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Detecting and responding to clusters of rapid HIV trans-
mission is a core HIV prevention strategy in the United
States, guiding public health interventions and identify-
ing gaps in prevention and care services. In 2016, the
Centers for Disease Control and Prevention (CDC) initi-
ated molecular cluster detection using data from 27 juris-
dictions. During 2016-2023, CDC expanded sequence
reporting nationwide and deployed Secure HIV-TRACE,
an application supporting health department (HD) molec-
ular cluster detection. CDC conducts molecular cluster

IV clusters or outbreaks are defined as rapid HIV
transmission among persons in a sex or drug-us-
ing network (1); network refers to persons in an HIV
cluster and those with whom they have sex or share
drugs, who might or might not have HIV. Identify-
ing rapid HIV transmission through cluster detection
guides public health efforts designed to identify and
address gaps in care and prevention services that are
not effectively reaching HIV transmission networks
(2). Before 2016, HIV clusters in the United States were
detected sporadically, typically by astute medical pro-
viders or partner services and frontline staff (2).
In 2016, after responding to a large outbreak of
HIV among persons who inject drugs in Scott County,

detection quarterly; state and local HDs analyze local
data monthly. HDs began routinely reporting clusters to
CDC by using cluster report forms in 2020. During 2018-
2023, CDC identified 404 molecular clusters of rapid HIV
transmission; 325 (80%) involved multiple jurisdictions.
During 2020-2023, HDs reported 298 molecular clus-
ters to CDC; 249 were first detected by HDs. Expanding
molecular cluster detection has provided a foundation
for improving service delivery to networks experiencing
rapid HIV transmission.

Indiana, USA (3), the Centers for Disease Control and
Prevention (CDC) initiated proactive cluster detec-
tion through routine analysis of CDC’s National HIV
Surveillance System (NHSS) data. HIV is a nationally
notifiable disease condition, and state, tribal, local,
and territorial (STLT) health departments (HDs) col-
lect demographic, transmission risk, and clinical in-
formation and report deidentified data to CDC. NHSS
data are routinely used at federal and STLT levels to
monitor HIV distribution and transmission, plan and
evaluate prevention and care programs, allocate re-
sources, inform policy development, and identify
and respond to rapid transmission across the Unit-
ed States (4). Laboratory reporting, including HIV
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molecular viral sequence data generated through
routine clinical HIV drug-resistance testing, is an in-
tegrated component of NHSS.

Surveillance-based cluster detection methods in-
clude approaches to identify geospatial increases in
HIV diagnoses (5), referred to as time-space analysis,
as well as molecular cluster detection, in which clusters
are recognized through analysis of HIV sequence data.
HIV mutates rapidly, and molecular cluster detection
methods assess differences between virus nucleotide
sequences (genetic distance) to distinguish infections
that are more closely related in transmission networks
from those more distantly related. Time-space analysis
and molecular cluster detection, in addition to cluster
detection by providers or partner services and front-
line staff, are complementary (1).

Many approaches are available for HIV sequence
analysis, but not all approaches focus on clusters with
the highest transmission rates, which contribute dis-
proportionately to current and future transmission
(6,7). CDC developed an approach focusing on clus-
ters representing rapid transmission (§), which yields
clusters having transmission rates >8 times the over-
all national transmission estimate among all persons
living with HIV (8) and some clusters with rates >33
times the national rate (9).

Molecular cluster detection at both local and na-
tional levels is critical. Local HIV surveillance data
are available during collection, but analyses by HDs
are limited to persons diagnosed or living within the
HD’s administrative boundary who have had data
reported to the local surveillance system. However,
populations are mobile (10), and HIV transmission
can be geographically dispersed (11). National HIV
surveillance data are not as timely but can be ana-
lyzed by CDC to identify clusters that cross jurisdic-
tional boundaries (8,12).

CDC initiated routine analysis of HIV surveillance
data in 2016 to identify clusters at the national level, in-
cluding clusters spanning multiple jurisdictions. Those
analyses included sequence data reported to CDC by 27
STLT HDs to assess drug resistance and general trans-
mission patterns (13). The HIV TRAnsmission Cluster
Engine (HIV-TRACE) (14), a tool developed to assess
global HIV transmission patterns (15), was adapted to
characterize transmission patterns in a local installation
within CDC that adhered to stringent HIV data protec-
tions (13). However, secure local installation and imple-
mentation of HIV-TRACE was technically complex and
not feasible for most STLT HDs. In 2018, cluster detec-
tion and response (CDR) was expanded nationwide (16).

To promote analysis of molecular HIV data to
elucidate transmission patterns at STLT levels, CDC
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initiated the development of Secure HIV-TRACE in
2015 through funding from CDC’s Advanced Molecu-
lar Detection program, part of the National Center for
Emerging and Zoonotic Infectious Diseases. It was es-
sential to ensure that this web-based tool met stringent
HIV data protections. This secure, web-based bioin-
formatics application incorporates sequence analysis
methods similar to HIV-TRACE. Secure HIV-TRACE
was first released for HD use in 2017 for characteriz-
ing general transmission patterns. After CDR expan-
sion nationwide in 2018 (16), Secure HIV-TRACE was
refined to focus on detecting and monitoring clusters
of rapid HIV transmission. Secure HIV-TRACE is com-
putationally efficient, scales to accommodate large da-
tasets and was designed for use by public health staff
who might lack bioinformatics expertise.

