analyses were performed in the R 

statistical package (R v. 3.1.1, www.cran.org).

The study was approved by the institutional review boards of the Johns Hopkins Bloomberg 

School of Public Health and the Thai Nguyen Center for Preventive Medicine. For each 

study visit participants were reimbursed 50,000 Vietnamese Dong (about $3 USD).

RESULTS

Participant and Network Characteristics

Of the 1674 participants enrolled in the study, 535 (32.0%) were excluded from this analysis 

for reporting no equipment sharing in the previous 3 months, leaving 1139 men in the final 

analysis set (Table 1). Compared to those who were HIV negative, fewer HIV infected men 

were employed either full or part time (84.9%, 95% CI, 81.3–88.6% versus 91.9%, 95% CI 

89.9–93.8%) or had had unprotected sex in the past 3 months (69.0%, 95% CI, 64.3–73.8% 

versus 80.9%, 95% CI, 78.1–83.6%). However more of the HIV infected participants 

reported daily injection drug use in the past 3 months (51.2%, 95% CI, 46.1–56.4% versus 

42.2%, 95% CI 38.89–45.7%) compared to their HIV uninfected counterparts.

A collective total of 2070 equipment sharing partnerships were reported by participants, 

with most (45.0%) reporting only reporting one partner in the past 3 months and nearly half 

reporting monthly injection (Figure 1A).

Contact Patterns

Reported numbers of contacts between 5-year age groups in the 1139 participants are shown 

in Figure 2 (raw data provided in Figure S2). Higher cell values indicate more frequent 

mixing between members of the two age groups. The higher rates of contact between 

members of the same age (cells along the diagonal line) indicate that sharing in this 

population was relatively assortative, that is, sharing tended to take place between partners 

of the same or similar age groups (greater detailed discussion of assortativity provided in the 

Supplemental Digital Content and Figure S3).

A second matrix (Figure 3) incorporates age-specific HIV prevalence and numbers of 

susceptible individuals, in which cell values represent estimates of the expected numbers of 

new infections due to contacts between each age group. This matrix suggests that contact 

among those aged 30–34 and 35–39 will likely produce the most new infections as 

compared to all other age combinations. A figure of age-specific HIV prevalence is provided 

in Supplemental Figure S4.

Total numbers of expected new infections in each age group, as well as total numbers of 

expected new infections in each age group attributable to contact with partners in every age 
group are shown in Figure 4. The dotted line shows the number of new infections expected 

as a result of sharing with partners in each group over a 3 month period. Among them, 

sharing with 30–34 year olds and 35–39 year olds would result in the most new infections 

compared to other age groups (N=14.1 and N=10.5, respectively). The solid line indicates 
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the groups that would be expected to experience the highest force of infection in the same 3 

month period, showing that those in the 30–34 and 35–39 year old age groups would be the 

most heavily impacted.

Implications for HIV Control

Contact patterns with drug sharing partners indicate assortative age-based mixing in this 

population. Accounting for age-specific HIV prevalence allows for identification of age 

groups expected to have the greatest likelihood of transmitting HIV to their partners, making 

them primary candidates for TasP. The same results also identify the age groups expected to 

acquire the most new infections, who in turn would be primary candidates for PrEP. It is 

noteworthy that similar age groups are both the primary transmitters and acquirers of new 

infection (30–34 and 35–39 year olds), a possible byproduct of the fact that this group has 

the combination of both high HIV prevalence, high rates of sharing, and sufficient numbers 

of uninfected persons still at risk of infection.

DICUSSION

Here we present a novel application of network analysis tools to address key questions to 

guide effective targeting of PrEP and TasP in high transmission settings. Growing interest in 

the use of TasP and PrEP for HIV control34,35—evidenced by several large scale trials on 

HIV combination prevention36—will bring with it the need for clearer insights into how 

infected and uninfected groups of people mix. Moreover as the epidemic in key populations 

continues to expand,37–40 effective use of these interventions in hard-to-reach populations 

such as PWID will become critical to global HIV control efforts. As promising results begin 

to emerge from early clinical trials on the effectiveness of PrEP41 (and imminently, for 

TasP42) in PWID populations, analyses such as this which inform allocation of biomedical 

intervention tools may play a key role in early program scale-up and implementation. 

Moreover, as part of a longstanding collaboration between US investigators and local 

Vietnamese health authorities, this study and its findings are well positioned to directly 

inform local HIV control policy and impact health outcomes in the near future.

Our findings also provide new insights into contact mixing patterns of PWID, particularly 

among those in LMIC settings. We are aware of only two studies to date that have quantified 

contact mixing in PWID, both conducted in the US and led by Dr. Mark A Williams. The 

earlier study, published in 1995, surveyed out-of-treatment PWID living in one of three US 

cities (Dayton OH, Houston TX, and Rio Piedras, Pureto Rico),43 and the latter, conducted 

in 2001, surveyed drug-using male sex workers in Houston, TX.44 Both studies corroborate 

our findings of assortative age-based mixing in PWID; however, the relatively few age 

groups considered in both Williams et al studies (3 in one and 4 in the other) limit our ability 

to make direct comparisons. The lack of biological outcome data in both Williams et al 

studies also limit their findings to descriptive results and so are unable to investigate 

expected transmission patterns as was done in this analysis.

