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ABSTRACT

Objectives: We aimed to elucidate public values regarding the use of genomics to improve vaccine
development and use (vaccinomics).

Methods: Adults =18 years-old were recruited through social media and community organizations, and
randomly assigned to one of four nested discussion groups in Boulder, CO and Baltimore, MD. Participants
rated their confidence in vaccine safety and effectiveness prior to and after discussing vaccinomics. Before
departing, they prioritized funding for vaccinomics versus federal priorities (vaccine safety and efficacy,
new vaccines, and free vaccines) and chronic diseases (cancer, heart disease, and diabetes). Grounded
Theory-influenced methods were used to identify themes.

Results: Participants broadly supported vaccinomics. Emergent themes: concerns about reduced privacy/
confidentiality, increased genetically based stigma/discrimination, and reduced agency to make vaccine-
related decisions through genetically based prioritization. Participants supported vaccinomics’ potential
for increased personalization. Some participants favored prioritizing others over themselves during
a vaccine shortage, while others did not. Some participants worried health insurance companies would
discriminate against them based on information discovered through vaccinomics. Participants feared
inequitable implementation of vaccinomics would contribute to discrimination and marginalization of
vulnerable populations. Discussing vaccinomics did not impact perceptions of vaccine safety and effec-
tiveness. Federal funding for vaccinomics was broadly supported.

Conclusion: Participants supported vaccinomics’ potential for increased personalization, noting policy
safeguards to facilitate equitable implementation and protect privacy were needed. Despite some con-
cerns, participants hoped vaccinomics would improve vaccine safety and effectiveness. Policies regarding
vaccinomics’ implementation must address public concerns about the privacy and confidentiality of
genetic information and potential inequities in access to vaccinomics’ benefits.
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Introduction
Additionally, vaccinomics may positively or negatively

The emerging field of vaccinomics applies immunology and
genomics to the study of vaccine response and development.'
Adversomics, a subfield, applies vaccinomics to the prevention
of adverse events following immunization (AEFI).! Several
genomic differences, including biological sex, ancestry, and
specific genetic loci, are associated with immune response
and vaccine adverse reactions.””'? Prior to vaccinomics’ imple-
mentation in 10-15 years, the ethical, legal, and social implica-
tions (ELSI) should be anticipated. Public values and
preferences should inform vaccine research and development,
licensure, recommendations for use, injury compensation, and
communications. Incorporating public values into vaccinomics
enhances the likelihood of public participation, informed deci-
sion-making, and vaccine acceptance.

impact vaccine hesitancy, which is the delay or refusal of vac-
cines, despite the availability of vaccination services."> In 2019,
the World Health Organization designated vaccine hesitancy
one of the top 10 threats to global health."* Vaccine safety
concerns are common,'> ** despite the rarity of serious reactions
like Guillain-Barre Syndrome (GBS).2>** Individuals with vac-
cine safety concerns often believe they or their children may be at
increased risk of diseases with genetic risk-factors, including
allergic reactions, asthma, autoimmune diseases, multiple
sclerosis,”® and autism.>® Despite a lack of epidemiological evi-
dence, some believe children’s immune systems could be over-
loaded by receiving too many vaccines simultaneously.*®
Children vaccinated with delay or unvaccinated due to their
parents’ concerns often cluster geographically and socially,
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contributing to vaccine preventable disease outbreaks.”’ >’

Vaccinomics may alleviate vaccine hesitancy, through persona-
lization of vaccine schedules and improved safety. Alternatively,
vaccinomics may increase vaccine hesitancy and refusal if indi-
viduals who learn they have twice the risk of an adverse outcome
compared to others - two in one million versus one in
one million - refuse vaccination, even when the absolute risk
remains small.** Vaccinomics may alarm vaccine-hesitant indi-
viduals with privacy concerns regarding genomics, or the relative
newness of the field.

In 2017, we held a meeting with academic and federal
vaccinologists, including representatives from the National
Institutes of Health, Food and Drug Administration,
Centers for Disease Control and Prevention, and Health
Resources and Services Administration (National Vaccine
Injury Compensation Program). Our objective was to discuss
potential vaccinomics-related policy issues that may emerge
and where public input would be useful. Public input on the
following questions was expected to be useful:

(1) Who should get access to (possible) personalized vac-
cines (and at what cost) for public health benefit?

(2) Should prioritization of vaccinomics research be placed
on rare, serious, adverse reactions or common, mild
reactions? Should subpopulation differences in vaccine
response and contagiousness (“more contagious” and
“more susceptible” populations) be considered?

(3) Would personalization of vaccines increase confidence
in vaccine safety, effectiveness, scheduling, and dosing?
Why?

(4) Should vaccinomics be funded over existing federal
funding priorities?

These questions were a starting point for discussions with the
public. This study aimed to elucidate public values to inform
vaccinomics-related policies.

Methods

Community meetings comprised of initial plenary sessions
followed by facilitated small discussion groups.

