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Abstract

Background: Emerging genomic technologies promise more efficient infectious disease control. Whole genome
sequencing (WGS) is increasingly being used in tuberculosis (TB) diagnosis, surveillance, and epidemiology. However,
while the use of WGS by public health agencies may raise ethical, legal, and socio-political concerns, these challenges
are poorly understood.

Method: Between November 2017 and April 2018, we conducted semi-structured interviews with 22 key stakeholders
across the fields of governance and policy, public health, and laboratory sciences representing the major jurisdictions
currently using WGS in national TB programs. Thematic analysis of the interviews was conducted using NVivo 11.

Results: Respondents identified several ethical and practical challenges associated with WGS in TB care and surveillance,
all related to issues of trust, including: 1) the power of public health; 2) data sharing and profits derived from surveillance

capacity to implement the technology.

efforts; and 3) concerns regarding who has access to, and can benefit from, the technology. Additional
challenges included: the potential utility that WGS adds to a public health program, the risks associated with
linking necessary epidemiological metadata to the genomic data, and challenges associated with jurisdictional

Conclusions: Successful implementation of WGS is dependent on fostering relationships of trust between those
working with genomics technology and those directly impacted by it, including clinicians. Building trust (a) between
the public and the public health agencies and (b) within public health agencies themselves is critical due to the
inherent complexity of WGS and its implementation for communicable disease control purposes.
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Background

Whole genome sequencing (WGS) has dramatically chan-
ged public health microbiology, allowing for rapid diagnosis
of infections, antibiotic resistance prediction, and accurate
outbreak identification and reconstruction [1], while posi-
tioning us for a future in which individualized medicine for
specific infections is possible [2]. As WGS becomes an
increasingly important tool in public health, its successful
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implementation depends on complex human and systems
factors beyond simply laboratory and clinical practice. Crit-
ical examination of these challenges is necessary in order to
fully realize these benefits. In part, understanding the
ethical challenges associated with the use of WGS is vital
because public health is not merely a scientific endeavour,
but one built on the normative ideal of social justice [3].

In order to successfully implement WGS into pre-
existing health systems, trust must be fostered between
relevant stakeholders. Trust, as used in the ethics literature,
may refer to several different concepts: public trust (e.g.,
trust of public bodies like government), interpersonal trust
(ie., trust between persons or groups), and institutional
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trust (i.e, trust in the pre-existing structures of sociopoliti-
cal and economic organizations) [4]. Trust may be a per-
ception or attitude one holds regarding another actor’s
trustworthiness; ‘trustworthiness’ is the honesty and integ-
rity of the actor’s actual behaviour [5]. Further, trust sug-
gests that one party is vulnerable and dependent upon
others to act in the right manner, including taking the
trustee’s interest into account [5]. This, in turn, suggests
that there may exist a power imbalance between the person
or group to be trusted (i.e., those in positions of power) and
the person or group who is trusting (i.e., those in positions
of disempowerment). In both research and policy, we ought
to be aware of the reasons that power imbalances exist in
particular contexts, including histories of colonialism and
other sociopolitical factors that lead to the marginalization
of certain groups of people.

The broader public health and bioethics literature re-
lated to issues of trust posits that the values that underpin
the concept of trust are necessary for the functioning of
health systems and, in turn, health promotion in individ-
uals [6]. Issues of trust related to public health—for
example, the power that the enterprise of public health
holds in justifying public health actions [7], the fear of ex-
ploitation with regard to intellectual property for financial
gain in the context of data-sharing [7, 8], and ensuring
equitable access to new technologies [9]—have been
explored in the literature and identified as a key factor to
advancing and implementing new genetic diagnostics for
personalized medical care and disease control [7, 10, 11].
In this paper, we used the idea of trust to denote the
disposition to trust and being trustworthy in a descriptive
rather than a normative or proscriptive sense; it is used as
a concept to help organize what we will argue are the
main themes from our interviews.

