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Background: The US Department of Veterans Affairs (VA) 
has dedicated significant resources toward countering the 
COVID-19 pandemic. Sequencing for Research Clinical and 
Epidemiology (SeqFORCE) and Sequencing Collaborations 
United for Research and Epidemiology (SeqCURE) were 
developed as clinical and research consortiums, respectively, 
focused on the genetic COVID-19 surveillance.
Observations: Through genetic sequencing, VA SeqFORCE and 
SeqCURE collaborations contributed to the COVID-19 pandemic 
response and scientific understanding. Future directions for each 
program include the assessment of the unique impact of COVID-19  
on the veteran population, as well as the adaptation of these 

programs to future infectious disease threats. We foresee the use 
of these established platforms beyond infectious diseases.
Conclusions: VA SeqFORCE and SeqCURE were established 
as clinical and research programs dedicated to sequencing 
COVID-19 as part of ongoing clinical and surveillance efforts. In 
the future, we anticipate that having these programs embedded 
within the largest integrated health care system in the US will 
enable the study of pathogens and pandemics beyond COVID-19  
and at an unprecedented scale. The investment in these programs 
will form an integral part of our nation’s response to emerging 
infectious diseases, with future applications to precision medicine 
and beyond.
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The COVID-19 virus and its associated 
pandemic have highlighted the urgent 
need for a national infrastructure to rapidly 

identify and respond to emerging pathogens. 
The importance of understanding viral popula-
tion dynamics through genetic sequencing has 
become apparent over time, particularly as the 
vaccine responses, clinical implications, and 
therapeutic effectiveness of treatments have 
varied substantially with COVID-19 variants.1,2

As the largest integrated health care system 
in the US, the US Department of Veterans Af-
fairs (VA) is uniquely situated to help with pan-
demic detection and response. This article 
highlights 2 VA programs dedicated to COVID-19  
sequencing at the forefront of pandemic re-
sponse and research: VA Sequencing for Re-
search Clinical and Epidemiology (SeqFORCE) 
and VA Sequencing Collaborations United for 
Research and Epidemiology (SeqCURE) (Table).

VA SeqFORCE
VA SeqFORCE was established March 2021 to 
facilitate clinical surveillance of COVID-19 vari-
ants in the US veteran population and in VA em-
ployees. VA SeqFORCE consists of 9 Clinical 
Laboratory Improvement Amendment (CLIA)–
certified laboratories in VA medical centers, 
including the VA Public Health Reference Lab-
oratory in Palo Alto, California, and 8 Veterans 
Health Administration (VHA) clinical laboratories 
(Los Angeles, California; Boise, Idaho; Iowa City, 
Iowa; Bronx, New York; West Haven, Connecti-
cut; Indianapolis, Indiana; Denver, Colorado; and 
Orlando, Florida).3 Specimen standards (eg, real-

time polymerase chain reaction [RT-PCR] cycle 
threshold [Ct] < 30, minimum volume, etc) and 
clinical criteria (eg, COVID-19–related deaths, 
COVID-19 vaccine escape, etc) for submitting 
samples to VA SeqFORCE laboratories were 
established, and logistics for sample sequenc-
ing was centralized, including providing central-
ized instructions for sample preparation and to 
which VA SeqFORCE laboratory samples should 
be sent.  

These laboratories sequenced samples from 
patients and employees with COVID-19 to under-
stand patterns of variant evolution, vaccine, an-
tiviral and monoclonal antibody response, health 
care–associated outbreaks, and COVID-19 trans-
mission. As clinically relevant findings, such as 
monoclonal antibody treatment failure, emerged 
with novel viral variants, VA SeqFORCE was well 
positioned to rapidly detect the emergent variants 
and inform better clinical care of patients with 
COVID-19. Other clinical indications identified for 
sequencing within VA SeqFORCE included out-
break investigation, re-infection with COVID-19 
> 90 days but < 6 months after a prior infection, 
extended hospitalization of > 21 days, death due 
to COVID-19, infection with a history of recent 
nondomestic travel, rebound of symptoms after 
improvement on oral antiviral therapy, and epide-
miologic surveillance. 

VA SeqFORCE laboratories use a variety of 
sequencing platforms, although a federated sys-
tem was developed that electronically linked 
all laboratories using a software system (Prae-
diGene, Bitscopic) for sample management, 
COVID-19 variant analytics, and automated re-
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sult reporting of clade and lineage into the Veter-
ans Health Information Systems and Technology 
Architecture (VistA) Computerized Patient Re-
cord System. In addition, generated nucleic acid 
sequence alignment through FASTA consensus 
sequence files have been archived for second-
ary research analyses. By archiving the consen-
sus sequences, retrospective studies within the 
VA have the added benefit of being able to clini-
cally annotate investigations into COVID-19 vari-
ant patterns. As of August 2023, 43,003 samples 
containing COVID-19 have been sequenced, and 
FASTA file and metadata upload are ongoing to 
the Global Initiative on Sharing Avian Influenza 
Data, which houses > 15 million COVID-19 files 
from global submissions. 

