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Abstract

Due to improved efficiency and reduced cost of viral sequencing, molecular cluster analysis

can be feasibly utilized alongside existing human immunodeficiency virus (HIV) prevention
strategies. The goal of this paper is to elucidate how HIV molecular cluster and social

network analyses are being integrated to implement HIV response interventions. We searched
PubMed, Scopus, PsycINFO, and Cochrane Library databases for studies incorporating both
HIV molecular cluster and social network data. We identified 32 articles that combined analyses
of HIV molecular sequences and social or sexual networks. All studies were descriptive. Six
studies described network interventions informed by molecular and social data but did not

fully evaluate their efficacy. There is no current standard for incorporating molecular and social
network analyses to inform interventions or data demonstrating its utility. More research must be
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conducted to delineate benefits and best practices for leveraging molecular data for network-based
interventions.

Resumen

Debido a mejor eficiencia y costo reducido de la secuenciacion viral, el analisis de complejos
moleculares se puede utilizar de manera factible junto con las estrategias de prevencion del

virus de inmunodeficiencia humana (VIH) existentes. El objetivo de este repaso es de aclarar
como integrar los analisis de las redes sociales y de los complejos moleculares del VIH

para implementar intervenciones para controlar el VIH. Buscamos en las bases de datos de
PubMed, Scopus, PsycINFO y Cochrane Library por estudios que incorporaran datos de redes
sociales y grupos moleculares del VIH. ldentificamos 32 estudios que combinaban analisis de
secuencias moleculares del VIH y datos de redes sociales. Todos los estudios fueron descriptivos.
Seis estudios describieron intervenciones informadas por datos moleculares y sociales, pero

no evaluaron completamente su eficacia. No existe un estandar actual para incorporar analisis
moleculares y sociales para informar intervenciones o datos que demuestren su eficacia. Se deben
realizar mas investigaciones para delinear los beneficios y las mejores practicas de aplicar los
datos moleculares y sociales para crear intervenciones del VIH.

Keywords

Cluster analysis; HIV; Social networks; Contact tracing; Systematic review; Cluster detection and
response

Introduction

Network-level surveillance methods are one of the primary strategies employed by health
departments to monitor the transmission of Human Immunodeficiency Virus (HIV) and
reduce subsequent infections [1, 2]. Partner services, a common social network intervention,
involves collecting partner information from individuals newly diagnosed with HIV and
informing these sexual and drug-use contacts of possible exposure, often with the aid of
health providers, disease intervention specialists (DIS) [2, 3], or internet-based referral
services [4]. Due to its high yield in identifying new HIV diagnoses [5, 6] and preventing
onward HIV transmission [7, 8], forms of partner services or partner notification, along with
linkage-to-care, have become the gold standard for health department HIV identification and
prevention services provided upon identifying new diagnoses.

With recent advances in genomic sequencing technology, public health officials have shown
interest in utilizing molecular cluster analysis alongside partner notification to bolster
existing HIV surveillance methods [9, 10] and ultimately inform targeted interventions
[11]. Molecular cluster analysis uses viral genetic sequences to group viral samples into
transmission clusters with the goal of pinpointing transmission risk factors, monitoring
growing clusters, identifying individuals at risk of HIV acquisition [11-14], and reducing
subsequent transmission [15, 16]. Molecular cluster analysis is well suited for HIV
surveillance due to HIV’s predictable error rate, which provides an easily interpretable
“molecular clock” [17]. The viral sequences required to conduct molecular cluster analyses
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are increasingly available to health departments and researchers due to recommendations
made by the Department of Health and Human Services (DHHS) that newly diagnosed
individuals receive drug resistance testing upon entry to care [18]. Molecular cluster analysis
is particularly appealing because, when integrated with traditional surveillance approaches,
it could potentially identify gaps in existing HIV testing and treatment programs, inform
cluster-specific interventions [15, 19], direct scarce resources to transmission “hotspots” [13,
20], and conversely determine when additional resources may not be required.

While cluster detection and response utilizing molecular and social network data holds
promise, the efficacy of this approach remains largely unknown. Prior systematic reviews
have explored the effectiveness of partner services [21], online and phone messaging-based
referral services [4], and HIV testing interventions [22]. The ethical implications of applying
molecular cluster analysis to HIV have also been analyzed [23]. No review, however,
systematically examines the utilization of molecular and social network data together to
develop network-based interventions that interrupt ongoing transmission. We evaluated
peer-reviewed publications and grey literature from major HIV conferences to assess how
molecular cluster analysis has been used with partner services or other social network
approaches to investigate HIV transmission and inform targeted interventions. A better
understanding of these processes is important if we are to effectively use molecular data to
respond to new diagnoses and move towards eliminating HIV transmission.