Despite the depth of literature on WGS and trust in the
human genomics context at the clinical or bedside level,
there is very little written regarding the use of WGS in
public health microbiology, including the ethical chal-
lenges associated with WGS in public health, the context
surrounding these challenges, what can be done to miti-
gate or resolve these challenges, and what role trust may
play in the implementation of public health genomics. For
example, genomics is being increasingly used in tubercu-
losis (TB) diagnosis, surveillance, and epidemiology, with
many regional and national public health agencies in low-
incidence settings - which are often times high-income
countries (HIC) - routinely sequencing all culture-positive
TB isolates. Traditionally, TB has been characterized as a
“disease of poverty”, meaning persons of lower socioeco-
nomic status are more susceptible to contracting the
infection and developing the disease [6]. Therefore, using
WGS for TB diagnosis, surveillance, and outbreak investi-
gation raises multiple ethical challenges, including ques-
tions around privacy and confidentiality [6, 7], who has
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access to information generated via WGS and how this in-
formation can be used [8], and questions of stewardship
regarding the creation and safekeeping of data [8, 12], all
of which are heightened due to the socioeconomic
marginalization of those whom it most affects.

To our knowledge, this project is the first of its kind to
explore the ethical and related legal and socio-political con-
cerns associated with the use of WGS by TB laboratories
and programs by interviewing key stakeholders directly im-
pacted by this technology. We explore these concerns
through a qualitative analysis of the perspectives of govern-
ment officials, policymakers, and those working directly in
TB care and prevention. We note at the outset that this
analysis is meant to be a descriptive analysis of these con-
cerns as elucidated by the perspectives of these key stake-
holder groups, rather than a proscriptive commentary. The
results we present here are exploratory in nature and con-
tribute to the existing literature detailing ethical concerns
associated with the broader use of genomics for infectious
disease control and the influence trust holds in the success-
ful implementation of genomic technologies and next-
generation sequencing in public health.

Methods

Sampling and recruitment

We obtained ethics approval from Simon Fraser University
(No. 2017 s0485). We recruited participants through pur-
posive sampling — compiling a list of prospective partici-
pants through our existing network of domain experts and
targeted searches for individuals working with WGS for TB
care and surveillance — and snowball sampling [13],
whereby participants identified other potential recruits. In-
terviews were conducted until saturation was achieved, i.e.,
when no new ideas arose from the data [13]. In total, we
conducted 22 interviews. Participants’ professional fields in-
cluded governance and policy (including persons with a
governance role within public health organizations charged
with TB control), public health, and laboratory scientists
working with genomics. Many participants had overlapping
professional duties. Participants represented those jurisdic-
tions currently using WGS for TB, including Canada, the
United States, and the United Kingdom, as well as inter-
national organizations representing global and low- and
middle-income (LMIC) perspectives. All participants pro-
vided written informed consent.

Data collection

Interviews were administered by phone and digitally re-
corded between November 2017 and April 2018. Each
interview lasted approximately 60 min and all were con-
ducted by the same team member (DSS) using a semi-
structured interview guide with open-ended questions;
we opted for this approach in this exploratory study as it
allows participants to provide more detail as they see fit
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and as guided by the interviewer [14]. The research team
developed the guide after reviewing the existing litera-
ture regarding ethical challenges in the implementation
of new genetic technologies primarily with regards to in-
fectious disease surveillance and public health. The
interview guide was also informed by the global health
governance literature and previous experience of the re-
search team in conducting interviews on similar themes.
(See Additional file 1 for a summary of questions in-
cluded in the interview guide). The guide was iteratively
refined over the course of the interviews as the team
learned more about the topic from the participants,
allowing the research team to better understand emer-
ging concepts repeatedly raised by interviewees. This
interview guide was relied on more heavily in the begin-
ning of the interview to prompt discussions with partici-
pants. As the interview progressed, conversation flowed
more naturally between the participant and the inter-
viewer (DSS) as logical follow-up questions were pur-
sued following the information offered by the
participant. In this way, as data collection progressed,
the interview guide was used more like a checklist to en-
sure all topics had been addressed in the interviews.