With expanded cluster detection capabilities
both at national and STLT levels and the recognition
of the importance of cluster response to reduce HIV
incidence, CDR was included as 1 of 4 pillars of the
federal Ending the HIV Epidemic Initiative launched
in 2019 (17). We describe the implementation of mo-
lecular HIV cluster detection at both the national
and STLT levels and assess the contributions of each
to overall cluster detection in the United States.

Materials and Methods

Data Collection

HDs report HIV surveillance data to CDC accord-
ing to STLT laws and regulations. HIV surveillance
programs collect demographic, clinical, laboratory,
vital statistics, and behavioral data. NHSS data col-
lection includes HIV laboratory results indicative of
HIV infection, such as CD4+ T lymphocyte numbers,
viral load test results, and HIV sequence data. HIV
sequences are collected from genotypic resistance
tests performed as part of routine clinical care at com-
mercial, private, and public health laboratories and
reported electronically to STLT HDs (4).

During 1997-2012, sequences were collected
through supplemental surveillance projects focused
on drug resistance and virus diversity, expanding
from 4 jurisdictions in 1997 to 17 in 2012 (18). During
2013-2017, reporting of HIV sequence data expanded
to 27 jurisdictions with the additional aim to assess
transmission patterns and, in 2018, expanded to 59
HD HIV surveillance programs with the charge to use
those data for HIV CDR (16).

National Cluster Detection

A CDC-provided software application (Enhanced
HIV/AIDS Reporting System [eHARS]) is installed at
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HDs for entry, storage, management, and reporting
of HIV data conducted by surveillance programs; the
application is secured behind each HD's firewall and
accessible by designated HD staff only. HDs transfer
monthly deidentified HIV surveillance data to CDC.
Each quarter, CDC produces national-level datasets
that deduplicate and reconcile data for persons re-
ported by all jurisdictions into a single, unified da-
taset for reporting, analyses, and evaluation (4). Data
are protected by a CDC Assurance of Confidential-
ity (1), and release is governed according to the data
rerelease agreement with each HD. For annual HIV
surveillance reports, data are considered preliminary
until a 12-month reporting delay has elapsed. After
12 months, data are considered provisional and are
subject to change as additional data are reported (4).
National cluster detection is conducted after each
quarterly preliminary national-level dataset is created
by using all available HIV sequences of suitable qual-
ity, which can include multiple sequences per person.
Cluster detection is conducted using preliminary
datasets to expedite timely detection of clusters. At
each quarterly interval, clusters of rapid transmission
among persons with HIV diagnosed in the previous 3
years are identified by using a secure local installation
of HIV-TRACE (14); this transmission network analy-
sis includes a 1,497-nt segment of the HIV protease
and reverse transcriptase genomic region. Sequences
are aligned with the HIV-1 pol gene in reference strain
HXB2, pairwise genetic distances are calculated, and
clusters are defined when the pairwise genetic dis-
tance is <0.005 substitutions/site (i.e., meeting a 0.5%
genetic distance threshold) (8). HIV clusters meeting
CDC’s national priority definition are then identified.
CDC defines national priority clusters to focus on
clusters having evidence of rapid transmission by us-
ing the 0.5% genetic distance threshold and data for
persons with an HIV diagnosis within the previous
3 years. Such clusters with >3 HIV diagnoses in the
previous 12 months have high transmission rates (8).
If that definition was used nationwide, many juris-
dictions would have more priority clusters than they
could feasibly conduct response activities for; thus,
that definition is applied to low-burden jurisdic-
tions (those with <200 diagnoses annually), whereas
a higher threshold of >5 diagnoses is used for most
jurisdictions nationally. All clusters meeting those
definitions are considered national priority clusters.
Each quarter, new national priority clusters
are identified and growth in previously identified
clusters is monitored. Clusters that continue to meet
or newly meet national priority criteria are flagged
for review. Because of disruptions related to the
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COVID-19 pandemic, national cluster detection was
not conducted for the March 2020 quarter.

Many national priority clusters cross jurisdiction-
al boundaries. The primary jurisdiction for each clus-
ter is defined as the jurisdiction where >50% of clus-
ter members resided at the time of HIV diagnosis. In
2022, CDC began systematically identifying jurisdic-
tions with substantial involvement in national prior-
ity clusters; substantial involvement is defined as >3
diagnoses (resident at diagnosis or current resident)
in the previous 12 months. Multiple jurisdictions can
be substantially involved in a cluster at the same time.

Each quarter, summary reports of new and previ-
ously identified national priority clusters are generat-
ed for jurisdictions. Those reports include current case
counts, jurisdictions involved, and current priority sta-
tus. In addition, line lists are generated for newly de-
tected clusters and clusters that continue to meet prior-
ity criteria and have grown. Those data are securely
transmitted to HDs. HDs are asked to review the infor-
mation in conjunction with results of their local molec-
ular cluster analysis. CDC epidemiologists meet with
HD personnel, as needed, to discuss findings and offer
technical assistance to respond to clusters.

State and Local Cluster Detection

Beginning in 2018, CDC expanded support to all HDs
to collect HIV sequence data and conduct molecular
cluster detection monthly (16). Methods for state and
local molecular cluster detection parallel those used
for national cluster detection; however, several criti-
cal differences exist (Table 1). To provide an accessible
tool for HDs to conduct molecular analysis, CDC con-
tracted with the University of California San Diego (La
Jolla, CA, USA) and Temple University (Philadelphia,
PA, USA) to develop Secure HIV-TRACE. Although
the original intent was to characterize transmission
patterns, the development and intended use evolved
to focus on detecting and monitoring HIV molecular
clusters. Funding for Secure HIV-TRACE development
was obtained through CDC’s Advanced Molecular De-
tection program (fiscal years 2015-2017) and the Divi-
sion of HIV Prevention, National Center for HIV, Viral
Hepatitis, STD, and TB Prevention, since that time.

