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The surveillance and identification of emerging, reemerging, and unknown infectious disease pathogens is essential to
national public health preparedness and relies on fluidity, coordination, and interconnectivity between public and private
pathogen surveillance systems and networks. Developing a national sentinel surveillance network with existing resources
and infrastructure could increase efficiency, accelerate the identification of emerging public health threats, and support
coordinated intervention strategies that reduce morbidity and mortality. However, implementing and sustaining pro-
grams to detect emerging and reemerging pathogens in humans using advanced molecular methods, such as metagenomic
sequencing, requires making large investments in testing equipment and developing networks of clinicians, laboratory
scientists, and bioinformaticians. In this study, we sought to gain an understanding of how federal government agencies
currently support such pathogen agnostic testing of human specimens in the United States. We conducted a landscape
analysis of federal agency websites for publicly accessible information on the availability and type of pathogen agnostic

testing and details on flow of clinical specimens and data. The website analysis was supplemented by an expert review of
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results with representatives from the federal agencies. Operating divisions within the US Department of Health and

Human Services and the US Department of Veterans Affairs have developed and sustained extensive clinical and research

networks to obtain patient specimens and perform metagenomic sequencing. Metagenomic facilides supported by US

agencies were not equally geographically distributed across the United States. Although many entities have work dedi-

cated to metagenomics and/or support emerging infectious disease surveillance specimen collection, there was minimal

formal collaboration across agencies.

Keywords: Metagenomic Sequencing, Pathogen agnostic, Emerging pathogens, Disease Surveillance, Public health

preparedness/response, Infectious diseases

INTRODUCTION

SURVEILLANCE and detection of emerging and reemer-
ging pathogens are critical to public health prepared-
ness, outbreak detection, and response. These actions rely
on the accurate and timely identification of pathogens in
patients, as well as strong, coordinated public—private dis-
ease surveillance systems and networks. The COVID-19
pandemic exposed the need for multilevel government
coordination to support the identification of and response
to current and future biothreats."> The National Biodefense
Strategy and Implementation Plan’ provides a path for fed-
eral preparedness, including planning, coordination, and
sharing of interoperable data between federal entities led by
the US Department of Health and Human Services (HHS),
and should rely on a strong, integrated federal disease
surveillance system, which is currently lacking.*

Accurate and timely testing is the foundational basis
for identifying new and remerging pathogens, and imple-
menting reliable, unbiased pathogen agnostic diagnostic
techniques at scale can provide valuable data.* Advanced
molecular techniques, such as metagenomic sequencing, are
becoming more prevalent in both the private and public
sector. Additionally, because metagenomic sequencing is
threat agnostic, it can be performed on specimens from pa-
tients with an infectious disease of unknown origin.” Fur-
thermore, metagenomic sequencing may provide data on
known and unknown pathogens and can be used to provide
complete pathogen genome sequencing, evolutionary phy-
logenetic analysis, antimicrobial resistance prediction, and
information on a pathogen’s physical structure.

Pathogen genomic surveillance over the past decade has
helped to identify new viral strains; develop diagnostic as-
says, therapeutics, and vaccines; and monitor and mitigate
disease transmission during epidemics and pandemics,
notably HINT1 influenza A (2009), Ebola (2014-2016),
poliovirus (2014), Zika (2016), and COVID-19 (2019-
present).®'? The majority of emerging and remerging hu-
man pathogens are zoonotic in origin, necessitating a
holistic One Health approach leverages several technologies
into a flexible early warning system. This system should be
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capable of pivoting from a systematic sampling scheme
for sustained geographic and demographic representative
sampling to a targeted investigation. Such a system would
require a data infrastructure capable of integrating molec-
ular results with pertinent metadata and the ability to share,
analyze, and report across jurisdictions and sectors. Inte-
gration of such complex data into modeling frameworks
has the potential to drastically change public health res-

1314 These data can aid in the sur-

ponses in the future.
veillance of new or reemerging pathogens and improve
coordinated, agile, multipronged responses to outbreaks.
This system holds especially great promise for responses to
future viral threats such as pandemic influenza, respiratory
syncytial virus, and zoonotic pathogens.®'>'®

