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Abstract Non-invasive prenatal testing (NIPT) is a new technology used in pre-
natal testing (PT) that capitalizes on genomic platforms to transform DNA frag-
ments in the blood of pregnant women into information about the genome of a foe-
tus. Since its market introduction in 2011, it has travelled around the globe with
remarkable speed. This article engages with the emergence of NIPT in and around
Vienna, the capital city of Austria, to explore why and how this technology could
travel so quickly in practice. Based on a qualitative analysis of interviews, docu-
ments, and field notes, it argues, first, that NIPT could travel so quickly because it
travelled as ‘adaptable boxes’ that added on to different ‘local worlds of prenatal
testing (PT)’, without disrupting them. Second, in so doing, NIPT could travel on a
moral and material ground, or an ‘imaginary of PT’, built in the past. Third, the arti-
cle argues that elements of this imaginary were also mobilized by commercial pio-
neers of NIPT, who ‘infrastructurized’ extant values, practices, and networks among
biomedical professionals. Thus, various actors converged in mobilizing moral and
material elements of an imaginary, transforming them into an infrastructure that
facilitated the travels of NIPT, while also shaping its use.
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Introduction

This article engages with the emergence of non-invasive prenatal testing (NIPT)
for foetal aneuploidies, focusing on the region in and around Vienna, the capital
city of Austria.

NIPT is a new practice in prenatal testing (PT). Unlike invasive procedures,
such as amniocentesis or chorionic villus sampling (CVS), it does not require
puncturing the pregnant woman’s belly with a needle to access foetal DNA.
Instead, NIPT capitalizes on the presence of cell-free foetal DNA (cffDNA) in the
blood of pregnant women, where it circulates next to women’s own cell-free DNA
(cfDNA). A combination of genomic platforms and bioinformatics can transform
the short fragments of DNA into information about quantifiable properties of the
foetal genome, ranging from foetal trisomies, such as Down syndrome (trisomy
21), to sex-chromosome anomalies, and to micro-deletion syndromes.

NIPT began to emerge in 2011, when companies in California and China
launched the first tests for foetal aneuploidies. Since then, NIPT has travelled
with remarkable speed around the globe, becoming “the vanguard of genomic
medicine” (Hui and Bianchi 2017). Yet, why? How could NIPT emerge and travel
so quickly? This article seeks to begin to answer these questions by engaging
with the emergence of NIPT in and around Vienna, the capital city of Austria,
and parts of the surrounding regions of Lower Austria and the Burgenland.

In this region, the emergence of NIPT has been a fairly “subpolitical” (Vries
2007) phenomenon. So far, NIPT has not been rolled out in a top-down way
across the Austrian territory as a whole. It emerged from below, when two pub-
lic hospitals, dozens of private centres for PT and a few gynaecologists began to
adopt NIPT, sending blood samples to commercial laboratories abroad. NIPT is
not a widespread phenomenon in quantitative terms. In the words of a biomedical
professional, it is “still a luxury test” (Interview 6/2018), as the cost is approxi-
mately 600 euros per test, which most women pay out of pocket or via private
insurance. Moreover, the adoption of NIPT has also been regulated not via new
provisions of national health care authorities but by the protocols of local provid-
ers and the recommendations of professional societies (Schmid et al. 2015a, b).

While the subpolitical nature of this case does not allow us to generalize find-
ings to Austria as a whole, it can help us to get some clues on why and how NIPT
could emerge and travel so quickly in practice. It allows us to shed some light on
the enmeshing of the global, the national, and the local; the moral and the mate-
rial (Lowy 2015, 2017); and new genomic tools and players and established tech-
nical devices and experts in the emergence and diffusion of NIPT (Gibbon et al.
2018, p. 3). More particularly, this case helps us to see that biomedical profes-
sionals adopting NIPT in ‘local worlds of PT’ in Vienna and actors envisioning
NIPT in geographically more distant worlds converged in mobilizing extant val-
ues, practices, and materialities, transforming extant elements of an ‘imaginary of
PT’ into an infrastructure that facilitated the emergence of NIPT.

I begin this article with a brief description of the global emergence of NIPT;
situate this article within the body of literature that has engaged with NIPT in a
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background section; and unpack the theory, methods, and concepts used in this
study in a methodology section. The subsequent engagement with the emergence
of NIPT in eastern Austria starts with a description of its context, discussing the
history of the contemporary map of ‘local worlds of PT’ and arguing that these
local worlds constitute the scaffolding of an ‘imaginary of PT’. In the following
sections, I explore how elements of that imaginary were mobilized—both in local
worlds and in geographically more distant ones—when NIPT began to emerge.
Describing the ways in which NIPT was used in local worlds in practice and
analysing differences and similarities between these ways helps me to identify
two puzzle pieces key to understanding how NIPT could spread so quickly. First
focusing on differences in the adoption of NIPT, I argue that NIPT travelled as
‘adaptable boxes’ that were amenable to adoption in different worlds without dis-
rupting the values and practices of those worlds. Second, exploring cross-cutting
similarities, I argue that in all these worlds, NIPT was adopted as a ‘new tool’ (or
‘add-on’) for a previously agreed-upon ‘job’—the early detection of foetal triso-
mies—and could thus travel upon the material and moral foundations of an extant
imaginary of PT. Third, complementing the analysis of practices in the local
worlds with a brief discussion of actions in geographically more distant worlds, I
show that elements of this extant imaginary were not merely mobilized by local
actors, but also harnessed by a commercial pioneer. Drawing together these puz-
zle pieces in the conclusions, I argue that the case of the emergence of NIPT in
eastern Austria helps us to see that the mobilization of elements of an imaginary
of PT built in the past, when by now “old technologies were [still] new” (Marvin
1990), transformed this imaginary into an infrastructure that facilitated the emer-
gence and diffusion of NIPT.

Background

NIPT for foetal aneuploidy testing emerged when two recent advances in biomedi-
cine began to intersect. In 1997, Dennis Lo and colleagues detected cffDNA in the
blood of pregnant women (Lo et al. 1997). In 2008, two articles reported that a com-
bination of next-generation sequencing technologies and bioinformatic calculations
could help transform the short fragments of DNA into information about foetal ane-
uploidies (Chiu et al. 2008; Fan et al. 2008). Since 2011, a handful of companies
in California (including Sequenom, Verinata, Ariosa, and Natera) as well as BGI
in China have launched tests for the detection of foetal aneuploidies (Allyse et al.
2012). Over the past 5 years, other commercial players inside and outside of Cali-
fornia and China have joined this race for shares in a “market in the making”,' the
scope and boundaries of which they helped to extend (Lowy 2017; Agarwal et al.
2013).