To conduct molecular cluster detection, HDs ex-
port data from their local eHARS, process the data by
using a CDC-supplied SAS software program (SAS
Institute Inc., https://www.sas.com), and securely
upload data without personal identifiers to Secure
HIV-TRACE. Similar to the national analysis, Secure
HIV-TRACE aligns the sequences to the HIV-1 pol
gene from reference strain HXB2, computes pairwise
genetic distances, and defines clusters at the 0.5% and
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Table 1. Comparison of HIV cluster detection by CDC and state and local health departments, United States*

Comparisons CDC State/local
Interval Quarterly At least monthly
Data National, deduplicated State or local
Ability to detect multijurisdictional clusters Yes Not at the time of writing
Analytic tool Local installation of HIV-TRACE Secure HIV-TRACE

Identifiable information

No personal identifiers

Linked to personal identifierst

Initial notification to health departments

CDC securely transmits notification of
priority clusters to state/local health

Secure HIV-TRACE automatically flags
priority clusters identified in each analysis

departments

Reporting from health departments to CDC

Response activities reported to CDC via
cluster report forms

Response activities reported to CDC via
cluster report forms

*CDC, Centers for Disease Control and Prevention; HIV-TRACE, HIV TRAnsmission Cluster Engine.

tldentifiers are not uploaded to Secure HIV-TRACE or transmitted to CDC.

1.5% genetic distance thresholds. Secure HIV-TRACE
users can visualize data and review summary statis-
tics, epidemiologic curves, and line-listed informa-
tion that can be exported for further analysis.

When first released, Secure HIV-TRACE focused
broadly on transmission networks, using a 1.5% ge-
netic distance threshold to define clusters. Ten ad-
ditional releases since 2017 have expanded applica-
tion functionality; cluster detection has been aligned
with CDC’s focus on clusters of rapid transmission
by using the national priority cluster definition with a
0.5% genetic distance threshold. In May 2023, Secure

HIV-TRACE was enhanced to automatically identify
and monitor growth in clusters meeting CDC’s nation-
al priority criteria. Before that enhancement, a CDC-
supplied SAS program was used to identify national
priority clusters according to Secure HIV-TRACE out-
put. Users can now also elect to monitor other clusters
of interest on the basis of locally defined priority cri-
teria. Additional enhancements have included a data
quality screen, HIV drug resistance and subtype anal-
ysis, improved visualization, and optional data visu-
alizations using external platforms such as Power Bl
(Microsoft, https://www.microsoft.com) (Figure 1).

January 2018:
Cluster detection and
response incorporated as a

August 2020: Cluster detection and
response included as a core strategy of
the federal Ending the HIV Epidemic in

core component of CDC HIV
surveillance and prevention
HD funding; sequence
reporting required by all
funded jurisdictions

Early 2016:

CDC initiates national
priority cluster detection
with December 2015
national dataset

the United States Initiative

January 2020:
Submission of cluster report forms to
CDC required for all national priority

and other clusters of concern

March 2015:

CDC Advanced Molecular
Detection funding award for
Secure HIV-TRACE to allow
local analysis to understand
transmission patterns

August 2017:
Initial release of
Secure HIV-TRACE

March 2019:
Secure HIV-TRACE
enhanced to include
data quality screen

September 2017:

CDC's Division of HIV
Prevention began funding
Secure HIV-TRACE

May 2024:

Secure HIV-TRACE enhanced to
support data visualization
using external dashboards

February 2021:
Secure HIV-TRACE
enhanced to include
drug resistance and
subtype analysis

May 2023:

Secure HIV-TRACE enhanced to include
automated detection of national priority
clusters and creation of user-defined
clusters of local priority; transitioned to
CDC-cloud hosting

Figure 1. Timeline of nationwide implementation of HIV cluster detection and response by CDC and state and local HDs in the United
States. CDC, Centers for Disease Control and Prevention; HD, health department; Secure HIV-TRACE, Secure HIV TRAnsmission

Cluster Engine.
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Secure HIV-TRACE hosting was also modernized by a
move to the CDC cloud platform with access through
CDC’s Secure Access Management Services.

Cluster Report Forms
Since 2020, CDC-funded STLT HDs have been re-
quired to submit HIV cluster report forms each quar-
ter to CDC to report clusters of public health concern,
including molecular clusters meeting CDC’s national
priority cluster criteria and other clusters of concern
detected through both molecular and other approach-
es. Cluster report forms promote communication
between HDs and CDC and have information about
methods of cluster detection, key cluster attributes,
and cluster response activities (19). Using a secure
REDCap (https://www.project-redcap.org) plat-
form, HDs submit initial cluster report forms, which
have information on how the cluster was first detect-
ed, cluster size at detection, and other characteristics.
Follow-up forms are submitted during the response
to report ongoing response activities and findings,
and annual/closeout forms are submitted at the end
of the response (or annually for ongoing responses) to
provide additional activity and outcome information.
When cluster report forms are submitted, jurisdic-
tions are also asked to enter cluster-related variables
in eHARS for persons with HIV who are known to be

part of the cluster. Cluster report forms and cluster-
related variables do not include personal identifiers.
The variables include cluster identification numbers
assigned locally and national cluster identification
numbers for those clusters also identified through
national cluster detection. That information enables
HDs and CDC to elucidate characteristics and care
status of persons with HIV who are part of reported
clusters and help guide response activities.

