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Background.  Global efforts are needed to elucidate the epidemiology of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the underlying cause of coronavirus disease 2019 (COVID-19), including seroprevalence, risk factors, and long-
term sequelae, as well as immune responses after vaccination across populations and the social dimensions of prevention and treat-
ment strategies.

Methods. In the United States, the National Cancer Institute in partnership with the National Institute of Allergy and Infectious
Diseases, established the SARS-CoV-2 Serological Sciences Network (SeroNet) as the nation’s largest coordinated effort to study
coronavirus disease 2019. The network comprises multidisciplinary researchers bridging gaps and fostering collaborations among
immunologists, epidemiologists, virologists, clinicians and clinical laboratories, social and behavioral scientists, policymakers, data
scientists, and community members. In total, 49 institutions form the SeroNet consortium to study individuals with cancer, autoim-
mune disease, inflammatory bowel diseases, cardiovascular diseases, human immunodeficiency virus, transplant recipients, as well
as otherwise healthy pregnant women, children, college students, and high-risk occupational workers (including healthcare workers

and first responders).
Results.

Several studies focus on underrepresented populations, including ethnic minorities and rural communities. To support

integrative data analyses across SeroNet studies, efforts are underway to define common data elements for standardized serology
measurements, cellular and molecular assays, self-reported data, treatment, and clinical outcomes.

Conclusions.

In this paper, we discuss the overarching framework for SeroNet epidemiology studies, critical research questions

under investigation, and data accessibility for the worldwide scientific community. Lessons learned will help inform preparedness

and responsiveness to future emerging diseases.
Keywords.

cohort; COVID-19; epidemiology; SARS-CoV-2; serosurveillance; SeroNet.

Coronavirus disease 2019 (COVID-19), an illness caused by in-
fection with the severe acute respiratory coronavirus 2 (SARS-
CoV-2), was first detected in December 2019 and designated
a worldwide pandemic by the World Health Organization
(WHO) on March 11, 2020 [1]. By April 2020, the danger that
COVID-19 could overwhelm healthcare systems was apparent
after propagated outbreaks throughout the world. Governments
and public health agencies in many countries struggled to im-
plement public health initiatives such as physical distancing,
mask/face coverings, and, in some cases, stay-at-home orders in
attempts to curb the number of infections or “flatten the curve”.
Global efforts were launched to elucidate the epidemiology of
this new disease, including its seroprevalence, risk factors, in-
dividual susceptibility, and long-term sequelae, in addition to
developing effective therapeutics and vaccines.

In response to the COVID-19 pandemic, the US National
Cancer Institute (NCI), in partnership with the National
Institute of Allergy and Infectious Diseases (NIAID), Frederick
National Laboratory for Cancer Research (FNLCR) and other
parts of the National Institutes of Health (NIH), and the
Department of Health and Human Services, established the
Serological Sciences Network (SeroNet) as the nation’s largest
coordinated effort to study the human immune response to
COVID-19 through a Congressional emergency appropriation
of funding [2]. The overall goal of SeroNet is (1) to expand the
nation’s capacity for accessible and efficient SARS-CoV-2 se-
rologic tests on a population-level and (2) to advance research
on humoral and cellular immune responses to SARS-CoV-2
infection and vaccination among diverse and vulnerable popu-
lations. Another key objective is developing culturally targeted

communication approaches to promote SARS-CoV-2 anti-
body testing and to better understand barriers that influence
knowledge of and participation among minority communities
in testing with the goal to address overall racial/ethnic dis-
parities in COVID-19 susceptibility and outcomes. Lessons
learned from SeroNet research can be applied immediately and
may prove valuable both to (1) the development of vaccines
and novel treatments and, (2) to inform future public health
emergencies.

In this report, we discuss the overarching framework for the
performance of SeroNet studies, and target outcomes of the
consortium. By providing this foundational information, we
alert the global scientific and medical community about data
emerging from SeroNet studies to help drive the global re-
sponse to the COVID-19 pandemic.

