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Executive Summary

The rapid emergence and 
spread of SARS-CoV-2 
make clear the need for 
robust systems to detect 
and track viral threats.  A 
robust surveillance sys-
tem could have identified 
SARS-CoV-2 community 
prevalence and spread 
sooner, and better pre-
pared the United States 
for the 2019 outbreak.  

When SARS-CoV-2 was 
finally identified, the virus 
had spread for several 
weeks undetected.
It appeared in several states simultaneously, 
and in people with limited or no travel history 
to regions with high numbers of SARS-CoV-2. 
If a more robust surveillance system were 
in place, it could have tracked SARS-CoV-2 
from the start of the U.S. outbreak, giving 
policymakers a critical tool to limit its spread.  
The emergence of new variants that keep 
catching the U.S. flat-footed suggests a 
more robust genomic surveillance system is 
urgently needed.  

The Rockefeller Foundation is releasing an 
accompanying document titled Accelerating 
National Genomic Surveillance.  

This Action Plan outlines broad priorities 
that should be considered when establish-
ing a national genomic surveillance network, 
including: (1) Build a Viral Defense System, (2) 
Be Diverse and Deeply Human, (3) Connect 
the Dots, (4) Provide More to Do More, (5) 
Build New Analytic Tools and Make Them 
Visual, and (6) Rapidly Assess the Threat 
Posed by New Variants.
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Genomic surveillance is an 
essential tool for tracking 
viruses as they emerge, 
spread, and continuously 
evolve.
Genomic surveillance integrates clinical, 
epidemiological, genomic, and phenotypic 
data to track changes in virus transmission, 
virulence, and effectiveness of medical 
countermeasures.  Recent advances in 
next-generation sequencing make it possi-
ble to quickly and cost-effectively sequence 
large numbers of SARS-CoV-2-positive cases.  
Parallel advances in bioinformatics, compu-
tational biology, and molecular virology make 
it possible to analyze the virus in context to 
assess risk in close to real-time.

The integration of these data sets and anal-
yses produces actionable information for 
public health officials and policymakers. 
Many countries have invested in genomic 
surveillance, and their investments have paid 
significant dividends.  For example, the UK 
established a national genomics surveillance 
network that recently identified a critical vari-
ant, B.1.1.7, that enhances viral transmission 
and increases the risk of death compared to 
other variants.  

In March of 2020, the U.S. government 
launched a nationwide SARS-CoV-2 genomic 
surveillance system called SPHERES. This 
initiative was an effort to coordinate aca-
demic and private sector sequencing efforts 
to better align them with public health, and to 
use these efforts as a bridge to more formal 
national genomic surveillance programs. 
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The Rockefeller Foundation is exploring how to 
support accelerating genomic surveillance in the 
United States. One area of need is greater coordi-
nation and collaboration among a diverse group 
of stakeholders to address barriers that impede 
the multifaceted functioning of robust genomic 
surveillance. More specifically, a consortium of 
stakeholders from public, private and non-gov-
ernmental organizations is needed to:
 
• Support national leadership that establishes 

priorities and standards for data collection, 
sequencing, and analysis. 

• Reduce barriers that prevent the collection 
and rapid sharing of clinical and viral samples 
as well as information (e.g., metadata) com-
piled from various data sources. 

• Improve communication and coordination 
among all partners involved in genomics 
surveillance through regional centers and 
national working groups.  

• Transmit information and analyses so poli-
cymakers and public health officials can act 
quickly to mitigate the impact of emerging 
pathogens and their variants.  

• Monitor genomic surveillance in the US to 
ensure adequate numbers and representation 
of SARS-CoV-2 positive cases are sequenced 
and analyzed to produce actionable informa-
tion for public health officials.

• Lead U.S. efforts to align and coordinate with 
a global genomics surveillance network to 
identify, track and mitigate emerging patho-
gens before they spread globally. 

OPPORTUNITIES TO REDUCE BARRIERS:

On February 16, 2020, The Rockefeller 
Foundation convened a diverse group of 
experts engaged in genomic surveillance.  
Although genomic surveillance stakehold-
ers are often siloed, and each faces unique 
challenges, several opportunities to enhance 
genomic surveillance emerged from the con-
vening.  These include:

• Improving linkage to metadata
• Increasing sequencing volume and 

representation
• Bolstering information sharing and 

integration
• Advancing genomic analysis
• Accelerating phenotypic analysis
• Enhancing communication and data 

visualization

A national consortium might focus on several 
areas where it sees opportunities to improve 
coordination and address barriers that ham-
per genomic surveillance.  Opportunities 
to enhance genomic surveillance will pay 
immediate dividends by providing action-
able information to public health officials to 
increase awareness and reduce the spread 
of SARS-CoV-2 variants of interest and con-
cern; and lay the foundation for national and 
global surveillance systems that prevent future 
pandemics. 