In a period spanning less than a decade, NIPT was transformed from a phenom-
enon located in China and California to an unevenly globalized technology that

! I borrow this expression from Stuart Hogarth and Paula Saukko’s (2017) work on “direct-to-consumer

genomics”.
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became ever more fluid as it spread geographically—in terms of the tinkering with
the technical devices and algorithms involved in NIPT (Wong and Lo 2016), its
envisioned users and imagined uses, and the sheer variety of values and actors that
became entangled in NIPT as it was taken up in specific regions in practice. Initially,
NIPT was envisioned as a riskless alternative to invasive procedures for the small
group of women known to be at risk of carrying a foetus with trisomies (Allyse et al.
2012, p. 3123). However, subsequent reports on “discordant” (Grati et al. 2015; Mao
et al. 2014) and “incidental findings” (Hui and Bianchi 2017, p. 464) demonstrated
that NIPT could not replace invasive procedures and conventional karyotyping,
which continued to be the ‘diagnostic gold standard’. While NIPT was disentangled
from diagnosis, it was re-envisioned as a tool for prenatal screening. Studies demon-
strated that NIPT worked well in ‘routine populations’ of pregnant women, helping
to re-envision NIPT as a screening tool for all pregnant women (Nicolaides et al.
2012; Fairbrother et al. 2013; Bianchi et al. 2014; Norton et al. 2015). At the same
time, the scope of conditions that could be tested for expanded from foetal trisomies
to sex-chromosome aneuploidies and ‘microdeletion syndromes’, which are charac-
terized by the deletion of substantial sections of DNA (Wapner et al. 2015; Check
Hayden 2014). Today, most providers offer a variety of versions of NIPT, which
range from foetal aneuploidies to ‘whole genome’ NIPT (fieldnotes July 2018). Ever
more actors and values became involved, as NIPT began to travel and to be adopted
in specific regions around the globe. Commercial companies were exceptionally
vociferous players in this process (Lowy 2017, p. 152; Ravitsky 2017, p. S36), but
they were not alone. Their tinkering with the materiality and morality of NIPT was
also shaped by professional societies (Dondorp et al. 2015; Benn et al. 2013; Salo-
mon et al. 2017; Gregg et al. 2016), ethics councils (Nuffield Council on Bioethics
2017), state actors (Zeng et al. 2016; Karow 2018; Strange 2017) and civil society
organizations (Braun and Konninger 2018), who puzzled over the ethical, social,
and organizational issues of NIPT and suggested ways in which NIPT ought (not) to
be used in practice.

A body of scholarly literature has addressed the ethical, legal, and social issues
raised by NIPT and its expansion, dissemination, and increasing uptake (Haidar
et al. 2016). While some scholars welcomed NIPT as a way to mitigate the problem
of iatrogenic miscarriages, they also highlighted the tension between a further “rou-
tinization” of PT in light of the ‘non-invasiveness’ of NIPT and the requirements
of genetic counselling to enable “informed choices” in practice (Lewis et al. 2017,
Michie et al. 2016; Ravitsky 2017). Many raised the issue of the negative—and
indeed potentially discriminatory (Kaposy 2018)—impact of the increasing salience
of NIPT for conditions such as Down syndrome on individuals and groups living
well with those conditions (Allyse et al. 2015; Michie and Allyse 2015; Parham et al.
2017). A growing part of this literature has used social science methods, such as sur-
veys, to ground ethical reflections on the opinions and perspectives of women and
health care professionals (Lewis et al. 2017; Strange 2017; Haidar et al. 2016; Ngan
et al. 2017). Last but not least, scholars have also reviewed the “different meanings”
of NIPT as it emerged in practice in the UK, Italy, China and Brazil, describing the
ways in which this “technology is being integrated into the ‘moral economy’ of pre-
natal testing” (Zeng et al. 2016, p. 392). This latter work is related to Ilana Lowy’s
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enlightening unpacking of the history of the “prenatal diagnosis dispositif’, which
she shows to be a highly “heterogeneous assemblage of instruments and techniques,
professional practices, and institutional and legal arrangements” (Lowy 2017, p. 2)
“with many situated applications” (Lowy 2018, p. 14) and competing “moral econo-
mies” (Lowy 2015, p. 199). This article seeks to add to this latter type of engage-
ment with NIPT and to follow Lowy’s (2017, p. 190) invitation to study “the incor-
poration of norms and values into material practices” in specific situations in which
PT is used.? Drawing inspiration from this work, the article engages with the ways in
which NIPT was adopted in and around Vienna, and explores how the material and
the moral were enmeshed in the situated emergence of this genomic technology.

Methodology

In terms of theory, I draw on a “technology in practice” approach (Timmermans and
Buchbinder 2013, p. 10; Timmermans and Berg 2003, p. 104). This implies that I
approach NIPT not as a universal object with a stable identity but as an assemblage
of technical devices and the human beings who use them in practice (Barry 2001, p.
9). Such assemblages are always technical and material and social and normative,
and always differently so in the specific situations in which these assemblages are
put to work (Lowy 2017). Thus, when making sense of the specific case, I sought to
understand how normative and material elements were enmeshed in the emergence
of NIPT in and around Vienna. In doing so, I capitalized on the insight that early
moments in the life of technologies allow us to disentangle the enmeshing of the
material and the normative (Timmermans and Buchbinder 2013, p. 29). Indeed, in
such moments, pioneers of technologies or “sociotechnical vanguards” (Hilgartner
2015, p. 34) build moral visions around technical devices to convince others to use
them. Rephrasing the terms used by Monika Casper and Adele Clarke, actors need
to convince others that a new device is the “right” or “good enough” (Paul 2016)
tool for a particular “job” and that the “job” that the device helps to perform should
also be done (Casper and Clarke 1998, p. 276).

In terms of materials, I base my argument on a selection of materials collected
while following around NIPT to spaces in which it was adopted and adapted,
endorsed or problematized, and regulated and governed. These included documents
(such as newspaper articles, journal articles, patient information leaflets, and policy
papers), fieldnotes from thirteen scientific meetings and public discussion events
involving PT (in and outside of Austria) between March 2016 and July 2018, and 21

2 In light of the smaller temporal and spatial scope of this case and a different focus of analysis, I
describe ‘local worlds of PT’ and “imaginaries” rather than “moral economies” and “dispositifs”. Yet,
please note that “dispositifs” as used by Lowy (2017, 2018) building on Michel Foucault’s work, and
“imaginaries” do share a number of similarities. Both are heterogeneous assemblages, are always con-
tingent and situated, and produce effects. I adopted “imaginaries” rather than “dispositifs”, as I believe
that “imaginaries” help to highlight the enabling and productive properties of such assemblages, while
dispositifs tend, by now, to be associated with coercive and repressive powers (somehow ironically, given
their Foucaultian background).
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semi-structured interviews (Weiss 1995) conducted with biomedical professionals,
policy-makers, and health care activists between March 2017 and July 2018.

When analysing these materials, I began with the spaces in which NIPT was
adopted in practice. Loosely drawing on the work of Stefan Timmermans and Sara
Shostak on “gene worlds”, I approached these spaces as ‘local worlds of PT’, or
as situated assemblages of technical devices used by biomedical professionals in
practice, which are shaped by visions and values and constrained by “regulations
and resources” (Timmermans and Shostak 2016, p. 35). In a first step, I explored
how NIPT was adopted—and also “adapted” (Mol et al. 2010, p. 15)—in practice in
these local worlds. However, agreeing that “[i]n practice, (...) [the local worlds] are
deeply intertwined” (Timmermans and Shostak 2016, p. 36), I also sought to under-
stand the relations between the local worlds of PT and their connections to other
worlds, paying attention to cross-cutting values and practices, and to other worlds
and actors repeatedly “implicated” (Clarke 2005, p. 46) in interviewees’ accounts.