METHODS

Members of SeroNet

The NCI established 8 Serological Sciences Centers of
Excellence to conduct research projects to characterize immune
responses to SARS-CoV-2 infection and better understand pre-
dictors of protective immune responses and disease progression
(Figure 1). In addition, 13 awards were granted to researchers
to conduct projects on basic and applied serological research.
Through the FNLCR, 4 subcontracts were awarded to research
institutions as SeroNet Capacity Building Centers to expand the
nation’s serology testing capabilities by increasing throughput,
developing novel serological assays to test for SARS-CoV-2 anti-
bodies, procuring reference serological samples, and conducting
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Figure 1. Primary US Institutions Participating in SeroNet Studies.
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serosurveillance studies. In total, SeroNet granted 25 awards to
23 of the nation’s top biomedical research institutions.

Evolving Research Questions

Upon establishment of SeroNet in October 2020 and naming
the 25 awardees spread across 49 institutions (23 primary in-
stitutions, 26 additional collaborating institutions) overarching
research questions were articulated. They focused on under-
standing susceptibility and diversity of exposures to SARS-
CoV-2 including elucidating immune responses to infection in
the general population and among high-risk and immunocom-
promised populations.

By December 2020, Pfizer-BioNTech [3] and Moderna/NIAID
[4] had begun clinical trials in healthy populations on their re-
spective mRNA SARS-CoV-2 vaccines, and they reported >94%
short-term vaccine efficacy against hospitalization and mor-
tality, with no evidence of increased incidence of major adverse
events. These findings led to Emergency Use Authorization of
the vaccines in Britain, the United States, the European Union,
and several other countries. Soon thereafter, several other
COVID-19 vaccines were approved by the WHO for use glob-
ally, including Johnson & Johnson/Janssen INJ-7843735/Ad26.
COV2.S, Oxford/AstraZeneca AZD1222, Serum Institute of
India Covishield (Oxford/AstraZeneca formulation), Sinopharm
(Beijing) BBIBP-CorV (Vero Cells), and Sinovac CoronaVac
[1, 5]. With over 20 SARS-CoV-2 vaccines now available around

the globe [6], the SeroNet research infrastructure also supports
questions focused on vaccine responses, including the durability
of humoral and cellular immunity in immunocompromised
populations compared with healthy individuals, and the fre-
quency of breakthrough infections in vaccinated individuals.

In the coming months, the COVID-19 pandemic will no doubt
continue to rapidly change both biologically, with emergence of
new variants, and medically, with development of new vaccines
and variations in vaccine perspectives, availability, and uptake
across populations, and antiviral agents. Recommendations for
“booster” (ie, subsequent dose vaccine administrations) and
novel treatments for symptomatic disease are already changing
the landscape. Public health policy will also evolve, with full
US Food and Drug Administration authorization of vaccines
and likely vaccine mandates by employers and communities.
As such, SeroNet studies will continue to be refined to address
research challenges that arise, including devising strategies re-
lated to vaccination uptake among hesitant and underserved
populations (Table 1).

RESULTS

Scope of Epidemiologic Research

There is a broad range of research studies across SeroNet, in-
cluding epidemiologic studies, basic investigational science,
development and deployment of serologic diagnostic methods,
mathematical and statistical modeling, and qualitative research
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Table 1. Evolution of Scientific Inquiry in SeroNet

Research Questions in Prevaccine Era

What is the prevalence of SARS-CoV-2 infection in
the United States across age groups, racial/ethnic
groups, and urban/rural populations?

Why do some people who are exposed to SARS-CoV-2

develop symptoms and others do not?

What risk factors explain the spectrum of disease se-

verity among those diagnosed with COVID-19? How

do we define “long COVID" (postacute sequelae of
SARS-CoV-2, PASC) and what are the predictors?

