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Abstract

Qualified presumption of safety (QPS) was developed to provide a generic safety evaluation for
biological agents to support EFSA’s Scientific Panels. The taxonomic identity, body of knowledge, safety
concerns and antimicrobial resistance are assessed. Safety concerns identified for a taxonomic unit
(TU) are where possible to be confirmed at strain or product level, reflected by ‘qualifications’. No new
information was found that would change the previously recommended QPS TUs and their
qualifications. The list of microorganisms notified to EFSA was updated with 54 biological agents,
received between April and September 2019; 23 already had QPS status, 14 were excluded from the
QPS exercise (7 filamentous fungi, 6 Escherichia coli, Sphingomonas paucimobilis which was already
evaluated). Seventeen, corresponding to 16 TUs, were evaluated for possible QPS status, fourteen of
these for the first time, and Protaminobacter rubrum, evaluated previously, was excluded because it is
not a valid species. Eight TUs are recommended for QPS status. Lactobacillus parafarraginis and
Zygosaccharomyces rouxii are recommended to be included in the QPS list. Parageobacillus
thermoglucosidasius and Paenibacillus illinoisensis can be recommended for the QPS list with the
qualification ‘for production purposes only’ and absence of toxigenic potential. Bacillus velezensis can
be recommended for the QPS list with the qualification ‘absence of toxigenic potential and the absence
of aminoglycoside production ability’. Cupriavidus necator, Aurantiochytrium limacinum and Tetraselmis
chuii can be recommended for the QPS list with the qualification ‘production purposes only’. Pantoea
ananatis is not recommended for the QPS list due to lack of body of knowledge in relation to its
pathogenicity potential for plants. Corynebacterium stationis, Hamamotoa singularis, Rhodococcus
aetherivorans and Rhodococcus ruber cannot be recommended for the QPS list due to lack of body of
knowledge. Kodamaea ohmeri cannot be recommended for the QPS list due to safety concerns.
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Summary

The European Food Safety Authority (EFSA) asked the Panel on Biological Hazards (BIOHAZ) to
deliver a Scientific Opinion on the maintenance of the list of qualified presumption of safety (QPS)
biological agents intentionally added to food or feed. The request included three specific tasks as
mentioned in the Terms of Reference (ToR).

The QPS process was developed to provide a harmonised generic pre-evaluation procedure to
support safety risk assessments of biological agents performed by EFSA’s scientific Panels and Units.
The taxonomic identity, body of knowledge and safety of biological agents are assessed. Safety
concerns identified for a taxonomic unit (TU) are, where possible to be confirmed at strain or product
level, reflected as ‘qualifications’ that should be assessed at the strain level by the EFSA’s scientific
Panels. A generic qualification for all QPS bacterial TUs applies in relation to the absence of acquired
genes conferring resistance to clinically relevant antimicrobials (EFSA, 2008).

The list of microorganisms is maintained and re-evaluated approximately every 6 months in a
Panel Statement. If new information is retrieved from extended literature searches that would change
the QPS status of a microbial species or its qualifications, this is published in the Panel Statement. The
Panel Statement also includes the evaluation of microbiological agents newly notified to EFSA within
the 6-month period. The main results of the assessments completed from 2017 onwards were included
in the scientific Opinion of the BIOHAZ Panel adopted in December 2019. Until July 2019, as a result of
each Panel Statement, the ‘2016 updated list of QPS status recommended biological agents for safety
risk assessments carried out by EFSA scientific Panels and Units’ was extended by the inclusion of new
recommendations for QPS status and appended to the Opinion adopted in December 2016
(Appendix E). The results of the current Panel Statement have been included in the ‘2019 updated list
of QPS status recommended biological agents for safety risk assessments carried out by EFSA scientific
Panels and Units’.