I found the notion of ‘imaginaries of PT” helpful when thinking through the rela-
tions between these worlds, taking the specific assemblages of technical devices,
values, practices and experts in the latter as specific enactments of broader “assem-
blages of materiality, meaning, and morality” (Jasanoff 2015, p. 4) built around and
materialized in PT technologies. In doing so, I drew on the work of Sheila Jasanoff
and colleagues on “sociotechnical imaginaries” (Jasanoff and Kim 2015; Jasanoff
2015; Felt 2015), adapting this concept to the properties of this case study. Jasa-
noff approaches imaginaries as “assemblages of materiality, meaning, and moral-
ity” (Jasanoff 2015, p. 4). She underlines that imaginaries are always “collective”
(Jasanoff 2015, p. 6)—unlike the visions or “vanguard visions” (Hilgartner 2015) of
individual pioneers. She emphasizes that while imaginaries are normative, encoding
“shared understandings of good and evil” (Jasanoff 2015, p. 4), they must be thor-
oughly enmeshed in practices and routines, interwoven with institutions, and embed-
ded with the materiality of technologies to amount to imaginaries. This implies that
while imaginaries must be constantly re-enacted to gain stability and salience (Felt
2015; Jasanoff 2015, p. 5), once they gain some solidity, they are enabling and pro-
ductive (cf. McNeil et al. 2017).

I built upon Jasanoff’s understanding of imaginaries as “assemblages of mate-
riality, meaning, and morality”’, adapting the concept to the properties of this case.
Jasanoff (2015, p. 4) underlines that sociotechnical imaginaries “are not limited to
nation-states (...) but can be articulated and propagated by other organized groups,
such as corporations, social movements, and professional societies”’; nonetheless,
imaginaries at a national scale and state authorities as actors are nonetheless fairly
prominent in empirical studies on sociotechnical imaginaries (cf. McNeil et al.
2017, p. 441). In the case at hand, state actors are not altogether absent, but they
give way to a more dispersed patchwork of local biomedical professionals, epistemic
networks, and commercial pioneers acting in geographically distant worlds. And
yet, this did not make the imaginary of PT less powerful or less productive. In con-
trast, while fascinating case studies have discussed efforts to build infrastructures in
order to transform specific visions of technological futures into imaginaries (Aarden
2017; Gardner and Webster 2017), in the case at hand, an imaginary of PT, built
by a plethora of bricoleurs over a lengthy period in the past, became so solid and
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powerful that it worked as “a new kind of infrastructure” (Felt 2017, p. 256) for the
spread of NIPT—or one of “those systems, technologies, organizations, and built
artefacts that do not need to be reconsidered at the start of a new venture” (Slota and
Bowker 2017, p. 529).

But let me start by describing the history of the contemporary map of ‘local
worlds of PT” and the ‘imaginary of PT’ that these enact in the next section, before
describing how NIPT was adopted in these worlds, and analysing how biomedical
professionals acting in the local worlds and actors working in geographically more
distant worlds converged in mobilizing elements of that extant imaginary in the fol-
lowing sections.

Contexting the case: on local worlds and an imaginary of PT

When NIPT began to emerge in eastern Austria in August 2012, it arrived on a com-
plex map of local worlds involved in the provision of PT. These emerged at par-
ticular moments in time, materializing visions on what pregnancies were and how
they—as well as pregnant women—ought to be taken care of in assemblages of
technical devices, practices, values, and biomedical expert groups. In contemporary
Vienna, these local worlds coexist, forming the scaffolding of a complex imaginary
of PT.

Local worlds of PT

The foundations of today’s map were laid by a set of top-down visions, which were
enshrined into federal laws and implemented within the public health care system.
In 1974, the Austrian parliament enacted a “Mother—Child-Pass” (Mutter-Kind-
Pass), a health prevention programme that entitles pregnant women (and eventually
their children) to a number of examinations provided by gynaecologists (and pedia-
tricians) in their offices for free (Anon 2014). The examinations during pregnancies
involved the bodies of pregnant women and not the foetus. Since the programme’s
establishment, the list of examinations has been expanded several times, but PT
was not included. Gynaecologists providing ‘mother—child-pass-examinations’ are
actually discouraged from performing PT (unless they have certified qualifications).
However, they must inform women about the existence of such tests (Kopetzki
2017).

PT in the form of a “scrutiny of the foetus” (Lowy 2017, p.3) began to take shape
roughly a decade later. In 1981, the Austrian parliament added “prenatal diagnoses
and cytogenetic examinations” to the list of social security benefits (cf. RIS 2007).
A ministerial ordinance entitled carriers of genetic conditions, consanguineous cou-
ples, and pregnant women above the age of 35 to such services for free (Bundesmin-
isterium fiir Gesundheit und Umweltschutz 1981). These provisions were imple-
mented in public hospitals across the national territory, where invasive procedures
were provided by a first generation of prenatal diagnosticians to women above the
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age of 35, and biopsied cells were analysed by geneticists in adjunct cytology labo-
ratories (Wieser 2006).

After this first round of top-down visions imposed from the federal capital city of
Vienna across the national territory, complementary visions of prenatal care began
to emerge from below. Since the early 1990s, the agency shifted from federal state
actors to local biomedical professionals, who inscribed epistemic, normative, and
technical visions circulating in distant worlds abroad—and thus above the national
scale—into local assemblages of practices, material devices, and expertise. As a
consequence, local worlds of PT multiplied and practices began to diversify.

In the early 1990s, a group of obstetricians at a hospital in Vienna imported a
then-brand-new vision of prenatal care from London (Schuchter et al. 2002). This
vision began to profoundly transform PT in and around Vienna, extending the target
group of PT from the small group of women above the age of 35 to all pregnant
women while also multiplying and decentralizing the local worlds providing PT. At
the centre of this new vision were ultrasound devices and a new group of experts
in “foetal medicine”, whose practical expertise in spotting and naming “unusual”
or “strange things” (Interview 13/2017) helped to transform these technical devices
into powerful technologies. This group originated around Kypros Nicolaides, the
director of the “Harris Birthright Research Centre for Foetal Medicine” at King’s
College London. They found the “thickness” of the “nuchal translucency” (NT), a
fluid collection in the neck of a foetus, to be associated with foetal trisomies, and
they translated this insight into the suggestion that systematic NT measurements
around the 12th week of gestation in all pregnancies could help to decide whether
women should make use of an invasive procedure (Nicolaides et al. 1992; Snijders
et al. 1998; cf. Lowy 2018, p. 12).

Importantly for the dissemination of this new vision of PT and—as I argue
below—eventually also for the travails of NIPT three decades later, Nicolaides also
built paths that allowed this new practice to travel well beyond King’s College Lon-
don.? He established the “Fetal Medicine Centre”, a private clinic in London, and
the “Fetal Medicine Foundation” (FMF), a registered charity in the United King-
dom. Based on an “avalanche of (...) numbers” (Hacking 1990) from measured foe-
tuses, the FMF refined protocols, set standards for NT scans, and provided training
and certificates to specialists from other nations—including numerous ones from
Austria. Slowly yet steadily, London became a centre for research and a central node
in an international network of a new group of experts in foetal medicine, with ties to
many other regions in Europe—including eastern Austria. Many biomedical profes-
sionals from Austria were trained by the FMF before they worked in local worlds of
PT in eastern Austria.