Article Identification

The systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (Table S1) [24]. An exhaustive list of
search terms was compiled based on prior investigator knowledge in consultation with an
academic librarian and is available as part of the supplemental materials (Online Appendix
A). Database searches of PubMed, Scopus, PsycINFO, and Cochrane Library were
completed on March 27, 2020, and again on May 7, 2021, yielding a total of 1201 articles.
In addition, online abstracts from conference proceedings for the following conferences
and years were reviewed: International AIDS Conference (2001-2016), Conferences on
Retroviruses and Opportunistic Infections (2014-2020), AIDS (2016, 2018), HIV Research
for Prevention (2016, 2018), IDWeek (2018), National HIV Prevention Conference (2019),
and the Laboratory of Biotechnology and Molecular Virology Conference (2019). The
review of conference proceedings identified two eligible abstracts. Reference lists of
included articles were also reviewed, yielding one additional eligible article. Articles
suggested by subject experts were additionally reviewed for inclusion, identifying an
additional six studies.

Article Eligibility and Screening Process

Acrticles were screened and selected based on two primary inclusion criteria: (1) molecular
cluster analysis of HIV sequence data was described in the study, and (2) relational data
between individuals (referred to as “social network data” throughout) was captured and
utilized in the analysis including sexual and social contact data from partner services,
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contact tracing, other social network sources (i.e., Facebook friends), respondent-driven
sampling (RDS), and/or connections through shared venue attendance. No restrictions were
placed on article publication date or study location. We excluded articles that focused
primarily on hypothetical modeling or laboratory research in order to focus specifically on
how molecular analysis has been implemented in real-world settings. We also excluded
studies that only presented molecular or social network connections between dyads,

ignoring the larger network, including those describing transmission between one index

case and multiple partners without successive rounds of transmission. The search terms were
inclusive of a broad range of diseases to ensure all HIV transmission articles were identified,
but all non-HIV disease conditions were ultimately excluded. If multiple articles utilized the
same data source over the same time period, the article with the most robust molecular/social
network data analysis or response intervention was included. Detailed reasons for article
ineligibility are presented in Fig. 1.

All 1201 identified articles were exported into an Endnote X7 library (Clarivate,
Philadelphia, PA). Duplicates (n = 408) were removed, and the remaining 793 articles

were assessed for eligibility. Authors DG, KS, and AU conducted preliminary screening

of titles and abstracts, with conflicts adjudicated by senior author JS. To ensure reliability
and consistency, DG, KS, and AU screened groups of 10 articles and sorted them into
categories of qualification or disqualification for further review based on criteria outlined in
Fig. 1. Authors DG, KS, AU, and JS discussed all inconsistencies in paper sorting until each
categorization was consistent among reviewers (five rounds). Full-text review of 66 articles
was completed by DG, KS, and SR, and all articles eligible for inclusion were reviewed

by the senior author JS. Undecided studies were reviewed and adjudicated together by DG,
KS, SR, and senior author JS during team meetings. A total of 727 articles were excluded,
primarily because they did not involve molecular cluster analysis or because they focused on
a disease other than HIV.

Data Abstraction & Charting

Data from articles were abstracted by DG, KS, and SR utilizing a standardized format and
all abstractions were thoroughly audited for accuracy and consistency by a single author
(DG) [25]. For each study, we collected information on the year of publication, study
location, time period, study design, data source (i.e., a government agency, academic or
clinical institution, or named cohort study), sample size, and characteristics of the studied
population/s. We also documented detailed summaries of how both the social network data
and HIV sequence data were obtained and analyzed, how they were integrated into the
study, and the study’s main results. Quantitative ratings of evidence presented in articles
were not possible due to the exploratory, descriptive nature of included articles and a lack of
consistent outcomes reported across studies.