 
Overview of Genomic 
Surveillance
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Metadata includes clinical and epidemiological information that can add greater context to better understand 
the impact of factors driving evolution of the virus and impact of these properties of the virus on special pop-
ulations and communities. Examples of metadata include age, location, vaccine status, and clinical symptoms. 
Metadata combined with genotypic and phenotypic data is a powerful predictor of how the virus is evolving and 
the medical interventions needed to keep pace. Unlike viral genomic sequences (which in the U.S. are not pro-
tected under HIPAA privacy laws), metadata is sensitive and must be protected to ensure patient privacy.
 
Several barriers impede the access and use metadata as part of viral genomic surveillance. These include the 
nature of the data itself, which can include sensitive patient data protected by federal, state, and local regula-
tions. Academic labs may need Institutional Review Boards or waivers to access certain types of data. Limited 
communication between data users (researchers analyzing data) and data collectors (hospitals, commercial labs, 
and public labs) also impedes information flow. Guidance on metadata collection—such as what data should be 
collected—is sometimes vague, making it difficult for hospitals, clinics, and public and private labs that perform 
SARS-CoV-2 testing to know what they should or should not collect. When metadata is collected, the lack of 
standards (e.g., descriptions of clinical symptoms) can make it difficult to analyze across populations. Finally, 
secure databases that enable the integration of metadata with viral genomic sequences are lacking.

OPPORTUNITIES TO IMPROVE LINKAGE TO METADATA:

 
1. Create metadata priorities and standards. National alignment is needed to clarify metadata priorities 
(i.e., establish a minimal and specific set of data required to address critical public health questions). 
National templates for metadata collection and reporting are also needed to compare data across geo-
graphic regions and populations. In the United Kingdom (UK) the best and strongest analyses are those 
that combine contact tracing with genomics (e.g., the most robust evidence for increased transmissibility 
and severity of the B.1.1.7 variant was based on such data). Critically, as part of this effort to generate pri-
orities and standards, a communications ‘mechanism’ needs to be established between data generators, 
such as hospitals, and data users, such as scientists at universities. This ‘mechanism’ will facilitate com-
munication between two groups to align research and public health priorities.  

2. Strengthen existing databases and explore additional ones to improve access to metadata, while 
ensuring compliance with applicable regulations. A minimal set of metadata that significantly enhances 
genomic surveillance and does not affect patient privacy (such as geographic location of a viral 
sequence) should be uploaded to publicly accessible databases. These are metadata that are allowed 
to be collected and shared under federal, state and local regulations. Separately, certain types of meta-
data may need to be stored in non-publicly accessible databases separate from the databases holding 
genomic and phenotypic data. Ultimately, these metadata will need to be accessible and paired with 
epidemiological data to generate more useful information for public health officials. 

 
Improving Linkage to 
Metadata
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EXAMPLE IN ACTION

An example of a particularly suc-
cessful program is the CDC/APHL 
Bioinformatics Fellowship Program 
(https://www.aphl.org/bioinformat-
ics). This program has transformed 
U.S. federal and state public health 
preparedness. After completing the 
program, more than 70% of its gradu-
ates continue in public health careers. 
 
Public health laboratories also need 
advocacy to address state limits on 
the number of full-time employees 
(FTEs) that can be hired. Hiring addi-
tional, permanent staff with genomic 
sequencing and analysis skills in all 
state public health labs is critical to 
sustaining genomic capacity in the 
public health laboratory system.

 
Increasing Sequencing 
Volume and Representation 
Genomic sequencing involves several steps, such as 
accessing samples stored under proper conditions, 
sample preparation, sequencing, and processing the 
raw sequence data (i.e., assembly of raw sequences). 
Sequencing is performed using a high-throughput 
sequencer. The processing of raw sequencing data 
often requires access to computing clusters or cloud 
computing resources able to compute and store tera-
bytes of data. Bioinformatics specialists are needed 
with the ability to process raw sequencing data 
(i.e., perform quality control), assemble consensus 
genomes, and analyze the assembled sequences.  
 