Since the early 1990s, protocols for NT measurements have been further devel-
oped and extended to other conditions (Kagan et al. 2006; Chitty et al. 2006). Today,
NT measurements consist of measuring several ultrasound markers and—when

3 This happened independently of the activities of state actors in some countries, such as Denmark
(Schwennesen et al. 2010; Heinsen 2018) or the United Kingdom (Vassy et al. 2014), which included
these ultrasound-based practices in national screening programs for foetal aneuploidies.
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performed as a “combined test” (CT)—of the serum concentration of two hormones.
All these values are then entered into a computer program that uses algorithms to
“adjust” the general “background risk” (based on the pregnant woman’s age of a
pregnant woman) to “individual” or “patient-specific” risks for foetal trisomies 21,
18, and 13 (Nicolaides 2011; Kagan et al. 2008). The risk calculations are com-
plemented by a systematic qualitative assessment of the foetal anatomy, which is
referred to as “first-trimester screening” (FTS).

Over a period spanning slightly more than a decade, other public hospitals in and
outside of Vienna followed the example of the pioneering hospital in Vienna, pro-
viding NT-measurements, CTs, FTS, and/or “organ screening” (OS)—that is, sys-
tematic assessments of the foetal anatomy around the 20th week of pregnancy—to
women registered to give birth at these hospitals. However, over the last decade,
such services have been cut down. Today, three (out of nine) hospitals (with obstet-
rics departments) in Vienna continue to provide FTS for free. The other six pub-
lic obstetrics departments in Vienna and the 21 in the neighbouring regions do no
longer provide FTS for free.

Today, NTs, CTs and FTS are provided predominantly in private PT centres,
where women cover the costs of FTS from their own pocket or via private insurance.
These centres began to emerge at the turn of the century and have contributed to
the routinization of NTs, CTs, and FTS, while also configuring these practices as a
special form of PT that should only be provided by certified experts with appropriate
training in foetal medicine. All providers of PT are either certified by the “Austrian
Society for Ultrasound in Medicine”, the FMF, or both, in order to demonstrate that
they can perform such tests lege artis.

An imaginary of PT

Thus, a multiplicity of public and private local worlds are involved in the provision
of PT in contemporary Vienna. All of them emerged at particular moments in time,
materializing visions of prenatal care into assemblages of technical devices, prac-
tices, and types of expertise. Today, they constitute the heterogeneous scaffolding
of an ‘imaginary of PT’, which is enacted differently in these local worlds without
falling apart.

In this imaginary, PT can generate information, which, drawing on words fre-
quently used by biomedical professionals, can be a “life-saver” for foetuses with
heart defects to help to “avoid surprises at birth”, or to provide prognostic reasons
for the interruption of pregnancies. In this imaginary, (not) parenting a child with
Down syndrome or other syndromes or disabilities is a contested and difficult yet,
drawing on another frequently used wording, always “deeply personal” choice (eine
zutiefst personliche Entscheidung). Some women, those over the age of 35, are actu-
ally entitled to access such information in the public health care system, following
criteria that were fairly literally ‘set in stone’ in 1981. Moreover, gynaecologists pro-
viding ‘mother—child-pass examinations’ must inform all other women about PT (in
order to avoid lawsuits). However, if women wish to have access to prenatal testing,
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they need to exercise this ‘right to information’ as consumers in the private worlds
of PT.

This fairly complex imaginary is not only the effect of actions in the local worlds
providing PT. It was stabilized, too, by many, even if admittedly not all, pregnant
women in the urban areas in and around Vienna, who conduct PT as a ‘routine’—or
as a “normalized part” (Wahlberg and Gammeltoft 2018, p. 14) of being pregnant.
It was also fine-tuned by high court decisions that have condemned gynaecologists
for not informing women about the possibilities of prenatal testing or for not hav-
ing performed them lege artis (Kopetzki 2017). Groups that articulated alternative
visions of what pregnancies are and how they ought to be lived often built their own
worlds of counselling around those visions, contesting the “medicalization” of preg-
nancy (Interview 8/2017). Disability rights groups, which criticized the “dragnet”
on Down syndrome (Hager 2013), and fairly vocal pro-life groups that question the
legitimacy of interrupting pregnancies, also contributed to the complex shape of this
imaginary (Griessler and Hadolt 2006).

In light of the plurality of its bricoleurs, the imaginary of PT that ties together the
local worlds of PT is not without frictions or contradictions. Arguably, it actually
gains some of its salience through its power to make those contradictions invisible
and through its ability to transform the controversial questions of how collectives
should address prenatal technologies, motherhood, disabilities, and unborn life into
the dispersed personal choices of women.* When NIPT begun to emerge in Vienna,
this imaginary of PT was not opened up. Instead, NIPT travelled along the moral
and material grounds of this imaginary.

The emergence of NIPT in and around Vienna

NIPT began to emerge in Vienna when biomedical professionals in several of these
local worlds began to adopt such tests. In August 2012, a local hospital began to
offer the Praenatest commercialized by LifeCodexx (Konstanz, Germany). The fol-
lowing year, another one introduced the Harmony test from Ariosa Diagnostics (San
Jose, USA). Simultaneously, all private centres providing PT, as well as a few obste-
tricians, began to offer NIPT to pregnant women using tests from different provid-
ers. Today, a few centres offer the Praenatest, the Panorama test (Natera, USA), the
Fetalis test (Amedes, Germany), and the NIFTY test (BGI, China). However, even
in the absence of exact numbers in the fluid field of NIPT, it seems fair to claim
that the overwhelming majority choose to offer the Harmony test, either via Ariosa’s
central lab in San Jose or via its ‘German branch’ Cenata in Tiibingen (Germany).
When NIPT began to emerge in Vienna, the local worlds of PT were tied to
commercial laboratories located abroad. In practice, NIPT arrives to local worlds
as ‘paper boxes’ containing paper forms to complete, blood tubes, and transport

* This is not unique to Austria. See Lowy (2017, pp. 8-9) and Ravitsky (2017) for a discussion on how
“the ‘choice’ discourse” (Lowy 2017, p. 8) as well as a focus on “autonomy” (Ravitsky 2017) single out
women, while silencing the structured situations in which women make choices, in other contexts.
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materials. Biomedical professionals inform women about the details and limits of
this test, complete the paperwork, take blood samples, and use courier services to
send them to one of the commercial laboratories located in Germany, Slovakia, the
United States, or China. There, several dozens of samples are processed at once, ren-
dering the use of genomic platforms reasonably cheap and, as one of my informants
insisted, the “handling” of samples also “good” and “flawless” enough to ensure
reliable test results (Interview 5/2017). Test results are returned via a server, fax, or
postal mail to local biomedical professionals, who communicate the test results to
pregnant women. Between 3 days and 2 weeks elapse between the collection of the
blood samples and the return of the test results.

Thus, with the emergence of NIPT, a new layer of geographically more distant
worlds was added to the map of local worlds providing PT. I briefly return to one of
these more distant worlds at the end of the analytical part of this article. However,
before I zoom in on some of the local worlds of PT, describing how biomedical
professionals adopted NIPT in practice and discussing how elements of the extant
imaginary of PT shaped the local adoption of NIPT in practice.

The adoption of NIPT in local worlds of PT
NIPT in public worlds

NIPT was adopted in two of the three public hospitals in Vienna, which, respec-
tively, offer PT to all or half of the “collective” of approximately 2500 women regis-
tered to give birth in each of these hospitals every year.