Analysis

We used thematic analysis to analyze the data [14]. The
digital recordings of each interview were sent to a profes-
sional transcription company and transcribed verbatim. One
member of the research team (CJ) verified the accuracy of
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each transcript. Transcripts were then line-by-line coded
using Nvivo 11 by the same team member using a codebook
developed by two members of the research team (CJ and
DSS), who first independently coded three interviews repre-
senting a range of professional perspectives. These initial
codes were compared for overlap between CJ and DSS, and
the initial codebook was built; it was further refined during
the analysis, with codes added or collapsed as needed.

Two team members not participating in the line-by-
line coding (DSS and JG) prepared analytic memos of
each transcript describing the high-level themes in each
interview. Together with the line-by-line coding, re-
searcher reflexivity was facilitated through systematically
constructing the themes together across multiple read-
ings of the transcripts and in two full-day face-to-face
meetings. This approach ensured that our analysis was
comprehensive and allowed the team to develop a dee-
per understanding of key themes.

Once we had determined the overarching themes from
the data, the team jointly created Fig. 1 and Table 2, which
were shared with the participants in a process sometimes
referred to as a ‘member’s check’. Nine participants pro-
vided feedback on the team’s assessment of the main
themes, which led to further refinement of the themes
and the language used in the Results section below.

Results
Our 22 participants worked primarily in governance/policy
and public health, and predominantly in North America,
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though we did also have participants working in laborator-
ies, as well as international organizations (Table 1).

Participants identified several key ethical challenges
associated with the use of WGS for TB care and surveil-
lance. We have developed a model of the relationships
between the key findings (Fig. 1), as well as definitions and
illustrative quotes that expand upon the concepts in the
model (Table 2). The remainder of this section will explain
and contextualize this figure and table. In addition to the
table, direct verbatim quotes are provided throughout the
results section to further support the ethical challenges
highlighted by participants. Throughout this section, we
refer to participants by their primary job descriptors (i.e.,
governance officials, public health workers, or laboratory
staff) to protect their anonymity. Any quotes attributed to
a participant are identified using their primary job descrip-
tor and participant number. The results did not differ
between participants on the basis of geography.

The majority of participants identified trust as the pri-
mary challenge in implementing genomics for TB care and
surveillance. More specifically, positive interactions that
build or maintain trust between various actors — including
but not limited to: persons with TB, healthcare workers,
public health administrators, laboratory professionals, diag-
nostic test developers, and those charged with data stew-
ardship and protection — were discussed as being integral
to the relationships required to fully realize the benefits of
WGS. For example, one participant highlighted how im-
portant it was for the public health community to maintain
trust with the public once that trust has been developed:

“...people have just no problems sending in swabs ....So
you can see how comfortable people are getting with it,
but I think that’s because there's a certain level of trust,
so I think that we in the scientific community and in the
medical community have to make sure we don’t betray
that trust.” (Interview #9, Lab).

The trust-based relationships between these various
actors shape the ethical challenges as identified by the
participants. Some participants also noted, however, that
the implementation of WGS must be conducted in a man-
ner that is aware of any historical injustices that might
shape the manner in which WGS may be accepted or
rejected by local populations. For example, one participant

Table 1 Participant Demographics
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noted that that in the Canadian context, the history of
colonialization and higher rates of TB infection in Indi-
genous communities ought to shape how researchers and
clinicians approach said communities:

“The rates are still higher [in Indigenous persons in
Canada] and there's just differences in what all health
practitioners need to be aware of in terms of the cultural
and historic contexts. A lot of the proliferation of TB
that's still residual in older people... [is due to] the
legacy of residential schools, right? .... So that's the
context. It doesn't change, necessarily, what medications
people should be on or who should get followed up in
terms of post-contact on a First Nations versus non-First
Nations basis. Just the health practitioners are better off
if they are aware of that, if they are aware that some
older or elderly First Nations people might have been in
one of the ‘Indian hospitals’ and might ... fear medical
practitioners, for very good reasons.” (Interview #17,
Governance)

