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Abstract

Background In recent years, human microbiome research has flourished and has drawn attention from both health-
care professionals and general consumers as the human microbiome is now recognized as having a significant
influence on human health. This has led to the emergence of companies offering microbiome testing services. Some
of these services are sold directly to the consumer via companies’ websites or via medical laboratory websites.

Methodology In order to provide an overview of the consumer experience proposed by these microbiome test-
ing services, one single faecal sample was sent to six different companies (five based in Europe and one based

in the USA). Two out of the six testing kits were commercialized by medical laboratories, but without any require-
ment for a medical prescription. The analyses and reports received were discussed with a panel of experts (21 experts
from 8 countries) during an online workshop.

Results This workshop led to the identification of several limitations and challenges related to these kits, includ-

ing over-promising messages from the companies, a lack of transparency in the methodology used for the analysis
and a lack of reliability of the results. The experts considered the interpretations and recommendations provided

in the different reports to be premature due to the lack of robust scientific evidence and the analyses associated

with the reports to be of limited clinical utility. The experts also discussed the grey areas surrounding the regulatory
status of these test kits, including their positioning in the European market. The experts recommended a distinc-

tion between regulatory requirements based on the intended use or purpose of the kit: on the one hand, test kits
developed to satisfy consumer curiosity, with a clear mention of this objective, and no mention of any disease or risk
of disease, and on the other hand, in vitro diagnostic (IVD) CE-marked test kits, which could go deeper into the analy-
sis and interpretation of samples, as such a report would be intended for trained healthcare professionals.

Conclusions Recommendations or actions, specific to the context of use of microbiome testing kits, are listed

to improve the quality and the robustness of these test kits to meet expectations of end users (consumers, patients
and healthcare professionals). The need for standardization, robust scientific evidence, qualification of microbiome-
based biomarkers and a clear regulatory status in Europe are the main issues that will require attention in the near
future to align laboratory development with societal needs and thus foster translation into daily health practice.
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Introduction

The human gut microbiome is the most extensively stud-
ied microbiome, and its central role in human health
has been extensively documented by multiple research
teams. Numerous studies have reported associations
between gut microbiome alterations (compositional and/
or functional changes) and the onset or progression of
many pathologies (including metabolic disorders, aller-
gies, inflammatory bowel diseases, cognitive disorders,
cancer) [1, 2]. As microbiome research expands, so does
the public’s interest in being aware of their own micro-
biome. In 2023, approximately 6500 participants from 7
countries took part in an international survey conducted
by the Biocodex Microbiota Institute and IPSOS which
aimed to better understand the knowledge and behav-
iour of the European public regarding their microbiota
[3]. Of those who had received comprehensive infor-
mation from their healthcare professional, 95% had
adopted behaviours to maintain a balanced microbiome,
and almost two-thirds thought it would be useful to test
their microbiome. In addition, an international initiative
is underway with the “Million Microbiome of Humans
Project” (MMHP), a collaboration initiated by scientists
from China, Sweden, Denmark, France and Latvia, which
aims to analyze one million microbiome samples (from
different body sites) to build the largest database of the
human microbiome [4]. In parallel, governments across
Europe begin to promote prevention within public health
measures, and a high interest in health self-manage-
ment by both healthcare professionals and consumers is
observed, and the microbiome follows this trend. Indeed,
while consumer curiosity has led to a growing interest in
microbiome testing kits, analysis of microbial signatures
also represents an interesting option for healthcare pro-
fessionals and patients to enable improved diagnostics or
prognosis, to assess safety, to predict susceptibility and to
develop a disease or response to treatment [5]. This dual
utility is quite encouraging for the field and demonstrates
(i) the importance of supporting healthcare professionals
to integrate microbiome considerations into their daily
clinical practice and (ii) the need for appropriate informa-
tion to general consumers, who also express high interest
in microbiome research and their wish to integrate this
new component into their wellness practices. However,
as microbiome research is still in its early stages, one can
question whether some of the products that are already
available on the market are actually useful for monitor-
ing one’s health based on the characteristics of their gut
microbiome.

Microbiome testing presents some similarities with
genetic testing (which is well-known to citizens), but
specific challenges distinguish the two [6]. Microbi-
ome testing is much more complex than genetic testing
due to the high number of genes present and expressed
by each constituent of the microbiome, as compared to
human genes [7], and a higher interpersonal variability.
In addition, microbiome samples must often be asso-
ciated with personal data (referred to as “metadata”) to
help to interpret the results, as the sample alone is not
sufficient. Indeed, the microbiome is constantly remod-
eling in response to multiple environmental factors (diet,
drugs, transit time...), making its analysis and interpreta-
tion highly complex [1].

Currently, the majority of microbiome testing services
available are dedicated to the analysis of faecal samples,
as a well-established proxy for the gut microbiome, while
some are emerging for vaginal, oral or skin microbiome
analysis. With the availability of a growing number of
microbiome testing products, it is now possible for citi-
zens to integrate microbiome analysis as part of their
wellness practices; some citizens may even feel that some
of their health problems are not fully understood or
addressed by physicians, particularly digestive disorders,
which are common. Increased public awareness could
extend this questioning to other clinical situations where
a link with the microbiome has been described (neuro-
logical disorders, auto-immune diseases or degenerative
diseases).

Currently in Europe, microbiome testing kits can be
commercialized in two different ways, either sold directly
by companies or commercialized through medical labo-
ratories. Those sold directly by commercial companies
are aimed at general consumers, whereas those com-
mercialized through medical laboratories are generally
intended for patients, although the distinction between
“consumers” and “patients” is not strictly defined. In both
cases, the purpose of these kits is to provide an analysis
of the microbiome composition based on the examina-
tion of a specimen collected at home. However, these
novel test kits deserve a more rigorous consideration
from a scientific, ethical and regulatory point of view,
in the interest of managing the expectations of consum-
ers, patients and healthcare professionals who would use
these services. “Promissory” or over-promising com-
munication of sequencing results runs the risk of being
exaggerated and can lead to reputational damage and
loss of credibility for science in general and microbiome
research in particular [8].
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Despite the current intense interest in these new
devices, two recent publications warn of their lack of
analytical and clinical validity, the urgent need for valida-
tion of all the steps of the testing pathway and the lack
of federal oversight (in the USA) to prevent any potential
harm to the consumer [9,10]. Previous studies have also
evaluated the data protection policies and questioned the
scientific validity and clinical relevance of these devices,
based on the existing literature or promotional messages
mentioned on the companies’ websites [6,11].