Local, regional, tribal, and federal coordination during
public health emergencies, such as COVID-19, has at
times been challenging. Future networks and data-sharing
mechanisms, both vertically and horizontally, could imp-
rove information flow and allow for a sound structure to
develop.®'*?! Federal, local, tribal, and regional coordi-
nation, along with public—private partnerships, would
ideally form a web of connectivity, interoperability, and
planned disease surveillance that link together as part of a
holistic, One Health approach to more quickly identify and
respond to future biothreats.>*>%

Although there are important academic and private
sector contributions to surveillance and to a broader sur-
veillance network, this study focused specifically on the
deployment of metagenomic sequencing techniques among
entities supported by the US government. Therefore, to
develop a nationwide network, an important first step to
determine the current geographic distribution and avail-
ability of US government resources, capabilities, and pro-
grams.

Assessing  resources and infrastructure across federal
agencies—including clinical, research, and surveillance
programs with metagenomic capabilities, expertise, and
knowledge—may provide insight into existing and planned
disease surveillance systems to inform the development
of more coordinated sentinel surveillance networks. This
study aimed to determine which entities (eg, disease

Health Security



DOWNIE ET AL

surveillance systems, research programs, clinical networks)
are contributing to pathogen identification from clinical
specimens with suspected unknown infectious etiologies
and are part of or supported by the US government. Fur-
thermore, the aim was to determine which of these entities
use metagenomics in their approach and the origins of the
specimens being tested.

METHODS

Entity Landscape Analysis

We began by conducting a landscape analysis of federal
agency websites for publicly accessible information on
the availability and type of clinical, research, and surveil-
lance programs, with a focus on pathogen agnostic test-
ing and details on the flow of clinical specimens and data.
The identification of entities, institutions, programs, and
networks with involvement in pathogen agnostic testing re-
lied primarily on the research team’s institutional knowledge
of disease or pathogen surveillance and research efforts across
US government agencies. For the purposes of the landscape
analysis, metagenomics was defined as a pathogen agnostic,
unbiased, sequencing technique that produces sequences of
all microorganisms found in each specimen.

An entity was defined as an agency, funding program,
clinical network, division, center, research network, public—
private partnership, or program that is part of or supported
by US government agencies. This definition does not
include public health laboratories that service states and
counties in the United States and may receive federal
funding. Entities varied widely in size and scope and ranged
from small laboratories within universities to large disease
surveillance networks with hundreds of partners. The level
of granularity chosen to use when defining an entity de-
pended on the information publicly available, the number
of entities with unique contributions within a network, and
the relevancy of the entities” activities to the review. This
search did not include any entities outside of the con-
tinental United States.

The initial set of entities was identified using informa-
tion sourced from key informants, networks, and literature
reviews. We used the following 3 inclusion criteria: (1)
entities that are part of, funded by, and/or in direct coor-
dination with a US government agency; (2) entities that
perform metagenomics, per our definition, for pathogen
detection/characterization; and (3) entities that collect or
have access to clinical specimens from the United States,
and that have potential utility for a sentinel surveillance
system for emerging infectious diseases, such as systemic
specimen collections or high-priority specimens for emerg-
ing infectious diseases (eg, from immunocompromised
patients, international travelers). For entities that perform
metagenomics, exclusion criteria were any metagenomic
facilities located outside of the United States. For entities
that collect relevant clinical specimens, exclusion criteria
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were: (1) entities with only international specimen collec-
tion or (2) entities that have access only to data, not phys-
ical specimens.

The descriptions of each entity’s mission and activities
were collected from their websites. For entities that per-
formed metagenomics, the information collected included
the instrumentation used (eg, Illumina MiSeq), sample
sources, location of instrumentation, how metagenomic
data are utilized, and funding sources. For clinical specimen
flow, the specimen type, origin population, and geography of
the sampling catchment area were collected. When these
details were not provided on an entity’s website, we per-
formed a scan of peer-reviewed publications. For each entity,
information was extracted from up to 3 publications. These
data collections occurred in the first quarter of 2023.