Analysis

We assessed the number of diagnoses for which HIV
sequence data were reported and described charac-
teristics of clusters detected through national molecu-
lar analysis during 2018-2023. We defined sequence
completeness as the percentage of persons with a re-
ported HIV diagnosis for which a sequence of >100
bp was reported. To characterize clusters identified
through state/local cluster detection, we analyzed
data reported on cluster report forms from 2020-2023.

Results

Sequence Reporting

Using data reported to CDC’s NHSS until December
2023, we determined sequences were available for
52% of HIV diagnoses during 2021-2023, an increase

Table 2. Number of clusters detected each year through nationwide analysis of National HIV Surveillance System data by Centers for
Disease Control and Prevention and state and local health departments, United States, 2018—2023*

Characteristics 2018 2019 20201 2021 2022 2023 Total no.
National priority clusters detectedt 69 74 48 61 77 75 404
Clusters meeting national priority criteria as of 2(3) 8 (11) 5(10) 9 (15) 10 (13) 40 (53) 74 (18)
December 2023%

Median cluster size when first detected (range) 7 (3-24) 8 (3—19) 8(3-16) 7(4-18) 7(3-14) 7(3-23) 7(3-24)§
Median cluster size as of December 2023 17 (3-193) 17.5(3-90) 20 (3—49) 16 (6-72) 11 (3-47) 9 (3-26) 13 (3-193)§
(range)

Clusters involving >1 jurisdiction as of December 58 (84) 62 (84) 43 (90) 51 (84) 56 (73) 55 (73) 325 (80)
2023

Clusters with no primary jurisdiction at detection 6 (9) 9(12) 4 (8) 5(8) 5 (6) 6 (8) 35(9)
Jurisdictions with >1 cluster as the primary 25 25 25 20 26 28 43#
jurisdiction at detection{

Jurisdictions with >1 cluster with substantial NA NA NA NA 27 31 NA
involvement™*

Clusters with no jurisdiction ever substantially NA NA NA NA 2(3) 5(7) NA
involved

Clusters with only 1 jurisdiction ever substantially NA NA NA NA 68 (88) 67(89) NA
involved

Clusters with >2 jurisdictions ever substantially NA NA NA NA 7(9) 3(4) NA
involved

*Values are no. (%) except as indicated. NA, not applicable.

tNational cluster detection was not conducted for the March 2020 quarter because of disruptions related to the COVID-19 pandemic.
INational priority clusters are defined as clusters at the 0.5% genetic distance threshold with >5 diagnoses in the previous 12 months or >3 diagnoses in
the previous 12 months in low-burden jurisdictions (those having <200 reported HIV diagnoses annually). National priority criteria is assessed on an

ongoing basis.
§Overall median and range.

{[Primary jurisdiction is defined as the jurisdiction in which >50% of cluster members resided at the time of HIV diagnosis. If there is no single jurisdiction
in which >50% of cluster members reside at diagnosis, no primary jurisdiction is assigned.

#Total number of unique jurisdictions.

**Substantial involvement in national priority clusters is defined as >3 diagnoses in a given jurisdiction (resident at diagnosis or current resident) in the
previous 12 months. Multiple jurisdictions can be substantially involved in a cluster at the same time.
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from 41% sequence completeness observed for the
3-year period of 2016-2018 (as reported by December
2018). During 2023, the median timeframe from col-
lection of the sample to receipt of the sequence at the
HD was 34 (interquartile range 20-50) days.

National Molecular Analysis
During 2018-2023, CDC detected 404 national prior-
ity clusters (Table 2). An average of 67 (range 48-77)
new clusters were detected each year; the fewest were
detected during the COVID-19 pandemic peak in
2020, when only 3 quarterly analyses were conduct-
ed. The median number of persons in each cluster at
the time of detection was 7 (range 3-24). Clusters had
grown to a median size of 13 (range 3-193) by Decem-
ber 2023; clusters detected in earlier years (and there-
fore with more time for potential growth) had higher
median sizes as of December 2023. Of the 404 clusters,
74 (18%) continued to meet national priority criteria
in December 2023, indicating that the cluster had >5
diagnoses during 2023 or >3 diagnoses in low-burden
jurisdictions. Of 59 CDC-funded HDs, 43 (73%) were
the primary jurisdiction for >1 cluster.

Most clusters spanned multiple jurisdictions;
325 (80%) clusters involved >1 jurisdiction, including
clusters with >1 diagnosis outside the primary jurisdic-
tion and those with no primary jurisdiction. Among 152
clusters identified since substantial involvement was
first systematically assessed beginning in 2022, 7 (5%)
had no jurisdiction, 135 (89%) had only 1 jurisdiction,
and 10 (7%) had >2 jurisdictions susbtantially involved.

State and Local Cluster Detection

Secure HIV-TRACE was first released in August 2017
as an optional tool for jurisdictions collecting se-
quence data at that time. In January 2018, the applica-
tion became available to all jurisdictions as HIV CDR
expanded. Use of Secure HIV-TRACE expanded over
time. In January 2018, 30 HDs had been using Secure
HIV-TRACE. By April 2024, 148 HD users represent-
ing 54 HDs had been using Secure HIV-TRACE and
had uploaded 792,360 sequences to the application
for cluster detection analysis.