As part of the larger International Human Microbiome
Coordination and Support Action (IHMCSA) consor-
tium (EU-funded project [12]), the European context of
currently marketed faecal microbiome testing kits has
been assessed.

Experimental approach

Non-exhaustive benchmarking analysis of microbiome
testing kits available in Europe

To recreate the experience of consumers, a non-exhaus-
tive benchmarking analysis of six microbiome testing
kits available in Europe (5 EU-based kits and 1 kit sold
by a company based in the USA) was conducted. Four
out of the six kits were bought directly from the com-
panies’ websites, while the other two were bought from
medical laboratories websites, without any requirement
for a medical prescription. There were no strict selec-
tion criteria for the choice of kits. However, particular
attention was paid to include at least one in vitro diag-
nostic (IVD) CE-marked kit and commercialized by a
medical laboratory. Many products require CE (Con-
formité Européenne) marking before they can be sold
in the European Union (EU). CE marking indicates that
the conformity of the product has been assessed by the
manufacturer (and in certain cases a notified body) and
deemed to meet safety, performance, health and envi-
ronmental protection EU requirements. It is required for
products manufactured anywhere in the world that are
then marketed in the EU. Thus, in the case of microbi-
ome testing kits, the CE mark indicates that the test kit
complies with the requirements of the Directive 98/79/
EC [13] on in vitro diagnostic medical devices or the new
and stricter Regulation on In Vitro Diagnostic Medi-
cal Devices [14] (IVDR), as the transition period is still
ongoing. It should be specified that the CE mark applied
on the product included in this analysis was granted
under previous Directive 98/79/EC and its associated
requirements. The transition from Directive 98/79/EC
to Regulation 2017/746 brought stricter harmonization,
higher safety requirements and increased transparency
to improve patient protection. Key changes include the
extension of the scope to more devices, a new risk classi-
fication system, increased involvement of notified bodies
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and clear post-market surveillance obligations to ensure
long-term safety and performance. It is now clear that
such tests would require assessment by a notified body,
a conformity assessment body designated in accordance
with the IVDR (Supplementary Table 1). For the other
kits, devices sold in different European countries were
randomly selected, and one kit outside of Europe (USA)
was purchased. The overview of the six kits, their compo-
nents and their description on the respective companies’
websites is described in Table 1.

One faecal sample from a single healthy (absence of
known disease) adult donor was collected at home. After
manual homogenization, an aliquot of this sample was
sent on the same day to the different companies following
the instructions provided with each kit. It was performed
with the intention of having a representative overview of
a consumer experience with these test kits. For this rea-
son, one sample was sufficient to receive the different
reports and compare the results, interpretations and rec-
ommendations provided by the different companies or
medical laboratories.

To summarize, six different analyses were obtained:

+ One from a European IVD CE-marked kit (Directive
98/79/EC) commercialized by a medical laboratory

+ One from a European kit commercialized by a medi-
cal laboratory but without being an IVD CE-marked
kit

+ Three European kits commercialized directly via the
companies

+ One from a kit from the USA commercialized
directly via the company

Workshop with microbiome experts

Based on the reports provided by the six companies,
several critical points were listed (Table 2). These points
were discussed with an expert panel during an online
workshop organized on 7 March 2023 to assess the
current state of these new innovative test kits. These
observations were shared and discussed with an interdis-
ciplinary panel of 21 experts from 8 different countries
with various expertise in the microbiome field (38% from
academic research, 9% from food industry, 19% from
pharma and biotechnology industries, 5% from refer-
ence laboratories, 10% from regulatory science, 5% dieti-
cians and 5% consultants). This approach (including the
overall consumer experience) gave us the opportunity to
envisage avenues for the improvement of these test kits
and to better meet end-user expectations, both from the
consumers, the patients’ and the healthcare professionals’
points of view. There is, therefore, no intention referring
to a particular kit or supplier, nor to influence the choice
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of one kit over another. For all these reasons, the names
of the companies that market the kits shall remain anon-
ymous. This methodology has allowed the expert panel
to identify several current gaps and limitations and to
propose a series of recommendations to improve the reli-
ability and robustness of these test kits but also to clarify
the differences between consumer-directed products and
diagnostic devices and the implications this could have
for the management of expectations, regulatory policies
and consumer communication.

Results

The lack of standardized and validated methods hinders
confidence in microbiome testing services

The analysis of one sample by six microbiome tests showed
conflicting results and interpretations

Considering the microbiome analyses performed by the
six companies, all the experts expressed concern about
the conflicting results received in the different reports.
Although this benchmark was not designed to compare
results in a statistically significant way, the level of heter-
ogeneity is such that at least some of the test results must
be inaccurate. The experts considered the lack of valida-
tion of analytical methods as the most plausible explana-
tion for these conflicting results. To illustrate this point,
some examples of conflicting results and interpretations
are presented in Table 2.

The first example is the conflicting conclusions on the
bacterial diversity measurements between the different
companies. Whereas three kits concluded an “excellent”
or “good” bacterial diversity in the samples (companies
1, 2 and 6), one estimated that the diversity was “unfa-
vourable” (company 5), and two estimated the diversity
as “average” (companies 3 and 4). Looking deeper at the
values reported for the bacterial diversity, the differences
observed in the range of the values were quite important
(Table 2), suggesting that the different companies do not
refer to the same indices for evaluating diversity. Diver-
sity indices are generally not comparable, even when
using the common Shannon diversity; this index is still
discordant as it depends upon species abundance estima-
tion. This means that while the specific numeric values
might differ, the relative ranking or categorization (e.g.
high vs. low diversity) should remain consistent between
the different reports, here again raising the question of
the representativity of the reference cohort.