Role of the Funding Source

Study funders were not involved in study design, collection, analysis and interpretation of
data, nor the decision to submit this work for publication.
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Results

Descriptive Characteristics

Among the 32 included studies, almost all were conducted in either high-income (n =

26) or upper-middle income countries (n = 4) (Table 1) [26]. The majority (n = 20) were
conducted in the United States, with the Midwest being the most represented region. No
included studies were conducted before the year 2001, and the majority were conducted
between 2016 and 2020 (n = 19). Major populations of interest in the studies included

men who have sex with men [19, 20, 27-40], racial minorities [29-31, 34, 35, 39, 41-43],
female sex workers [33, 44—-46], and persons who inject drugs [39-41, 46-53]. The size

of the study population varied greatly, with five studies having small sample sizes under

20 people [27, 34, 46, 52, 54] and eight studies including greater than 1000 individuals

[19, 29, 32, 33, 43, 44, 48, 55], though complete molecular cluster and social network
analyses were sometimes performed only on subsets. We identified three different forms of
relational network data that were utilized by studies: (1) sexual or drug use contact tracing
data from partner services or DIS interviews [19, 27-32, 36-44, 46-48, 50-54, 56, 57], (2)
RDS data or other data capturing social contacts (i.e., reported social contacts, Facebook
friends) [33-35, 38, 47, 49], and (3) information about individuals’ sex or drug-use venue
attendance [20, 34, 45]. We categorized the included articles into the following groups
based on the purpose of the analysis: (1) studies that characterized transmission clusters

by assessing the overlap between social and molecular networks (n = 20), (2) studies
documenting HIV outbreak investigations using molecular and social data (n = 6), and (3)
studies depicting response interventions informed by molecular and social data (n = 6). For
the purpose of this review, response interventions were defined as public health interventions
implemented along the HIV surveillance, testing, care linkage, treatment, and prevention
continuum beyond standard contact tracing and linkage-to-care measures typically provided
by health departments during HIV outbreaks. Interventions were further required to present
quantitative data on their HIV outcomes for inclusion. All studies were observational in
design.

Studies Characterizing Transmission Networks

Twenty studies were identified that investigated the overlap between networks generated
with social or sexual network data and networks generated from molecular cluster analysis
of HIV sequences (Table 2) [20, 28-38, 43-45, 47-49, 56, 57]. Many studies were
secondary analyses utilizing data from HIV research cohorts, though a portion (n = 8)
utilized routine HIV surveillance data from a government source [28-31, 43, 44, 48, 57]. All
20 studies were descriptive in nature.

The most common use of molecular data in the context of social network data was to

assess purported transmission links, either by using the data to support or refute specific
partnerships [28, 32, 34, 36, 44, 56, 57] or to calculate the proportion of social ties that were
genetically supported [29, 33, 37]. For instance, a study by Dennis et al. created a social
network based on relationships identified through RDS and then utilized sequences from
HIV-positive members of the RDS chains to assess how many social links between HIV-
positive members also represented genetically supported transmission pairs [33]. A review
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of all studies characterizing social/sexual and molecular network overlap demonstrated that
14-73% of socially linked contacts were genetically supported [28-32, 37, 43].

A subset of studies also reported on whether molecular cluster analysis revealed new
partnerships not identified through social network data and whether those additional genetic
ties spanned previously unconnected social or sexual clusters [30, 32, 35]. A study by
Pasquale et al. generated a large social network from state-wide DIS interview data and
integrated this network with the molecular cluster analysis of 15,246 HIV po/sequences
from the largest reference laboratory in the state [30]. Using this analysis, the authors
reported that the molecular cluster data identified new, previously undocumented links in
59% of the transmission networks they had identified based on DIS interviews. Another
study by Campbell et al. identified an additional 102 putative transmission links among a
social network by utilizing phylogenetic data [32].

Instead of utilizing molecular analysis to validate or add ties, some studies generated
transmission clusters from HIV sequence data and then used social network data to
characterize these molecular clusters by determining whether they contained socially,
sexually, or venue-connected individuals [20, 38, 43, 45, 47, 49]. For instance, a study

by Kostaki et al. generated molecular clusters based on sequences from HIV-positive
participants in an HIV prevention cohort study. Utilizing a combination of contact tracing
interviews and RDS data, they assessed the proportion of individuals with social network
ties within their respective molecular cluster [47]. They then compared these proportions
to what would be expected under simulated random social mixing, demonstrating that
individuals in molecular clusters are more likely to be socially connected to other cluster
members. Overall, studies that examined social ties within genetically-based transmission
clusters found that 43-65% of genetically linked ties within clusters were also socially
connected [31, 47].