Expert Interviews

The landscape analysis was supplemented by a review of
results by expert representatives from the federal agencies
who provided entity details and filled in knowledge gaps,
including specimen sources, communication networks, and
origin of clinical samples in pathogen agnostic testing
workflows. Semistructured questions aimed to elicit feed-
back on other aspects and agencies in the landscape of
metagenomic testing, resources required for a potential
national sentinel surveillance system of emerging infectious
diseases, and opinions on the challenges of designing and
operationalizing a coordinated network. In the process of
collecting this information from both the publicly available
resources and representatives from the federal agencies,
additional relevant entities were identified.

Resurts

In total, 146 entities across 10 US government agencies
were reviewed for potential contributions to a sentinel sur-
veillance system for emerging infectious diseases (Figure 1).

National Institutes of
Health

Centers for Disease
Control and Prevention

Administration for
Strategic Preparedness
and Response/
Biomadical Advanced
Research and
Development
Authority

Food and Drug
Administration

Figure 1.

Entities described in the landscape analysis are part of
or directly supported by these US government agencies.
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The agencies involved in these activities were: HHS (inc-
luding the National Institutes of Health, Centers for Dis-
ease Control and Prevention, Administration for Strategic
Preparedness and Response, Biomedical Advanced Res-
earch and Development Authority, and the Food and Drug
Administration), US Agency for International Develop-
ment, Department of Homeland Security, Department of
Veterans Affairs, Department of Defense, Department of
Agriculture, and the Department of State. In general, the
entities included clinical networks, research networks, dis-
ease surveillance programs, centers, and divisions.

Geographic Scope of Facilities

Given the high cost and specialized nature of metagenomic
assays, this study sought to understand the geographic dis-
tribution of entities with this capability, across the United
States. Geographic distribution is observably nonuniform
(Figure 2). On the West Coast, a high density of entities
was found in southern and northern California; Seattle,
Washington; and in the state of Idaho. There is a paucity
throughout other western states (eg, Kansas, New Mexico,
North Dakota, South Dakota, Wyoming). The midwestern
states (eg, Illinois, Minnesota, Missouri) and many Eastern
Seaboard states (eg, Georgia, New York, North Carolina)
have some entities, in low densities. The number and
density of these entities is highest on the East Coast (eg,
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Figure 2.

Georgia, New York, Washington, DC). Based on our re-
view of publicly available information, more than half of
the 50 states do not have metagenomic capabilities funded
directly or indirectly by the US government.

Metagenomic Activities and
Platforms

Contributions of the entities were categorized into 2 groups
of activities: (1) performs metagenomic sequencing, and
(2) potentially collects specimens via a systematic means
or has access to specimens of high interest that are sent to
other entities for pathogen sequencing (eg, specimens
from immunocompromised populations and travelers)
(Table 1). Of the 146 federal entities reviewed, 58% (n=84)
performed metagenomics, 51% (n=74) collected speci-
mens, and 21% (n=30) performed metagenomics and
collected specimens. Specimen types were noted to be
primarily blood products and sputum, as well as respiratory
specimens (such as bronchoalveolar lavage), saliva, urine,
stool, cerebrospinal fluid, synovial fluid, bone, lymphatic
tissue, and tissue from skin lesions. In our review of the
entities, we abstracted approximately 600 data points—
including mission, metagenomic capabilities, metagenomic
techniques, instrumentation, manufacturers, geographic
region, and specimen collection—from 140 external res-
ources, including websites and scientific publications.

Map of entities with metagenomic capabilities based on a review of publicly available information on entity websites and

publications. Abbreviations: BARDA, Biomedical Advanced Research and Development Authority; CDC, Centers for Disease Control
and Prevention; DHS, Department of Homeland Security; DOD, Department of Defense; NIAID, National Institute of Allergy and
Infectious Diseases; NIH, National Institutes of Health; USAID, US Agency for International Development; USDA, US Department
of Agriculture; VA, Department of Veterans Affairs.
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Table 1. Metagenomic Activities of Entities Identified During
Landscape Analysis

