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ABSTRACT

Introduction HIV continues to have great impact on
millions of lives. Novel methods are needed to disrupt

HIV transmission networks. In the USA, public health
departments routinely conduct contact tracing and partner
services and interview newly HIV-diagnosed index cases
to obtain information on social networks and guide
prevention interventions. Sequence clustering methods
able to infer HIV networks have been used to investigate
and halt outbreaks. Incorporation of such methods into
routine, not only outbreak-driven, contact tracing and
partner services holds promise for further disruption of HIV
transmissions.

Methods and analysis Building on a strong academic—
public health collaboration in Rhode Island, we designed

and have implemented a state-wide prospective study

to evaluate an intervention that incorporates real-time

HIV molecular clustering information with routine contact
tracing and partner services. We present the rationale

and study design of our approach to integrate sequence
clustering methods into routine public health interventions
as well as related important ethical considerations. This
prospective study addresses key questions about the benefit
of incorporating a clustering analysis triggered intervention
into the routine workflow of public health departments,
going beyond outbreak-only circumstances. By developing
an intervention triggered by, and incorporating information
from, viral sequence clustering analysis, and evaluating it
with a novel design that avoids randomisation while allowing
for methods comparison, we are confident that this study
will inform how viral sequence clustering analysis can be
routinely integrated into public health to support the ending
of the HIV pandemic in the USA and beyond.

Ethics and dissemination The study was approved by both
the Lifespan and Rhode Island Department of Health Human
Subjects Research Institutional Review Boards and study
results will be published in peer-reviewed journals.
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Strengths and limitations of this study

» The first study to design, implement, and evalu-
ate a system that incorporates real-time HIV mo-
lecular clustering information into routine contact
tracing and partner service efforts within a health
department.

» The study will be able to draw causal conclusions
about the impact of different clustering methods with-
out randomising index cases to clustering methods,
enabling optimal use of information.

» The study has a four-step ethics plan to ensure that
all procedures conform to ethical standards.

» The study is done in a single state preventing
cross-jurisdictional transmission networks to be
incorporated.

INTRODUCTION

In 2019, thirty-eight million people worldwide
were living with HIV,' 1.7 million of whom were
newly infected and about 700 000 died from
AIDSrelated illnesses. In the USA, approx-
imately 1.2 million are currently living with
HIV, with disproportionate impact on racial/
ethnic minorities and gay and bisexual men.?
Although rates of new infections are decreasing
in recent vyears, infecion numbers have
remained stable and the Centers for Disease
Control and Prevention (CDC) estimates that
14% of those living with HIV are unaware of
their infection. The United Nations set the
ambitious goal to end the AIDS pandemic by
2030,” which the USA has adopted.* To achieve
that goal, novel methods to disrupt HIV trans-
mission are needed.
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Phylogenetics, the study of evolutionary relationships
between organisms,” can be used to identify grouping of
individual-level HIV sequences termed clusters,’ which
may provide (non-causal) information about transmis-
sion networks.”"!" These methods can be applied to iden-
tify HIV clusters using sequence data routinely collected
for HIV drug resistance testing.

Near real-time clustering analyses have been success-
fully used to identify outbreaks and guide public health
responses to outbreak investigations.”? '* ' For example,
in 2015, an investigation of an HIV outbreak was initiated
by a disease intervention specialist (DIS) that identified a
cluster of 11 new HIV diagnoses in Scott County, Indiana.
Phylogenetic analysis of HIV sequences revealed a cluster
of 181 cases, the majority of whom (88%) reported
having used oxymorphone intravenously. Contact tracing
and partner service efforts resulted in 536 named part-
ners of whom 468 were located, tested for HIV and, if HIV
positive, linked to care. As a result, Indiana established a
syringe service programme for the first time.'

Rapid response to emerging clusters was one of the
four focus points identified by the US Department of
Health and Human Services to disrupt HIV transmission.*
To assist with cluster identification, the CDC developed,
manages, and distributes HIV-TRACE, a tool for identi-
fying transmission clusters, currently incorporated into
CDC guidelines for outbreak investigations.'*

Despite such advancements, and as we previously intro-
duced,” several key questions remain in the application
of these methods to public health problems. First, how to
optimally respond to information derived from sequence
clustering methods to improve the yield of contact
tracing and partner notification and disrupt HIV trans-
mission? Second, can and should such methods be used
in routine, rather than only outbreak-driven, workflows
of public health departments? And third, does effective-
ness in identifying transmission networks vary between
different clustering methods? As it is unlikely that any
data can reveal the actual transmission network, it is
important to develop and implement studies that address
these questions.