What are the risk factors associated with reinfection?

How does disease severity correlate with long-term
immunity to reinfection?

What genetic, clinical, and environmental factors affect

the immune response to SARS-CoV-2?

Do people with certain health conditions, such as

cancer, diabetes, heart disease, or autoimmune dis-

ease, have an increased risk of developing severe
iliness from COVID-19?

Do culturally targeted messages about COVID-19 and

noninvasive salivary antibody testing increase partic-

ipation in research uptake among minority popula-
tions (eg, black and Hispanic communities)?

What is the significance of SARS-CoV-2 “variants of
concern”?

Research Questions in Postvaccine Era

Do persons with immunosuppression develop
similar immune responses after SARS-
CoV-2 vaccination as healthy individuals?

Do specific immune suppressive therapies
affect risk of SARS-CoV-2 infection or vac-
cination response (eg, cancer therapies
including immunotherapies)?

What is the durability of the vaccine-induced
immune response across diverse popula-
tions?

What T-cell responses to SARS-CoV-2 occur
following infection and/or vaccination?

What is the clinical significance of “break-
through COVID" in vaccinated populations?

What are the characteristics of “low"” vaccine
responders? What alternative strategies are
needed to protect them?

Does vaccination decrease the likelihood of
risk of severe illness? Long COVID?

What is the level of vaccine hesitancy across
various populations? How do we address
concerns?

Do culturally targeted messages about
COVID-19 and vaccines increase vaccina-
tion rates uptake among minority popula-
tions (eg, black and Hispanic communities)?

What role can salivary antibody testing play
in addressing vaccination hesitancy and
booster vaccination among hesitant and

Future Directions

What are the trajectories of immune response after
natural infection and/or vaccination? Is the pan-
demic over for otherwise healthy populations?

Do additional doses/boosters of vaccine among
immunosuppressed persons provide increased
protection from infection or severe COVID-19?

What is the optimal timing of vaccination relative to
treatment for disease management?

How does heterologous vaccination differ from
homologous vaccination?

Is serological measures of antibodies useful as a
means to monitor vulnerable individuals and/or
help guide vaccination policy?

How do booster vaccines hold up against future
“variants of concern”?

What are barriers or enhancers of vaccine uptake
among minority populations (eg, black and His-
panic communities), across the lifespan?

What tools and resources are needed to enable
broad and effective, home-based salivary col-
lection?

What are the interactions between anti-SARS-
CoV-2 monoclonal antibody therapy for treatment
and prevention of SARS-CoV-2 and development
and maintenance of an immune response?

How do we prepare for the next pandemic?

underserved populations?

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

including focus groups, online surveys, and focus groups/qual-
itative interviews. Working groups were established to outline
study design templates (Appendix A) to disseminate best prac-
tices within the network and broader community and to allow
for future data harmonization. Among epidemiologic studies,
the majority are prospective cohort studies with repeated meas-
ures focusing on various research questions across diverse
populations, with strategic, real-world observational studies
also included. Specific details on study aims and methodology
for each SeroNet study involving human populations are out-
lined in Table 2 and Appendix B. The following subpopulations
are being examined in SeroNet studies.

Individuals With Immune-Mediated Inflammatory Diseases

SeroNet studies are focused on populations with rheumatoid
arthritis, systemic lupus erythematosus, and inflammatory
bowel diseases (Crohn’s Disease and ulcerative/indeterminate
colitis). Adults with immune-mediated inflammatory diseases
face significant concerns regarding infection risk, continuity
in clinical care, and potentially suboptimal vaccine response.
Additional concerns include disease exacerbation with either
infection or vaccination and poor infection outcome, in both
cases owing to heightened autoimmunity [7-10]. Key findings

have been reported on (1) the frequency of adverse events after
vaccination [11] and (2) the comparison of induced antibody
responses across SARS-CoV-2 vaccine platforms [12], which
help to inform clinical guidelines [13].