Outbreak Investigations

Six studies were identified that utilized molecular cluster analysis and social network data
to surveille a specific HIV outbreak (Table 3) [27, 39, 40, 42, 51, 54]. Of these studies,
Dennis et al. focused on understanding the dynamics behind a large country-wide HIV
outbreak [42], while Nett et al. and Hayman et al. focused more narrowly on supporting
or refuting purported transmission links within one or two small outbreak clusters [27,
54]. Nett et al. in particular drew conclusions about the initial source of the outbreak [27].
Samoff et al. compared social network to molecular cluster data within the context of an
HIV outbreak [51], and Monterosso et al. used both molecular and social data sources

to construct the outbreak cluster itself [39]. All studies utilized contact tracing data from
partner services and/or DIS interviews. Reported outcomes involving the integration of
social network and HIV sequence data included analyzing the number of links between
network members found by contact tracing data compared with molecular analysis as well
as differences in composition of social clusters compared with molecular clusters (i.e., size,
density, demographics).
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Response Interventions

Six studies were identified that described interventions informed by the use of molecular
and social network analyses (Table 4) [19, 41, 46, 50, 52, 53]. All six studies described
interventions executed within the context of HIV outbreaks and associated investigations,
five of which occurred largely among people who inject drugs [41, 46, 50, 52, 53]. While
all the studies utilized DIS to collect social network data, Poon et al. additionally featured a
“near real-time” HIV surveillance method that utilized monthly reports from a government-
run drug resistance database to identify and monitor transmission clusters as sequences
were added, prompting initial recognition of the HIV outbreak [19]. Multiple studies further
compared linkage networks to identify links supported by molecular data, social network
data, or both sources [46, 50, 52].

Included interventions varied greatly in focus and scope. Interventions broadly fit into the
following categories: (1) enhanced partner services, (2) education for providers, patients,
or community members, (3) increased auxiliary services, and (4) expanded HIV testing or
treatment. More granularly, studies discussed the following intervention: (1) increased DIS
staffers or field epidemiologists [41, 50], (2) enhanced DIS follow-up with an emphasis on
antiretroviral initiation, partner notification, and HIV testing [19, 50, 52], (3) educational
outreach initiatives geared towards patients, community members, healthcare providers, or
auxiliary service providers [41, 53], (4) increased syringe services via expanded hours of
operation or operating sites [41, 46, 50], (5) expanded HIV testing in emergency rooms
and hospitals [46, 50], homeless shelters [50], jails [41, 46, 50], or other sites [41, 46],

(6) improved antiretroviral care provision or access [52, 53], and (7) enhanced linkage

to auxiliary services such as insurance enrollment, vaccinations, drug assistance payment
services, syringe services, condoms, etc. [41, 46, 52, 53]. Most studies featured multimodal
interventions. For example, Metcalfe et al. detailed the impact of targeted education outreach
initiatives, enhanced HIV service provision, and increased nursing outreach and linkage-to-
care on HIV treatment and testing outcomes among a cohort of HIVpositive persons who
inject drugs [53].

Reported outcomes for interventions varied greatly, but largely included the following:

(1) the number of HIV tests completed [41, 46, 53], (2) the number of individuals

newly diagnosed with HIV and over what time period [19, 41, 46, 50], (3) the number

of individuals linked to HIV care [52, 53], initiated antiretroviral therapy [19, 41, 52,

53], and obtained viral suppression [52, 53], (4) the amount of elapsed time from HIV
diagnosis to antiretroviral therapy initiation [53] or viral suppression [52], and (5) the
number of individuals provided auxiliary services such as insurance enrollment, Hepatitis
B vaccinations, mental health resources, substance use treatment, or syringe services [41].
No studies, however, incorporated a control arm making it impossible to assess the relative
efficacy of any listed intervention. In Metcalfe et al., a multifaceted intervention was utilized
to successfully initiate all trackable participants on antiretroviral therapy. Viral suppression
in this cohort increased steadily from 18% in 2015 to 86% in 2019, and median time from
HIV diagnosis to antiretroviral therapy initiation reduced from 264 days in 2015 to 23 days
in 2019. Yet due to the lack of control arm, the study’s intervention could not be explicitly
compared to standard partner services and linkage-to-care programming.
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Discussion

Our systematic review of published literature identified 32 descriptive studies that
incorporated both HIV molecular cluster analysis and network data capturing social,

sexual, or venue-based relationships between individuals. Most studies were exploratory
and focused on examining the overlap between social and molecular networks by using
molecular data to support or refute purported transmission ties, assessing the proportion of
a social network with genetic links, comparing the number of purported transmission ties
identified by each type of network data, or examining the social or venue-based connections
within a genetically linked network. Six studies analyzed molecular and social network data
in the context of a specific HIV outbreak [27, 39, 40, 42, 51, 54]. Another six studies
discussed socially and molecularly informed interventions implemented along the HIV care
continuum during particular outbreaks, but their efficacies were not rigorously assessed [19,
41, 46, 50, 52, 53].