Up to now, studies incorporating clustering methods
have been mostly conducted in research environments,
primarily to address outbreak scenarios or characterize
existing HIV epidemics. This study was instituted to
design, implement and evaluate a system to answer these
questions in normal, day-to-day public health contact
tracing and partner service practices, that is, beyond the
limits of traditional single outbreak investigations. We
provide an outline and a rationale for the study; develop
a cluster analysis triggered intervention (CATI) to be
used in routine public health activities; plan the evalua-
tion of this intervention and of its effects on prioritising
the deployment of contact tracing and partner service
resources; sketch a novel study design that facilitates
the evaluation of alternative clustering methods while
avoiding randomisation to a single method, which enables
the most efficient use of information and is important in

a small state like Rhode Island (RI); and address ethical
questions which naturally arise when such data are used
to guide public health interventions.

RATIONALE AND STUDY AIMS

A major challenge to disrupting HIV transmission is that
actual transmission networks are unknown and can only
be inferred loosely from observed data. Greater preci-
sion of inference can be obtained by combining infor-
mation from two sources: standard, public health contact
tracing and partner services, and cluster analyses of
HIV sequences. The first provides information on social
and sexual contacts (social networks)'® and the second
provides information about virus similarity and evolu-
tion'” " from which additional inferences about social
networks may be hypothesised.

Contact tracing and partner services is the action of
interviewing newly HIV-diagnosed index cases (ICs) to
identify relationships in social networks.'” Any partner
of an IC newly identified through contact tracing and
partner services is notified, offered HIV testing and, if
positive, linked to care. Currently, contact tracing and
partner services is a standard public health tool for
preventing HIV transmission, but it is limited in that ICs
and their partners may either be unwilling to provide
partner information or may be unable to do so (eg, some
contacts may be anonymous while others may simply be
forgotten in the course of time). Furthermore, many
public health agencies are so limited in resources that
they cannot perform contact tracing and partner services
on all newly identified ICs, thereby foregoing much infor-
mation about the scope and nature of the social networks
in which HIV is transmitted.”

We hypothesise that routinely conducting cluster anal-
yses of HIV sequences in a state-wide epidemic provides
important information about potential transmission
networks; that such information can be used to develop
an intervention for more comprehensive and/or targeted
tracing and partner services; that these improved inter-
ventions might yield uninfected individuals at high risk of
getting infected, individuals who are infected but unaware
of their infection, and ‘infected-aware’ individuals who
are not linked to care, that would not be identified by
routine contact tracing and partner service efforts; and
that the choice of clustering method to identify clusters
may be important.

To address these hypotheses, we designed this study,
in which we will (1) conduct real-time and routine clus-
tering analyses to detect ICs that cluster in a state-wide
HIV epidemic; (2) design and implement a public health
intervention triggered by the integration of this real-time
sequence clustering information with routine, rather than
outbreak-driven, contact tracing and partner services;
and (3) quantify the benefit of the implementation of
this real-time public health intervention. By executing
this study, we will determine the yield of real-time CATI;
evaluate how different methods used to identify clusters
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impact that yield; identify strategies or factors that are
associated with higher yields of CATI; and identify ways
to direct contact tracing and partner service resources
towards individuals who are likely to yield high returns in
terms of disruption of HIV transmission.

The goal of integrating cluster analysis information with
routine contact tracing and partner services also raises
ethical questions®' ™ that must be considered. Therefore,
we have developed a four-step ethics platform as an inte-
gral part of the study to ensure that all procedures we
implement or alter conform to ethical standards.

Study setting

The study is conducted in RI, a state with population of
1.1 million, where the RI Department of Health (RIDOH)
has for years conducted routine contact tracing and
partner services among allnew ICs. RI has achieved signif-
icant success addressing HIV over the last two decades,*
but the number of new infections in the state has stabi-
lized,25 % primarily because of transmission in high-risk
networks, particularly among men who have sex with men
(MSM).

Our study includes all adults =18 years old, who are
newly HIV diagnosed after 1 January 2021 and receive HIV
care at an RI healthcare facility. This study will involve all
eligible ICs over a 2-year period. Based on data from prior
years we expect a sample size of around 180 ICs. Collabo-
rators in the effort include RIDOH, the Miriam Hospital
Immunology Center (the largest RI HIV center, caring
for ~80% of the state’s HIV population), Brown Univer-
sity School of Public Health, and expert consultants.

tudy Team
Sequence Data Aggregation

B

Clustering Analyses

.