During 2020-2023, a total of 403 (90-116/year)
clusters newly detected through any method were re-
ported by HDs to CDC via cluster report forms (Fig-
ure 2). Of those, 298 (74%) were first detected through
national or state/local molecular analysis; 248 (83 %)
of 298 were first detected through state/local analy-
sis. Clusters were most often (48%) reported by juris-
dictions in the South of the United States (Figure 3).
The median size of molecular clusters first detected
through state/local analysis was 7 (range 2-85) at
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[ National molecular analysis
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Figure 2. Clusters of HIV newly reported to the Centers for Disease
Control and Prevention by state and local health departments,
United States, during 2020—2023. Clusters were reported to

Centers for Disease Control and Prevention through cluster report
forms. Methods by which clusters were first detected are indicated;
nonmolecular cluster detection methods include time-space cluster
detection, partner services, and provider notification. Numbers on
top of bars indicate exact number of HIV clusters reported each year.

2023

detection, and 224 (90%) of 248 met national priority
criteria when first reported. Of 59 CDC-funded juris-
dictions, 37 (62%) reported >1 cluster first detected
through state/local molecular analysis.

Discussion
CDC and state and local HDs have successfully
implemented routine detection and monitoring of
clusters of rapid HIV transmission through analysis
of molecular sequence data. Clusters of rapid HIV
transmission are now frequently detected in the Unit-
ed States; both national and state/local molecular
cluster analyses are essential for HIV cluster detec-
tion. Most jurisdictions have had >1 national priority
cluster identified through CDC analysis, and most ju-
risdictions have reported a molecular cluster to CDC
that was first identified through state/local molecular
analysis. The higher frequency of reported clusters
in the South is consistent with the greater burden of
new diagnoses in that region (20). Multijurisdictional
clusters are commonly identified, and clusters often
exhibit ongoing growth many years after detection.
National and state/local cluster detection are
complementary, both contributing to comprehen-
sive and timely cluster identification. Because NHSS
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datasets are only available quarterly, monthly state/
local cluster detection is essential for more timely
cluster detection. Most molecular clusters reported to
CDC by HDs have first been detected through state/
local analysis, promoting a timely response. In addi-
tion, state and local analyses enable flexibility to de-
tect clusters not yet meeting priority criteria but still
of concern because of local epidemiology or other fac-
tors. Secure HIV-TRACE is the primary tool for state
and local cluster detection. Although the tool used
for cluster detection is not explicitly reported by HDs
on cluster report forms, nearly all reported clusters
detected through state/local molecular analysis have
likely been detected by using Secure HIV-TRACE.
That secure, accessible tool has been essential for im-
plementing cluster detection, and tool enhancements
have improved identification and monitoring of clus-
ters meeting national or local priority.

State and local HIV surveillance systems in the
United States are decentralized, and state/local clus-
ter detection analyses by HDs are limited to data from
their own jurisdictions. Therefore, national-level clus-
ter detection conducted by CDC is essential for detec-
tion of multijurisdictional clusters; 20% of nationally
identified clusters are missed by local cluster detec-
tion (21). HIV is a chronic infection, and persons liv-
ing with HIV in the United States are more mobile

e

n=77,19%

than the general US population (10). The frequent
identification of multijurisdictional clusters is consis-
tent with findings that transmission networks are of-
ten geographically dispersed (11). Multijurisdictional
involvement can range from a single diagnosis in an
otherwise geographically focused cluster to clusters
with no geographic focus. The substantial involve-
ment definition captures evidence of rapid transmis-
sion occurring in multiple jurisdictions, suggesting
the need for meaningful response engagement and
coordination from the jurisdictions involved.

Traditional approaches to identifying rapid trans-
mission, including time-space analysis, rely on ob-
serving increases in diagnoses in a population or area.
However, those approaches are limited by factors
such as a median HIV diagnosis delay of 3 years in the
United States (22) and difficulty detecting increases in
diagnoses in areas with higher baseline HIV incidence.
In addition, populations are mobile (10), and detect-
ing geographically dispersed rapid transmission is
difficult using traditional approaches (11). Molecular
cluster detection can detect rapid transmission that is
geographically dispersed or in areas with a high base-
line HIV incidence. Robust HIV surveillance systems
are critical for effective cluster detection.

For cluster detection to have the intended ef-
fect, response is essential. Rapid transmission occurs

n=254,13%

n =280, 20%

Region
[ IMidwest
B Northeast
M South
[l West

n =192, 48%

Figure 3. Region of reporting health department for clusters of HIV newly reported to the Centers for Disease Control and Prevention
by state and local health departments, United States, during 2020—2023. Clusters were reported to Centers for Disease Control and
Prevention through cluster report forms. Numbers and percentages of clusters are indicated for each region.
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because affected communities are not adequately
reached by existing services (1). Clusters affect vari-
ous populations and can grow rapidly (23,24); most
clusters are associated with sexual transmission (24).
Responses to clusters can vary depending on local
priorities, resources, and needs identified through
cluster investigation and might include individual,
network, and structure-level interventions to ensure
that testing, care, and prevention programs are reach-
ing persons and places that can most benefit. Re-
sponse activities and outcomes have been previously
described (2,19).

Evidence that HIV CDR strengthens HIV preven-
tion and care services has been observed in a growing
body of field investigations, as well as analytic and
modeling studies (2,6,7,25). Priority clusters corre-
spond to underlying networks that are 3-9 times the
size of the detected cluster; those networks have high
transmission rates and disproportionate numbers of
persons with undiagnosed HIV infections, indicat-
ing opportunities for public health intervention (25).
Clusters can grow rapidly (23) and contribute dispro-
portionately to future infections (6,7).