Table 3. Funding Sources Acknowledged in the Landscape
Analysis

Potential Contribution No. of Entities  Funding Source Frequency
Performs metagenomics 84 NIH 9
Potentially collects relevant specimens 74 CDC 4
Performs metagenomics and collects 30 Active Bacterial Core (CDC) 3
relevant specimens® NIAID 3
Does not perform metagenomics or 18 The Broad Institute 2
collect relevant specimens Howard Hughes Medical Institute 2
“The 30 entities that perform metagenomics and collect relevant Abbott Viral Discovery Award 2
specimens are included in the number of entities in the previous rows. AFHSC-GEIS 2
William K. Bowes, Jr. Foundation 2

The use of sequencing instrumentation was captured
where reported, with many entities indicating multiple
platform types. While not mutually exclusive, Illumina
products accounted for 81% of reported platforms
(Table 2). Although many entities have work dedicated to
metagenomics and/or support emerging infectious disease
surveillance specimen collection, there was minimal formal
collaboration across agencies. Additionally, there were no
formal efforts to coordinate and collate results from these
networks to provide surveillance reports for emerging and
reemerging pathogens and biothreats at the regional or
national level.

We identified 9 funding sources (Table 3) for meta-
genomic facilities that supported multiple entities, based
on information provided in the acknowledgment and
funding sections of representative peer-reviewed publi-
cations. An additional 22 domestic and 7 international
funding sources were acknowledged in single studies or
publications.

Table 2. Sequencing Platforms Used for Metagenomic Analyses

Manufacturer Platform
MiSeq 25
NextSeq
HiSeq

NovaSeq

No. of Entities Reporting Use

Illumina

—

SmartSeq
MiniSeq

Nanopore

Oxford

NanoString

Bionano
Pac Bio

Saphyr

Pac Bio Sequel

BugSeq
Other
Not Specified

NA

— R =N~ N[N = =00 |00 | Wn

N

Notes: Of the entities identified that reported performing metage-
nomics, these sequencing platforms were reported to have been used or
available. Sequencing platforms used were not mutually exclusive.
Information was sourced from entity websites or from their peer-reviewed
publications, for entities that used metagenomics. Abbreviation: NA, not
available.

Volume 22, Number 2, 2024

Note: These funding sources were extracted from publications from
entities included in the landscape analysis that used metagenomics.
Abbreviations: AFHSC-GEIS, Armed Forces Health Surveillance Center,
Division of Global Emerging Infections Surveillance and Response
System Operations; CDC, Centers for Disease Control and Prevention;
NIH, National Institutes of Health; NIAID; National Institutes of Allergy
and Infectious Diseases.

Discussion

Results indicate significant potential resources for emerg-
ing infectious disease surveillance, with numerous federal
agencies and programs currently using or funding meta-
genomic sequencing and related techniques to identify
emerging and reemerging pathogens. Despite the existence
of clinical and research networks funded or operated by
federal agencies, there is currently no nationwide senti-
nel surveillance system that leverages pathogen agnostic
metagenomic sequencing for identification of emerging,
reemerging, and unknown infectious disease pathogens.
There are variations in organizational structure and rep-
orting detail between entities, and although individual
entities were assessed, documenting geographic location
and sequencing technology was difficult in some instances,
as many entities did not report this information or aggre-
gate it at higher levels.

Findings from this study revealed several reasons why it
would be challenging to successfully implement a nation-
wide pathogen surveillance system based on metagenomic
sequencing. First, physicians may not know where to send
specimens for pathogen agnostic metagenomic sequencing
when conventional tests are inconclusive and there remains
a high suspicion of an infectious etiology. At present, the
options appear to be limited and further understanding of
metagenomic sequencing results and coordination in clin-
ical, research, and pathogen surveillance activities is needed.
For example, metagenomic sequencing may be possible
only if there is an existing research protocol at the hospital
where the patient is admitted, or if a physician knows of an
academic researcher or program/person to contact. Second,
more information is needed regarding which laboratories
are certified by Clinical Laboratory Improvement Amend-
ments (CLIA) and which metagenomic sequencing tests are
validated for individual patient diagnostic use. CLIA cer-
tification is not required for disease surveillance purposes,
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but many of the systems identified in this study were
directed at individual patient-level diagnostics rather than
population surveys. Third, there are not many laboratories
(eg, public health, clinical, commercial, academic) that
routinely offer pathogen agnostic metagenomic sequencing
for clinical diagnostics, because payment models may not
be well-defined, instruments are expensive, and data ana-
lytic requirements are advanced.