While health departments and researchers have integrated HIV molecular cluster analyses
with social and sexual network data for over 20 years [58], the majority of studies
employing both a molecular and social network approach were published within the last

6 years. This recent emphasis on cluster detection and response is likely influenced by
decreasing cost and increasing feasibility of rapid sequencing, as well as recent growth

in funding for phylogenetic analysis from the CDC and National Institutes of Health [59,
60]. Our review showed little standardization in how researchers and health departments
integrated molecular data with existing surveillance methods. Though molecular cluster
analysis was most often used to validate existing links, suggest new linkages, or characterize
transmission clusters, research aims and outcomes varied widely given the exploratory
nature of the studies. Researchers further employed varying thresholds for defining
molecular linkage and utilized different statistical methods of conducting molecular cluster
analysis, most commonly maximum-likelihood or neighbor-joining trees.

Despite the variability among studies characterizing social and molecular network overlap,
our review demonstrated that 14—73% of individuals within social networks were genetically
linked [28-32, 37, 43] and 43-65% of individuals within molecular cluster networks

were socially linked [31, 47]. The significant overlap between molecular and social

network linkages suggests that combining both data sources may prove useful in positing
transmission pathways and identifying individuals who serve to benefit from partner services
or linkage-to-care. As methods for combining molecular cluster analysis with social network
data continue to improve, health departments could utilize integrated molecular and social
networks to better characterize transmission routes and ultimately intervene in actively
growing molecular or social/sexual network clusters [15, 19], though no studies we reviewed
provided practical recommendations for how to do so.

Prior reviews have suggested that molecular cluster analysis, when combined with social
network surveillance methods, may be used to inform cluster-specific interventions [15,
19], evaluate the efficacy of ongoing interventions, or determine how future interventions
should be structured [9, 61]. In addition, given the stabilizing rates of HIV transmission
in many regions, including the United States [62], combined with steady improvements

AIDS Behav. Author manuscript; available in PMC 2023 January 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gore et al.

Page 9

in cluster detection and response techniques, potential interventions based upon molecular
cluster analysis should be increasingly manageable at the local jurisdictional level. However,
our review demonstrated that there is little published evidence discussing the comparative
effectiveness of combined molecular and social network analyses in identifying new HIV
cases or improving HIV outcomes compared to traditional surveillance methods. Six studies
discussed targeted interventions employed during HIV outbreaks that featured enhanced
partner services, educational initiatives, auxiliary services, and improved HIV testing/
treatment programs [19, 41, 46, 50, 52, 53]. These studies further presented quantitative HIV
intervention outcomes on the number of HIV tests completed, new individuals diagnosed
and linked to care, auxiliary services provided, and the timeline for achieving viral load
suppression. Yet none of the studies included control groups enabling comparisons with
standard HIV prevention methods. Though the nature of partner services presents logistical
challenges to rigorous study, comparing newer network-based approaches with standard
partner notification and surveillance practices is essential in determining whether the
addition of cluster detection and response to current network-based interventions produces
superior HIV case finding and transmission reduction.

Our systematic review identified six studies that described the integration of molecular and
social network data in the context of investigating HIV outbreaks [27, 39, 40, 42, 51, 54].
Recent DHHS guidance suggests that all individuals with new HIV diagnoses should receive
resistance testing [18], which has led to increased access to the viral sequences required to
conduct molecular cluster analysis. Additionally, the CDC has recommended that molecular
cluster detection and response be used as a tool to monitor active clusters and help prioritize
resources [1]. Despite the novelty of rapid sequencing technology [63, 64], it appears

health departments are currently conducting surveillance or even interventions utilizing both
molecular and social network data, but are not yet systematically documenting, evaluating,
and disseminating how they integrate these data sources into existing HIV outbreak
investigation and prevention strategies. Additionally, the personnel and resources required to
conduct this integrated surveillance approach have not been adequately addressed given flat
budgets and ethical concerns. Successful community engagement further requires deliberate
consideration and work tailored to each context, in addition to proper training and access to
the novel sequencing technologies. Rigorous evaluation and increased dissemination of this
work must be undertaken in order to develop standardized protocols that can be tested for
efficacy against accepted surveillance and prevention methods.