Community meeting recruitment

Three community meetings with nested discussion groups
(N = 8) were held in Boulder, CO (n = 2 meetings in
March 2018, n = 2 nested discussions each), and Baltimore,
MD (n = 1 meeting in April 2018, n = 4 nested discussions).
Boulder is a mostly Caucasian (87.9% versus 1.1% African
American) urban community with a high prevalence of under-
immunized children (3.3% of kindergartners had >1 vaccine
exemption in 2018-2019).%° Baltimore has a large African
American (62.8% versus 31.8% Caucasian) population and is
urban (Maryland exemption data are not available).” These
cities were chosen to enroll diverse participants.”*
Respondents were purposively recruited using a multipronged
strategy so that each city’s sociodemographic profile would be
approximately represented according to Census data for age,
race/ethnicity, household income, and education. Parents of

young children were over-enrolled compared to nonparents,
since they make frequent vaccine-related decisions.

Electronic and paper flyers were distributed to invite parti-
cipants to a “conversation on vaccines and genetics, and what
might be possible in an emerging area of science called vacci-
nomics.” To enroll parents along the vaccine-hesitant conti-
nuum and individuals representing the gender, age, and race/
ethnicity distributions of each city, hard copy flyers were dis-
tributed at public libraries and eateries in both cities. In Boulder,
project staff waited outside libraries (per local regulations) and
spoke to parents with young children as they came and went.
Electronic advertisements were placed with local newspapers
and nextdoor.com. Flyers were distributed to retirement com-
munities, churches, and to University of Colorado Boulder
science students. In Baltimore, flyers were distributed at public
elementary schools, nonprofit community organizations offer-
ing GED courses, financial services, and recreation and at a gym
adjacent to a day care center. For meeting in both cities, elec-
tronic flyers were distributed via social media to parent and
anti-vaccine groups. Due to difficulty reaching enrollment tar-
gets in Baltimore, a Facebook advertisement was placed to
enhance recruitment. This was not necessary in Boulder.

Boulder participants were polled during the meeting regard-
ing their children’s ages (multiple responses allowed:
0-10 years-old: n = 5, 11-18 years-old: n = 4, >18 years-old:
n = 7). Baltimore participants reported their children’s ages via
the recruitment survey (multiple responses allowed: <5 years-
old: n =9, 15-18 years-old: n = 15, >18: n = 11).

Individuals were offered a 50 USD Visa® gift card to parti-
cipate in a 2-hour meeting on a weekend day. Parents were
offered an additional 30 USD cash incentive for childcare.
Refreshments were served at the meetings.

Sociodemographic questionnaire

Interested individuals registered by completing a sociodemographic
questionnaire with a staff member by phone or independently
online. All questionnaires were completed prior to participating
in the community meetings. We compared self-reported socio-
demographic information to each city’s Census data based on age,
gender, race/ethnicity, education, and household income. Once
a category was filled, participants with similar demographic char-
acteristics were no longer recruited but placed on a waitlist.
Subsequent recruitment targeted individuals in unfilled sociodemo-
graphic categories. Individuals were reminded by phone and/or
e-mail about the upcoming meeting two days in advance. If they
were no longer available, recruiters attempted to fill their place with
someone from the waitlist. Questionnaire data were tabulated by

city.

Ethical review

This project was determined not to be human subjects research
by the Johns Hopkins Institutional Review Board.

Vaccinomics introduction

Since participants were not expected to be familiar with vacci-
nomics, we created a four-minute animated video (available



from: https://preview.tinyurl.com/vaccinomics) that was
shown at the start of each plenary session (Boulder n1 = 30;
n2 = 29; Baltimore n3 = 35). After watching the video, a vaccine
expert answered questions for approximately 10 minutes.

Small group discussions

Following the plenary sessions, participants (n = 10-15) were ran-
domly assigned to small groups for facilitated discussions. There
were four discussion groups with two sets of participants over two
days in Boulder and four discussion groups on a—single day in
Baltimore. Participants could not hear other groups’ discussions.
Trained facilitators led the discussions and elicited feedback from all
participants. Additional team members took handwritten notes.
Discussions were conducted using a standardized, semi-
structured guide designed to elicit the policy implications of
vaccinomics, audio recorded, and professionally transcribed.
Facilitators set up hypothetical scenarios to assess participants’
values around genetically based vaccine prioritization during
a vaccine shortage and widespread genetic screening to identify
the few (approximately one in one million) individuals at risk
of serious vaccine reactions.”* Facilitators explained that
genetic testing might reveal that some people are more con-
tagious (“super spreaders”) and might be prioritized for vacci-
nation to contain an infectious disease outbreak. Participants’
values regarding how federal funding should be allocated for
vaccinomics versus other vaccine and chronic disease-related
issues were probed. Open-ended prompts, developed based on
the 2017 Stakeholders’ Meeting and team discussions, elicited
participants’ values and rationale behind their thinking.

Vaccine confidence

We assessed confidence in vaccine safety and effectiveness prior
to educating participants about vaccinomics and at the end of
the meeting to test the hypothesis that discussing AEFIs and
vaccinomics would not alter vaccine confidence. In the large
group setting, participants reported their confidence in vaccines
for adults and babies by placing stickers along four spectra
ranging from “not effective” to “very effective” and “not safe”
to “very safe.” Stickers fell along an unnumbered x-axis with 10
hashmarks. Stickers were assigned a numeric value from 1 to 10
based on the nearest hash mark when rounding up. The values
of the pre- and post-discussion stickers were graphed and
unpaired t-tests for the difference between the pre- and post-
discussion means were estimated for each exercise. Participants
noted why they placed their stickers where they did on post-it
notes, which were thematically categorized by whether partici-
pants wrote them pre/post small group discussions, relevance to
vaccine safety/effectiveness, and relevance to babies/adults.
Emergent themes were identified through iteratively recategor-
izing written comments. Data collection methods did not per-
mit comments to be matched to specific scores.