The first ToR requires ongoing updates of the list of biological agents notified to EFSA, in the
context of a technical dossier for safety assessment. The overall list (https://doi.org/record/zenodo.
3607184) was updated with the notifications received since the latest review in March 2019. Within
this period, 54 notifications were received by EFSA, of which 27 were for feed additives, 15 for food
enzymes, food additives and flavourings, 9 for novel foods and 3 for plant protection products (PPPs).
The new notifications received between April 2019 and September 2019 are also included in the
current Statement (see Appendix F).

The second ToR concerns the revision of the TUs previously recommended for the QPS list and their
qualifications when new information has become available, and the updating of the information
provided in the previous Opinion adopted in December 2016. According to the articles retrieved
through an extensive literature search (ELS) protocol available in Appendix B (see https://doi.org/10.
5281/zenodo.3607190 and the search strategies in Appendix C (see https://doi.org/10.5281/zenodo.
3607193, for articles published from January until June 2019, no new information was found that
would affect the QPS status of those TUs and their qualifications.

The third ToR requires a (re)assessment of new TUs notified to EFSA, for their suitability for inclusion
in the updated QPS list at the Knowledge Junction in Zenodo (https://doi.org/10.5281/zenodo.1146566,
Appendix E). The current Statement focuses on the assessments of the TUs that were notified to EFSA
between April and September 2019. Of the 54 notifications received, 23 biological agents already had
QPS status and did not require further evaluation in this Statement and 14 were not included because: 7
were notifications of filamentous fungi that were excluded from the QPS exercise; 6 were notifications of
Escherichia coli that were excluded from further QPS evaluations within the current QPS mandate and
Sphingomonas paucimobilis which was already evaluated in the previous Panel Statement. Seventeen
new notifications, corresponding to 16 TUs, were considered for the QPS assessment within this
Statement:

Eight TUs have been recommended for the QPS status. Protaminobacter rubrum, was evaluated
during the previous QPS mandate and still cannot be assessed for a possible QPS recommendation
because it is not a valid species name. Lactobacillus parafarraginis and Zygosaccharomyces rouxii are
recommended to be included in the QPS list. Parageobacillus thermoglucosidasius and Paenibacillus
illinoisensis can be recommended for the QPS list with the qualification ‘for production purposes only’
and absence of toxigenic potential. Bacillus velezensis can be recommended for the QPS list with the
qualification ‘absence of toxigenic potential and the absence of aminoglycoside production ability’.
Cupriavidus necator, Aurantiochytrium limacinum and Tetraselmis chuii can be recommended for the
QPS list with the qualification ‘for production purposes only’. Pantoea ananatis is not recommended for
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the QPS list due to lack of body of knowledge in relation to its pathogenicity potential for plants.
Corynebacterium stationis, Hamamotoa singularis, Rhodococcus aetherivorans and Rhodococcus ruber
cannot be recommended for the QPS list due to lack of body of knowledge. Kodamaea ohmeri cannot
be recommended for the QPS list due to safety concerns.
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1. Introduction

The qualified presumption of safety (QPS) approach was developed by the European Food Safety
Authority (EFSA) Scientific Committee to provide a generic concept for risk assessment within the EFSA
of microorganisms intentionally introduced into the food chain, in support of the respective Scientific
Panels and Units in the frame of market authorisations (EFSA, 2007a,b). The list, first established in
2007, has been continuously revised and updated. Each 6 months, a Panel Statement is published.
These Panel Statements include the results of the assessment of the relevant new papers related to
the TUs with QPS status. They also contain the assessment of newly arrived TUs to the EFSA Units
(dealing with feed additives, food enzymes, food additives and flavourings, novel foods or plant
protection products. After 3 years, a QPS opinion is published summarising the results of the
Panel Statements published in that period.

1.1. Background and Terms of Reference as provided by EFSA

1.1.1. Background as provided by EFSA

A wide variety of microorganisms are intentionally added at different stages into the food and feed
chain. In the context of applications for market authorisation of these biological agents, used either
directly or as sources of food and feed additives, food enzymes and plant protection products, EFSA is
requested to assess their safety.