Individuals With Cancer

The SARS-CoV-2 infection continues to cause significant mor-
bidity and mortality among vulnerable immunosuppressed
cancer patients. For example, patients with lung cancer have a
greater than 7-fold higher rate of becoming infected with SARS-
CoV-2 COVID-19, a greater than 3-fold higher hospitalization
rate with high complication rates, and an estimated case fatality
rate of more than 30% [14]. The potential effects of malignancy
and/or anticancer treatments on COVID-19 vaccine response
as well as the impact of a vaccine on cancer treatment, inci-
dence of adverse events, and progression are a main focus of
some SeroNet studies. Several hundred patients with cancer,
including hematological malignancies, solid cancers, and he-
matopoietic cell transplant recipients have been accrued and
are being followed prospectively for endpoints of interest and
impacts of various immunotherapies/cancer treatments. Key
findings reported include perspectives and concerns regarding
vaccination in cancer patients [15], and the reduced antibody
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response in cancer patients compared with healthy individuals
[16, 17], in particular patients with selected hematological ma-
lignancies and those receiving specific anticancer treatments.
For example, the seroconversion rate for patients with chronic
lymphoblastic leukemia is as low as 50% compared with ap-
proximately 100% in the general population [18].

Individuals Undergoing Solid Organ Transplantation

Solid organ transplant recipients may receive a variety of immu-
nosuppressive regimens to prevent organ rejection. Evaluating
immune responses to different COVID-19 vaccines among
solid organ transplant recipients is a specific focus of 2 SeroNet
centers. Most transplant recipients evaluated in these studies
include recipients who have received kidney, lung, heart, or
pancreas transplantation. Detailed information on type of im-
munosuppressive medications and duration of immunosup-
pression is obtained from electronic medical records. Recent
studies show substantially lower seroconversion rates among
solid organ transplant recipients [19-22], and subsequent
studies are focusing on both the initial rates of seroconversion
and the durability of the immune response in these solid organ
transplant recipients [23, 24].

Individuals With Human Immunodeficiency Virus

People with human immunodeficiency virus (PWH) are at an
increased risk of COVID-19 and severe disease manifestations
[25, 26]. The effects of antiretroviral therapy or human immu-
nodeficiency virus (HIV)-related immunosuppression on vac-
cine response are unclear [27]. In addition, PWH who are not
immunocompromised may have immunological features that
result in different B-cell or T-cell responses compared with im-
munocompetent HIV-negative individuals [28-30]. Published
studies on the immune response to SARS-CoV-2 vaccination
in PWH demonstrate that PWH can respond to vaccination,
but these are limited by nonrandomization approaches and
lack of heterogeneity in sex, race/ethnicity, and age [27, 31, 32].
Therefore, further studies of humoral and cellular immunity
and safety profiling after completion of the vaccine series in
PWH are needed [31].

Individuals at Risk Due to Occupational Exposures

Healthcare workers (HCWs) have historically been on the front
lines of epidemics [33]. The SARS-CoV-2 is a highly trans-
missible respiratory virus, making hospitals potential loci for
outbreaks and placing HCWs at high risk of acquiring the in-
fection and unknowingly transmitting of the virus to others. To
track seroprevalence or SARS-CoV-2 antibodies and vaccine-
induced immune response in HCWs, SeroNet studies at major
academic centers have recruited several hundred HCWs for
longitudinal assessments. Key studies to date include under-
standing the magnitude of neutralizing antibody titers among

polymerase chain reaction-positive HCWs, intensive care unit
patients, and convalescent plasma donors [34] and the diverse
impact of these neutralizing antibodies to different variants of
COVID-19 [35].