Participants identified three key ethical challenges that
directly stem from issues of trust. First, many partici-
pants discussed the power the enterprise of public health
holds in relation to the general public and persons with
TB as an ethical challenge that has the potential to be
further heightened as WGS is introduced into national
TB programs (NTPs). Participants worried that data de-
rived from WGS could justify public health actions that
could infringe on privacy and confidentiality or other
civil liberties with insufficient protections. Similarly, a
second trust-related challenge several participants iden-
tified is a general concern regarding data protection and
data-sharing responsibilities. Participants discussed, at
length, that many organizations, public health institu-
tions, or countries are often reluctant to share even
population-level genomic data with other countries or
international organizations. One participant suggested
that low- and middle-income countries (LMIC) might
not fully understand the genomic TB data they have or
why they should share it in the first place:

“...countries simply do not understand the data that
they have. They don't understand the value of it, they
don't understand the value of sharing it and so they're

Regional Representation Canada United States United Kingdom International Organizations Totals
Governance and Policy? 5 2 0 1 8
Public Health 4 3 1 0 8
Laboratory 1 1 1 3 6
Totals: 10 6 2 4 -

@ Includes government officials and individuals in governance roles within public health institutions
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reacting out of just pure mistrust or a — paranoia is
not the right term. I don't know what the right term is,
but there’s just this — it's sort of this nationalistic sense
of we can't share it because it's not the right thing to
do” (Interview #2, Lab).

While this reluctance can be attributed to many factors,
including lack of policy or precedent, other participants
highlighted that it is most often linked to a historically
justified fear of others deriving profits from surveillance
efforts in the form of new drugs or diagnostics that are
then not distributed, or are sold back at a higher price, to
those who collected the data.

“[LMIC are] pretty hesitant [to share] and what has
been done in the past is that if they have volunteered
to provide data that companies can come in, identify
potential mutations that would be of relevance and
make a diagnostic and then sell it back to the country.
So the country is a little bit concerned that what may
happen is that a company can basically make money
off of their data that they're providing for free.”
(Interview #1, Lab)

Furthermore, participants indicated that researchers’
interests in advancing their academic careers might also
suggest another sense of ‘profit’ that may not be shared
equitably with researchers in LMICs.

Finally, participants raised questions regarding which
states or jurisdictions are able to access genomics and
bioinformatics technology and consequently implement
and benefit from it. Participants highlighted that trust is
particularly relevant in terms of implementing genomics
in LMICs without exploiting their residents and their
data. Participants stressed that

“...the most important thing is ensuring the patient gets
the best care that they need and deserve here. My point
is not to make sure that I get the data from the patient.
First and foremost they need to be taken care of and then
I'll figure out how I'll get the data to try to think more on
a population level” (Interview #5, Public Health).

Other participants further claimed that even if the build-
ing of WGS tools for TB surveillance and drug susceptibil-
ity testing are done in HICs, the benefits of said tools must
extend LMICs:

“...it's absolutely not [about] building something that
they will have a disadvantage on... I just want to
make sure they have an option to do it simply because
otherwise there'll be places that will never see this.
They'll never see this technology and I don't think
that's right.” (Interview #2, Lab).
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Concerns over the utility of WGS in day-to-day clinical
practice and surveillance for TB were also highlighted by
several participants, particularly by those working in
governance or public health roles. Participants described
trust and utility as being tied together in that healthcare
workers often have to trust the laboratory staff in their
sequencing and interpretation of TB genomic data, which
currently requires a high level of expertise.

“I'm not the expert when it comes to the interpretation
of the genetic material or the genetic information or
what it means, but I suspect that some folks like myself
and others in public health sort of take it at face value
without necessarily fully understanding all of the
limitations of the data.” (Interview #14, Governance).

As such, the utility of WGS is closely tied to the ana-
lytic capabilities of a given public health institution —
both in the ability to sequence and analyze samples, and
the availability of trained staff capable of understanding
the science associated with the technology and the ana-
lytics. Together, the utility, analytics, and ability to
understand the science jointly form the capacity of any
given public health unit to successfully implement gen-
omics safely and effectively for both clinical and public
health purposes. It is important to note that when dis-
cussing the utility of WGS for TB care and surveillance,
participants emphasized that benefits may be imparted
at individual, community, or population levels.