Funding

We assessed how participants prioritized funding for vacci-
nomics compared to other health-related options by asking
them to allocate 100 USD of play money as if they were
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a member of Congress. The first activity compared vacci-
nomics to other vaccine programs (free vaccines for low-
income children, development of new vaccines, and studies of
vaccine safety and efficacy); the second compared vaccines and
vaccinomics in combination to chronic diseases (cancer, heart
disease, and diabetes). Participants divided their 100 USD
between four jars for each activity. The money in each jar
was summed and divided by the total amount of money allo-
cated in each activity, which accounted for some participants
not allocating their allotted funds. Data collection procedures
are depicted in Figure 1.

Data analysis

Grounded Theory”” influenced iterative, thematic analyses of
the discussion group transcripts and written comments on
vaccine confidence, using Atlas.ti*® for Windows and
Microsoft Office®. Two people independently coded one tran-
script using open, descriptive codes.”” Their coding was com-
pared, revised, and an agreed upon list was used on all
transcripts. Codes were revised a third time and data were
iteratively recoded using open, axial, and selective codes.
Transcripts were recoded as new codes emerged, and the
properties of the code list were refined. Memos described the
properties and dimensions of each code and summarized
emergent themes. Categories were discussed with the project
team and revised.’> Conclusions based on Grounded Theory™”
were compared to thematic notes taken by a coauthor unin-
volved in data analysis, to evaluate the consistency of our
findings. Quantitative data were analyzed using Stata, Version
16°34

Results
Study population

Ninety-four participants were enrolled from Baltimore (n = 35)
and Boulder (n = 59; Table 1). Seventy-two percent of partici-
pants were female (n = 67). Thirty five percent were
18-29 years old, 21% 30-44 years-old, 1% 45-60 years-old,
and 21% >60 years-old. Two-thirds were non-Hispanic White
and 18% were non-Hispanic Black. Holding a bachelor’s degree
(43%) or higher (15%) was common. Half had household
annual income <$50,000 (n = 47). Most Non-Hispanic Black
participants were from Baltimore. Baltimore registrants were
most likely to learn about the event via Facebook (53% versus
Boulder: 18%), and most online recruits were “no shows”
(Baltimore: 91%, Boulder: 69%; Supplemental Table 1).
Results from seven of the eight discussion groups (10-15
people each) are reported (one group’s recording failed).

Emergent themes

Vaccinomics’ policy implications consisted of four constructs
(Figure 2).

Vaccine prioritization: Prioritization for vaccination, espe-
cially during a vaccine shortage, may be based on genetics to
maximize effectiveness and safety. Most participants opposed
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Sociodemographic Questionnaire
Completed

Before
Community
Meeting

Pre-discussion Assessment of Perceptions
of Vaccine Efficacy and Safety

Plenary Group

Educational Video

|
! !

Small Group Small Group Small Group
Discussion Discussion Discussion

Assessment of Funding Priorities

|

Post-discussion Assessment of Perceptions

Small Group
Discussion

At Community Meeting

of Vaccine Efficacy and Safety

Figure 1. Data collection procedures.

Table 1. Sociodemographic distribution of the sample.

Baltimore Boulder Total
n =34 (%) n = 60 (%) N =94 (%)
Gender®
Female 24 (70.6) 43 (71.7) 67 (71.3)
Age Category
(in years)?
18-29 6 (17.7) 26 (43.3) 32 (34.0)
30-44 12 (35.3) 7(11.7) 19 (20.2)
>45 15 (44.1) 25 (41.7) 40 (42.6)
Race/Ethnicity®
Non-Hispanic White 17 (50.0) 47 (78.3) 64 (68.1)
Non-Hispanic Black 15 (44.1) 2 (3.3) 17 (18.1)
Other 0 (0.0) 7(11.7) 7 (7.5)
Education®
<High school degree 9 (26.5) 21 (35.0) 30 (31.9)
Associate’s/Bachelor’s degree 20 (58.8) 27 (45.0) 47 (50.0)
Graduate degree 4(11.8) 10 (16.7) 14 (14.9)
Household Income®
$0-$49,999 17 (50.0) 31 (51.7) 48 (51.1)
$50,000-599,999 6(17.7) 14 (23.3) 20 (21.3)
>$100,000 5(14.7) 10 (16.7) 15 (16.0)
Unspecified 6(17.7) 5(8.3) 11(1.7)
Age of Children
(in years)®
<5 9 (26.5) - 9 (26.5)
5-18 15 (44.1) - 15 (44.1)
>18 11 (32.4) B 11 (32.4)
No children 7 (20.6) - 7 (20.6)

2Gender: 1 (1.1%) missing; 2Age: 3 (3.2%) missing; > Race/ethnicity: 6 (6.4%) missing, other category includes 5 Asians, 1 Native Hawaiian/Other Pacific Islander, and 3
Hispanics; “Education: 3 (3.2%) missing; *Income: 11 (11.7%) missing; ®Age of children: only asked of Baltimore participants in the survey; multiple responses allowed
to results sum to >100%. Boulder participants were polled during the meeting: 5 had children 0-10 years-old, 4 had children 11-18 years-old, and 7 had children
>18 years-old.
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Stigma/Discrimination

Economic discrimination
Racism
Privacy

Key:
Themes
Subthemes

Prioritization

Discrimination

Agency

Personalization

Funding
Priorities

Figure 2. Emergent themes.

prioritization. Potential for increased discrimination was
a subtheme.