At both hospitals specializing in PT and prenatal diagnosis, NIPT seemed to be a
“must have”, or, in the words of an interviewee: “[I]f [we] offer prenatal diagnostics
free of charge here—for those we register for birth—then there is no point in not
offering NIPT” (Interview 10/2017). He then continued:

Previously, if the first-trimester screening text was unsatisfactory, it was said,
well, if we really wanted to know exactly, we’d have to take a needle and stab
it into the mother’s belly—to take villi or amniotic fluid to clear it. Now, of
course, this non-invasive prenatal diagnosis is a huge advantage because [it]
saves the risk of the puncture. (Interview 10/2017)

The “non-invasive” nature of NIPT was often highlighted as an obvious benefit.
However, its integration into the services offered in these public worlds was often
less clear. In interviews, this integration was attributed to the personal “merit[s]”
(Interview 4/2017) of single actors, who managed to convince hospital managers to
allocate resources for NIPT—against the odds of the resource constraints shaping
the provision of PT in these public worlds.

A need to distribute scarce resources also shaped how NIPT was adopted in prac-
tice in these hospitals. Both hospitals had a protocol, or a “script” (Akrich 1992),
that standardized the adoption of NIPT, which was used as a contingent test in a
“two-stage screening” (Interview 13/2017). Women had to fulfil certain criteria to
“fall into the group of the women, who get this for free” (Interview 7/2018). They
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had to be part of the collective of women registered to give birth in the hospital.
Moreover, they also had to be part of an “intermediary risk group”. The extant
practice of FTS, which continued to be an ‘obligatory passage point’ for all women
who agreed to PT, helped at once to stratify pregnant women and to allocate scarce
resources.

FTS helped to categorize pregnant women into three groups. A first group of
“high-risk pregnancies” continued to be referred for invasive procedures. This group
consisted of “cases” whose FTS showed foetal anatomical anomalies, markers asso-
ciated with heart defects, “significantly increased” NT (larger than 3.5), or whose
calculated risk for trisomies was larger than 1:50 or 1:100 (the two hospitals used
different “cut-offs”). Some informants noted that the comparably high “adjusted
risk” in this group justified the risk of side effects from invasive procedures (Inter-
view 5/2017). Many emphasized that invasive procedures were medically more rea-
sonable for these women, as they could help to “answer a much bigger spectrum of
questions” (Interview 7/2018). Significantly increased NTs and visible anatomical
anomalies were associated not only with foetal trisomies but also with phenomena
such as “micro-deletion syndromes”, which are characterized by the loss of large
chunks of DNA. Invasive procedures, biomedical professionals explained, allowed
the retrieval of cells that could eventually be analysed with the help of microarrays
in nearby laboratories if conventional karyotyping did not produce findings.’

A new second group consisted of pregnant women in a “middle or intermediary
risk range” (Interview 7/2018) for trisomies. In both hospitals, these were women
without visible foetal anomalies in FTS and whose calculated risk of trisomies was
between 1:50 or 1:100 and 1:1000. Both hospitals offered NIPT for the three major
trisomies free of charge to this group of women. This approach helped to avoid inva-
sive procedures while still increasing the detection rate of trisomies and reducing
ambiguities from risk calculations. Finally, a third group of women was referred for
“organ screening” at a later stage of pregnancy.

NIPT in private worlds

While in public worlds NIPT was the exception, in private worlds it was the norm.
The private centres are heterogeneous and differ in size, in the technical devices they
have in place, and in the scope of testing offered. However, they share one common
element that sets them apart from public hospitals: they do not provide PT free of
charge. Women and couples pay out of pocket or via private insurances. Hence, in
these private centres, some of the resource constraints shaping practices in hospitals
are outsourced to women and couples. This made a difference in how NIPT was
adopted in practice.

In the private centres, NIPT was adopted in two ways. First, women could choose
NIPT as a “primary screening test” before—and thus independent from the results

5 Microarrays compare the genome of a foetus with a reference genome printed on a chip, helping to vis-
ualize microdeletions. See Lowy (2018, pp. 97-104) for a discussion of microarrays and Turrini (2014)
for debates on microarrays in Italy.
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of —FTS. Seemingly depending on whether the centres were located in more or less
wealthy districts of Vienna, biomedical professionals reported that anywhere from
“very few” to 80% of women chose NIPT as a primary test. Blood samples were
taken in the tenth week of pregnancy in combination with a “quick ultrasound”. Test
results were emailed to patients, communicated via telephone, or discussed 2 weeks
later in combination with a detailed first-trimester anatomy scan.

Second, NIPT was also adopted as a “secondary” test after an FTS. One practi-
tioner deemed such a “contingent” use reasonable for most pregnant women, in light
of FTS sometimes revealing “conspicuous things” that would, in hindsight, render
an already-performed NIPT as “money down the drain” (Interview 1/2018). Another
interviewee emphasized that he preferred this option, as this avoided the “wrong
impression” that an NIPT could replace FTS altogether (Interview 5/2017). Indeed,
all my informants agreed that FTS helped to sort out a small group of “high-risk
pregnancies” for whom NIPT was medically unreasonable and “not enough” or “a
little too little” (Interview 2/2018).

Hence, as in the case of the hospital, cfDNA testing was deemed appropriate not
for “high-risk pregnancies” but for a group deemed at an “intermediary” risk or in a
“grey area” (Interview 2/2018) after FTS. However, in these private worlds, mem-
bership in this “intermediary risk group” was not predefined by “cut-offs”, as it was
in public hospitals. Decisions on when to perform an NIPT after an FTS emerged
in situ in light of women’s own expectations and understanding of “risks” or “prob-
abilities”. A biomedical professional explained to me that risk numbers as “cut-offs”
would not make sense on an “individual basis”, explaining

We give them some guidance, on what most others would do, or what we
would recommend, and we also always mention the guideline of the [Austrian
Society of Ultrasound in Medicine] (....) However, we leave open all options
(...) Because it is really a very individual decision. (Interview 7/2017)

Biomedical professionals running these centres had different understandings of
women’s decisions and their reasonability. However, they converged in their under-
standing that it was their job to inform women about available test options and to
perform such tests lege artis, while it was the job—and indeed, the “right” (Inter-
view 1/2018)—of women to choose what they wished to know.

This ‘right to information’, however, had some limits. Some women and couples
reportedly chose NIPT to learn about the sex of a foetus for recreational purposes:
in the words of an interviewee, “[u]nfortunately, we also have a few who do a NIPT
test just because they want to know the sex”. When I asked why this was “unfor-
tunate”, I was offered this explanation: ‘Well, because they, if the right sex is not
there, they can still interrupt [the pregnancy] within the first-trimester-regulation’
(Interview 2/2018). Approximately a quarter of my informants reported anecdotal
experiences with requests for NIPT that they deemed to be tied to the wish to “abort
the wrong sex” (Interview 10/2017); those requests were denied.

Moreover, biomedical professionals were also not convinced of the appropriate-
ness of extending the scope of NIPT from trisomies to sex-chromosome aneuploi-
dies or microdeletion syndromes, which many test providers offered. A biomedical
professional explained the following:
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We have decided from the beginning not to mention this, because most of them
are in any way not serious, because there are many false-positive results, quite
a few, and most of them are so harmless that you would not in any way have
an interruption of a pregnancy as a consequence. Therefore, we have decided,
well, if somebody wants it, then we cross [the box on the form], but we do not
actively counsel for it, because this is way too complex for, well, and it is of no
use. (Interview 7/2017)

Echoing concerns about the rash market release of such test options, another bio-
medical professional told me that he would not perform such tests, even upon
request, because these were “validated too badly” (Interview 1/2018).