Identify Index Cases who Cluster

-

Study overview

We longitudinally collect state-wide HIV sequence data
available from routine drug resistance testing in clinical
care; conduct real-time clustering analyses with multiple
methods to infer presence of ICs in clusters; have real-
time discussions of results among academic and public
health collaborators; implement in real time a CATI;
and evaluate the benefit of this integration and inter-
vention. Figure 1 provides schematic representation of
this process, and below, we provide detailed descriptions
of study aims and the ethics platform that encompasses
them.

Conduct real-time and routine sequence clustering analyses to
detect ICs that cluster in a state-wide HIV epidemic

To enable real-time integration of information derived
from HIV sequence cluster analysis into routine contact
tracing and partner services, we will develop an automated
pipeline that, on a monthly basis, aggregates HIV-1 state-
wide sequence data, performs sequence quality control,
identifies clusters, links sequence and clinical data, iden-
tifies ICs that cluster and reports them to RIDOH, to be
followed by CATI.

State-wide sequencing of the partial HIV-1 pol gene
routinely performed for drug resistance testing in those
receiving care at an RI facility will be aggregated, as has
been done since 2003, including people HIV diagnosed
as early as the 1980s."” 2% This process will include all
historically collected as well as all prospectively available,
newly generated, monthly sequence data.

Public Health

‘ Routine Identification of Index Cases ‘
¥

Routine Initial Interview of Index Cases
and Their Partners

‘ Report Index Cases who Cluster to Department of Health |

s 2

| Study Team and Public Health Meeting ‘

¥

.

Clustering Analysis Triggered Interview
of Index Cases and Their Partners

Evaluation of the Yield of the Cluster Analysis
Triggered Intervention by Primary Outcomes

Figure 1

Schematic representation of the monthly study process. Black boxes represent processes that involve the study

team, white boxes represent processes that involve the Rhode Island Department of Health, and grey boxes represent
processes that involve both the study team and the Rhode Island Department of Health.
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Each month, when a new sequence dataset becomes
available, multiple clustering approaches will be used to
identify clusters. Approaches will include an ensemble
of commonly used phylogenetic methods and cluster-
defining characteristics and HIV-TRACE.”’ Methods
and thresholds were selected based on an empirical
comparison of approaches for identifying molecular HIV
clusters.”

Once cluster analyses are complete, a list of all cluster-
associated ICs (CAIC) for the month will be generated,
where an IC is considered a CAIC, if it clusters with at
least one method in the ensemble or HIV-TRACE. The
pipeline currently takes approximately 24—72 hours to run
on a computer cluster using up to 100 central processing
unit cores.

Patient and public involvement
No patients were involved in the design or conduct of the
study.

Design and implement a public health intervention triggered by

the integration of real-time sequence clustering information with

routine, rather than outbreak-driven, contact tracing and partner

services

To incorporate information from sequence clustering into

routine contact tracing and partner services, a specific

CATI has been designed and will be implemented for all

CAIGs. The approach has five steps:

1. RIDOH conducts contact tracing and partner services
for each IC newly HIV diagnosed in RI. In this routine-
ly performed ‘initial interview’, a DIS interviews ICs to
identify atrisk contacts like sexual or needle-sharing
partners. Named atrisk contacts who can be located
are invited for consultation, offered HIV testing and
linked to care if HIV positive but disengaged.

2. Each month, once new state-wide HIV sequence data
are available and analyses are completed, the study
team will provide RIDOH approved personnel with the
list of CAICs using secure password-protected Web File
Repository tools, as routinely done in other scenarios.
RIDOH personnel will be blinded to the methods by
which the ICs clustered.

3. Each month, after step 2, the study team and RIDOH
will meet to discuss new CAICs, and review past CAICs
previously discussed. Discussions will include cluster-
ing, demographic, clinical, and laboratory informa-
tion, all fully deidentified.

4. Within 7days of the monthly meeting, RIDOH’s DIS
will contact all new CAICs to invite them to participate
in the CATI, a reinterview, whose goals are to elicit ad-
ditional information on the CAIC’s recent sexual and
needle-sharing partners, while integrating the new clus-
ter analysis information. If the DIS locates the CAIC,
a face-to-face or a phone meeting will be attempted.
During the reinterview, the DIS will notify the CAIC
that since they last spoke/met they learnt that the HIV
strain of the CAIC has become increasingly common
in RI, and that when this happens, they reach back out

to people to share these data, confirm what they have
shared earlier and re-elicit sexual and needle-sharing
partners.