While some public health institutions are capable of
implementing genome sequencing and analysis, several
participants highlighted that any potential analytic cap-
acity is undermined if there is no buy-in from non-com-
munity stakeholders (i.e, those who are not merely
members of the general public), such as public health ad-
ministrators and healthcare workers. As many of these
stakeholders are acting on behalf of local or national agen-
cies, or directly within the NTPs, participants highlighted
that without the support and trust of these stakeholders,
integration of WGS into pre-existing health systems
would be challenging, if not impossible. More specifically,
lack of training in WGS for those already working in the
field appears to pose a barrier, as a participant explained:

“The type of [WGS] data [that] are increasingly used
in public health practice. And so, epidemiologists in
my generation are required to learn on the job. I say
my generation, because I assume graduate schools are
now providing infectious disease epidemiologists with
the curriculum they need to understand this in their
future careers. But for my generation, I think the
technology and the science is probably ahead of the
training and education.” (Interview #13, Public
Health).
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Lack of training in the WGS can limit the understanding
of the technology, and thereby limit trust in the technology
for this key stakeholder group. Furthermore, several partici-
pants highlighted that gaining buy-in from local and regional
public health institutions could be achieved by demonstrat-
ing the benefits of public health genomics to those working
in governance and public health. Participants also noted that
such buy-in and trust building at local, regional, and national
levels could help mitigate jurisdictional challenges raised by
WGS-based TB surveillance efforts since outbreaks are
rarely confined to one public health region and each region
may have their own outbreak investigation protocols.

Moreover, closely related to the utility of WGS for TB
care and surveillance, many participants discussed the as-
sociated patient-level metadata that could be attached to
TB genome sequences. Several participants discussed at
length that without useful metadata, including clinical,
phenotypic, and epidemiological data, genomes alone are
of limited utility for tracking TB transmission or deriving
new knowledge around genomic correlates of drug resist-
ance. However, when this metadata is linked to a genome,
it raises privacy and confidentiality concerns and heightens
public health units’ data protection responsibilities. There-
fore, many participants — particularly those in public
health — cautioned that linking metadata requires careful
consideration as to the extent of linked data, and taking
precautions to avoid further stigmatizing already vulner-
able populations. As highlighted by this participant, think-
ing carefully about the optics of the language used in
implementing WGS data is critical to minimizing stigma
for both individuals and entire communities,

“Okay, so 1 think the political and social issues are tied
into the ethical issues, but I think one of the major issues
is just the optics of it, that we really need to clearly
articulate what we're doing with this [genomic data],
because it can infer transmission, certainly, and it can
infer person-to-person transmission. So you can actually
label a person and call them a “super spreader”, or a
“high spreader”. Or you can classify a group of people as
super spreaders or high spreaders, which obviously could
be stigmatising towards a person, a group, an entire
community.” (Interview #11, Public Health).

Several participants, especially those with governance
capacity, suggested that community engagement is para-
mount to building a relationship of trust, thereby enhan-
cing the overall utility of WGS as a tool for NTPs, though
the specifics of what processes are entailed by such com-
munity engagement was silent even after further probing.

Discussion
This project is the first to engage stakeholders regarding
the ethical challenges of using genomics toward a specific
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public health end, namely assisting in the TB surveillance
and drug susceptibility testing. Others have written about
ethical issues related to WGS only conceptually, i.e., with-
out engaging stakeholders, and most often in the context
of human genome sequencing for personalized medicine
[10, 15], meaning the results may not be extensible to the
public health microbiology context. Furthermore, there
are currently few government or institutional policy docu-
ments that provide practical guidance for handling ethical
issues in public health surveillance with regard to genom-
ics technology [16]. As WGS continues to be imple-
mented by NTPs and surveillance programs, the need for
practical policy guidance will become paramount.