Pregnant Women

Prevention and control of COVID-19 infection among preg-
nant women have been a major concern during the pandemic,
primarily because pregnancy is a risk for more severe COVID-
19 outcomes for both mother and baby [36, 37]. Studies are un-
derway to investigate the clinical characteristics, outcomes, and
vertical transmission (of infection or antibodies postinfection
or postvaccine). In addition, studies are being conducted to de-
termine the best time during pregnancy to administer vaccines
to protect the mother and optimally transplacentally transfer
antibodies to the baby.

Children, Teens, and College Students

Although several studies show children and adolescents are
at lower risk of COVID-19-related morbidity and mortality
[38], multisystem inflammatory syndrome in children is a se-
rious health condition associated with SARS-CoV-2 infection
[39]. Given the rarity of this condition, large consortium efforts
involving SeroNet will be helpful in better understanding risk
factors, clinical course of the disease, and immune response to
vaccination. Recent studies have highlighted (1) racial and so-
cioeconomic disparities of SARS-CoV-2 infection among the
pediatric population [40] and (2) virological characteristics of
hospitalized children with infection [41]. Children undergoing
cancer chemotherapy or receiving other immunomodulatory
treatments are being enrolled to understand the immune re-
sponses against SARS-CoV-2 after infection and immunization.

Ethics Approval and Participant Consent

The design of the work has been approved by local ethical com-
mittees for each individual study. This overview paper sum-
marizing the consortium does not include factors necessitating
patient consent.

DISCUSSION

Health Disparities: Race/Ethnicity, Sex, and Age

Health disparities among racial/ethnic minority groups are a
persistent and growing public health concern. Although initially
expected to be “the great equalizer,;” COVID-19 has instead re-
inforced and exacerbated racial/ethnic health disparities in the
United States [42]. The COVID-19 pandemic has emphatically
demonstrated that minority populations are disproportionately
exposed to infection and experience a greater burden of disease
[43, 44]. Several reasons for these differences have been pro-
posed, including a higher prevalence of comorbidities (eg, type
2 diabetes), greater social deprivation, large multigenerational
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households, differences in occupational risk, misinformation,
and inequitable access to COVID-19 resources and health-
care. To address these concerns, specific SeroNet studies are
engaging community leaders and focusing on the recruitment
and retention of ethnic/racial minority groups throughout the
United States across a spectrum of socioeconomic levels in our
research studies.

The pandemic has also revealed disparities based on age, sex,
and gender [45-48]. Worldwide, people who are older aged
or male sex are at greater risk of more severe outcomes from
COVID-19 [48]. Age and biological sex also impact innate,
humoral, and cell-mediated immune responses during infec-
tion [49-51]. This is further reflected in specific SeroNet study
populations utilizing electronic medical records, with elevated
inflammatory biomarkers explaining a majority of the sex dif-
ferences in COVID-19 outcomes among hospitalized patients
[51]. How sex and age intersect to alter immunity to SARS-
CoV-2 infection and vaccination is being considered in SeroNet
studies and collaborations.

Data Sharing

To accelerate data dissemination, SeroNet research results and
data sets are made publicly available at the time a manuscript
(“study”) is accepted for publication in a peer-reviewed journal.
Rapid data sharing ensures transparency and accessibility and
facilitates confirmation of the research findings, thus acceler-
ating generalizability of the results. Furthermore, it promotes
(1) new analytical strategies to answer other research ques-
tions and (2) the creation of harmonized datasets by combining
data from multiple sources, with predetermined common data
elements to facilitate meta-analyses. To ensure all data gener-
ated through the SeroNet program can be easily located, all
studies will also be registered in the Immunology Data Portal,
ImmPort [52], an immunology domain-specific data repository
supported by NIAID. The ImmPort data model is designed to
accommodate data and metadata from common types of im-
munology assays including enzyme-linked immunosorbent
assays, flow cytometry, cytology by time-of-flight, chemilum-
inescence immunoassay, electrochemiluminescence immuno-
assay, Luminex, MesoScale Discovery, or IsoPlexis multiplex
assays, and many others. ImmPort also allows linking data to
other repositories, such as datatype-specific repositories, in-
cluding NCBT’s dbGaP, SRA, or GEO. A SeroNet study record
in ImmPort will contain the metadata and data deposited in
ImmPort, as well as any links to data deposited in other public
repositories.