Several taxonomic units (usually species for bacteria, yeasts and protists/algae,1 families for
viruses) have been included in the qualified presumption of safety (QPS) list either following
notifications to EFSA or proposals made initially by stakeholders during a public consultation in 2005,
even if they were not yet notified to EFSA (EFSA, 2005).2 The EFSA Scientific Committee reviewed the
range and numbers of microorganisms likely to be the subject of an EFSA Opinion and published in
2007 a list of microorganisms recommended for the QPS list.3

In 2007, the Scientific Committee recommended that a QPS approach should provide a generic
concept to prioritise and to harmonise safety risk assessment of microorganisms intentionally introduced
into the food chain, in support of the respective Scientific Panels and EFSA Units in the frame of the
market authorisations. The same Committee recognised that there would have to be continuing provision
for reviewing and modifying the QPS list and in line with this recommendation, the EFSA Scientific
Panel on Biological Hazards (BIOHAZ) took the prime responsibility for this and started reviewing annually
the existing QPS list. The first annual QPS update4 was published in 2008 and EFSA’s initial experience in
applying the QPS approach was included. The potential application of the QPS approach to microbial
plant protection products was discussed in the 2009 update.5 Also in 2009, bacteriophages were
assessed and were not considered appropriate for the QPS list. After consecutive years of reviewing the
existing scientific information, the filamentous fungi (2008–2013 updates) and enterococci (2010–2013
updates) were not recommended for the QPS list. The 2013 update6 of the recommended QPS list
included 53 species of Gram-positive non-spore-forming bacteria, 13 Gram-positive spore forming
bacteria (Bacillus species), one Gram-negative bacterium (Gluconobacter oxydans), 13 yeast species, and
three virus families.

In 2014 the BIOHAZ Panel, in consultation with the Scientific Committee, decided to change the
revision procedure: the overall assessment of the taxonomic units previously recommended for
the QPS list is no longer carried out annually but over 3-year periods. From 2017, the search and
revision of the possible safety concerns linked to those taxonomic units start to be done every 6
months period. The revision of the 2013 update (EFSA BIOHAZ Panel, 2013) was updated in 2016

1 Included during this 3-year period.
2 Opinion of the Scientific Committee on a request from EFSA related to a generic approach to the safety assessment by EFSA of
microorganisms used in food/feed and the production of food/feed additives. EFSA Journal 2005; 226, 1–12.

3 Introduction of a Qualified Presumption of Safety (QPS) approach for assessment of selected microorganisms referred to EFSA
– Opinion of the Scientific Committee. EFSA Journal 2007; 587, 1–16.

4 Scientific Opinion of the Panel on Biological Hazards on a request from EFSA on the maintenance of the list of QPS
microorganisms intentionally added to food or feed. EFSA Journal 2008; 923, 1–48.

5 Scientific Opinion of the Panel on Biological Hazards (BIOHAZ) on the maintenance of the list of QPS microorganisms
intentionally added to food or feed (2009 update). EFSA Journal 2009;7(12):1431, 92 pp. https://doi.org/10.2903/j.efsa.2009.
1431

6 EFSA BIOHAZ Panel (EFSA Panel on Biological Hazards), 2013. Scientific Opinion on the maintenance of the list of QPS
biological agents intentionally added to food and feed (2013 update). EFSA Journal 2013;11(11):3449, 107 pp. https://doi.org/
10.2903/j.efsa.2013.3449
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(EFSA BIOHAZ Panel, 2017a) and the next update will be published in a scientific Opinion of the
BIOHAZ Panel after its adoption in December 2019.7 The QPS list of microorganisms has been
maintained and frequently checked, based on the evaluation of extensive literature searches. In the
meantime, and every 6 months, a Panel Statement, compiling the assessments for a QPS status of the
microbiological agents notified to EFSA requested by the Feed Unit, the Food Ingredients and
Packaging (FIP) Unit, the Nutrition Unit or by the Pesticides Unit, has been produced and published. In
the follow up of the 2013 update5 the Scientific Committee agreed to exclude some biological groups
(filamentous fungi, bacteriophages and Enterococcus faecium8) notified to EFSA from the QPS
assessment because it was considered unlikely that any taxonomical units within these groups would
be granted QPS status in the foreseeable future. Thus, the assessment of members of these biological
groups needs to be done at a strain level, on a case-by-case basis, by the relevant EFSA Unit.