The second example relates to the enterotype deter-
mination, which also differed among the four companies
providing this information in their report. The fae-
cal sample was considered as either Bacteroides-dom-
inant (companies 3 and 5) or Ruminococcus-dominant
(company 2), and one of the reports even showed the
data without giving a clear interpretation (company 4).

Page 6 of 20

Enterotypes determination algorithm makes consensus
and is likely the same for all companies. However, this
algorithm is dependent upon species abundance estima-
tion and sensitive to the reference cohort. The lack of
methodology description prevents to make any conclu-
sion on whether the “enterotype” determination was con-
sistent with the original definition [15].

The third example refers to the relative abundance of
different bacterial taxa which varied greatly from one
report to another, which despite the uniqueness of the
benchmarking sample is hardly compatible with the
expected accuracy for such measurements. For instance,
the relative abundance of Faecalibacterium was reported
as “high” with a relative abundance of 14.16% in one
report (company 2, based on 16S rRNA gene amplicon
sequencing), whereas it was considered as “low” with a
relative abundance of 8.41% in another report (company
4, sequencing approach not reported). A third company
(company 1, based on 16S rRNA gene amplicon sequenc-
ing) reports the relative abundance of Faecalibacterium
prausnitzii, despite the low accuracy of short regions
of the 16S rRNA gene that are usually sequenced (e.g.
variable regions V3, V4) to resolve taxonomy at low
taxonomic ranks, and thus, species-level assumptions
should be taken with caution. The absence of transpar-
ency in the bioinformatic methodology conducted did
not allow us to discern whether the companies assessed
differences in gene copy number for 16S rRNA surveys,
which might affect relative abundance values (median
of 3 and 6 16S rRNA gene copy numbers for A. mucin-
iphila and E prausnitzii, respectively; search performed
in the rruDB database on 30 July 2024 [16]). While com-
panies 1, 2 and 3 showed similar relative abundance val-
ues at the phyla level, companies 4 and 5 widely differed
(Table 2). However, these two companies did not provide
any information on the sequencing approach and meth-
odology applied, so it was impossible to deduce where
the differences might come from. Obviously, the variabil-
ity in the reference cohorts can induce different interpre-
tations of the levels of some bacteria (considered as low,
average, normal or high depending on the report) even
though their respective relative abundance did not seem
so numerically different (see for instance Bifidobacterium
in Table 2).

These interlaboratory variations were already reported
in a recent publication evaluating the analytical perfor-
mance of microbiome testing service in the USA [17].
This variability in next-generation sequencing (NGS)
methodologies was also captured during a large, inter-
national multicentre evaluation of reference materials
developed by NIBCS and recently endorsed by the World
Health Organization (WHO) [18, 19]. These studies also
proposed a set of Minimum Quality Criteria (MQC) to
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be reported along with the results of the study, to allow
for transparency and comparability between studies.

All steps in analytical pipelines need validation to provide
reliable results

The analytical performance of the different kits was not
evaluated in the current study. However, this bench-
marking comparison enabled us to observe a consider-
able variability in the sample collection and processing
procedures as well as in the analytical methods between
the different kits, which could explain the contradictory
results (Table 1). The need for validation of all the steps
and tools required in the microbiome analysis pipeline
was called for during the workshop. Again, the main
recommendation is to use, develop and provide stand-
ards for each step of microbiome sample collection, pro-
cessing, sequencing and analysis [20]: sample collection
and storage, DNA extraction, primers (if applicable),
sequencing technology and platform, bioinformatic soft-
ware/pipeline and databases, and reference cohorts and/
or reference data for results interpretation. These stand-
ards are susceptible to evolve following technological
improvements.

In addition, a large variability in the extent of personal
data to be provided with the faecal sample was observed.
Personal data are essential for the interpretation of
microbiome data, and such discrepancies in the extent of
personal data collected could also explain the differences
in the interpretations and recommendations received.
Another point which is key in the interpretation of the
results is the reference cohort used. In fact, the results
of the analysis are compared to a “reference cohort” to
allow for interpretation. Some values were considered
as “high’; “low”, “favourable” or “average” However, these
interpretations are critically dependent on the charac-
teristics of the reference cohort, and none of the com-
panies or laboratories described their reference cohorts
in the report or instructions. It is unclear whether they
used publicly available cohorts or an internal database.
For the first point, it raises the difficult question of the
comparability of the collection, DNA extraction and
sequencing procedures of the kit and the correspond-
ing procedures of these public cohorts. For the latter,
the reference cohort is sometimes based on the data of
the previous consumers without any clear mention to
that effect. This raises three important potential issues
regarding the reference cohort: firstly, this would ques-
tion the representativity of the reference cohort due to
the interindividual variability of the microbiome; sec-
ondly, the consumer should be clearly aware of the
potential reuse of their data to constitute this “reference
cohort”; and thirdly, the reliability of data, e.g. on users’
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health status, is questionable as they do not undergo
medical examination.

On the contrary, if the companies do not use their own
clients/users for building their databases, but instead
use cohorts described in the scientific literature, the
references should be clearly stated in the reports, as is
required for CE-marked IVD tests. The experts’ recom-
mendations mainly support the need for more trans-
parency in each step of the analysis and call for the
development of standards and guidelines for each of
these steps.