Interestingly, many of my interviewees also referred to “good data” to explain
why they had chosen to work with a particular test provider (very often the Harmony
test from Ariosa). One of my informants noted that she began to use the Harmony
test after the completion, in December 2012, of a major study conducted by Ariosa
in collaboration with the FMF, noting that “they then had by far the best data, they
still do” (Interview 7/2017). She also referred to the Ariosa group as “smart and
dynamic”, noting that “this simply convinced me that they, that you can trust them,
because, a lot depends from it, doesn’t it? (Interview 7/2017). This view was echoed
in other interviews, in which I was told that research conducted by the FMF had an
important role in choosing this test provider, or, in the words of another interviewee:
“And that means, that you have to honestly say, this is, they are, they really have
high quality standards” (Interview 2/2018).

In addition to the “good data” and “high quality” that made a test provider trust-
worthy, several interviewees also emphasized that this test was “convenient” (prak-
tisch) for them, referring to courier services or a colleague who collected blood
samples. Thus, using a term developed by Michel Callon and colleagues, biomedi-
cal professionals choose the test provider they felt they could “punctualise” (Callon
1990, p. 153). In light of the wealth of data that proved the quality of these tests,
they did not have to bother with the complex assemblages of professionals, prac-
tices, material devices, or algorithms used in some distant commercial worlds. They
could “black box” (Callon and Latour 1981) these complexities, using these distant
worlds as reliable infrastructures for their own practices. For biomedical profes-
sionals adopting NIPT in and around Vienna, NIPT was an exchange of a woman’s
blood sample for a reliable test result.

Differences and similarities in local worlds of PT

How does this description of how NIPT was adopted in the local worlds of PT in and
around Vienna help us to understand how and why NIPT could travel so quickly? In
this section, I distil two puzzle pieces from the description in the last section, first
focusing on differences between these worlds and then discussing the commonalities
between them, before briefly unpacking some of the actions in geographically more
distant worlds to complement the two puzzle pieces from the local worlds with a
third.
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NIPT as ‘adaptable boxes’

NIPT was adopted differently in the public and private worlds that provide PT due
to the different resources, values, and practices assembled in those worlds. In the
public worlds of ‘doable PT’ shaped by limited resources, NIPT was adopted with
one protocol or “script” (Akrich 1992). This adoption stabilized it as a “secondary
test” for a well-defined subgroup of women who, after an FTS, were deemed to be at
an “intermediary risk” of having a child with a trisomy. The adoption of NIPT in the
private worlds of “personalized”® or ‘customized PT” was more flexible and shaped
by the wishes and voices of women consuming NIPT in these worlds. Women could
choose NIPT either as a “secondary” test if they deemed risk numbers from FTS
problematic or as a “primary” test before an FTS.

These differences provide us with a first puzzle piece that helps us understand
how NIPT could travel so quickly in practice. NIPT arrived at these different worlds
in the same paper boxes from commercial laboratories. However, the boxes did not
prescribe when and for which purposes they would be opened. These decisions were
left to local users and thus to biomedical professionals and/or women. Loosely build-
ing on insights from science and technology studies on how technologies travel, the
boxes did not enforce a singular “script” (Akrich 1992) or moral vision of how NIPT
ought to be used. These were ‘adaptable boxes’ that arrived with a variety of moral
possibilities, which could be “adapted” to the specific assemblages of values, prac-
tices, and resources available in local worlds (Mol et al. 2010; Law and Mol 2001).

An add-on travelling on an extant imaginary

That NIPT was flexible enough to travel to different worlds provides us with one
piece that can help us understand the puzzle of how NIPT could travel so quickly in
practice. Exploring cross-cutting similarities provides us with another piece.

Before discussing the substance of the similarities in more detail, a short note on
the recommendations of professional societies is helpful to understand the salience
of these similarities. In April 2015, four Austrian professional societies published
recommendations on the use of “non-invasive prenatal tests (NIPT) for the analysis
of cell-free DNA (cfDNA) in maternal blood” (Schmid et al. 2015a). Shortly after-
wards, biomedical professionals from Germany and Switzerland joined their Aus-
trian peers and published a slightly amended version: “Austrian-German-Swiss Rec-
ommendations for non-invasive prenatal tests (NIPT)” (Schmid et al. 2015b). Both
documents endorsed NIPT for Down syndrome screening, envisioning scripts for its
adoption as “secondary screening” or as “primary screening” (Schmid et al. 2015a,
p- 7, b, p. 509), and they problematized the extension of NIPT to sex-chromosome
aneuploidies and microdeletion syndromes (Schmid et al. 2015b, p. 509). The rec-
ommendations were both a cause and an effect: they built on shared values, rec-
ommendations from other professional societies, and data from studies. Enshrining

% I borrow this term from Mianna Meskus’ (2012) work on PT in Finland.
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understandings of how NIPT ought to be adopted in practice, they also prescribed
those understandings for others—if only through the ‘soft governance’ tool of rec-
ommendations. Thus, the recommendations were shaped by an imaginary of PT,
while they also re-enacted that imaginary, helping to govern and regulate NIPT from
below.

By way of substance, first, in all these local worlds, NIPT was endorsed as an
‘add-on’ to the assemblages of extant practices, technical devices, and the exper-
tise of biomedical professionals that helped to improve them without making them
meaningless. NIPT reduced the number of invasive procedures, increased the pro-
portion of actual findings, and decreased the proportion of those invasive procedures
that turned out to be “unnecessary”. However, NIPT did not eliminate invasive pro-
cedures altogether. While the NIPT results were deemed robust enough to exclude
trisomies, the results indicating the presence of trisomies needed to be confirmed
with invasive procedures (Schmid et al. 2015a, p. 5). Invasive procedures also
gained a new importance for the new group of “high-risk pregnancies”— conspicu-
ous “foetotypes”, for whom invasive procedures and micro-arrays emerged as a new
standard of care.

NIPT was also not considered to make the ultrasound obsolete. The recommenda-
tions enshrined that “cfDNA tests should only be offered after or in connection with
a qualified ultrasound scan” (Schmid et al. 2015a, p.4). An informant involved in
wording those recommendations explained that putting this on record was important
so as “to avoid that pregnant women end up buying a test somewhere in a pharmacy
and believe, all set, that this covers everything that exists” (Interview 1/2018). That
NIPT could not supplant examinations with an ultrasound was also often underlined
in scientific meetings and in interviews. Experts insisted that FTS was “not only
about Down syndrome” (Interview 6/2018) but also about a range of foetal anoma-
lies that examinations with ultrasound could detect.

Second, NIPT was adopted and endorsed as an ‘add-on’ for the performance
of a particular job: the production of information about foetal trisomies in general
and about Down syndrome in particular. The recommendations drew on data about
the performance of NIPT tests to substantiate that NIPT did a better job detecting
instances of Down syndrome (or, in their vernacular, had a better “sensitivity”)
while it also produced fewer false positives (or had a higher “specificity”) than
extant screening practices (Schmid et al. 2015a, p. 7). However, the recommenda-
tions did not raise the more principal question of whether common foetal trisomies
should be screened for at all. Apparently, they took the answer to this question for
granted—in light of an extant ‘imaginary of PT’ carved out when FTS began to
extend testing for foetal trisomies from a subgroup of women to the entire popula-
tion of pregnant women.