Many areas of the US federal government were identified
as having metagenomic sequencing capabilities and emerg-
ing and reemerging infectious diseases programs, labo-
ratories, and/or initiatives. Based on our review, overt
coordination of these efforts was not apparent. Coordina-
tion at the federal level is an essential first step to improve
national detection, data sharing, and reporting of emerging
and reemerging pathogens, pandemics, and biothreats via
advanced molecular testing techniques. Operationalizing
such a system would likely require investments in instru-
mentation, specimen and data-sharing networks, and
training/education to strengthen capacity among clinicians,
laboratory scientists, and bioinformaticians. Current regu-
lations and data-sharing practices need to be strengthened
to ensure that pathogen surveillance data are not identifi-
able at the individual level and do not compromise personal
privacy.***> National strategies that advocate for timely
detection of current and emerging infectious diseases are a
critical input for improved situational awareness and deci-
sionmaking at many levels (eg, state, local, tribal) and with
private sector partners.

Supporting pathogen genomic analysis across public
health settings would be well served by the creation of a
unified bioinformatics ecosystem to increase the repro-
ducibility, accessibility, and auditability of data.” Increased
capacity for using metagenomics for pathogen discovery is
likely; therefore, it will be necessary to have new assays,
platforms, funding programs, and methods for standardi-
zation to ensure clear documentation and communication
among participating entities. Specifically, pathogen geno-
mic sequencing and analytical data-sharing capacities,
policies, and capabilities are necessary preparedness ele-
ments to mitigate nationally and/or internationally signif-
icant biological threats.?

As knowledge of advanced molecular techniques and
technology evolves over time, an agile, flexible network that
continues growth and investigation in these areas will be
necessary. While these techniques show significant promise,
they are not widely available beyond federal entities, certain
academic centers, and large health systems because of the
inherent cost, equipment, and capacity-related challenges.
Enabling more widespread implementation and further
examination of local/regional networks to enhance effi-
ciencies are critical. Consistent resources are needed to
create and maintain robust sentinel disease surveillance
systems, including well-funded and equipped laboratories,
trained clinicians, clear protocols, bioinformatics, im-
proved reference databases, and data management systems.
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A potential limitation of this study is that some fed-
eral agencies may have been disinclined or unable to
share current or future funded activities, which would
result in an incomplete picture of institutional use. To
mitigate this limitation, results were correlated with other
sources, including agency partners and expert interviews,
to provide a more comprehensive look at the use and
capabilities of advanced molecular testing across federal
agencies. Additionally, this study relied on publicly avail-
able information at a particular point in time, and we
recognize this field is dynamic and changing. In addition
to entities with little publicly available information, there
may be entities that have no public presence or otherwise
were not identified in our search. A landscape report can
only capture a snapshot in time, and this landscape is
constantly changing as entities develop metagenomic
capabilities.

There are 2 reasons to suspect a current period of
rapid change. First, as technology becomes more refined,
usage expands, and economies of scale emerge, there will
likely be more entities that perform metagenomics for
pathogen discovery, new assays, platforms, funding pro-
grams, and networks. Second, the COVID-19 pan-
demic has increased both the demand for genomic
sequencing and the supply of federal funds for that pur-
pose. The pathogen agnostic sequencing landscape is in
considerable flux. Although it may be a limitation of this
study, it bodes well for the future of preparedness and
readiness efforts.

Further research from the perspective of clinical care,
public health, commercial laboratories, and academic res-
earchers may further elucidate the landscape and help shape
a strategy and operational plan to achieve a national sen-
tinel surveillance system for emerging, reemerging, and
unknown infectious disease pathogens. There are several
existing federal entities and programs that may be leveraged
to assemble a systematic and representative sentinel sur-
veillance system.