Some interpretations and recommendations formulated

in the different reports are premature and not supported
by scientific data

The hype and hope of microbiome testing

Some analyses were performed almost systematically by
the companies, such as the assessment of bacterial diver-
sity, the determination of bacterial enterotypes [15], the
microbiome composition (at different taxonomic levels)
or the relative abundance (or just the presence/absence)
of some specific bacteria. Some companies evaluated
indices that they named “dysbiosis index” or “gut health
index” There were no scientific references associated
with the measures of these indices (“dysbiosis index”
and “gut health index”), which raises the question of how
these indices are calculated, validated and interpreted.
Some of these assessments raised the question of sci-
entific and clinical relevance: is it particularly useful to
analyse and interpret microbiome composition at the
phylum level? What is the meaning of “high dysbiosis’,
“small dysbiosis” or “strongly altered microbiome”? All
these measurements highlight an important need to have
a consensus on certain specific concepts or definitions
that are essential for microbiome analysis and to not use
them carelessly. To date, without a scientific consensus
on thresholds, it is impossible to say whether a microbi-
ome is healthy [21], has a “good” or “unfavourable” diver-
sity or contains some specific bacteria at “high”/ “low”
or even “optimal” levels — this being the latest and most
conflictual point as it requires the placement of a certain
bacterial abundance between thresholds (“high” or “low”
values only refer to the relative abundance overall) and
being highly influenced by the methodology conducted.
In addition, some reports presented over-interpretations.
For example, some reports provided interpretations
regarding short-chain fatty acids (SCFA), whereas the
SCFA production was not directly assessed but only the
relative abundance of a few bacteria known to produce
SCFA. Most kits were based on 16S rRNA gene ampli-
con sequencing; thus, the real capacity of a community to
produce SCFA cannot be evaluated. Company 3 claimed
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to perform shotgun sequencing, but, as the analytical
methods were not specified, it is impossible to know if
they assessed the metabolic potential of a community
based on the evaluation of the presence/absence of genes
involved in a certain metabolic pathway or if they operate
on the assumption that some metabolites are produced
simply because certain taxa were reported in previous
studies to produce such metabolites (a biased assump-
tion, as closely related organisms might harbour differ-
ent genetic pools). Transparency should be a priority
in the reporting. Although it might not be necessary to
detail the methods in the report intended for a consumer,
they are still entitled to an informative feedback, and it is
essential to inform the healthcare professional about the
technologies used and their possible applications (16S
rRNA gene sequencing which only allows for taxonomic
evaluation; whole genome shotgun sequencing which
allows for more resolutive taxonomic evaluation and, in
some cases, for functional profiling and must be easily
reachable for any user/practitioner looking for this infor-
mation, e.g. a link in the report linking to the web page).
It is impossible to interpret microbiome data without
having the information of the methodology followed [22].

A recommendation was made to distinguish between
analysis and reporting for a consumer on the one hand
and for a healthcare professional on the other. The analy-
sis and report for the consumer could be mostly descrip-
tive, with straightforward and simple interpretations,
whereas the analysis for an IVD purpose would be based
on a few validated biomarkers, possibly accompanied by
a more detailed report, as these different end users have
different levels of knowledge and understanding of the
results. In the case of IVD purpose, the trained healthcare
professional is responsible for the information and recom-
mendations they provide to their patients.

The lack of clinical relevance for certain interpretations

Several reports mentioned associations between some
specific bacteria and various pathological or physiologi-
cal situations, referring to some of the following exam-
ples: “association between increased level of Dorea
and irritable bowel syndrome”; “association between
increased level of Alistipes and irritable bowel syndrome,
colon cancer and depression”; “Desulfovibrio piger par-
ticipates to intestinal inflammation”; “Collinsella, Biloph-
ila and Sutterella are associated with intestinal mucosa,
whereas Lactobacillus, Oscillibacter, F. prausnitzii, Rumi-
nococcus and A. muciniphila are protective bacteria for
intestinal mucosa”; or “Christensenella has been associ-
ated with the gut microbiome from lean people”. Indeed,
a myriad of data are available in the scientific literature
about associations between pathologies and modification
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of microbiome composition and/or function, includ-
ing emerging models predicting response to cancer
treatment [2,23]. However, there remain key scientific
questions to answer, such as the cause/consequences
relationship of composition or function changes and the
causality link between microbiome modification and the
onset or progression of disease. Furthermore, these cor-
relations between microbiome modification and disease
may not be sufficient to discriminate between healthy
and diseased subjects. To begin with, the experts agree
that it is premature to mention an association between
some specific bacteria and various pathologies in this
kind of report and secondly, and such interpretations and
conclusions should only be permitted within the frame-
work of IVD. However, in the context of IVD, the current
lack of qualified microbiome-based biomarkers makes
these interpretations (and their clinical use) impossible
at this time [5]. Therefore, the experts considered the
interpretations to be premature due to the lack of robust
scientific evidence, and the analyses associated with the
reports to be of limited clinical utility. In addition, the
experts were clear that microbiome tests performed
in the context of “curiosity” and “wellbeing” should not
mention disease or risk of disease.

The interpretations must be based on peer-reviewed
scientific literature (with their corresponding references
clearly cited in the report), and no results in the reports
should be over-interpreted. No health claims or health
associations, direct or implied, should be made in a report
intended for a consumer.

The premature or unfounded recommendations based

on microbiome testing

In most of the reports, and based on the microbiome
analysis, recommendations and especially nutritional
advice were provided (Table 1). One company (company
2) provided only well-known and very general nutritional
recommendations such as “eat at least 5 fruits or veg-
etables a day”. These recommendations are aligned with
nutritional recommendations made for the general popu-
lation and are not directly related to microbiome analysis
itself. Other reports made inconsistent nutritional rec-
ommendations. For example, one report recommended
reducing garlic consumption (associating this recom-
mendation to the relative abundance of Desulfovibrio)
but further on recommended consuming garlic (now
linking this opposite recommendation to the relative
abundance of Methanobrevibacter). This type of irrec-
oncilable recommendation may induce the consumer to
adopt inappropriate changes in their dietary habits and
may even lead to food exclusion behaviours which could
be detrimental to health [24]. The experts also pointed
out that no known peer-reviewed method exists which
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can accurately predict the effect of specific dietary rec-
ommendation on the microbiome and questioned the
ability of foods eaten in small amounts, such as garlic
or dill, to have a significant impact on the composition
of the microbiome. In addition, changing eating habits
should be accompanied by nutrition specialists to ensure
that a balanced diet is maintained. It is important to
note that one report did not make any recommendations
(company 4), and the experts agreed that this was fair as
it was too early to make the kind of recommendations
that the other reports made. They also agreed that com-
plex and expensive microbiome analyses are not needed
to make general dietary recommendations such as “eat
5 fruits or vegetables a day” and could lead to a certain
consumer frustration as they are expecting actionable
recommendations.