In the literature, we see that the concept of trust is
foundational to the very definition of public health, as
defined by the Institute of Health in 1988: “Public health
is what we, as a society, do collectively to assure the
conditions in which people can be healthy” [17]. Child-
ress and colleagues state that (2002) “what we, as a soci-
ety, do collectively’ suggest(s) the need for cooperative
behavior and relationships built on overlapping values
and trust” [18]. However, currently the literature only
passively alludes to the concept of trust in the context of
genomics for both infectious disease care and surveil-
lance purposes, painting a limited picture of what trust
means in this context [19]. Specifically, this literature
does not provide concrete suggestions through which
genomics ought to be implemented for infectious disease
surveillance that is cognizant of building trust in public
health. While challenges related to engendering trust in
new technology integration has been thoroughly exam-
ined in relation to biobanking, this discussion is sorely
missing from the literature regarding whole genome
sequencing [19-22]. In those instances where ‘trust’ has
been identified in projects as a key value in the context
of emerging data sciences and genomics technologies,
the use of trust remains atheoretical [23-25]. In this
project on WGS and TB, we, too, use the notion of trust
and trustworthiness atheoretically, as a dispositional
value and characteristic of persons or groups given the
empirical scope of our project. Therefore, further theor-
etical work on the value of trust is needed, so that it can
be more robustly applied in public health and technol-
ogy implementation. We would argue that we must
build on the various discussions of trust in the ethics lit-
erature [26-28], and combine it with existing empirical
bioethics accounts of trust in data sciences and genom-
ics, to produce normative accounts that are both philo-
sophically sound and practicable.

Based on our interviews, we can draw the following
conclusions: first, those persons or groups developing
and implementing WGS for public health microbiology
need to carefully consider the ecosystem or context in
which this technology will be implemented in order to
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build and maintain trust between key stakeholders, includ-
ing the public and patients. In large measure, understand-
ing the context includes understanding the power
dynamics that exists between actors and the history that
may have led to existing power imbalances in the first in-
stance. The interviews in this project suggest that some of
those persons working with WGS in TB are aware of the
pre-existing contexts in which they aim to build trust,
though perhaps not all; even if they do acknowledge power
imbalances, it may be that they do not fully account for its
current and potential future effects on the implementation
of WGS. Moreover, within in the context of an endemic or
pandemic infectious disease, it is imperative to come to a
shared understanding of what goals public health seeks to
achieve via prevention and treatment measure, e.g., TB, to
ensure that everyone within a public health unit can direct
their efforts accordingly and efficiently. Building and main-
taining relationships of trust between public health actors
will become essential to building a public health ecosystem
in which WGS can thrive.

Part of understanding how to build and maintain trust
within a public health ecosystem includes understanding
what material, human resources, and general infrastructure
currently exist to facilitate the integration of WGS into a
given public health system. This includes both the neces-
sary technical expertise, but also the ancillary infrastructure
needed for implementation, such as the ability to better
communicate within and between public health units and
the need to build cross-disciplinary personnel capacity. For
example, laboratory technicians with sequencing and bio-
informatics expertise need to work with the clinicians and
epidemiologists delivering care at the patient and commu-
nity levels, which can be facilitated by both cross-training
and through improved communication between groups,
thereby building trust both in the technology and within
healthcare teams. Trust in the technology can be fostered
through enhanced transparency of the science of genomics
for public health workers. Moreover, communication
between those working in public health units also means
creating the space for dialogue between stakeholders,
whereby clinicians can ask questions of laboratory experts,
and laboratory experts listen to the needs of clinicians to
build more useful genomic and bioinformatics tools.