Agency: Participants worried vaccinomics would remove their
agency to make vaccine-related decisions. Personalization of vac-
cine schedules was a subtheme, stemming from a facilitator-led
scenario.

Stigma/discrimination: Participants worried genetic infor-
mation collected for the purposes of vaccinomics would not be
kept private (a subtheme) and that they might be discriminated
against or stigmatized as a result.

Vaccinomics funding: Participants supported funding vac-
cinomics versus other vaccine and chronic disease-related
options.

Vaccine prioritization

This theme consisted of who should be prioritized for vaccina-
tion and how participants might react to not being prioritized.
Discrimination was a subtheme. One woman said:

I'd be fine prioritizing the other people who were more ... at risk of
dying from the disease or at risk of spreading the disease. Source:
Boulder 4

Though some participants supported prioritizing strangers or
their grandchildren over themselves during a vaccine shortage,
others said prioritization would limit their agency to make
decisions for themselves. Participants identified vaccine access
and affordability, maximizing public health benefits, and race-
based prioritization as important policy areas. One man
thought prioritization bordered on discrimination. He said:

I was going to bring up the trust factor. But who is telling me I can’t
get the vaccine when there’s this disease that’s spreading through the
population so quickly? . .. Issues of discrimination come up, issues of
priority, and ... age group, gender, et cetera. Source: Boulder 3

Another man and many others viewed prioritization as poten-
tially limiting low-income and minority groups’ agency. He said:

... People would freak out ... You know, a bunch of White folks get
vaccinated, but what happens to the Hispanic and Black popula-
tions ... ? They didn’t get vaccinated. It could really play into like
people suspecting foul play. It’s like, . . . did they really try to get these
super spreaders ... ?... That would be an issue when giving power.
Source: Boulder 2

When asked how they felt about race/ethnicity-based vaccine
prioritization compared to gender-based prioritization, parti-
cipants expressed fear that race/ethnicity would exacerbate
existing inequities in healthcare access and discrimination.
Race-based prioritization was considered unacceptable. See
Supplemental Table 2 or prioritization quotations.

Agency

Intertwined with prioritization, participants believed they had
the right to choose whether they or their children were vacci-
nated. Without prompting, several participants worried that
vaccinomics would lead to mandatory vaccination. One
woman explained:

My main concern, that is if I'm identified as super spreader, is it
forced on. And I don’t want to get the vaccine, then what? That’s my
big [concern] ... Source: Boulder 1

A woman worried her agency would be limited even if she was
not identified as a super spreader, which facilitators defined as
someone who might be extra infectious due to their genetics.
She explained:

[My concern is] not so much to do [with] genetic testing. If they have
a genetic testing to also be able to look at it and determine whether or
not [I'm a super spreader], but not have it be mandated by the
government saying, “Well, you have this genome you have to have
this done.” Source: Boulder 1

Another woman explained that having the information neces-
sary to make an informed decision mattered, not just having
agency. She said:
I think what’s important is that risk information be presented in
a way people can easily understand. Out of 100 people those who
don’t get the vaccine who are like you, versus — it’s just how it’s
communicated. ... The whole public needs to understand risk better,
in general. ... It just needs to be correct and simple in the explana-
tion ... you have to let people make their own decision if there’s
enough vaccine ... Source: Boulder 3

One participant explained her decision-making process
regarding the human papillomavirus vaccine (Gardasil) and
why parents need agency to make vaccine-related decisions.
She said:
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... Ifthey are a healthcare worker, they should be able to say, “I don’t
feel comfortable with taking this because I don’t feel like it’s been
tested enough.” I know with my son I don’t want him to get the
Gardasil because when he was younger, he got ... [inaudible] So
I just feel like everybody is different. ... How one person reacts is not
how another person reacts. ... There’s really no way to be able to tell.
Source: Baltimore 1

A man noted individual-level agency would complicate vaccine

prioritization. He said:
... In a real-world application, you wouldn’t be able to, like, cate-

gorize all these people into one system and then ... force them to
come in to the hospital to get their vaccinations, right ... Because
personal opinion comes into effect . .. Especially with anti-vax move-
ments that - like, it would make sense, but it wouldn’t be practical.

Source: Boulder 4

Participants felt they had a right to make vaccination deci-
sions, regardless of the algorithms vaccinomics might suggest.
See Supplemental Table 3 for agency quotations.