5. The DIS will attempt to contact each newly identified
partner obtained from the CAIC in the CATI, using
routine sources like LexisNexis™ and social media to
facilitate searches. If the partner is located, a face-to-
face meeting will be attempted. If the partner is not an
RI resident, the DIS will forward their contact infor-
mation to the appropriate state health department for
follow-up. During the partner interview, the DIS will
notify them of the recent HIV exposure and that the
HIV strain they may have been exposed to has become
increasingly common in RI, and that they will work
with them to ensure they get tested. If HIV diagnosis
is confirmed, a new investigation begins, with the part-
ner as an IC.

ICs and their named partners will never be informed
about who named them, a standard procedure for contact
tracing and partner services,” and no information will
be provided to the IC or their named partners on other
cluster members.

Quantify the benefit of implementation of real-time and routine
CATI to disrupt HIV transmission in RI

The study is designed to enable evaluation of the benefit
of real-time integration of information from cluster anal-
ysis and routine contact tracing and partner services to
public health. We will compare the following contact
tracing and partner service approaches:

1. Routine contact tracing and partner services with no

CATI (no reinterviews).

. Reinterviewing ICs that cluster by using HIV-TRACE.
3. Reinterviewing ICs that cluster by using a phylogenetic
ensemble.

The primary endpoints used to quantify differences
between the three approaches are:

1. Number of CAICs naming more than one sexual or
needle-sharing partner.

2. Number of notifiable partners elicited from CAICs.

3. Number of notifiable partners of ICs with HIV, who
have become ICs.

4. Number of partners of ICs whose HIV status is newly
determined.

For all evaluation measures, the yield of routine (not
cluster analysis triggered) contact tracing and partner
services is the yield of the initial interview; the yield of
phylogenetic CATI is the combined yield of the initial
interview and the reinterview (if the IC clusters with the
phylogenetic ensemble); and the yield of HIV-TRACE
CATI is the combined yield of the initial interview and
the reinterview (if the IC clusters with HIV-TRACE).

Throughout the CATI process, data will be collected
from health records and databases to allow determi-
nation of the outcomes and comparison to the initial
interview yield. Additional secondary objectives will
include comparing the yield of individual components
of the ensemble and identifying factors associated with

No
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higher CATI yields. The latter can help direct public
health resources towards individuals likely to yield high
returns in disrupting HIV transmission. Previously,” we
conducted empirical comparisons of approaches for
identifying clusters. Due to lack of data on the impact of
integrating phylogenetic clustering methods into public
health efforts, the empirical comparison focused on
concordance between different approaches rather than
the more relevant public health question of what methods
are most effective at disrupting transmissions, a question
that this study can answer.

Statistical analysis

A key study design component is combining clustering
methods together and identifying CAICs by any method,
and then use combined results to inform the CATI. By
doing this, we can ascertain what downstream actions
would have been taken if only one method was used—
that is, we can attribute contacts and associated actions
to the method(s) that identified them. This permits
causal comparisons between different clustering methods
without randomising ICs to a clustering method, and
without interfering with DIS work. As a result, all ICs
contribute data to all clustering methods making the
study feasible with a smaller sample size.

The comparisons between the three contact tracing and
partner service approaches will be tested using a gener-
alised linear mixed effects model with the evaluation
measure as the outcome, the method ((a) routine contact
tracing and partner services, or (b) contact tracing and
partner services that incorporate HIV-TRACE, or (c)
contact tracing and partner services that incorporate
phylogenetic ensemble) as a fixed effect and the IC as
a random effect. Two-sided hypothesis tests will be used
when comparing the phylogenetic ensemble and HIV-
TRACE. As by design, HIV-TRACE and the phylogenetic
ensemble cannot have a lower yield than routine contact
tracing and partner services, all comparisons to routine
contact tracing and partner services will be one sided.

If we assume that 40% of ICs name 21 partner during
initial interview (based on historical data), that 45% of
ICs name >1 partner during initial interview or HIV-
TRACE-initiated reinterview, and that 50% of ICs name
>1 partner during initial interview or phylogenetic
ensemble-initiated reinterview, then with 180 ICs we will
have >80% power to test all three hypotheses.

If we assume that the effect size comparing the average
number of notifiable partners elicited from ICs is 20.25
for all three comparisons, then with 180 ICs we will
have >80% power to test all three hypotheses (variances
estimated using historical data). If we assume that the
number of HIV tests per IC from routine contact tracing
is 0.34 (from historical data) and that the effect size for
all comparisons is 20.17, then with 180 CAICs we will
have >80% power for testing all three hypotheses. A
study design that randomises 180 ICs to one of the three
partner service approaches has <45% power for testing all
three hypotheses.