Furthermore, most participants suggested that we
ought to meaningfully engage with members of the pub-
lic likely to be affected by public health genomics efforts
in order to build and maintain their trust. Building trust
in WGS and public health is always imperative, but it is
particularly timely given the air of mistrust toward scien-
tists [29]. Technological innovations have a history of
not succeeding for a number of reasons, one of which is
a lack of engagement with communities and the broader
public, while not accounting for historical injustices [30,
31]. This public engagement requires, at minimum, two
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approaches: 1) situating WGS within the broader public
dialogue of science, public health, and addressing infec-
tious diseases; and 2) working with patients in specific
disease areas. For example, in HIV and TB, civil society
has already produced Good Participatory Practice guide-
lines [32, 33] for involving communities as part of drug
development efforts; a similar process can and should be
used for the development of genomics-based diagnostics
and surveillance tools.

Finally, those using WGS in high-income countries
(HICs) need to carefully consider their obligations to-
ward their colleagues and communities in LMICs. There
is extensive literature on the need to create mechanisms
for data-sharing and ensuring that new technologies are
accessible to those working in LMICs [8, 26, 34]. The
ethos of granting agencies and foundations, such as the
Bill and Melinda Gates Foundation, needs to be heeded:
the development of technologies like WGS should not
proceed without considering the implications for LMICs
and global health [35, 36]. The Relational Sequencing
TB Data platform (ReSeqTB) is a global initiative with
the goal of providing a “one-stop shop” of global genetic
TB isolates, and are thereby providing HICs and LMICs
with a mechanism to share TB data globally and enhan-
cing LMIC’s access to genomic technology and data. Al-
though HIC NTPs are using local funds to implement
WGS for regional benefits, it is still necessary to con-
sider the global health impacts of these programs. Infec-
tious diseases do not respect borders — indeed it is often
said that “TB anywhere is TB everywhere” [37] — thus
we must work collaboratively with colleagues in LMICs
to better attend to the global scale of infectious diseases.
LMICs have experienced a history of exploitation of gen-
etic data and, as a result, are often reluctant to share
data within global initiatives [38].

Furthermore, global health governance in the context
of public health continues to face significant challenges
including, but not limited to: insufficient global coordin-
ation, national and organizational self-interest, and a
lack of global resources [11]. The complexity and chal-
lenges associated with WGS discussed in this paper are
likely to only further exacerbate these challenges. In the
new era of large-scale data science, including artificial
intelligence and machine learning, concerns around
what some have termed ‘surveillance capitalism’ may
also arise [39], i.e., the profits and tools that are de-
rived from data acquired through surveillance activ-
ities that may be cost-prohibitive for countries to
acquire for local populations. Therefore, keeping in
mind concerns related to surveillance capitalism, it is
imperative that HIC and organizations tasked with
using WGS for TB surveillance consider these implica-
tions for LMICs and work with colleagues in LMICs to
address global challenges.
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Limitations

Genome sequencing is presently an emerging, rather
than an established, tool in the TB laboratory, with its
current use and integration into existing health systems
limited to three major geographic regions and select
international health organizations. Thus, in this explora-
tory study, the perspectives and experiences shared pri-
marily derive from Canada, the US, and the UK, with a
particular emphasis on the Canadian experience. We did
find that results did not differ between participants on
the basis of geography. However, most participants were
based in HIC with low TB incidence rates since that is
where WGS technology is currently being used; as such,
perspectives from LMIC were only partially or tangen-
tially captured, through the responses of those working
for international organizations representing global inter-
ests, despite our efforts to identify participants through
snowball sampling. We intend to explore the experi-
ences of those working with WGS in LMICs in future
research. Finally, due to limited resources and limited
patient education on the use of genomics for TB care
and surveillance, perspectives of patients with TB were
not captured. These perspectives will add valuable
insight into ensuring the fair and responsible implemen-
tation of genomics into existing health systems, and we
intend to explore these perspectives in future research.

Conclusion

The use of genomics in TB laboratories and TB preven-
tion and care programs is becoming increasingly com-
mon, necessitating an inventory of the ethical, legal, and
sociopolitical implications associated with public health
genomics. Given the complex and technical nature of
this new approach to public health microbiology and
epidemiology, establishing relationships of trust between
those working with genomics technology and those dir-
ectly impacted by it is imperative in ensuring that this
promising new approach is used to its fullest potential.
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