The regulatory framework of microbiome testing is unclear
in Europe

There are two different avenues of commercialization

for microbiome testing kits in Europe

Whereas some of the microbiome testing kits used in
this analysis were directly commercialized by companies,
others were made available by medical laboratories. For
all the kits included in this analysis, a medical prescrip-
tion was not required, and the results of the analyses
(reports) were sent directly to the consumer whatever
the commercialization model. This situation can create
confusion regarding the intended use of these test kits, as
one could expect that test kits provided by medical labo-
ratories would be proposed as “in vitro diagnostic medi-
cal device” However, in our benchmark, only one medical
laboratory offered a kit with a CE mark (granted under
Directive 98/79/EC) with the intended use specified on
the kit as “diagnosis of the loss of bacterial diversity in the
gut microbiota”

In Europe, the “in vitro diagnostic medical device” is
governed by the regulation 2017/746 of the European
Parliament and the Council of 5 April 2017 [14]. This
new regulation applies for new devices intended for diag-
nostic use since May 2022, but a transition period is still
ongoing for devices CE-IVD marked under the Directive
98/79/EC [13] before this date. This transition period has
been extended several times as the medical device com-
petent authorities, and all the stakeholders encountered
challenges in the implementation of the new regulation.
Medical device competent authorities recently issued a
statement recognizing that there is a need to improve the
regulatory system and calling for medical devices to be
made a priority of the European Commission’s next man-
date [25].

The regulation 2017/746 defines the IVD as “any medi-
cal device which is a reagent, reagent product, calibrator,
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control material, kit, instrument, apparatus, piece of
equipment, software or system, whether used alone or
in combination, intended by the manufacturer to be
used in vitro for the examination of specimens, includ-
ing blood and tissue donations, derived from the human
body, solely or principally for the purpose of providing
information on one or more of the following: (a) concern-
ing a physiological or pathological process or state; (b)
concerning congenital physical or mental impairments;
(c) concerning the predisposition to a medical condi-
tion or a disease; (d) to determine the safety and compat-
ibility with potential recipients; (e) to predict treatment
response or reactions; (f) to define or monitor therapeu-
tic measures”

The regulation 2017/746 also defines “device for self-
testing” as “any device intended by the manufacturer to
be used by lay persons, including devices used for test-
ing services offered to lay persons by means of informa-
tion society services”. This definition is very broad, but
the guidance on classification rules for IVD published
by the Medical Device Coordination Group (MDCG)
clarifies that devices “are considered devices for self-
testing when the lay persons carry out at least a part
of the testing procedure, such as adding a reagent or
placing the specimen on a test cassette. Such actions do
not include those needed to collect the specimen or to
ensure specimen integrity and stability” [26].

According to these definitions, microbiome test-
ing kits referring to a medical condition or a disease
would fall under the scope of the IVDR. However, the
question of whether they are considered “self-testing
devices” or not could benefit from further clarification
from the competent authorities.

The Regulation 2017/746 proposes a classification
of IVD into different classes A, B, C and D, taking
into account the intended purpose of the devices and
inherent risks, from lower to higher risk (Supplemen-
tary Table 1). According to the classification rules, IVD
microbiome tests would fall at minimum under Class
B (following the rule 6 of the IVDR), and self-testing
would fall at minimum under Class C (following the
rule 4 of the IVDR). To reach the European market,
a Class B and higher IVD must undergo conformity
assessment through evaluation of their quality manage-
ment system (QMS, under 1SO13485:2016) [27] and/
or technical documentation for compliance towards
appropriate General Safety and performance Require-
ments by a notified body.

Another important aspect to consider for the pro-
cessing of IVD tests is the regulatory framework of
medical laboratories and the International Standard
1SO15189:2022 [28]. This standard defines the medical
laboratory as an “entity for the examination of materials
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derived from the human body for the purpose of provid-
ing information for the diagnosis, monitoring, manage-
ment, prevention and treatment of disease, or assessment
of health” and specifies the requirements for quality and
competence in medical laboratories. No mention to the
compliance for ISO15189 has been made in the differ-
ent reports received from the six companies or medical
laboratories.

In conclusion, despite the increasing number of micro-
biome self-testing kits available on the European mar-
ket, only a few developers have decided to position their
microbiome tests as in vitro diagnostic tests and under-
gone the associated conformity assessment. Among the
five European kits purchased, only one affixed the CE
mark granted under Directive 98/79/EC (Table 1). To
our knowledge, none has been granted to date under the
new Regulation 2017/746. A second confusing situation
was found where only one component (the faecal swab in
our benchmarking) in the kit had the CE mark, while the
entire kit itself was not CE marked. This could create fur-
ther confusion for the consumer. Globally, except for the
IVD CE-marked kit, the positioning and regulatory status
of these self-management test kits are unclear in Europe
and could be confused by some with medical tests.