Personalization of vaccine schedules

A subtheme of agency was that participants were interested in
vaccinomics’ potential to personalize vaccine schedules.
Facilitators explained that new vaccines would not be created
for individuals, rather vaccine schedules would be refined for
subgroups of the population based on population-level geno-
mic information. Participants’ comments about personaliza-
tion were overwhelmingly positive, focused on the individual
and community-level benefits of improved vaccine effective-
ness. Drawing an analogy to stem cell research, one woman
explained:

... It can be individualized . .. I think what we’re finding now with
the stem cell research, the more you can individualize a treatment or
a vaccine, the more effective it will be. Source: Boulder 2

A man agreed that personalization could lead to increased

effectiveness at the population-level. He said:
... If you’re able to understand their genomics and you’re able to

pretty much make this vaccine effective as possible, you’ll be able to
enhance the herd immunity effectiveness. Boulder Group 2

In contrast, a woman noted vaccinomics’ individual-level ben-
efit, personalization, was intertwined with its risks. She said:

I'd feel more comfortable if I had genetic testing that says that I'm not
going to react adversely ... When you’re an infant you don’t know
what they’re allergic to or not. You’re just giving them vaccine and be
like okay ... If you have that genetic testing, my concern is more if
that it gets out to insurance companies . .. [it] can be used adversely
against me, and not just for the benefit of my health. Source:
Baltimore 1

Participants were told the risk of serious adverse reactions was
approximately one in one million.** A man indicated that the
more information gleaned through vaccinomics, the better. He
said:

... I think it would kind of ease your mind for a lot of these
immunizations there’s risks that are explained ... It would ease
your mind on those risks to know you aren’t that one in
one million ... . Boulder Group 2

Regarding the potential for personalization to lead to more
complex vaccine schedules, a woman said:

I would just say about the schedule, it’s already really complex ...
I think if a parent knows that that schedule is customized and
catered to their specific child, ... it would make them more likely
to [vaccinate]. Boulder Group 2

While the woman above thought personalization might appeal
to vaccine hesitant parents, another woman thought parents’
desire to amend recommendations would not cease with vac-
cinomics. She said:

... You’re essentially making it more complex. Each person has an
individual schedule. But what if those individuals create their own
individual schedule, like many people now make schedules that are
different from the recommended schedules. So then there’s even more
of a variance from the variance ... It seems really complicated ...
Boulder Group 3

Personalization of vaccines was viewed with cautious optimism
but was intertwined with concern that vaccinomics could con-
tribute to stigma/discrimination and vaccine schedule com-
plexity. See Supplemental Table 4 for personalization
quotations.

Stigma/discrimination

Participants feared stigma and discrimination would result if
genetic information collected to implement vaccinomics was
not kept private and confidential (a subtheme). Facilitators
explained widespread genetic testing might be used to help
prevent serious adverse reactions to vaccines. They said the
risk now of someone developing paralysis or dying after vacci-
nation is very rare, afflicting approximately one person out of
every one million people vaccinated.** Despite the potential
benefits and without prompting, participants worried vacci-
nomics would lead to economic and racial discrimination
(subthemes), exacerbating inequities in healthcare access.
A man explained:

... Who is going to ... actually to obtain it? ... That could be said for
a lot of technologies ... Rich folks have it for a while and then over
time we can get it to more broke folks. But it’s like more of an
immediate issue with vaccines. Source: Boulder 2

One woman feared vaccinomics could exacerbate existing
inequalities. She said:

Who gets [vaccinated]? For me, healthcare is between lower end of
society are not getting the same level as the very rich. ... I think this
would become more of an economic thing where it’s the health policy
will be driven by pharmaceutical companies and insurance compa-
nies. Source: Boulder 1

Another woman worried vaccinomics may only help some
racial groups. She said:

... I'think it’s probably a predominantly White field, so we have to be
careful that the other races are getting what they need and that their
risk factors are included in [vaccinomics]. Source: Boulder 4

Participants feared that genetic information collected to imple-
ment vaccinomics would be used as the basis for discrimina-
tion by the U.S. government and health insurers. They noted
historical cases in which individuals’ rights had been violated,
such as Henrietta Lacks, whose cervical cells were shared with-
out her consent,” and personal examples. A man living with
AIDS said:



... I've been working with AIDS treatment and vaccination ... for
a long time and one of the issues that has come up is that collecting
information about people’s health is great as long as it stays between
the doctor and the patient, but that isn’t where it stays, and as soon
as there is some record of something about your health eventually
government or someone is going to find a way to get in there and find
out ... Sometimes that’s used for really great reasons, in terms of
distributing resources for treatment and prevention ... . but there is
always this possibility that it could be used against you, and there’s
also a certain amount of stigma attached to that. Source: Baltimore 2

Participants worried individuals in power would violate patient
confidentiality to access genetic results, which would lead to
stigmatization/discrimination. A man worried this would limit
his healthcare access. He explained:

... I've got a lot of preexisting conditions ... I don’t want ... them to
say, “No, you can’t have it,” or it’s going to be so much it’s I can’t
afford it. Source: Boulder 4

Many participants feared health insurance companies would
discriminate against them based on their genetics. One woman
said genetic testing may not be worthwhile. She suggested:

... It seems like to me DNA is so intensely private and personal ...
that if there were other areas of study that didn’t require this mass
culling of such personal information ... Source: Boulder 4

Another participant worried social ostracism could result if he
was revealed to be a super spreader. He said:

I think [vaccinomics] would be fantastic and I'd be all in favor of
pursuing this. ... I can see some people’s concerns would be being
identified as a super spreader could ostracize you from a social
perspective. Source: Boulder 1

See Supplemental Table 5 for additional stigma/discrimination
quotations.