VA SeqFORCE’s clinical sequencing efforts 
have created opportunities for multicenter collab-
oration in variant surveillance. In work from De-
cember 2021, investigators from the James J. 
Peters VA Medical Center in Bronx, New York, 
collaborated with the VHA Pathology and Labo-
ratory Medicine Services and Public Health na-
tional program offices in Washington, DC, to 
develop an RT-PCR assay to rapidly differenti-
ate Omicron from Delta variants.4 Samples from 
VA hospitals across the nation were used in this 
study.

Lessons from VA SeqFORCE have also been 
cited as inspiration to address COVID-19 clini-
cal problems, including outbreak investigations 
in hospital settings and beyond. Researchers at 
the Iowa City VA Health Care System, for ex-
ample, proposed a novel probabilistic quantita-
tive method for determining genetic-relatedness 
among COVID-19 viral strains in an outbreak 
setting.5 They extended the scope of work to de-
velop COVID-19 outbreak screening tools com-

bining publicly available algorithms with targeted 
sequencing data to identify outbreaks as they 
arise.6 We expect VA SeqFORCE, in conjunction 
with its complement VA SeqCURE, will continue 
to further pandemic surveillance and response.

VA SeqCURE
As the research-focused complement to VA 
SeqFORCE, VA SeqCURE is dedicated to a 
broader study of the COVID-19 genome 
through sequencing. Established January 2021, 
the VA SeqCURE network consists of 6 re-
search laboratories in Boise, Idaho; Bronx, New 
York; Cleveland, Ohio; Durham, North Carolina; 
Iowa City, Iowa; and Temple, Texas. 

Samples are collected as a subset of 
the broader VA Science and Health Initia-
tive to Combat Infectious and Emerging  
Life-Threatening Diseases (VA SHIELD) biore-
pository sweep protocol for discarded blood 
and nasal swab specimens of VHA patients 
hospitalized with COVID-19, as described by 
Epstein and colleagues.7-9 While VA SeqFORCE 
sequences samples positive for COVID-19 by 
RT-PCR with a Ct value of ≤ 30 for diagnostic 
purposes, VA SeqCURE laboratories sequence 
more broadly for nondiagnostic purposes, in-
cluding samples with a Ct value > 30. The  
6 VA SeqCURE laboratories generate sequenc-
ing data using various platforms, amplification 
kits, and formats. To ensure maximum qual-
ity and metadata on the sequences generated 
across the different laboratories, a sequence in-
take pipeline has been developed, adapting the 
ViralRecon bioinformatics platform.10 This har-
monized analysis pipeline accommodates dif-
ferent file formats and performs quality control, 
alignment, variant calling, lineage assignment, 

TABLE VA Surveillance Programs Overview
VA SeqFORCE VA SeqCURE

Objective Clinical surveillance, rapid response to COVID-19 variants COVID-19 sequencing data resource

VA offices Pathology and Laboratory Medicine Program, Public Health Office of Research and Development, VA SHIELD

Data usage Clinical management and epidemiologic studies; results 
stored in VA Computerized Patient Record System 

Broader epidemiologic studies and other research applications; 
results not stored in VA Computerized Patient Record System 

Inclusion criteria COVID-19 samples with cycle threshold values ≤ 30 COVID-19 samples with cycle threshold values > 30

Applications COVID-19 variant evaluations among infected individuals 
with recent nondomestic travel, COVID-19 vaccine  
breakthrough, treatment rebound, and outbreak

COVID-19 vaccine effectiveness; rural vs urban  
impact of COVID-19 variants 

Key  
participating  
locations

Palo Alto, California (reference laboratory); Los Angeles, 
California; Denver, Colorado; West Haven, Connecticut; 
Orlando, Florida; Iowa City, Iowa; Boise, Idaho;  
Indianapolis, Indiana; Bronx, New York

Iowa City, Iowa; Boise, Idaho; Durham, North Carolina
Bronx, New York; Cleveland, Ohio; Temple, Texas

Abbreviations: SeqCURE, Sequencing Collaborations United for Research and Epidemiology; SeqFORCE, Sequencing for Research Clinical and Epidemiology; 
SHIELD, VA Science and Health Initiative to Combat Infectious and Emerging Life Threatening Diseases; VA, US Department of Veterans Affairs.
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clade assignment, and annotation. As of Au-
gust 2023, VA SeqCURE has identified viral 
sequences from 24,107 unique specimens. 
Annotated COVID-19 sequences with the ap-
propriate metadata will be available to VA re-
searchers through VA SHIELD.