CONCLUSION

This article is a first step in improving the understanding
of the current breadth and scope of pathogen agnostic
advanced molecular testing capabilities funded and/or
operated by federal government agencies. Identification
and coordination of US government capabilities lays the
groundwork for future response planning and further res-
earch and strategies in this field. Although challenges
remain in implementing advanced molecular techniques at
scale, results from these techniques are critical to sentinel
surveillance monitoring and outbreak preparedness. Dev-
elopment of sustained support and policies and standards
for strengthening sentinel surveillance networks will likely
improve coordination of reporting between entities and
aid in the identification and detection of emerging and
reemerging pathogens at a national level.

Health Security



DOWNIE ET AL

ACKNOWLEDGMENTS

We are indebted to Kristen Stolka and Norman Goco, RTI
International, for project support. We would like to express
our gratitude and appreciation for the guidance and
insights provided by the federal subject matter experts who
serve on the Steering Committee of Bio-Khoj, the pro-
ject for coordinated sentinel surveillance and discovery for
emerging human pathogens, funded by the CDC. This
work was supported in part by funding support from the
CDC to RTT International. This publication was supported
by contract #HHSD2002013M53964B funded by the
CDC’s Center for Surveillance, Epidemiology, and Labo-
ratory Services, for Coordinated Sentinel Surveillance and
Discovery for Emerging Human Pathogens. The findings
and conclusions of this report are those of the authors and
do not necessarily represent the official position of the

CDC.

REFERENCES

1. Alfonso YN, Leider JP, Resnick B, McCullough JM,
Bishai D. US public health neglected: flat or declining
spending left states ill equipped to respond to COVID-19.
Health Aff (Millwood). 2021;40(4):664-671.

2. Black A, MacCannell DR, Sibley TR, Bedford T. Ten
recommendations for supporting open pathogen geno-
mic analysis in public health. Nar Med. 2020;26(6):832-
841.

3. The White House. National Biodefense Strategy and Imp-
lementation Plan. Washington DC: The White House; 2022.
Accessed November 10, 2023. https://www.whitehouse.gov/
wp-content/uploads/2022/10/National-Biodefense-Strategy-
and-Implementation-Plan-Final.pdf

4. Armstrong GL, MacCannell DR, Taylor ], et al. Pathogen
genomics in public health. N Engl | Med. 2019;381(26):
2569-2580.

5. Simner PJ, Miller S, Carroll KC. Understanding the prom-
ises and hurdles of metagenomic next-generation sequencing
as a diagnostic tool for infectious diseases. Clin Infect Dis.
2018;66(5):778-788.

6. Hill V, Githinji G, Vogels CBF, et al. Toward a global virus
genomic surveillance network. Cell Host Microbe. 2023;
31(6):861-873.

7. Greninger AL, Chen EC, Sitder T, et al. A metagenomic
analysis of pandemic influenza A (2009 H1N1) infection in
patients from North America. PLoS One. 2010;5(10):
el3381.

8. Lewandowski K, Xu Y, Pullan ST, et al. Metageno-
mic nanopore sequencing of influenza virus direct from
clinical respiratory samples. J Clin Microbiol. 2019;58(1):
€00963-19.

9. Nakamura S, Yang CS, Sakon N, et al. Direct metagenomic
detection of viral pathogens in nasal and fecal specimens
using an unbiased high-throughput sequencing approach.
PLoS One. 2009;4(1):e4219.

Volume 22, Number 2, 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Minor NR, Ramuta MD, Stauss MR, et al. Metagenomic
sequencing detects human respiratory and enteric viruses in
air samples collected from congregate settings. Preprint.
medRxiv. Posted June 1, 2023. Accessed November 10,
2023. doi:10.1101/2023.05.28.23290648

Xu Y, Lewandowski K, Downs LO, et al. Nanopore meta-
genomic sequencing of influenza virus directly from respi-
ratory samples: diagnosis, drug resistance and nosocomial
transmission, United Kingdom, 2018/19 influenza season.
Euro Surveill. 2021;26(27):2000004.

Baillie GJ, Galiano M, Agapow PM, et al. Evolutionary
dynamics of local pandemic HIN1/2009 influenza virus
lineages revealed by whole-genome analysis. J Virol. 2012;
86(1):11-18.