The QPS provides a generic safety pre-assessment approach for use within EFSA that covers risks
for human, animals and the environment. In the QPS concept a safety assessment of a defined
taxonomic unit is considered independently of any particular specific notification in the course of an
authorisation process. The QPS concept does not address hazards linked to the formulation or other
processing of the products containing the microbial agents and added into the food or feed chain.
Although general human safety is part of the evaluation, specific issues connected to type and level of
exposure of users handling the product (e.g. dermal, inhalation, ingestion) are not addressed. In the
case Genetically Modified Microorganisms (GMMs) for which the species of the recipient strain qualifies
for the QPS status, and for which the genetically modified state does not give rise to safety concerns,
the QPS approach can be extended to genetically modified production strains (EFSA BIOHAZ Panel,
2018a).9 Assessment of potential allergenicity to microbial residual components is beyond the QPS
remit; if there is however, science-based evidence for some microbial species it is reported. Where
applicable these aspects are assessed, separately by the EFSA Panel responsible for assessing the
notification. Antimicrobial resistance was introduced as a possible safety concern for the assessment of
the inclusion of bacterial species in the QPS list published in 2008 QPS Opinion (EFSA, 2008)3. In the
2009 QPS Opinion (EFSA BIOHAZ Panel, 2009)4 a qualification regarding the absence of antimycotic
resistance for yeasts was introduced.

1.1.2. Terms of Reference as provided by EFSA

The Terms of Reference, as provided by EFSA are as follows:
ToR 1: Keep updated the list of biological agents being notified in the context of a technical dossier

to EFSA Units such as Feed, Pesticides, Food Ingredients and Packaging (FIP) and Nutrition, for
intentional use directly or as sources of food and feed additives, food enzymes and plant protection
products for safety assessment.

ToR 2: Review taxonomic units previously recommended for the QPS list and their qualifications
when new information has become available. The latter is based on a review of the updated literature
aiming at verifying if any new safety concern has arisen that could require the removal of the
taxonomic unit from the list, and to verify if the qualifications still efficiently exclude safety concerns.

ToR 3: (Re) assess the suitability of new taxonomic units notified to EFSA for their inclusion in the
QPS list. These microbiological agents are notified to EFSA and requested by the Feed Unit, the FIP
Unit, the Nutrition Unit or by the Pesticides Unit.

1.2. Interpretation of the Terms of Reference

A wide variety of microorganisms are intentionally used at different stages of the food chain and
are risk assessed in several EFSA areas e.g. feed, food, pesticides, nutrition, on the basis of an
application dossier to the European Commission. The qualified presumption of safety (QPS)
assessment was developed to provide a safety pre-assessment of microorganisms to support the risk
assessments performed by EFSA’s scientific panels. The lowest taxonomic unit (TU) for which the QPS
status is granted is the species level for bacteria, yeasts and protists/algae, and families for viruses.
The safety of unambiguously defined biological TUs and their body of knowledge are assessed.

7 References updated from the original mandate.
8 The taxonomic unit was corrected from the original mandate: ‘enterococci’. It is only referred to Enterococcus faecium, the only
species which was evaluated for a possible QSP status.

9 Sentence included, correcting the previous sentence from the original mandate: ‘Genetically modified microorganisms are
similarly not taken into account’.
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In the case that scientific knowledge identifies a specific hazard related to a TU or more generally
applicable, e.g. acquired antimicrobial resistance, which can be tested at the strain or product level, a
‘qualification’ to exclude that hazard may be established. The details of those qualifications in the
microbial strain under investigation are evaluated by the EFSA Unit to which the application dossier has
been allocated. Microorganisms belonging to bacterial, yeast and protists/algae species or virus
families in the QPS list are still submitted to a safety assessment based on the individual data package,
although with lesser requirements. The data required in each application have to confirm the
unambiguous identification of the organism and the confirmation that the qualifications are met.