Ethics statement

The study was approved by the Lifespan-Miriam
Hospital Institutional Review Board, Providence, RI (ID
FWA00003538) and the RIDOH Institutional Review
Board, Providence, RI (ID FWA00006141).

ETHICS AND DISSEMINATION

We provide this brief section to acknowledge the impor-
tance of ethics consideration within this topic and our
special attention to it as we conduct our study. To assure
that our study methodology meets strict ethical standards,
we followed a four-step agenda in building an ‘ethics plat-
form’ on which our methods related to contact tracing
and partner services are founded, and by means of which
they are tested.

In step 1, we inventoried state and federal laws and related
regulations which govern the elicitation and use of informa-
tion from contact tracing and partner services and described
our proposed methodology to a diverse group of community
stakeholders and invited their comments.

In step 2, we refined our methodology to assure its
conformance with comments from step 1 and submitted
a detailed description of it to the two institutional review
boards (IRBs) under whose aegis our study is being
conducted. Our methods were further refined in discus-
sions with these bodies and approved by them.

In step 3, we adopted an IRB-approved business asso-
ciate agreement between RIDOH and the principal inves-
tigator (RK), in which the latter became an agent of the
former in the management and analysis of all HIV surveil-
lance information collected by RIDOH.

In step 4, we established an ongoing ethics review of all
aspects of the study, focusing on respect for subjects and the
protection of personally identifiable data. With regard to the
former, we created a form with which subject engagement
in first and second contact tracing and partner service
interviews is evaluated by RIDOH staff, with the notion
that scrupulous attention to respect for subjects would be
evidenced by positive engagement of subjects during
interviews. With regard to the latter, we review the confor-
mity of all data transfer, management, and analysis to
security protocols on a monthly basis.

The ethical issues contained in our study are well known
and commonly managed in public health settings. However,
as we develop a comprehensive integration of data from
sequence clustering analysis and contact tracing and partner
service interviews, we will ensure that our ethics platform
grows and develops through multiple cycles of steps 1 through
4, as our research agenda develops on the basis of results.
On completion of the study, the results will be published in a
peerreviewed journal.

DISCUSSION

We provide an outline and a rationale for a study to
develop methods for, and execute evaluation of, a real-
time public health intervention triggered by integration
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of information from sequence clustering analysis into
routine contact tracing and partner services, with special
attention to associated ethical aspects. With a strong
academic—public health collaboration, and using
routinely collected viral sequence data and routinely
performed public health activities, we hypothesize that
this approach will be beneficial to disrupt HIV transmis-
sions in RL.

A major strength of the approach presented here
includes the incorporation of information from
sequence clustering methods in routine, rather than
only outbreak-driven public health activities, under the
hypothesis that doing so will further disrupt HIV trans-
missions. Other major strengths include the small size of
RI, the state-wide representation of its HIV epidemic, the
availability of longitudinal HIV sequence data and the
strong and close academic—public health relationship
and collaboration.

There are also several potential limitations to our
study design and intervention. First, the study is only
being done in a single state, and region specific and
crossjurisdictional transmission networks cannot be
incorporated. Therefore, despite the in-depth state-
wide implementation, generalizability of results may be
limited. Second, the small size of RI and the fact that
RIDOH has already been conducting routine contact
tracing and partner services on all ICs may negatively
impact the pace of the study and the yield expected from
CATL. Third, inevitably and as we previously recognized,'’
the study is being done in the context of other public
health prevention activities, such as educational activities
and condom promotions, making isolation of the CATI
effect challenging. Fourth, the CATI relies on access
to sequencing data, which unfortunately at the present
time are not routinely available in many resource-limited
settings. Lastly, we are only conducting reinterviews for
CAICs; no reinterviews are conducted for ICs that do
not cluster. This prevents us from comparing the yield
of cluster-based reinterviews to a control group that is
randomly selected for reinterviews.

In summary, the study presented here can address key
unanswered questions about the benefit of integration
of a CATI into routine, rather than only outbreak-driven
contact tracing and partner services. We developed an
intervention (reinterviewing ICs that cluster) triggered
by clustering analysis which incorporates clustering infor-
mation into the interview itself, and evaluate the inter-
vention with a novel design that avoids randomisation
and allows method comparison. Whether and how this
approach is beneficial, as well as whether the small size
of RI is an advantage or a disadvantage in this setting,
remains to be determined. Importantly, we are confi-
dent that results from this study will inform public health
contact-tracing practices and add to our understanding
of how information from sequence clustering analysis can
be integrated into HIV care and public health interven-
tions, supporting the goal of ending the HIV pandemic in
the USA and beyond.
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