Several barriers impede the scaling of sequencing. 
One barrier has been limited and patchwork fund-
ing for sequencing. This barrier, however, could be 
partially addressed with the recent announcement 
by the CDC to invest $200 million in new funding for 
genomic sequencing. Besides funding, limited work-
force capacity, especially in state public health labs, 
also limits genomic surveillance. The limited numbers 
sequencing experts and bioinformaticians constrains 
sequencing, sharing and analysis of genomic data. 
Finally, viral genomic sequencing for public health sur-
veillance purposes is mandated to be done in a CLIA 
facility.  The need to meet CLIA regulations prevents 
some groups from engaging in genomic sequencing. 

OPPORTUNITIES TO SCALE SEQUENCING:

1. Strengthen workforce capacity. To rapidly 
train sequencing experts and bioinformati-
cians in public health labs, offering technical 
assistance and fellowship programs through 
the Centers for Disease Control (CDC) and 
Association of Public Health Laboratories 
(APHL), should be expanded. Programs 
focused on placing professionals qualified in 
sample processing, sequencing and raw data
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Bolstering Information 
Sharing  and Integration
Although sharing of genomic sequencing information 
during the COVID-19 pandemic has been excellent, 
the lack of data integration is a significant impediment 
to scaling genomic surveillance. Clinical and epide-
miological data (i.e., metadata) is often not linked to 
genome sequences, genomic analysis, or phenotypic 
characterization. Several barriers prevent data integra-
tion. In the U.S., certain metadata is more sensitive

OPPORTUNITIES TO IMPROVE DATA 
INTEGRATION:

1. Strengthen existing databases, while also 
exploring databases for genomic surveil-
lance metadata. Both of the major genomic 
sequence databases, the National Center for 
Biotechnology Information (NCBI) and The 
GISAID Initiative, store and have the ability to 
store metadata. NCBI has an existing capabil-
ity to connect open access sequence records 
with controlled access  metadata, which can 
be aligned with principles of open and rapid 
data exchange for the public good. 
 
2. Establish a network that links publicly 
accessible databases containing genomic 
and phenotypic data with databases con-
taining metadata. A network is needed that 
facilitates public health researchers’ access to 
sensitive metadata and permits them to easily 
link such sensitive metadata to genomic and 
associated non-sensitive metadata (including 
epidemiological and clinical data) in publicly 
accessible databases, while ensuring patient 
privacy. Federal regulation may be necessary. 
This system must be able to integrate all avail-
able data to predict the impact of new variants 
rapidly. It should have a precise mandate in 
terms of the reports it produces and provides 
actionable information to public health officials 
and policymakers. 

processing into public health laborato-
ries should also be expanded and further 
developed.

2. Ensure sequencing is representative of all 
regions and all groups, particularly minority 
and underserved populations. Future increases 
in funding will increase sequencing volume. 
However, it is critical that genomic surveillance 
represents geographical and ethnic diversity 
of the U.S., particularly underserved popula-
tions that infrequently interact with the U.S. 
healthcare system. In addition to underserved 
groups, sequencing and analysis must be car-
ried out on high-priority clinical cases, such as 
individuals infected long-term (i.e., ‘long-haul-
ers’), immunocompromised individuals, and 
vaccine failures.

than viral genomic and phenotypic data, and often 
includes components protected by state and federal 
laws. These data must be handled differently from 
genomic and phenotypic data, which do not reveal 
a patient's information. Because of the limitations 
on metadata, it can be difficult to collect, transmit 
and store. In particular, sensitive metadata generally 
cannot be stored in publicly accessible databases. 
The physical separation of data makes it difficult to 
integrate. 
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OPPORTUNITIES TO ADVANCE GENOMIC 
DATA ANALYSIS:

1. Establish analytic priorities and standards 
for genomic data. Priorities for minimum 
analysis could include sample-level reporting 
of SARS-CoV-2 lineages and clades along with 
mutations relative to reference strains. Other 
priorities could be population-level analysis 
of phylogenetic trees linking samples from 
different geographies and analysis of spatio-
temporal frequencies of mutations, lineages 
and clades. Templates should describe optimal 
parameters for quality control and analysis.

2. Create and share analytical tools that 
are easy-to-use, scalable, and capable of 
addressing unanswered questions. A next 
generation set of analytical tools should 
be developed that are easy-to-use, even by 
analysts with limited viral genomics experi-
ence. These tools must also be capable of 
handling high volumes of complex and vari-
able data. They should be freely available and 
updated continuously by a dedicated group 
of software engineers. Analytical tools need 
to serve national surveillance priorities; thus, 
they should focus on generating reports that 
are understandable by a diverse audience 
with varying levels of expertise and use case 
scenarios. 