The BIOHAZ Panel confirmed that in the case Genetically Modified Microorganisms (GMMs) for
which the species of the recipient strain qualifies for the QPS status, and for which the genetically
modified state does not give rise to safety concerns, the QPS approach can be extended to genetically
modified production strains (EFSA BIOHAZ Panel, 2018a).

In June 2017 (EFSA BIOHAZ Panel, 2017b), the BIOHAZ Panel has agreed to exclude Escherichia
coli and any species of the genus Streptomyces from QPS evaluation.

In June 2018 (EFSA BIOHAZ Panel, 2018b), the BIOHAZ Panel clarified that the qualification ‘for
production purpose only’ implies the absence of viable cells of the production organism in the final
product and can also be applied for food and feed products based on microbial biomass.

2. Data and methodologies

2.1. Data

Only valid TUs covered by the relevant international committees on the nomenclature for
microorganisms are considered for the QPS assessment.

In reply to ToR 2, concerning the revision of the TUs previously recommended for the QPS list and
their qualifications, an extensive literature search (ELS) was conducted as described in Appendix B –
ELS protocol, see https://doi.org/10.5281/zenodo.3607190, and in Appendix C Search strategies – see
https://doi.org/10.5281/zenodo.3607193, respectively.

In reply to ToR 3, (re)assessment of the suitability of TUs notified within the time period covered by
this Statement (from March to September 2019) is carried out. The literature review considered the
identification, the body of knowledge, the potential safety concerns and the knowledge on acquired
antimicrobial resistance (AMR). Relevant databases, such as PubMed, Web of Science, Cases Database,
CAB Abstracts or Food Science Technology Abstracts (FSTA) and Scopus, were searched. More details
on the search strategy, search keys and approach are described in Appendix A.

2.2. Methodologies

2.2.1. Evaluation of a QPS recommendation for taxonomic units notified to EFSA

In response to ToR 1, the EFSA Units were asked to update the list of biological agents being
notified to EFSA. A total of 54 notifications were received between April and September 2019, of which
27 were for a feed additive, 15 for food enzymes, 9 for novel foods and 3 for plant protection
products (Table 1).

In response to ToR 3, of the 54 notifications received, 23 were related to TUs that already had QPS
status and did not require further evaluation. Of the remaining 31 notifications, 14 were related to TUs
not evaluated for a QPS status for the following reasons:

• Seven notifications related to filamentous fungi, which were excluded from QPS evaluations in
the follow-up of a recommendation of the QPS 2013 and 2016 updates (EFSA BIOHAZ Panel,
2013, 2014, 2016).

• Six notifications related to E. coli, which were excluded from the current mandate by the
BIOHAZ Panel.

• Sphingomonas paucimobilis which was already evaluated in the previous Panel Statement.

The remaining 17 notifications, corresponding to 16 TUs were evaluated for a possible QPS
recommendation:

• Protaminobacter rubrum already evaluated during the previous QPS mandate;
• Schizochytrium sp. which is a genus and not a species and, therefore, not adequate for QPS

approach.
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• Aurantiochytrium limacinum, Bacillus velezensis, Corynebacterium stationis, Cupriavidus
necator, Hamamotoa singularis, Kodamaea ohmeri, Lactobacillus parafarraginis, Paenibacillus
illinoisenis, Pantoea ananatis, Parageobacillus thermoglucosidasius, Rhodococcus aetherivorans,
Rhodococcus ruber, Tetraselmis chuii and Zygosaccharomyces rouxii, evaluated for the first
time.

The notifications received by EFSA, per risk assessment area and by biological group from April to
September 2019, are presented in Table 1.

2.2.2. Use of MLT in the context of the yeasts and Bacillus taxonomic units

To explore the potential application of a machine learning technique (MLT) for screening papers in
the context of the QPS project, the performances of such technique were assessed against the
previous batch of papers retrieved for the Bacillus and yeasts taxonomic units.