It is our intention that the guidance provided here help inform future investigations in 

diverse settings and potentially in other populations, but only after careful considerations of 

its limitations. First, information bias such as recall or reporting bias, while a common 
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problem in survey data, may compound existing measurement issues if the resulting bias is 

associated with misreporting of partner attributes. In our example of age-based mixing, for 

example, younger PWID may misreport or overestimate the ages of much older partners, a 

phenomenon known to affect other types of data,45 If reporting bias did in fact skew reported 

partner ages upwards, however, observed patterns of age-based mixing matrices would likely 

appear less assortative, suggesting robustness of the assortativity observed in our data. 

Second, the name generating approach used to enumerate participant contacts may have 

resulted in biased samples of each participant’s true drug sharing network. That is, by asking 

participants to first list names of people from whom they received social support, a list from 

which they would then identify network members with whom they had shared drug 

equipment, the resulting networks may overrepresent drug sharing partnerships with people 

to whom they are emotionally close. Little information is available on the differences across 

types sharing relationships, but findings from a 2001 study of Baltimore PWID reporting 

that partners who knew each other well (e.g. sexual partners or kin)46 may share with greater 

intensity. This may suggest that our sample captured key partnerships within which most 

sharing takes place, but more contextual background information would be needed to assess 

the impact of such biases on our observed result. A final limitation of this study was our lack 

of details on participants’ reported sexual partners, which precluded our ability to assess risk 

of sexual HIV transmission. Though future network analyses will greatly benefit from 

incorporation of this information, the outsized risk of HIV transmission associated with 

unsafe drug injection vis-à-vis vaginal intercourse (the dominant form of sexual behavior 

reported by this sample) retain some of public health significance of the results presented 

here.

Knowledge of the functions and dynamics of social networks can lend valuable insight into 

the design of effective network-based interventions.47 Our study demonstrates the utility of 

egocentric network data to investigate contact mixing patterns salient to decisions about 

targeting and allocation of HIV prevention resources in PWID. Although egocentric data is a 

relatively low-cost, fast, and feasible alternative to collection of sociocentric or viral 

sequence data (particularly in lower-income settings), researcher choice on network 

approaches should also be guided by their existing knowledge regarding things like 

epidemic stage or other local environmental factors. More sophisticated approaches may 

also be more appropriate for addressing more in-depth questions regarding things like long-

term historical transmission trends,48,49 the relationship between network-wide behaviors 

and prevalence,50 and the role of network features on patterns of disease spread.51

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A) The graphs displays the proportion of study participants that reported each number of 

different drug injection equipment sharing partners in the past 3 months. The figure 

represents survey information provided by the 1139 male PWID participants of the parent 

study who reported at least one sharing event during that time. B) The graph displays the 

proportion of study participants that reported each frequency of injection in the past 3 

months. This figures represents information provided by the same 1139 male PWID 

participants as in panel A.
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Figure 2. 
Age-dependent contact mixing matrix as reported by 1139 male PWID participants of the 

parent study. Cell values represent the 3 month average number of sharing events between 

each age group, with the ages of the study participants represented along the X-axis and 

those of their sharing partners’ ages represented along the Y-axis. 95% confidence intervals 

represent bootstrapped values estimated by sampling observed partnerships with 

replacement over 1000 iterations. Cell color shading corresponds to the intensity of sharing; 

that is, the more frequent the number of sharing episodes between members of two given age 

groups, the darker the corresponding cell.

Smith et al. Page 11

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Age-dependent matrix for the expected relative number of additional people infected due to 

contacts in each age combination in the previous 3 months. The cell values provide the 

relative number of new infections expected to occur among sharing partners (the group on 

the Y-axis) due to sharing events with study participants (the group on the X-axis). 95% 

confidence intervals represent bootstrapped values estimated by sampling observed 

partnerships with replacement over 1000 iterations. Cell color shading corresponds to the 

relative number of newly infected individuals as a result of sharing between the two age 
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groups; that is, the more new infections resulting from sharing between two age groups, the 

deeper the shading of the corresponding cell.
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Figure 4. 
Plots show the number of new infections that one would expect to observe in the subsequent 

time period (i.e. following the initial 3 months of observed time) given the baseline age-

specific HIV prevalence and age-dependent mixing patterns. The dotted line indicates the 

number of new infections that would be expected to occur as a result of contact with HIV 

infected individuals in the corresponding age group on the X-axis. This line is therefore 

indicative of the age groups that should be targeted for treatment as prevention (TasP). The 

solid line indicates the expected number of new infections acquired by the corresponding 

age groups on the X-axis, indicating the age groups that should be targeted for pre-exposure 

prophylaxis.
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