Community engagement is essential to imple-
ment HIV CDR. Although analysis of molecular data
provides a unique and powerful tool to identify com-
munities affected by rapid HIV transmission, some
advocates and community members have raised con-
cerns about collection and analysis of molecular se-
quence data, including concerns about the potential
use of molecular HIV data in criminal transmission
cases (26,27). CDC has held numerous discussions
with community members, community-based organi-
zations, advocates, and other key partners to inform
responsible establishment of CDR activities and guide
the use of sequence data (27,28). CDC has strong se-
curity measures to ensure privacy and confidentiality
of persons with HIV, requires health departments to
comply with data security and confidentiality guide-
lines, and has further strengthened guidance for pro-
tection of sequence data (29,30). Secure HIV-TRACE
is not an open database. The deidentified individual-
level information submitted to NHSS is not publicly
available. Given the potential harms of disclosure,
CDC’s data use agreement prohibits release without
individual-level consent. CDC also requires HDs to
communicate and collaborate with community mem-
bers and partners for input on CDR activities and to
design responses to specific clusters and outbreaks,
including, where needed, enhancing or improving
processes or procedures for protecting privacy and
confidentiality (1,30,31). That engagement helps HDs
address community concerns, provides a foundation
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for trust and collaboration, and supports collabora-
tion with community partners for cluster response.

We are in an era where we have the tools to suc-
cessfully treat and prevent HIV. However, those tools
often do not reach the persons who need them most.
Molecular cluster detection enables us to identify rap-
id HIV transmission that would have previously been
unrecognized. That detection creates new opportuni-
ties to identify and close gaps in HIV prevention and
care services and advances efforts to end the HIV epi-
demic in the United States.

About the Author

Dr. France leads the Cluster Detection and Molecular
Epidemiology Team in the Detection and Response
Branch, Division of HIV Prevention, National Center for
HIV, Viral Hepatitis, STD, and TB Prevention, at CDC. Her
work focuses on developing, implementing and assessing
approaches to identify and monitor clusters and outbreaks
of rapid transmission of HIV.

References

1. Centers for Disease Control and Prevention. Cluster
detection and response guidance for health departments.
2024 [cited 2025 Apr 30]. https:/ /www.cdc.gov/
hivpartners/php/cdr/health-department-guidance.html

2. Oster AM, Lyss SB, McClung RP, Watson M, Panneer N,
Hernandez AL, et al. HIV cluster and outbreak
detection and response: the science and experience.
Am ] Prev Med. 2021;61:5130-42. https:/ /doi.org/10.1016/
j-amepre.2021.05.029

3. Peters PJ, Pontones P, Hoover KW, Patel MR, Galang RR,
Shields J, et al.; Indiana HIV Outbreak Investigation Team.
HIV infection linked to injection use of oxymorphone in
Indiana, 2014-2015. N Engl ] Med. 2016;375:229-39.
https:/ /doi.org/10.1056/NEJMoa1515195

4. Satcher Johnson A, Peruski A, Oster AM, Balaji A,
Siddiqi AE, Sweeney P, et al. Enhancements to the
National HIV Surveillance System, United States,
2013-2023. Public Health Rep. 2024;139:654-61.
https:/ /doi.org/10.1177/00333549241253092

5. Fitzmaurice AG, Linley L, Zhang C, Watson M, France AM,
Oster AM. Novel method for rapid detection of
spatiotemporal HIV clusters potentially warranting
intervention. Emerg Infect Dis. 2019;25:988-91.
https:/ /doi.org/10.3201/eid2505.180776

6. Panneer N, Schlanger K, Billock RM, Farnham PG,
Oster AM, Islam H, et al. Clusters contribute
disproportionately to future HIV transmission in the
United States. In: Abstracts of the 25th International AIDS
Conference; Munich, Germany; 2024 Jul 22-26. Abstract
WEPEC191. Geneva: International AIDS Society; 2024.

7. Billock RM, France AM, Saduvala N, Panneer N,
Hallmark CJ, Wertheim JO, et al. Contribution of HIV
transmission bursts to future HIV infections, United States.
AIDS. 2024 Dec 24 [online ahead of print].
https:/ /doi.org/10.1097/QAD.0000000000004101

8. Oster AM, France AM, Panneer N, Bafiez Ocfemia MC,
Campbell E, Dasgupta S, et al. Identifying clusters of recent
and rapid HIV transmission through analysis of molecular

S87


http://www.cdc.gov/eid
https://www.cdc.gov/
https://www.sciencedirect.com/science/article/pii/S0749379721003639?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0749379721003639?via%3Dihub
https://www.nejm.org/doi/10.1056/NEJMoa1515195
https://doi.org/10.1177/00333549241253092
https://wwwnc.cdc.gov/eid/article/25/5/18-0776_article
https://journals.lww.com/aidsonline/abstract/9900/contribution_of_hiv_transmission_bursts_to_future.610.aspx

Advances in Pathogen Genomics for Infectious Disease Surveillance, Control, and Prevention

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

S88

surveillance data. ] Acquir Immune Defic Syndr. 2018;79:543-
50. https:/ /doi.org/10.1097 /QAI.0000000000001856
McClung RP, Atkins AD, Kilkenny M, Bernstein KT,
Willenburg KS, Weimer M, et al.; 2019 Cabell County HIV
Outbreak Response Team. Response to a large HIV
outbreak, Cabell County, West Virginia, 2018-2019.