The USA situation

In the USA, microbiome testing kits such as those investi-
gated in this analysis fall under the “Direct-to-consumer”
tests (also referred to as DTC tests) according to FDA
categorization [29]. DTC tests are in vitro diagnostics
(IVDs) that are marketed directly to consumers without
the involvement of a healthcare provider. These tests gen-
erally ask the consumer to collect a specimen and send
it to the company for testing and analysis. Interestingly,
some DTC tests are reviewed by the FDA, while others
are not. Indeed, DTC tests for non-medical, general well-
ness or low-risk medical purposes are not reviewed by
the FDA before being marketed [30]. DTC tests for mod-
erate- to high-risk medical purposes, which may have a
higher impact on medical care, are generally reviewed by
the FDA to determine the validity of test claims. Microbi-
ome DTC tests are marketed without being reviewed by
the FDA, as they are considered “low-risk general well-
ness products” [30]. A general wellness product has “(1)
an intended use that relates to maintaining or encourag-
ing a general state of health or a healthy activity, or (2)
an intended use that relates to the role of healthy life-
style with helping to reduce the risk or impact of certain
chronic diseases or conditions and where it is well under-
stood and accepted that healthy lifestyle choices may play
an important role in health outcomes for the disease or
condition” [30]. Two categories of claims can be associ-
ated with a general wellness product. The first are claims
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about sustaining or offering a general improvement to
functions associated with a general state of health with-
out making any reference to diseases or conditions. The
second are claims about sustaining or offering a general
improvement to functions associated with a general state
of health while referring to diseases or conditions: for
(a) promoting, tracking and/or encouraging choice(s),
which, as part of a healthy lifestyle, may help to reduce
the risk of certain chronic diseases or conditions and (b)
promoting, tracking and/or encouraging choice(s) which,
as part of a healthy lifestyle, may help living well with cer-
tain chronic diseases or conditions (this should be gen-
erally accepted, supported by peer-reviewed publications
or official statements by healthcare professional organi-
zations). Two recent publications claim that microbiome
DTC tests available in the USA lack analytical and clinical
validity, and experts recommend more federal oversight
to protect the consumer [9,10]. However, for the tests
that do not fall under general wellness due to their claims,
one can expect an increased FDA oversight as the FDA
has recently adopted a final rule for laboratory developed
in vitro diagnostic (IVD) tests [31]. For example, if a com-
mercial lab develops a new microbiome test that does not
fall under general wellness due to its claims, such a test
would be required to have New York State CLEP (Clinical
Laboratory Evaluation Program) Test Approval or have a
premarket authorization submission in review with FDA
by either 2027 or 2028. Previously, this test could claim
to be a “Laboratory Developed Test” exempt from FDA
authorization.

The kit purchased in USA for our benchmarking clearly
mentioned (on both the website and the report) that the
kit is intended for educational and informational use
only, and not for a diagnostic purpose. No mention of any
disease or condition was found in the report. The com-
pany also informed the customer in full transparency that
the kit had not been cleared or approved by the FDA.

Different regulatory statuses for different intended uses

of microbiome testing should be proposed in the EU

In the European Union, the absence of a clear intended
purpose and clear regulatory status of microbiome test-
ing surveys has led to a confusing situation. The experts
recommend a need to clarify the intended purpose of
these microbiome testing services. Indeed, it appears that
some microbiome tests could fulfil a consumer demand
to satisfy their curiosity only and in the context of life-
style/well-being monitoring. However, it is important
to specify that based on the IVD regulation 2017/746, a
device with the purpose of providing information con-
cerning a physiological process or state qualifies as an
IVD. In parallel, healthcare professionals are also particu-
larly interested in these microbiome testing offers for an



Rodriguez et al. Microbiome (2024) 12:258

in vitro diagnostic use. Based on these different intended
purposes, it can be envisioned to apply distinct regula-
tory frameworks of microbiome testing services in the
EU, according to the specific nature of both categories
(non-IVD versus IVD) (Fig. 1). The first category could
be a “wellness”-like category, intended solely for personal
information/curiosity with no reference to any risk of
diseases or medical conditions but potentially providing
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nutritional advice, lifestyle and dietary recommenda-
tions when the state of the art will fully support these
recommendations. The second category would be the
IVD CE-marked test, intended for diagnostic, prognos-
tic or prediction of treatment response, in addition to the
potential recommendations allowed by the first category.
Based on the IVD Regulation 2017/746, microbiome test
could be considered:

Over-the-counter

Medical prescription

Provider | Companies website ‘ ‘Medical laboratories

l

|

{_IJWLeﬁd_QQ_  Curiosity only Clinical use
st . In Vitro Diagnostic
Medical Device
(CE-marked)
Target General )
population population
A 1
Samplga @E @ At home orin
collection healthcare
facilities
y |
ml Sample directly Sample brought/
and sent to the sent to a medical
Mys_S company laboratory
Nutritional advice = Nutritional advice

Lifestyle recommendations
NO health claims

Lifestyle recommendations
Health/ medical claims

Fig. 1 Two different regulatory statuses, depending on the intended use, need to be proposed for the microbiome testing placed on the European
market. In terms of intended use, two different microbiome testing kits can be proposed, but currently, the distinction between these two different
purposes is still unclear and undefined. In conclusion of a multistakeholder workshop, two different frameworks to separate the microbiome
testing kits intended for consumer curiosity only and the microbiome testing kits intended for clinical use and diagnostic were proposed.
Microbiome testing kits, designed to satisfy consumer curiosity, can be purchased over the counter (as is currently the case) and are being
proposed to the general population. The sample to be analysed is collected at home and sent directly to the company offering the analysis.

Based on the results and analysis, general recommendations (dietary or lifestyle recommendations) can be made directly to the consumer,

without the assistance of a healthcare professional. However, no health claims or health recommendations can be made in the report. On the other
hand, microbiome testing kits intended for clinical use should be regulated as in vitro diagnostic medical devices that comply with the currently
applicable regulation on the medical devices (Regulation (EU) 2017/746 of the European Parliament and of the Council of 5 April 2017 on in vitro
diagnostic medical devices and repealing Directive 98/79/EC and Commission Decision 2010/227/EU). These devices are intended for a diagnostic
purpose and should therefore require a medical prescription. The sample can be collected at home and brought directly or sent to a medical
laboratory. In this context, medical claims can be included in the report, which should be sent to a doctor or health professional
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« As minimum Class B if the test is not a self-test, con-
sidering dysbiosis is not a disease itself but a risk fac-
tor to develop a disease or a marker of a disease.