Funding priorities

Participants favored funding vaccinomics compared to other
vaccine-related priorities (free vaccines for low-income chil-
dren, development of new vaccines, and studies of vaccine
safety and efficacy) and chronic disease-related priorities (can-
cer, heart disease, and diabetes). In the vaccines-related exer-
cise, 28% of funds were allocated to vaccinomics, 26% to

HUMAN VACCINES & IMMUNOTHERAPEUTICS . 2139

purchasing vaccines for low-income U.S. children, 25% to
studies of vaccine safety and efficacy, and 21% to research
and development of new vaccines (Figure 3). In the chronic
disease research and development exercise, 34% of funding was
allocated to vaccines and vaccinomics, 33% to cancer, 19% to
diabetes, and 15% to heart disease (Figure 4). In making vac-
cine-related decisions, participants cited government man-
dates, personal experiences, pandemic prevention, and
economic reasons.

Vaccine confidence

Discussing vaccinomics, AEFIs and adverse reactions did not
alter vaccine safety and effectiveness perceptions. Using an
unpaired t-test to compare the difference in scores before and
after discussions, there was no statistical evidence the mean
scores differed over time for vaccine effectiveness or safety for
children or adults (all p > 0.40; Table 2).

Participants’ written comments support that vaccine
confidence was unchanged, though some wrote that the
discussions and animation increased their knowledge. Pre
discussion, several participants wrote that vaccines are
more effective for babies than adults. Post-discussion,
most comments reflected no change in beliefs or slightly
more hopefulness for the future. Pre-discussion safety
themes for adults and babies, respectively, included: per-
sonal experience, allergic reactions, manufacturing pro-
cesses, disease prevention, and scientific rigor (Table 3)
and vaccine benefits outweighing the risks, general safety
concerns, AEFI being rare, and scientific rigor (Table 4).
Post-discussion themes for adults included: interest in
vaccinomics’ potential to make vaccines safer and that
adverse reactions rarely occur (Table 5) and for babies:
no change and that adverse reactions rarely occur (Table
6). Vaccine effectiveness themes pre-discussion for adults
included: variance in effectiveness for adults versus chil-
dren and themes among babies were that vaccines
improved immunity and were somewhat effective. Post
discussion, adult themes included: effectiveness at disease
prevention and for babies: disease prevention and no
change.

Vaccine Funding Priorities

New Vaccines

Safety and Efficacy

Vaccines for Children

Vaccinomics

o
(%)

10

21

15 20 25 30 35

Percentage of Money Allocated

Figure 3. Vaccine-related funding priorities.
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Chronic Disease-Related Funding Priorities

Heart Disease

Diabetes

Cancer

Vaccines and
Vacccinomics

o
0]

10

e
e

15 20 35

Percentage of Money Allocated

Figure 4. Chronic disease-related funding priorities.

Table 2. Vaccine confidence: two sample t-test for the equality of means.

Mean (SE)? P-value®

Effectiveness:” Pre Post

Adults 8.80 (3.35) 9.10 (3.46) 0.67

Babies 8.80 (3.35) 9.00 (4.05) 0.86
Safety:®

Adults 9.10 (4.01) 8.40 (3.24) 0.55

Babies 9.10 (4.01) 8.10 (3.29) 0.42

3SE: Standard Error; 2P-value represents the probability that the two means are

not equal

PEffectiveness: Pre-Babies: n = 84; Post Babies: n = 90; Pre Adults: n = 88; Post
Adults: n = 91

“Safety: Pre Babies: n = 92, Post Babies: n = 81; Pre Adults: n = 91, Post Adults:
n=2_84

Discussion

We believe this is the first study to elucidate public values about
vaccinomics and the implications of using genomics for infec-
tious disease prevention.”® We found broad support for vacci-
nomics. Discussions of adverse events following immunization
(AEFI) did not impact perceptions of vaccine safety or effec-
tiveness. Personalized vaccine schedules were especially sup-
ported by those personally or knew someone who had
experienced an AEFI. Some participants feared information
collected for vaccinomics would not be kept confidential,
potentially leading to stigmatization/discrimination and
increased health insurance fees or lost coverage. Others wor-
ried vaccination would be mandatory for super spreaders and
unvaccinated individuals would be discriminated against,
emphasizing the right to agency and opposition for compul-
sory vaccination.’”” Although the Genetic Information
Nondiscrimination Act (GINA) prohibits genetic discrimina-
tion, it only applies to health insurers and employers.”® The
results of home-based genetic testing, which is increasing
common, are not protected. Participants appeared unaware of
protections afforded by GINA and the Health Insurance
Portability and Accountability Act (HIPAA). Increasing

awareness of these laws and more comprehensive nondiscri-
mination policies may enhance vaccinomics participation.®

Vaccinomics may lead to more personalized vaccine sche-
dules. Our findings suggest this may increase vaccine con-
fidence. Compared to non-Hispanic Whites, minority
populations are less trusting of vaccines, public health autho-
rities, and pharmaceutical companies.*”** Low measles-
mumps-rubella vaccine coverage among racial/ethnic mino-
rities is evidence of mistrust.*’ Participants reported race/
ethnicity-based prioritization could exacerbate mistrust of
vaccines and public health authorities, and that sex-based
prioritization would be preferable.