The importance of this imaginary for the travails of NIPT becomes clearer when
we look at a third cross-cutting similarity, that is, the problematizations of those
other ‘jobs’ that NIPT promised—or threatened—to perform, which were new and
outside of the boundaries of the previously agreed upon imaginary. Some biomedi-
cal professionals were concerned about couples potentially using, or abusing, NIPT
to learn the sex of a foetus to interrupt a pregnancy if it was the unwanted sex.
Moreover, all my informants reported being sceptical about commercial providers of
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NIPT extending the scope of NIPT to sex-chromosome anomalies and micro-dele-
tion syndromes, articulating concerns that were also enshrined in the recommenda-
tions of professional societies.” These drew on the very same metrical values used to
endorse NIPT for Down syndrome screening to problematize its extension to other
chromosomal and subchromosomal syndromes, noting that data on the performance
of NIPT for these conditions was not robust enough for these tests to be “recom-
mended without restrictions” (Schmid et al. 2015a, p. 8, b, p. 509). Thus, neither
was NIPT deemed robust enough as a tool for the screening for microdeletions and
sex-chromosome anomalies in the general population, nor was there a consensus
that this was a job that ought to be done.

Condensing the three similarities cutting across the local worlds helps us add a
second piece to the puzzle of how NIPT could travel so quickly. NIPT was adopted
as an add-on to extant assemblages that helped improve the production of informa-
tion about foetal trisomies at an early stage of pregnancy in all local worlds of PT—
even if it was adapted more or less flexibly and with different frequencies. Thus,
pioneers seeking to disseminate NIPT did not need to venture into the arduous work
of convincing others of the desirability of the job that this device helped to per-
form. They could take the moral ground for granted, harnessing moral elements of
an extant imaginary. NIPT was used as a new tool for an old job. Because NIPT
was adopted as an ‘add-on’ that did make existing practices, technical devices, and
biomedical experts meaningless, it could also travel in and through those worlds ini-
tially created to accomplish this job, adding on to them without disrupting them, and
thus also harness material elements of the extant imaginary of PT.

An instance of the past explaining the present?

The emergence of cfDNA testing in and around Vienna thus appears to be a case
in which an emerging technology could travel exceedingly well, as it could capital-
ize on paths ‘trodden’ by pioneers of earlier PT technologies in the past, travelling
in and through the moral and material grounds of an extant imaginary of PT while
also reifying it. Drawing loosely on Peter Keating and Alberto Cambrosio’s succinct
terms, this case—or, actually, my account of it—seems to be a(nother) case in which
the “past (...) explain[s] the present” (Keating and Cambrosio 2012, p. 10). And this
might also be its problem: It “explains too much” (Prainsack 2006, p. 189). It helps
us to see that extant biomedical professionals, local worlds, and imaginaries helped
to ‘smooth’ the emergence of NIPT while also limiting its scope; but it does not
explain why these extant realities were so powerful or how all these extant realities
begun to matter.

In order to improve our understanding of the salience of these extant realities, I
wish to briefly unpack one of those geographically more distant worlds that local
biomedical professionals repeatedly implicated in their accounts. In the next section,

7 1 do not claim that such tests are not available. They are not widespread, but they are offered. However,
biomedical professionals offering these tests move on the thin ice of a “vanguard vision” (Hilgartner

2015).
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I explore some steps in the making of the “Harmony test”, the apparent market
leader in and around Vienna. I do not provide a comprehensive picture of the devel-
opment of the Harmony test, which was originally developed by Ariosa Diagnostics
(San Jose, CA), a company now owned by Roche Diagnostics (Roche 2014). I focus
on only those actions that proved—or happened to produce—effects in the local
worlds of PT in eastern Austria, so as to add a third piece to the puzzle of how NIPT
could travel so quickly in practice.

A puzzle piece from elsewhere

When Ariosa launched the Harmony test in May 2012, it took a number of steps that
continue to resonate in contemporary Vienna.

First, early on, Ariosa seems to have envisioned the Harmony test as a trisomy
screening test for the general population of pregnant women (cf. Chitty et al. 2012,
p- 270). Ariosa also inscribed this vision into the material design of its test. The
company did not rely on “indiscriminate” (Sparks et al. 2012, p. 319.el) sequencing
of all cfDNA fragments first and sorting via algorithms later (as other commercial
test providers did). It developed an assay to preselect DNA from the “chromosomes
of interest” (Sparks et al. 2012), focusing subsequent sequencing on the preselected
fragments. This approach enabled reducing the amount of sequencing needed per
sample, increasing the number of samples sequenced at once and reducing the costs
of the test.

Second, Ariosa also invested time and resources into large studies, publishing
them in prestigious peer-reviewed journals. Commenting on one such study, Ari-
osa’s CEO Ken Song declared that it “affirms our commitment to leading the intro-
duction of NIPT into medical practice based on robust clinical data” (Ariosa Diag-
nostics 2012). Thus, early on, the commercial company began to produce the kind
of arguments that biomedical professionals in Vienna—and thus miles away from
Ariosa’s headquarter in California—eventually found so convincing: data and evi-
dence. Like Steve Epstein’s ““lay expert” activists’ (Epstein 1995, p. 429) in the field
of HIV and AIDS in the 1990s, the company made an effort to “present themselves
as credible within the arena of credential expertise” (Epstein 1995, p. 409) by learn-
ing and speaking the language of experts in foetal medicine, producing evidence and
data, and publishing these data in prestigious journals.

Third, another important step taken by Ariosa was that a number of these studies
were conducted in collaboration with Kypros Nicolaides and the FMF (Ashoor et al.
2012; GenomeWeb 2012b; Nicolaides et al. 2012; Norton et al. 2015)—and thus
with a central expert in the field of prenatal testing. As discussed before, Nicolaides
had helped to pioneer the transition from PT in the form of invasive procedures for
predefined subgroups to FTS for the entire population of pregnant women from the
early 1990s on, building a transnational professional network around a research and
training hub in London. This approach had helped this then-new vision expand to
worlds outside of London—including to local worlds of PT in and around Vienna.
The FMF was not the only site with which Ariosa collaborated, nor was the Har-
mony test the only test evaluated by the FMF. However, from October 2012, Ariosa
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also partnered with the Fetal Medicine Centre in London, which offered the Har-
mony test in the UK (GenomeWeb 2012a). By managing to win Nicolaides as a
‘spokesperson’ for the Harmony test, Ariosa obtained access to the British market
and—as my interviews with local biomedical professionals in the east of Austria
suggest—also to some of the local worlds tied to the epistemic network around him,
including those located in and around the city of Vienna.