Given the lack of standardized methods of using HIV molecular cluster analysis, a focus on
implementation science frameworks [65, 66] may be necessary to best incorporate molecular
analysis into existing network approaches or design socially and molecularly-informed
interventions. Implementation science frameworks focus on metrics critical to programmatic
success including acceptability, feasibility, sustainability, and cost, which could aid
researchers in transitioning from descriptive to experimental HIV surveillance studies [66].
Implementation science may further prove essential in identifying suitable uses for cluster
detection and response given ethical concerns such as erroneously implicating individuals in
transmission events, risking privacy breaches via publicly accessible phylogenetic databases
and limited privacy laws, and ultimately leaving vulnerable populations increasingly open

to persecution [23]. A first step in implementing integrated molecular cluster/social network
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interventions may be, for example, to work with stakeholders to determine the level of
integration of data across health departments and front-line intervention agencies. Health
departments have a more complete view and ownership of the molecular cluster data but
must work intentionally to secure community buy-in and engagement. Determining how
data could be shared safely and efficiently would seem to be an important first step.

There are several limitations to our systematic review. First, we were unable to rate the
quality of the evidence presented given that all studies were exploratory with no testable
hypothesis or sampling frame. In addition, we excluded non-HIV infectious agents which
could have yielded some insights into the possible benefits of molecular investigation.
However, we wished to focus on HIV and its unique surveillance systems in order to identify
lessons specific to designing and implementing future HIV interventions.

There is no current evidence demonstrating that combined molecular and social network
approaches are superior to traditional HIV contact tracing in identifying new HIV cases,
facilitating linkage-to-care, or reducing onward HIV transmission. Future research should
focus not only on documenting current utilization of integrated network analysis, but on
implementing reproducible interventions that compare this innovative approach to current
standards for partner services or related interventions. Further evidence is necessary to build
recommendations for or against the integration of molecular cluster detection and response
into current surveillance and intervention methods. Molecular cluster analysis may prove
indispensable in ending HIV transmission, but only rigorous testing and standardization will
demonstrate potential benefits and allow for widespread dissemination.
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Articles identified via database search:
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Cochrane Library (05/07/21) =12

Total records = 1201

408 duplicates
removed
A

Database articles screened
by title/abstract = 793

Disqualified based on title or abstract reporting:

. Unrelated to HIV = 266

. Insufficient phylogenetic/molecular analysis = 298
. Insufficient social network analysis = 72

. Modeling study = 46

. Basic science/bench research study = 25

. Dyadic or case study = 20

N =

A

Remaining articles assessed for
eligibility based on full text = 66

(o2 B SN

Articles ‘eligible from other Disqualified based on full text reporting:
sources. . _ 1. Insufficient phylogenetic/molecular analysis = 4
1. Conference_ proce_edmgs =2 2. Insufficient social network analysis = 21

2. Reference list review = 1 >

. Modeling study = 1

. Dyadic or case study = 11
. Repeated dataset = 5

. Not in English =1

3. Subject expert
recommendations = 6
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Y A

{Total included articles = 32

Fig. 1.
Preferred reporting items for systematic review and meta-analyses (PRISMA) flow diagram

detailing systematic article screening and selection process
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Table 1

Summary characteristics of included articles (N = 32)

Study region

N

United States
South
Northeast
West
Midwest
Multiple regions

International

Year

<2005

2006-2010

2011-2015

2016-2020

2021

Study type

Cohort study

Outbreak investigation

Journal impact factor?
<3
3-5
5-7
7+

Source of molecular data
Government-associated database
Research cohort

Unknown

Type of network datab
Sexual and/or drug-use contact tracing (i.e., partner services)
Respondent-driven sampling or other social contact network
Venue-based

Populations of interest
Men who have sex with men
Female sex workers
Acute HIV infection

Persons who inject drugs

20

LB @ 2 BN & 2 BN S B N

12

19

20
12

12

20
10

a . . .
Total does not sum to 32, two included studies were in the form of a conference abstract

b . - .
Total does not sum to 32, some studies utilized multiple types of network data
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