A national genomics surveillance effort will generate 
thousands of terabytes of raw sequencing data. These 
data must be standardized, uploaded, curated, and 
analyzed. Data analysis generally involves processing 
raw genomic data to ensure specific quality standards 
and then running a series of bioinformatic and com-
putational algorithms to achieve a specific analytical 
goal. Data analysis is complex and computationally 
demanding. It often requires access to large comput-
ing clusters capable of processing data quickly. 
 
Analysis of genomic data faces several challenges. 
Improvements are needed to existing tools to make 
them more user-friendly and better able to scale. 
Additional tools are also needed for new angles of 
analysis. These include tools for finer-scale "genomic 
epidemiology", where the utility derives from address-
ing fine-scale epidemiological questions, such as “is 
this cluster of cases in a workplace part of the same 
epidemiologically-linked outbreak?” These types 
of questions require access to non-public detailed 
epidemiological metadata and should generally be 
occurring within public health departments, so they 
can be co-located with the sensitive epidemiological 
data. Realizing this goal requires the development of 
user-friendly analytic tools specifically developed for

 
Advancing Genomic 
Analysis
 

public health workers with access to sensitive meta-
data. Tools are also needed for broader scale genomic 
surveillance, where the questions surround more 
general epidemiological and evolutionary ques-
tions regarding the circulation patterns and spread 
of genetic variants. These analyses require larger 
amounts of data and more sophisticated methods, but 
do not require the same level of access to detailed 
metadata. For this broader-scale genomic surveil-
lance, at a minimum, a system is needed that can 
estimate the prevalence of different variants through 
time and across space.

NCBI is building such a network as part of the U.S. 
government's efforts to understand whether emerging 
variants affect vaccine effectiveness. GISAID already 
integrates genomic data with certain types of meta-
data. Thus, it may be possible to leverage and expand 
these efforts, rather than build another platform. 

An alternative to a network that links metadata with 
genomic analysis, is to develop analytic tools that can 
be used by those who routinely collect and access 
metadata, such as hospitals, clinics, and public 
health labs. In other words, bring the tools to the data 
rather than the data to the tools (i.e., make software 
designed for use by bioinformaticians in public health 
departments).
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OPPORTUNITIES TO ACCELERATE  
PHENOTYPIC ANALYSIS:

1. Improve access to clinical samples and 
viral isolates. Several initiatives may allow 
greater access to clinical samples and viral 
isolates for immune and phenotypic analy-
sis, including alignment of material transfer 
agreements among partners, improved coor-
dination between testing sites where samples 
are collected and laboratories doing pheno-
typic studies, and support for the storage 
of high-priority clinical samples (such as 
long-term infected patients or vaccine and 
treatment failures). Standardized language in 
institutional review board (IRB) protocols and 
patient consent forms should be encouraged 
that allows for sharing of virus isolates and 
serum samples.

2. Invest in international laboratory capac-
ity so functional analysis can be performed 
in countries where the viruses emerge, or 
variants are detected. There must also be 
greater coordination among international and 
domestic labs involved in phenotypic analysis 
so overlapping studies are reduced and data 
generated are shared more rapidly.

For a holistic approach to pandemic surveillance, 
functional characterization is essential in determin-
ing how genetic changes in the viral genome impact 
viral transmission, virulence, and vaccine or treat-
ment response. This type of characterization typically 
involves lab-based assays and clinical or non-clinical 
models to study the virus's functional impact on a host 
or population. 

Several barriers slow phenotypic analysis. First, it 
can be difficult to obtain viral isolates from domestic 
or international sources because of complicated or 
restrictive material transfer agreements and shipping 
regulations. Second, patient samples and serum 
from SARS-CoV-2 cases and vaccinated individuals 
are generally not stored for long periods. The lack of 
access to patient samples makes it difficult to evaluate 
the immune response to novel SARS-CoV-2 variants 
quickly. 

Improving phenotypic analysis of SARS-CoV-2 variants 
is a priority for the U.S. government. An interagency 
group has been established to coordinate phenotypic 
analysis across federal agencies and NIH has sepa-
rately engaged in efforts to coordinate phenotypic 
analysis with industry through the NIH ACTIV con-
sortium. The goal of these programs is to facilitate 
cooperation across the U.S. government and with the 
private sector to improve risk assessment of newly 
detected variants.

 
Accelerating Phenotypic 
Analysis
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Enhancing Communication 
and Data Visualization
Information must be shared quickly and accurately 
with other scientists, public health officials, and policy 
makers. Many officials, however, are not experts in 
viral genomics. Therefore, information must be pre-
sented in clear and concise formats. Interpretation 
of the information is also needed to help non-experts 
assess the potential public health impact of a particu-
lar virus or variant.