+ As minimum Class C if the test is a self-test and/
or based on the risk profile of the test. In the case
of self-testing devices, this classification could be
an issue as the conformity assessment could be
burdensome for developers and not proportion-
ate to risk. What is critical for the market is that
the framework in place establishes controls that are
proportionate to the level of risk of the product.

+ As Class D, if the test is designed for specific pur-
poses, such as detection of the presence of a trans-
missible agent before transplantation.

The regulatory status, especially for the non-IVD Kkits,
and the classification of IVD kits, will need to be clari-
fied as soon as possible. Reinforcement of the oversight
by the competent authorities is also recommended to
prevent any misconduct or fraud [6].

The accessibility to the legal notice and privacy policies

In general, access to the privacy policies was not easy,
which is consistent with previous observations shared
in 2021 by Knoppers and collaborators [6]. The privacy
policy was only provided in the IVD CE-marked kit. Data
governance is mandatory for protection, duration and
retention practices or potential secondary uses such as
an inclusion of those data in the reference cohort used
by the companies for analysis. Indeed, companies may
reuse consumers’ microbiome and personal data to cre-
ate their own database and internal reference cohort.
However, this consent was not provided with the kit, and
consumers would not be fully informed and aware of this
potential practice if they do not read the policies on the
website. Information and policies regarding the samples’
retention time, transfer or reuse should also be manda-
tory. One of the reports (from a European company)
indicated that the analysis was done “in collaboration”
with another company (based outside of Europe). This
element had not been shared prior to the analysis, rais-
ing questions on how and where these samples are really
processed, analysed and stored.

Appropriate measures should be implemented to
ensure the security of data. Indeed, beyond microbiome
data, the companies also process personal data such
as identification data (name, address...) and sensitive
data from health questionnaires that should be handled
appropriately. Considering the IVD marked test, medical
information regulatory frameworks should apply. Indeed,
the European Commission published a proposal in May
2022 for a Regulation on the European Health Data
Space (EHDS) [32]. This Regulation is expected to come
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into force in autumn 2024. Given the extent of metadata
required for test interpretation, such requirements could
legitimately apply to non-IVD tests. Some tests may
even include artificial intelligence (AI) algorithms, which
could require the very new European Al Act (Regulation
2024/1689) [33] to apply in the near future.

1t is highly recommended for those companies to adopt
the best practices covering transparency related to data
and sample use, retention and sharing with different enti-
ties. This information should appear on the company web-
site upon purchase and should also be included in the kit
with an information notice and a consent form to sign and
return to the company with the sample.

Are microbiome data considered as personal information?
The delineation between personal and non-personal data
but also between sensitive and non-sensitive data is of
paramount importance in determining how to handle
these data following the General Data Protection Regu-
lation (GDPR) [34]. Whereas genetic and health-related
data are considered as personal sensitive data, it is more
difficult to know whether microbiome data fall under the
scope of personal sensitive data. On the basis of the crite-
ria listed by the European Commission defining personal
data [35], the experts were asked whether they consid-
ered microbiome sequencing data deprived of host DNA
as sensitive personal data, and this question was hotly
debated. No clear answer was obtained, which confirmed
the complex nature of the question. Indeed, as certain
scientists think that such data cannot be considered as
personal sensitive data, the potential presence of human
cells and human genetic material in the sample creates
confusion. When shotgun sequencing is performed, a
good practice to promote could be the systematic dele-
tion of human data from the sequencing dataset prior to
any microbiome investigation and/or storage and reuse
of the data. The time variable was also discussed, since,
based on the current state of the art, it seems impractical
to identify the donor; however, some experts thought it
could be possible in the near future.

Ethical concerns surrounding microbiome testing

While microbiome testing can potentially promote self-
care and microbiome stewardship practices, the rela-
tionship between microbiota, lifestyle and health is fluid
and dynamical [36]. As already mentioned, the expert
panel agreed that the association between microbiome
characteristics and the risks of developing certain dis-
eases should never appear in any report intended to
satisfy consumer curiosity. Indeed, a consumer could
suffer from psychological consequences (e.g. anxiety
induced by unwarranted health concerns) and adopt
inappropriate dietary or lifestyle habits, upon reading
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alarming messages without the assistance of a health-
care professional. Even if sufficient scientific evidence
becomes available in the future, this type of information
should only be included in the report of an IVD test and
addressed to a healthcare professional until the technol-
ogy has reached the required level of maturity. Secondly,
some experts expressed the need for worldwide protec-
tion of metadata sets. Thirdly, the business model of
these companies, which requires the collection of infor-
mation from consumers to interpret the results, also
raised ethical questions among the experts. However,
the experts also believe that the creation of large data
sets (including microbiome data and personal metadata)
could help the research field and lead to the identification
of clinical outcomes while respecting privacy policies by
complete anonymization. Fourthly, the recommendations
of some companies to perform additional and repeated
tests over time are also questionable in view of the pos-
sible issues related to the comparability of the sequenc-
ing data over time due to the current lack of analytical
method validation. Additionally, none of the companies
mentioned the possibility of making the raw data avail-
able, nor provided the data; as such, the question arises
as to whether the data still belongs to the donor. The
consumer should have the right to access these raw data
to carry out other analyses elsewhere. The high price of
some kits is another ethical concern. Finally, the experts
questioned the fact that some companies also proposed
products such as food supplements (such as probiotics,
prebiotics and vitamins), including those produced and
marketed by these companies.