DISCUSSION

Strengths and Limitations
The swift emergency appropriation passed by the US Congress
in April 2020 provided funding within months that enabled

the development of the SeroNet infrastructure. SeroNet is a
unique network comprising a broadly based multidisciplinary
consortium of researchers that fosters collaboration among im-
munologists, epidemiologists, virologists, clinicians, clinical la-
boratories, behavioral and social scientists, policymakers, and
community members. By harnessing existing academic medical
research centers and creating new relationships between in-
stitutions and investigators (eg, connecting infectious disease
immunologists with oncology or autoimmune disease-focused
immunologists or epidemiologists), this program is building
long-lasting bridges and initiating a new vision for multidisci-
plinary research programs.

Within the network, we have defined (1) common data elem-
ents for self-reported data and clinical treatment/outcomes
and (2) standardization of serological and cellular/molec-
ular assays, thereby facilitating data harmonization for future
consortium-wide efforts. All researchers pledged commitment
to data sharing and accessibility using the EA.LR. (findable, ac-
cessible, interoperable, reusable) principles [53]. Moreover, the
rapid dissemination of publications in OpenAccess format and
the nimble and evolving nature of cohorts allow investigators
to adapt to critical research questions. Furthermore, given the
large size of the network, data can be pooled across studies to
investigate rare exposures and outcomes.

Limitations of the network include the inherent heteroge-
neity across study methodologies. The network is also unable
to investigate international variation and immune responses
to vaccines not available in the United States. Finally, as the
COVID-19 pandemic evolves, there will be a need for addi-
tional data collection not anticipated. However, the large in-
frastructure and diverse expertise of this multi-institutional
effort should allow for sufficient nimbleness to address the ever-
changing nuances of this pandemic.

Future Directions and Impact

The heterogeneity of clinical severity and the different mani-
festations observed after SARS-CoV-2 exposure suggest that
both the viral pathogenesis and host responses are exceed-
ingly complicated and will necessitate long-term studies.
Furthermore, rapid deployment of different types of vaccines
and changes in public policies, including the availability of
vaccines, affect recommendations for the number of vaccine
doses (and timing) needed to sustain immunological pro-
tection across various populations. SeroNet is in an optimal
position to gather such data and answer critical scientific
questions on these topics as they arise. Outstanding questions
include understanding correlates of protection, identifying
vulnerable populations for booster vaccinations, and alterna-
tive strategies for “poor responders” Factors that increase the
durability of vaccine-elicited immune responses in the general
population and whether all persons require subsequent vacci-
nation are unclear. Future priorities for investigation include
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the following: (1) the potential benefit of heterologous vac-
cinations; (2) deep phenotyping of the spectrum of “at-risk”
subpopulations with detailed clinical annotation to identify
pathogenic mechanisms; (3) investigation into diversity of
immune response across subpopulations and their respec-
tive roles in protection from infection and/or disease; and (4)
interactions with other common respiratory pathogens and
putative cross-protection.

CONCLUSIONS

In summary, SeroNet represents an ambitious effort to coor-
dinate the study of this infection in real time. This publica-
tion brings information about this network forward, with the
goals of articulating our framework for epidemiologic and
immunologic study of SARS-CoV-2 and human populations
and highlighting the value of creating a pan-national research
network to combat the COVID-19 pandemic. The longitu-
dinal studies of human populations already initiated establish
critically important early benchmarks for tracking the host
immunologic response to both the SARS-CoV-2 virus and to
vaccination through time. The principles of making SeroNet
datasets publicly available will help drive discovery and serve as
a model for future research on both novel and existing diseases
when multidisciplinary, collaborative research is desired in an

evolving environment.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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