OPPORTUNITIES TO ENHANCE COMMUNI-
CATION AND DATA VISUALIZATION:

1. Increase communication and coordination 
between public health officials, researchers 
and industry. A national consortium can bring 
these disparate groups, which infrequently 
interact, together. In particular, genomic 
epidemiologists who specialize in integrating 
clinical, epidemiological, genomic, and phe-
notypic data should be at the forefront of this 
engagement with public health officials.

2. Improve tools to visualize data. A set of 
tools that visualizes genomic epidemiology 
information for non-experts is needed to 
improve the framing, flow, and accessibility 
of information transmitted to public health 
officials.

Measuring Success
Monitoring and evaluating the success of a national genomics surveillance system should be guided by several 
metrics. Examples of metrics include the ones listed in the following table:

Metric Minimum Standard Target

Cases sequenced SARS-CoV-2 positive cases represen-
tative of regional, racial and ethnic 
diversity

5% of cases*  
Cases sequenced

Time from sample received by 
sequencing facility to uploading of 
consensus genome

Consensus genome (i.e., the most 
common nucleotide at any specific 
position in the genome) that passes 
quality control standards

10 days  
Time from sample received by 
sequencing facility to uploading of 
consensus genome

Time required for genomic analysis Identify novel variants, determine viral 
lineage, and place into appropriate city 
strain phylogeny.

24-48 hours 
Time required for genomic analysis

Time required for threat assessment 
(phenotypic analysis)

Neutralizing assays using vaccinated 
serum

14-21 days*  
Time required for threat assessment 
(phenotypic analysis)

*This number is illustrative. It is based on a model by Vavrek et al. (MedRXiv, January 15, 2021) that shows 5% sampling of all positive tests allows the  

detection of emerging strains when they are at a prevalence of 0.1% to 1.0%. *Depends on rapid access to viral isolate and vaccinated serum.
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Moving Forward Together
There is immense opportunity, but advancements 

toward a more robust genomic surveillance network 

require equally robust coordination. 

As a first step, The Rockefeller Foundation intends 

to support working groups that will seek to address 

major barriers to scaling of national genomics surveil-

lance. These four working groups could include:

1. Improving Access to Metadata and Data 
Integration 

2. Building Workforce Capacity to Increase 
Genomic Sequencing 
 

3. Advancing Genomic Analysis 

4. Accelerating Phenotypic Analysis 

 

This center could coordinate genomic surveillance 
among several of the region’s hospitals and clinics, 
diagnostic labs, public health labs, universities, and 
companies. In each region these entities will vary. A 
national level entity could coordinate genomic sur-
veillance among the regional hubs. This arrangement 
would allow regional hubs to leverage resources 
across the network and promote coordination on key 
issues affecting all regions.

Through these working groups, The Rockefeller 
Foundation will convene stakeholders from public, 
private, and non-governmental organizations across 
each of these focus areas. By bringing together a 
diverse set of actors in the space, working groups 
will help quickly surface issues, and collectively 
develop solutions. Working groups will also facilitate 
communication and coordination between different 
stakeholders. An entity will then also be responsible 
for coordinating across different working groups to 
document cross-cutting issues, and lay the ground-
work for a highly effective and efficient national 
network.

In addition, consideration should be given to build-
ing a network of regional hubs of public and private 
partners working together to share information and 
leverage genomic sequencing and analytical capacity 
within the region. Coordination within each region 
could be facilitated by a large genome sequencing 
center with expertise in pathogen surveillance. 

A robust genomics surveillance system is needed in 
the U.S. to detect and track SARS-CoV-2 variants and 
mitigate their impact on transmission, virulence, vac-
cines, therapeutics, and natural immunity. The ideal 
system will be able to transmit information in near 
real-time to public health officials, policymakers, the 
public, and health industry executives. 

To achieve this vision, existing U.S. genomic surveil-
lance capacity and expertise must be leveraged and 
expanded. This is achievable with greater coordination 
and collaboration to across the full range of con-
cerned stakeholders. By working to remove barriers 
that impede scale-up and to develop even more 
effective ways of working together, the U.S. has the 
opportunity to build a genomic surveillance with the 
scope and scale the country so urgently needs. 

A robust U.S. genomic surveillance network will help 
to reduce the impact of the current pandemic, while 
also laying the foundation for a future system that pro-
tects people from a range of threats, including future 
pandemic viruses, antibiotic resistant bacteria, and 
life-threatening fungal infections. It also will become 
a critical hub in a global genomics surveillance sys-
tem that detects, tracks, and mitigates the spread of 
pathogens anywhere in the world.

 
Conclusion
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