Research projects include descriptive epide-
miology of COVID-19 variants in individuals who 
receive VHA care, COVID-19 vaccine and ther-
apy effectiveness, and the unique distribution of 
variants and vaccine effectiveness in rural set-
tings.3 True to its core mission, members of the 
VA SeqCURE consortium have contributed to 
the COVID-19 viral sequencing literature over the 
past 2 years. Researchers also are accessing VA 
SeqCURE to study COVID-19 persistence and 
rebound among individuals with mild disease 
taking nirmatrelvir/ritonavir compared with other 
COVID-19 therapeutics and untreated controls. 
Finally, COVID-19 samples and their sequences 
are stored in the VA SHIELD biorepository, which 
leverages these samples and data to advance 
scientific understanding of COVID-19 and future 
emerging infectious diseases.7-9

Important work from investigators at the Cen-
tral Texas Veterans Health Care System con-
fronted the issue of whole genome sequencing 
data from COVID-19 samples with low viral 
loads, a common issue with COVID-19 se-
quencing. They found that yields of 2 sequenc-
ing protocols, which generated high-sequence 
coverage, were enhanced further by combin-
ing the results of both methods.11 This proj-
ect, which has potentially broad applications 
for sequencing in research and clinical set-
tings, is an example of VA SeqCURE’s efforts 
to address the COVID-19 pandemic. The VA  
SeqCURE program has substantial potential as 
a large viral sequencing repository with broad 
geographic and demographic representation, 
such that future large-scale sequencing analy-
ses may be generated from preexisting nested 
cohorts within the repository.

NEXT STEPS
Promising new directions of clinical and  
laboratory-based research are planned for VA 
SeqFORCE and VA SeqCURE. While the im-
pact of COVID-19 and other viruses with ep-
idemic potential is perhaps most feared in 
urban settings, evidence suggests that the dis-
tribution of COVID-19 in rural settings is unique 
and associated with worse outcomes.12,13 
Given the wide catchment areas of VA hospi-
tals that encompass both rural and urban set-
tings, the VA’s ongoing COVID-19 sequencing 
programs and repositories are uniquely posi-
tioned to understand viral dynamics in areas of 
differing population density. 

While rates of infection, hospitalization, and 
death resulting from COVID-19 have substan-
tially dropped, the long-term impact of the pan-
demic is just beginning to be recognized in 
conditions such as long COVID or postacute 
COVID-19 syndrome. Long COVID has already 
proven to be biologically multifaceted, difficult 
to diagnose, and unpredictable in identifying the 
most at-risk patients.14-16 Much remains to be 
determined in our understanding of long COVID, 
including a unified definition that can effectively 
be used in clinical settings to diagnose and treat 
patients. However, research indicates that co-
morbidities common in veterans, such as diabe-
tes and cardiovascular disease, are associated 
with worse long-term outcomes.17,18 Collabo-
rations between VA scientists, clinicians, and 
national cooperative programs (such as a net-
work of VHA long COVID clinics) create an un-
matched opportunity for VA SeqFORCE and VA 
SeqCURE programs to provide insight into a 
disease likely to become a chronic disease out-
come of the pandemic.

With VA SeqFORCE and VA SeqCURE pro-
grams, the VA now has infrastructure ready to 
respond to new infectious diseases. During the 
mpox outbreak of 2022, the VA Public Health 
Reference Laboratory received > 80% of all 
VA mpox samples for orthopox screening and 
mpox confirmatory testing. A subset of these 
samples underwent whole genome sequenc-
ing with the identification of 10 unique lineages 
across VA, and > 200 positive and 400 nega-
tive samples have been aliquoted and submitted 
to VA SHIELD for research. Furthermore, the VA 
SeqFORCE and VA SeqCURE sequencing pro-
cesses might be adapted to identify outbreaks 
of multidrug-resistant organisms among VA pa-
tients trialed at other institutions.19 We are hope-
ful that VA SeqFORCE and VA SeqCURE will 
become invaluable components of health care 
delivery and infection prevention at the hospital 
level and beyond.

Finally, the robust data infrastructure and as-
sociated repositories of VA SeqFORCE and VA 
SeqCURE may be leveraged to study nonin-
fectious diseases. Research groups are starting 
to apply these programs to cancer sequenc-
ing. We anticipate that these efforts may have a 
substantial impact on our understanding of can-
cer epidemiology and region-specific risk fac-
tors for malignancy, given the size and breadth 
of VA SeqFORCE and VA SeqCURE. Com-
mon oncogenic mutations identified through 
these programs could be targets for precision 
oncology therapeutics. Similarly, we envision 
applications of the VA SeqFORCE and VA Seq-
CURE data infrastructures and repositories to-
ward other precision medicine fields, including  
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pharmacogenomics and nutrition, to tailor inter-
ventions to meet the specific individual needs 
of veterans.

CONCLUSIONS
The productivity of VA SeqFORCE and VA  
SeqCURE programs over the past 2 years con-
tinues to increase in response to the COVID-19 
pandemic. We anticipate that they will be vital 
components in our nation’s responses to infec-
tious threats and beyond.
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