If differences in vaccine safety and efficacy are linked to
biological sex, self-reported sex at birth could be used to assign
vaccine schedules. Alternatively, genetic testing for rare mar-
kers might be used to identify high-risk individuals. For exam-
ple, the HLA-DQBI1*06:02 haplotype was associated with
narcolepsy onset following vaccination with the ASO03-
adjuvanted Pandemrix® against HINT in 2009.** If future stu-
dies show similar associations between genomics and adverse
reactions, this could inform subgroup-specific vaccine
schedules.

Vaccinomics may lead to increased vaccine confidence
and acceptance especially among populations with safety
concerns. Participants who experienced an AEFI or knew
someone who had, indicated they might trust vaccinomics
more than current vaccines. By improving vaccine confi-
dence among hesitant populations, vaccinomics may reduce
the prevalence and clustering of under-immunized indivi-
duals, thereby reducing vaccine-preventable disease
outbreaks.””>* Here, there was no evidence that discussing
AEFI reduced participants vaccine confidence. Vaccinomics
may make vaccine schedules more complex and its
expected use of genomic data raises the potential for priv-
acy violations. Rigorous guidelines, regulations and moni-
toring of vaccinomics will be essential to ensure the public’s
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Table 3. Participants’ written comments explaining pre vs. post-discussion vaccine safety ratings for adults.

Theme

Comment

Pre-discussion
Personal experience

Allergic reactions

Safety and manufacturing
process

Disease prevention

Scientific rigor

Post-discussion

Interest in vaccinomics’
potential

Vaccines getting safer
Adverse reactions rarely
occur

My cousin died of Guillain Barre syndrome - after swine flu shot
From my personal experience, it is safe to adults

| think vaccines are safe for adults. The only issue is allergic reactions.

They are not full live pathogens, so they do not cause harm

They are safe because they help to eliminate the illness
Vaccines help prevent illnesses that were once responsible for the death of a lot of people
They are very safe for most people. Extensive testing and years of use have shown little to no recourse or damage to mass people.

| became more concerned of the socio-political effects of vaccination that made me more concerned of the incidence of racism, insurance
issues, status: immigration and deportations that can decrease safety among populations and thus effectiveness. But not the safety of
effectiveness of the vaccine itself

Still very confident, vaccinomics seems to promote safety!

It is safe. It is very rare to hear a about situation where people were harmed

Table 4. Participants’ written comments explaining pre vs. post-discussion vaccine safety ratings for babies.

Theme

Comment

Pre-discussion

Benefits of vaccines outweigh | think the safety concerns of vaccines for children are overstated and the benefit (kid not getting sick & dying) outweighs the risk.

the risks
Vaccines keep babies safe
Generally safe: allergic
reactions

Living baby>dead baby

Vaccines help to keep babies safe when they don't quite yet have the immunity to fight certain illnesses

Overall, | think vaccines are safe for babies to prevent diseases in the future. The only issue is unknown allergic reactions. But the
benefit is better than risk

Generally safe: side effects AEFI In my experience, babies can have short-term discomfort but vaccines are overall safe

are rare

Generally safe: side effects AEFI | don't like the chicken pox vaccine. | would have preferred my kids get their immunity by contracting it b/c its worse to get as an adult.

are rare

Disease prevention
Personal experience
Scientific rigor

Post-discussion
No change

| believe the motivating factor was to keep kids in school as opposed to for their health.
Children that get chicken pox provide a natural booster for adults chicken pox is worse if your an adult & | worry that the vaccine
will not protect them in adulthood. Many adults aren’t always good at going to Dr. & keeping up w/vaccines.
It can keep babies healthy & avoid spreading illness
| received vaccines as a youngster and did not contract any childhood illnesses. They are safe
Vaccines are constantly tested and improved to avoid any negative consequences.
They are made in a meticulous and precise way. There has been no significant scientific link to any negative effects.

My opinions regarding the safety and effectiveness have not changed. But! | now have hope that they are destined to become safer &
more effective. [drew a peace sign]
No change, still think very safe. More research = increase safety

Adverse reactions rarely occur There will always be some with adverse reactions

Table 5. Participants’ written comments explaining pre vs. post-discussion vaccine effectiveness ratings for adults.

Theme

Comment

Pre-discussion
VE greater for children than
adults

Vaccines don’t work as well in adults than children bc of immune changes & being introduced to more

Somewhat effective - vaccine  Depends on the vaccine but clearly the flu vaccine is limited in effectiveness year to year

dependent

Effective in adults

Post-discussion
Disease prevention
Effective in adults

Change

I think that they're mostly very effective but it depends on the vaccine & the reaction of the person receiving the vaccine (allergies, etc)
Vaccines are safe in the military. | had several and was in close contact with others. | didn't get ill for the vaccines.
| think vaccines are effective but the adult immune system may have been exposed previously

Because adult has fully developed immune system, a 1 day old infant getting hep B vax won't respond as well as adult getting hep
B vaccine
| think they're less effective than for children but still more effective than nothing
Some vaccines do not create long term resistance which may decrease net effectiveness But when the vaccine is effective in
a group; diseases are eradicated Small pox

Vaccines are the absolute best way to prevent pathological damage to our community proven by science
May not be customized but still work
I think most vaccines are effective for adults the only ones that | don't think are as effective are created yearly like flu vaccines
Im not convinced that they’re more or less effective. but I'm hopeful but terrified for the future
| think vaccines based on genes would be more effective. However, | feel more comfortable with vaccines that have been around
for 20+ years
For all questions after discussion — reinforced my beliefs in safety and experience of vaccines. No change in “dots” placement.
No significant change because | already do vaccinations and believe in the science. However, | think this will better inform the science.
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Table 6. Participants’ written comments explaining pre vs. post-discussion vac-
cine effectiveness ratings for babies.