Am ] Prev Med. 2021;61:5143-50. https:/ /doi.org/10.1016/
j-amepre.2021.05.039

Okello A, Song R, Hall HI, Dailey A, Johnson AS.

Interstate mobility of people with diagnosed HIV in the
United States, 2011-2019. Public Health Rep. 2024;139:467-
75. https:/ /doi.org/10.1177 /00333549231208488

Board AR, Oster AM, Song R, Gant Z, Linley L, Watson M,
et al. Geographic distribution of HIV transmission networks
in the United States. ] Acquir Immune Defic Syndr. 2020;
85:€32-40. https:/ /doi.org/10.1097 / QAI.0000000000002448
Oster AM, France AM, Mermin J. Molecular epidemiol-
ogy and the transformation of HIV prevention. JAMA.
2018;319:1657-8. https:/ /doi.org/10.1001/jama.2018.1513
Oster AM, Wertheim JO, Hernandez AL, Bafiez Ocfemia MC,
Saduvala N, Hall HI. Using molecular HIV surveillance data
to understand transmission between subpopulations in the
United States. ] Acquir Immune Defic Syndr. 2015;70:444-51.
https:/ /doi.org/10.1097 / QAI.0000000000000809
Kosakovsky Pond SL, Weaver S, Leigh Brown A]J,
Wertheim JO. HIV-TRACE (TRAnsmission cluster engine):
a tool for large scale molecular epidemiology of HIV-1

and other rapidly evolving pathogens. Mol Biol Evol.
2018;35:1812-9. https:/ / doi.org/10.1093 /molbev/msy016
Wertheim JO, Leigh Brown AJ, Hepler NL, Mehta SR,
Richman DD, Smith DM, et al. The global transmission
network of HIV-1. J Infect Dis. 2014;209:304-13.

https:/ /doi.org/10.1093/infdis /jit524

Centers for Disease Control and Prevention. Funding
opportunity announcement (FOA) PS18-1802: integrated
human immunodeficiency virus (HIV) surveillance and
prevention programs for health departments. 2019

[cited 2025 Apr 21]. https:/ /web.archive.org/
web/20241129190907/ https:/ /www.cdc.gov/hiv/funding/
announcements/ ps18-1802/index.html

Fauci AS, Redfield RR, Sigounas G, Weahkee MD,

Giroir BP. Ending the HIV epidemic: a plan for the United
States. JAMA. 2019;321:844-5. https:/ /doi.org/10.1001/
jama.2019.1343

Wheeler WH, Ziebell RA, Zabina H, Pieniazek D, Prejean ],
Bodnar UR, et al.; Variant, Atypical, and Resistant HIV
Surveillance Group. Prevalence of transmitted drug
resistance associated mutations and HIV-1 subtypes in
new HIV-1 diagnoses, U.S.—2006. AIDS. 2010;24:1203-12.
https:/ /doi.org/10.1097/QAD.0b013e3283388742

Philpot DC, Curran KG, Russell OO, McClung RP,
Hallmark CJ, Pieczykolan LL, et al. HIV clusters reported
by state and local health departments in the United States,
2020-2022. ] Acquir Immune Defic Syndr. 2025 Mar 6
[online ahead of print]. PubMed https://doi.org/10.1097/
QAI.0000000000003658

Centers for Disease Control and Prevention. Issue brief:
HIV in the southern United States. 2019 [cited 2025 Apr 21].
https:/ /stacks.cdc.gov/view/cdc/92279

Johnson K, Billock R, Hallmark C, France AM, Plaster M,
Panneer N. Added value of national-level HIV molecular
cluster detection compared to local cluster detection. In:
Abstracts of the 2024 CSTE Annual Conference; Pittsburgh,

PA, USA; 2024 Jun 9-13. Abstract 20375. Atlanta: Council of
State and Territorial Epidemiologists; 2024.

22. Dailey AF, Hoots BE, Hall HI, Song R, Hayes D, Fulton P Jr,
et al. Vital signs: human immunodeficiency virus testing and
diagnosis delays — United States. MMWR Morb Mortal Wkly
Rep. 2017;66:1300-6. https:/ /doi.org/10.15585/
mmwr.mmé6647el

23. Perez SM, Panneer N, France AM, Carnes N, Curran KG,
Denson D], et al. Clusters of rapid HIV transmission among
gay, bisexual, and other men who have sex with men—
United States, 2018-2021. MMWR Morb Mortal Wkly Rep.
2022;71:1201-6. https:/ / doi.org/10.15585/ mmwr.mm?7138al

24. Oster AM, Panneer N, Lyss SB, McClung RP, Watson M,
Saduvala N, et al. Increasing capacity to detect clusters of
rapid HIV transmission in varied populations — United States.
Viruses. 2021;13:577. https:/ / doi.org/10.3390/v13040577

25. France AM, Panneer N, Farnham PG, Oster AM,

Viguerie A, Gopalappa C. Simulation of full HIV

cluster networks in a nationally representative model
indicates intervention opportunities. ] Acquir Immune Defic
Syndr. 2024;95:355-61. PubMed https:/ /doi.org/10.1097/
QAI.0000000000003367

26. Watson M, Sweeney P. Furthering discussion of ethical
implementation of HIV cluster detection and response.

Am ] Bioeth. 2020;20:24-6. https:/ / doi.org/10.1080/
15265161.2020.1806398

27.  Centers for Disease Control and Prevention. Meeting
summary: responsible use of HIV cluster data for public
health action: amplifying benefits, minimizing harms.