This brief excursion to worlds outside of Austria helps me to add a third puz-
zle piece, which complements the other ones. It helps us to see that the salience of
extant moral and material elements in the local worlds in Vienna described before
was not merely the reason for the quick emergence of NIPT; their salience was also
an effect of actions taken by at least one commercial player. Rather than venturing
into building a radically new vision of prenatal care around its new technical device
and assembling new practices, experts, worlds, or building entirely new infrastruc-
tures, Ariosa mobilized extant moralities, practices, experts, and worlds, transform-
ing them into an infrastructure that helped to make its innovation travel. Thus, just
as biomedical professionals in and around Vienna felt that they could “punctualize”
the Harmony test, “blackboxing” the machineries, algorithms and people assembled
in Ariosa’s lab into a reliable infrastructure they could trust, so Ariosa “punctual-
ized” an international network of biomedical practitioners, by convincing a central
figure in this network of the merits of the Harmony test, and by “blackboxing” the
practice, values, and experts that this network had helped to pioneer in the past. The
extant imaginary of PT, built over lengthy years in the past, became so powerful and
productive in the case of the emergence of NIPT, as both local actors in Vienna and
actors in more distant worlds converged in harnessing and re-enacting elements of
it. They “blackboxed” moral and material accomplishments of the past, transform-
ing elements of an extant imaginary of PT into an infrastructure that facilitated the
travails of NIPT.

Conclusions

This article engaged with the emergence of NIPT in and around Vienna, using this
case to begin to understand how NIPT could emerge so quickly and travel so far in
practice. It is built on a description of how NIPT was adopted in local worlds of PT
in the east of Austria and a brief exploration of actions taken in geographically more
remote worlds by a commercial pioneer that happened to produce effects in Vienna
to discuss three complementary puzzle pieces.

The article situated the emergence of NIPT on a map of local worlds of PT, which
emerged at particular moments in time and materialized particular visions of PT into
assemblages of technical devices, practices, and expertise. It conceptualized these
local worlds as the scaffolding of an imaginary of PT, which is enacted differently in
these worlds, without falling apart. Subsequently, the article showed how moral and
material elements of this imaginary were harnessed by local biomedical profession-
als and commercial pioneers acting in geographically more distant words and how
these dispersed actions converged in transforming elements of the imaginary of PT
into an infrastructure that facilitated the travails of NIPT.
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More in particular, I argued, first, that NIPT travelled in the form of ‘adaptable
boxes’. While these boxes connected the local worlds in Vienna with laboratories
abroad, they did not prescribe when and for which purpose they ought to be opened
up. They were flexible enough to be adapted differently in the local worlds of ‘doable
PT’ in public hospitals, where they were used as “secondary screening” tools, and
in the worlds of ‘customized PT’ in private centres, where they were used as “sec-
ondary” and “primary screening” tools. Second, while NIPT was adapted slightly
differently and with different frequencies, it was used as a new technical device for
the production of information about foetal trisomies at an early stage of pregnancy
in all these local worlds and thus as a new tool for a previously agreed-upon job.
Hence, I argued that NIPT travelled on a moral and material ground—or ‘imaginary
of PT"—paved by a plethora of pioneers across a lengthy period in the past, adding
on to this ground, without undoing it. Third, I have also briefly visited actions taken
in geographically more distant worlds to show that the salience of this extant moral
and material ground was also the effect of work done by at least one commercial
pioneer of NIPT. Rather than venturing into envisioning a new “vanguard vision”
(Hilgartner 2015), this company fine-tuned the materiality of its test to make it fit
into established visions and practices of PT. It also invested time and resources into
the production of data that helped to convince biomedical professionals that its test
produced reliable results. Among these professionals was an expert, who had helped
to pioneer FTS in the past, spearheading the building of an international network of
experts in foetal medicine around a research hub in London. In this way, the com-
pany also obtained access to a variety of experts tied to the same professional net-
work and to some of the dispersed local worlds that this network connects.

Drawing together the three complementary puzzle pieces helps us to understand
how NIPT could emerge so quickly in and around Vienna. It helps us to see that the
fairly smooth emergence of NIPT in and around Vienna was an instance in which
moral and material elements of an imaginary of PT, built when (now) “old technolo-
gies were [still] new”’(Marvin 1990) in the past, were re-enacted by actors in local
and more distant worlds alike. They were mobilized by a company that infrastructur-
ized extant values, practices, experts, and the networks between them and by local
biomedical professionals who adopted and endorsed this new technical device as
an add-on that helped them provide better FTS to pregnant women. Thus, rather
than one of them being the reason and the other ones its effects, the puzzle pieces
complement each other. Local biomedical professionals and global stakeholders
converged in transforming elements of an extant imaginary into an infrastructure.
They blackboxed moral and material accomplishments of the past, transforming ele-
ments of an extant imaginary of PT into an infrastructure that enabled and directed
the emergence of NIPT, speeding up the travails of NIPT while also shaping its use.

Before thinking through what to take away from this specific case, some words
on its specificities and the limitations of this study are needed. In the case discussed
in this article, NIPT travelled by adding on to a fairly dense web of local worlds of
PT built around ultrasound devices, and by transforming past accomplishments into
infrastructures. While similar dynamics might be at work in other regions in Europe,
where ultrasound-based FTS is by now routine for many women, there are other
regions in the world where such local worlds to which NIPT can be added on are
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rare or non-existent and where NIPT might spread in different ways, at a different
pace, or not at all. Moreover, while I have singled out the company that developed
the market-leading test in the region discussed in this article, this is definitely not the
only commercial player in the fiercely competitive and very fluid global assemblage
of NIPT. Other commercial players might well pursue different visions. It would be
fascinating to compare the different ways in which companies tinker with the mate-
riality of genomic machineries and the boundaries of moralities while they seek to
get their innovations off the ground, exploring when and how they seek to add-on to
existing moral and material realities, when they venture into building imaginaries
and infrastructures on their own, or when and how they do both at once. Last but not
least, the emergence and travails of NIPT might also differ in those regions where
state actors assumed a more central role in the ordering of NIPT and/or establishing
FTS in the past than they did (so far) in Austria, just as the travails of NIPT might
change in Austria if, say, public health actors decided to take a more central role in
the future.

Thus, it would be rash to generalize the findings on how the global and the local,
the moral and the material, and the old and the new converged in the emergence of
NIPT in this specific region to other regions. Nonetheless, this case can sensitize
us to the complex interplay between the extant moral and material worlds of PT in
particular and genomic technologies in general and the emerging new worlds that
venture into unleashing their power. It can draw our attention to how commercial
pioneers might, at times, mobilize extant practices and moralities to establish their
place in routine biomedicine, ‘infrastructurizing’ extant imaginaries while adding
on new devices to established routines. The interplay between the new and the old
(Gibbon et al. 2018), and the local and global, or the contexts in which genomic
technologies are adopted and the shape of these technologies, is already well docu-
mented, particularly in regard to health care systems and health care infrastructures
(Cambrosio et al. 2018; Parthasarathy 2012; Aarden 2016; Aarden et al. 2009; Zeng
et al. 2016). However, the case at hand suggests that in our contemporary worlds,
such ‘contexts’ can also take a more subpolitical shape and include elements of
broadly shared imaginaries or transnational epistemic networks of biomedical pro-
fessionals, which might be amenable to be infrastructurized. Thus, the case of the
emergence of NIPT in Vienna can also direct our attention to the redistribution of
agency among commercial pioneers, biomedical professionals, and epistemic net-
works in the emergence of genomic medicine, suggesting that the emergence of
genomic medicine might also be tied to a redistribution of agency and a new ““fabri-
cation of power” (Jasanoff and Kim 2015).
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