Theme Comment

Pre-discussion

Adaptive immunity Vaccines are an effective way for babies to be
exposed to antigens in a safe way so they can
build up their adaptive immune system in order
to contact later exposure to pathogen

Vaccines improve I think vaccines are most effective in babies because

immunity their immune systems are still developing
Somewhat effective - Varies depending on age of baby & if Breastfed on
timing not. Maternal antibodies interfere with VE & vax

more effective once immune system is fully
developed (after 2 yrs old?)

Seem very effective for major diseases, not so much
for flu, etc

We have smallpox vaccine & smallpox is eradicated;
we have polio vaccine & disease is almost
eradicated. Seems pretty effective to me

Somewhat effective -
vaccine dependent
Disease prevention

Post-discussion

Disease prevention Vaccines remain the best way to preventatively
protect your children against the pathogen that
will seek to harm them in their lives. (similar
comment under Adults)

It is effective, however, each person is going to
respond differently

Baby vaccines are effective. Polio and other
diseases are being wiped out through
vaccination. Keep all American kids safe.

1 still feel vaccines are best effective for babies
No change, still think very effective. More
research = increased effectiveness
No significant change because | trust in the
science and efficacy of vaccines and | did not get
any new information. The science is maybe
getting better

As an epidemiologist, | have always had a positive
view of vaccines and | think vaccinomics would
make my opinion stronger
| think vaccines based on genes would be more
effective. However, the information must not be
allowed to influence life & health insurance
policies.
The slides on/video said most vaccines (average)
are only 80-90% effective & | didn’t know that
before (same comment appeared under Adults)

Effective for babies

No change

Change

safety and confidence. Robust safety surveillance may bol-
ster public trust and participation.

Much remains to be determined about the feasibility
of vaccinomics implementation, and if the policy impli-
cations of vaccinomics are viewed differently by racial/
ethnic minority communities underrepresented here.
This study provides evidence that adults in disparate
cities supported vaccinomics, though they worried
about its implications. These findings were robust
using Grounded Theory-influenced methods®> and
meeting notes taken by a coauthor uninvolved in data
analysis.

Limitations

Although our sample was socioeconomically diverse, general-
izability is limited by under enrollment of racial/ethnic mino-
rities historically harmed by medical research, and perhaps
more skeptical of genetic research than Whites. Research on
the policy implications of vaccinomics among racial/ethnic
minorities should be conducted. Placing a Facebook

advertisement led to more than twice as many Baltimore par-
ticipants being recruited online and a higher “no show” pro-
portion versus Boulder, leading to under representation of
African Americans.

Our methods precluded us from analyzing the qualitative
data by discussion group or sociodemographic characteristics.
Results from one discussion group are excluded because the
recorder was not turned on, although this group’s facilitators
and notetaker recorded similar themes. Focus group discus-
sions and activities conducted in group settings, including the
vaccine confidence and the funding exercises, are subject to
social desirability bias.** Participants who saw more money in
one jar, may have added their money to the same jar. Seeing
most respondents rated vaccine confidence highly may have
influenced others to do the same. Participants were encouraged
to make their selections based on their personal preferences,
but they may have felt pressured as others waited their turn to
complete the exercise. Participants thought there was overlap
among the chronic disease options presented in one funding
exercise, questioning whether the Human Papillomavirus
(HPV) vaccine fell under “vaccines and vaccinomics” or “can-
cer.” Facilitators said “vaccines and vaccinomics” included the
HPV vaccine and “cancer” included other aspects of preven-
tion and treatment. Nondifferential misclassification may have
resulted. Data collection methods precluded paired analyses of
pre- and post-discussion vaccine confidence ratings. Unpaired
analyses indicated there was no difference between the two
time points, which was supported by qualitative data.

Public health implications

The social and economic costs of vaccine refusal may be
mitigated by using vaccinomics to increase vaccine accep-
tance. A 2008 measles outbreak in California led to approxi-
mately 10,376 USD/case in public sector spending and 775
USD/case in spending by the affected family.*® Vaccinomics
may increase vaccine acceptance, preventing outbreaks.
Vaccinomics could implemented in areas at greatest risk of
VPD, identified through mathematical models and geospatial
statistics,””***~** minimizing the community-wide effects of
intentional under immunization.

Conclusions and next steps

Policies are needed that address constituents’ concerns about
vaccinomics, including confidentiality of genetic test results
and the potential for increased stigma/discrimination.
Despite some apprehensions, participants were hopeful that
vaccinomics may improve vaccine safety and effectiveness.
Further research into racial/ethnic minorities’ views on the
policy implications of vaccinomics is needed. We presented
these results to stakeholders to aid them in designing policies
that foster vaccinomics participation.
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