Discussion and conclusion
The interest in microbiome testing is growing, and the
clinical application of microbiome testing kits is seen as
useful for the future. However, this investigation high-
lighted that some microbiome tests are available on the
market without authorities’ oversight, without a clear
regulatory status, and are making nutritional and health
recommendations based on analysis using non-validated
analytical methods, leading to a problematic situation.
There are currently two commercialization channels
for microbiome testing kits in the European market: (1)
those commercialized directly by the companies and (2)
those commercialized by medical laboratories. The lack
of a clear distinction regarding the regulatory status and
commercialization channels of these kits creates great
confusion for all end users (consumers, patients and
healthcare professionals). While the kits commercial-
ized directly by companies can be offered to satisfy the
curiosity of consumers wishing to know the composition
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of their microbiome, the kits commercialized by medi-
cal laboratories could be associated with the “medical
expectations” of consumers, patients and healthcare pro-
fessionals. As with the current classification in the USA,
the kits sold in Europe could thus be proposed according
to two different regulatory frameworks: on the one hand,
the test kits developed to satisfy consumers’ curiosity,
with a clear mention of this objective and no association
with any medical information, and on the other hand, the
IVD CE-marked test kits, which could go further in the
analysis and interpretation of the samples, as the report
would be intended for trained healthcare professionals.
Based on this report, it would remain the responsibility
of the healthcare professional to make any recommenda-
tion to the patient. However, the increasing availability of
microbiome testing kits has led to more patients present-
ing their results to healthcare providers, many of whom
may feel unprepared to interpret or utilize this data. This
disconnect can result in patient frustration and, poten-
tially, a loss of trust in the medical system, particularly
if patients perceive their microbiome data as being dis-
missed without adequate explanation. A key question is
how training in microbiome science can be integrated or
enhanced within medical education to better equip cli-
nicians to interpret these results effectively. The current
“complexity” of microbiome testing reports also reflects
the already mentioned immaturity of these tests. Thus,
when learned societies will accept the clinical demon-
stration of some medical devices and microbiome-based
biomarkers in medical practice, medical schools will
undoubtedly follow.

Thanks to our benchmarking and to the multi-stake-
holder workshop, a number of avenues for improvement
that could be beneficial for both purposes (curiosity and
clinical) was identified, and a number of recommenda-
tions and actions for improving the reliability of these
test kits (Table 3) was proposed. It is important to insist
on the fact that the objective of this investigation was
not to evaluate or rank the performance of the different
microbiome tests, and the first and only goal was to have
an understanding of the overall consumer experience and
encourage the different companies to improve the qual-
ity of their microbiome self-management kits by aligning
their development with the end users’ expectations (lay
users or healthcare professionals).

The lack of consensus on the extent of analytical meth-
ods validation required for these tests has raised con-
cerns from different stakeholders in the microbiome
field. The current investigation unfortunately indicates a
lack of consistency of the results among different compa-
nies or medical laboratories. This observation is aligned
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with a recent publication in which the authors con-
cluded that regulators should develop requirements for
the industry to document and demonstrate the consist-
ency and validity of methods and claims [10]. One worry
from some microbiome researchers is that validation of
analytical methods could impair innovation in the field.
However, the purpose of a validation process is not to
force the companies to share their analytical pipelines,
or to impose a single analytical pipeline that would be
incompatible with innovation and anti-trust policy, but
on the contrary to support them by increasing the qual-
ity of their service by providing robust, reproducible, reli-
able and consistent results. Collaborative efforts must be
engaged to foster the validation of all steps required for
microbiome testing (from sample collection all the way to
downstream processing of sequencing data). Promoting
awareness of the test kits already available for the stand-
ardization of microbiome analytical methods (interna-
tional standards, standard operating procedures (SOPs)
or reference materials...) is also essential to increase their
adoption [5,18,37-39]. The dialogue between standardi-
zation bodies/developers and academic or clinical end
users also needs to be engaged to improve the develop-
ment of the different tools necessary for the objective
of validation. As is the case for other medical analyses,
external quality assessments (EQA) should also be pro-
posed for the IVD test kits dedicated to a diagnostic or
other clinical purpose. These EQA will include external
audits as well as proficiency testing with samples sent by
reference nodal laboratories to be analysed and described
[40]. Regular proficiency testing will improve the reliabil-
ity of these tools and will be essential to allow the trans-
lation of microbiome research into a more standardized
and routine diagnostic procedure. Moreover, different
analytical methods and pipelines could be envisioned
according to the intended use of microbiome testing,
meaning that the methodology used for a diagnostic pur-
pose could be different from those adopted for the pur-
pose of satisfying one’s curiosity. In this context, IVD
test kits (with a clinical purpose) will require standard-
ized and validated technologies to ensure the reliability,
reproducibility and comparability of the results.

To avoid over-promising messages, an effective, effi-
cient and proportionate governance approach must be
implemented, one which combines scientific insights
with user experience and priorities. The lack of reli-
ability, reproducibility, standardization and authorities’
oversight has led to a situation that is neither beneficial
for the consumer nor for the companies and that will in
turn affect the entire microbiome research sector: (1)
consumers spending a large sum of money to obtain an
unreliable analysis and premature recommendations,
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(2) companies having poor feedback about their service
and seeing a loss of confidence from end users (consum-
ers, patients and healthcare professionals) in their device,
and (3) credibility of the entire microbiome field being
affected by the lack of reproducible results, inconsistent
interpretations and conflicting results apparent in the
scientific literature. However, some tools, which involve
components sometimes similar to the tests described
here, help the research sector since the analysis of large
cohorts can help to identify new avenues and support the
development of microbiome-based biomarkers [5,21].
Nevertheless, their pertinence still depends on the avail-
ability of the raw sequencing data, the transparency of
the analytical methods and the appropriate quality of
collected personal metadata. In return, the qualification
of microbiome-based biomarkers will foster the devel-
opment of IVD applicable in clinical routine and will
strongly support the integration of microbiome data in
clinical practice.

The key message from this multi-stakeholder investi-
gation remains that collaborative efforts and an under-
standing the needs of scientists, consumers, patients
and healthcare professionals are essential to enhance the
quality and usefulness of microbiome testing devices,
which are both sought after by consumers and eagerly
expected in clinical practice.
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