2020 [cited 2025 Apr 21]. https:/ /web.archive.org/
web/20241127181524 / https:/ /www.cdc.gov/hiv/
programresources/ guidance/ cluster-outbreak/
responsible-use.html

28. Oster A, Hallmark C, Macomber K, Brandt MG, Robilotto S.
HIV Cluster Detection and Response Institute 101:
connecting data, partners, and programs to close gaps. In:
2022 National Ryan White Conference on HIV Care and
Treatment; virtual meeting; 2022 Aug 23-26. Abstract 21040.
Rockville (MD): Health Resources and Services
Administration; 2022.

29. Sweeney P, Gardner LI, Buchacz K, Garland PM,

Mugavero M], Bosshart JT, et al. Shifting the paradigm:
using HIV surveillance data as a foundation for improving
HIV care and preventing HIV infection. Milbank Q.
2013;91:558-603. https:/ /doi.org/10.1111/milq.12018

30. Centers for Disease Control and Prevention. Additional
implementation guidance for PS18-1802 strategy 3: cluster
detection and response. 2018 [cited 2025 Apr 21].
https:/ /web.archive.org/web/20241221052552/
https:/ /www.cdc.gov/hiv/pdf/funding/announcements/
ps18-1802/ cdc-hiv-additional-cluster-implementation-
guidance.pdf

31. Centers for Disease Control and Prevention. Notice of
funding opportunity PS24-0047: high-impact HIV
prevention and surveillance programs for health
departments. 2024 [cited 2025 Apr 21]. https:/ /web.archive.
org/web/20241128223748 / https:/ /www.cdc.gov/hiv/
funding/announcements/ ps24-0047/index.html

Address for correspondence: Anne Marie France, Centers for
Disease Control and Prevention, 1600 Clifton Rd NE, Mailstop
H24-5, Atlanta, GA 30329-4018, USA; email: afrance@cdc.gov

Emerging Infectious Diseases *« www.cdc.gov/eid * Vol. 31, No. 13, Supplement to May 2025


http://www.cdc.gov/eid
https://journals.lww.com/jaids/abstract/2018/12150/identifying_clusters_of_recent_and_rapid_hiv.2.aspx
https://www.sciencedirect.com/science/article/pii/S0749379721003810?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0749379721003810?via%3Dihub
https://journals.sagepub.com/doi/10.1177/00333549231208488
https://doi.org/10.1097/QAI.0000000000002448
https://jamanetwork.com/journals/jama/fullarticle/2678246
https://journals.lww.com/jaids/abstract/2015/12010/using_molecular_hiv_surveillance_data_to.17.aspx
https://academic.oup.com/mbe/article/35/7/1812/4833215
https://doi.org/10.1093/infdis/jit524
https://web.archive.org/web/20241129190907/https
https://web.archive.org/web/20241129190907/https
http://www.cdc.gov/hiv/funding/announcements/ps18-1802/index.html
http://www.cdc.gov/hiv/funding/announcements/ps18-1802/index.html
https://jamanetwork.com/journals/jama/fullarticle/2724455
https://jamanetwork.com/journals/jama/fullarticle/2724455
https://journals.lww.com/aidsonline/abstract/2010/05150/prevalence_of_transmitted_drug_resistance.15.aspx
https://pubmed.ncbi.nlm.nih.gov/40045461/
https://doi.org/10.1097/QAI.0000000000003658
https://doi.org/10.1097/QAI.0000000000003658
https://stacks.cdc.gov/view/cdc/92279
https://doi.org/10.15585/mmwr.mm6647e1
https://doi.org/10.15585/mmwr.mm6647e1
https://www.cdc.gov/mmwr/volumes/71/wr/mm7138a1.htm?s_cid=mm7138a1_w
https://doi.org/10.3390/v13040577
https://pubmed.ncbi.nlm.nih.gov/38412046/
https://doi.org/10.1097/QAI.0000000000003367
https://doi.org/10.1097/QAI.0000000000003367
https://doi.org/10.1080/15265161.2020.1806398
https://doi.org/10.1080/15265161.2020.1806398
https://web.archive.org/web/20241127181524/https://www.cdc.gov/hiv/programresources/guidance/cluster-outbreak/responsible-use.html
https://web.archive.org/web/20241127181524/https://www.cdc.gov/hiv/programresources/guidance/cluster-outbreak/responsible-use.html
https://web.archive.org/web/20241127181524/https://www.cdc.gov/hiv/programresources/guidance/cluster-outbreak/responsible-use.html
https://web.archive.org/web/20241127181524/https://www.cdc.gov/hiv/programresources/guidance/cluster-outbreak/responsible-use.html
https://doi.org/10.1111/milq.12018
https://web.archive.org/web/20241221052552/
https://www.cdc.gov/hiv/pdf/funding/announcements/ps18-1802/cdc-hiv-additional-cluster-implementation-guidance.pdf
https://www.cdc.gov/hiv/pdf/funding/announcements/ps18-1802/cdc-hiv-additional-cluster-implementation-guidance.pdf
https://www.cdc.gov/hiv/pdf/funding/announcements/ps18-1802/cdc-hiv-additional-cluster-implementation-guidance.pdf
https://web.archive.org/web/20241128223748/https
https://web.archive.org/web/20241128223748/https
http://www.cdc.gov/hiv/funding/announcements/ps24-0047/index.html
http://www.cdc.gov/hiv/funding/announcements/ps24-0047/index.html
mailto:afrance@cdc.gov