Morens DM, Fauci AS. Emerging infectious diseases: threats
to human health and global stability. PLoS Pathog. 2013;
9(7):€1003467.

Woolhouse ME, Gowtage-Sequeria S. Host range and
emerging and reemerging pathogens. Emerg Infect Dis. 2005;
11(12):1842-1847.

Schlaberg R, Chiu CY, Miller S, Procop GW, Weinstock G;
Professional Practice Committee and Committee on Labo-
ratory Practices of the American Society for Microbiology;
Microbiology Resource Committee of the College of Ameri-
can Pathologists. Validation of metagenomic next-generation
sequencing tests for universal pathogen detection. Arch Pathol
Lab Med. 2017;141(6):776-786.

Thoendel MJ, Jeraldo PR, Greenwood-Quaintance KE, et al.
Identification of prosthetic joint infection pathogens using a
shotgun metagenomics approach. Clin Infect Dis. 2018;
67(9):1333-1338.

Gaynor AM, Nissen MD, Whiley DM, et al. Identification
of a novel polyomavirus from patients with acute respiratory
tract infections. PLoS Pathog. 2007;3(5):e64.

Wilson MR, Sample HA, Zorn KC, et al. Clinical metage-
nomic sequencing for diagnosis of meningitis and encepha-
licis. N Engl ] Med. 2019;380(24):2327-2340.

Jain V, Schwarz L, Lorgelly P. A rapid review of COVID-19
vaccine prioritization in the U.S.: alignment between federal
guidance and state practice. Int J Environ Res Public Health.
2021;18(7):3483.

Haffajee RL, Mello MM. Thinking globally, acting locally—
the U.S. response to Covid-19. IV Engl ] Med. 2020;382(22):
e75.

McDonald BD III, Goodman CB, Hatch ME. Tensions in
state—local intergovernmental response to emergencies: the
case of COVID-19. State Local Gov Rev. 2020;52(3):186-194.
Vasa A, Pacino V, Vasistha S, ElRayes W, Lowe JJ.
COVID-19 response among US hospitals with emerging
special pathogen programs. Health Secur. 2022;20(suppl 1):
$31-S38.

Sachs JD, Karim SSA, Aknin L, et al. The Lancet Com-
mission on lessons for the future from the COVID-19
pandemic. Lancet. 2022;400(10359):1224-1280.

Franzosa EA, Huang K, Meadow JF, et al. Identifying per-
sonal microbiomes using metagenomic codes. Proc Natl Acad
Sei U S A. 2015;112(22):E2930-E2938.

Rhodes R. Ethical issues in microbiome research and medi-

cine. BMC Med. 2016;14(1):156.

91


https://www.whitehouse.gov/wp-content/uploads/2022/10/National-Biodefense-Strategy-and-Implementation-Plan-Final.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/10/National-Biodefense-Strategy-and-Implementation-Plan-Final.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/10/National-Biodefense-Strategy-and-Implementation-Plan-Final.pdf
http://10.1101/2023.05.28.23290648

SURVEILLANCE FOR EMERGING AND REEMERGING PATHOGENS

26. The White House. National Strategy for Biosurviellance.
Washington, DC: The White House; 2012. Accessed
November 10, 2023. https://obamawhitehouse.archives.gov/
sites/default/files/National_Strategy_for_Biosurveillance_
July_2012.pdf

Manuscript received May 22, 2023;
revision returned August 4, 2023;
accepted for publication August 4, 2023.

92

Address correspondence to:

Adi V. Gundlapalli. MD, PhD

Office of Public Health Data, Surveillance, and Technology
Centers for Disease Control and Prevention

1600 Clifion Road NE

MS V24-6

Atlanta, GA 30345

Email: agundlapalli@cdc.gov

Health Security


https://obamawhitehouse.archives.gov/sites/default/files/National_Strategy_for_Biosurveillance_July_2012.pdf
https://obamawhitehouse.archives.gov/sites/default/files/National_Strategy_for_Biosurveillance_July_2012.pdf
https://obamawhitehouse.archives.gov/sites/default/files/National_Strategy_for_Biosurveillance_July_2012.pdf