To that purpose, the DistillerAI Toolkit included in the DistillerSR online software was used.
DistillerAI ‘Preview and Rank’ function was used mapping the papers from ‘Title screening’ to

‘Article evaluation’. The SVM algorithm with 100% training set and 100% references to preview was
used and the references were subsequently tagged. The algorithm was trained on the combined
results of the two reviewers in the QPS rounds from 1 June 2016 to 31 December 2017. This is
considered a conservative approach since, in the case of conflicts among the experts, the algorithm
considers the paper as relevant.

Table 1: Notifications received by EFSA, per risk assessment area and by biological group, from
April to September 2019

Risk assessment area
Not evaluated in this

Statement Evaluated in this
Statement(b)

Total
Biological group

Already
QPS

Excluded in
QPS(a)

Feed additives 19 5 3 27

Bacteria 12 1 3 16
Filamentous fungi 0 4 0 4

Yeasts 7 0 0 7

Novel foods 1 3 5 9

Bacteria 0 2 1 3
Filamentous fungi 0 1 0 1

Protists/Algae 0 0 4 4
Yeasts 1 0 0 1

Plant protection products 2 0 1 3

Bacteria 1 0 1 2

Filamentous fungi 0 0 0 0
Viruses 1 0 0 1

Food enzymes, food additives and
flavourings

1 6 8 15

Bacteria 1 4 5 10

Filamentous fungi 0 2 0 2
Yeasts 0 0 3 3

Total 23 14 17 54

QPS: qualified presumption of safety.
(a): The number includes 7 notifications of filamentous fungi excluded from QPS evaluation in the 2013 QPS Opinion and 6

notifications of E. coli (bacterium) already excluded in the Panel Statement adopted in December 2016 (EFSA BIOHAZ Panel,
2017a) and Sphingomonas paucimobilis which was already evaluated in the previous Panel Statement (EFSA BIOHAZ Panel,
2019a).

(b): 17 notifications corresponding to 16 TUs, one was already evaluated in the previous QPS mandate (Euglena gracilis), 14
were evaluated for the first time. The TU Schizochytrium sp. was notified twice but was not assessed as genus is not
adequate for the QPS approach.
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The MLT predicted screening results on the batch of papers corresponding to the period January–
June 2018 were obtained and compared with the results obtained by the two reviewers in the real
exercise.

The results of the exercise showed that, in the case of yeasts, MLT had around 88% and 80% of
sensitivity and specificity, respectively, while, in the case of Bacillus, MLT had 100% and about 82% of
sensitivity and specificity, respectively. Moreover, it was found that in case of using the MLT algorithm
as a reviewer in parallel with a human reviewer, in both projects no information relevant for the QPS
status would have been missed.

On the basis of these results and considering the high number of papers retrieved for both yeasts
and Bacillus in the context of the QPS exercise, it was decided to use the MLT in one ELS exercise in
parallel with two human reviewers to screen one 6-month batch of papers in these two TUs. As
expected, considering its specificity, the application of the MLT algorithm resulted in a high number of
potentially relevant papers at the end of the screening phase. On the other hand, the algorithm did
not miss any paper identified as potentially relevant by the human reviewer. Therefore, in the current
ELS exercise, the MLT was used for pre-screening of the large number of papers, followed by a second
screening by two experts of the articles retrieved by MLT.

2.2.3. Monitoring of new safety concerns related to the QPS list

The aim of the ELS carried out in response to ToR 2 (review of the recommendations for the QPS
list and specific qualifications) was to identify any publicly available studies reporting on safety
concerns for humans, animals or the environment caused by QPS organisms since the previous QPS
review (i.e. publications from July to December 2018). For a detailed protocol of the process and
search strategies, refer to Appendices B and C.

After removal of duplicates, 22,899 records were submitted to the title screening step (2,981 if we
include all references screened initially by MLT for Bacillus and yeasts TUs), which led to the exclusion
of 2,170 of them (2,862 if we include all references screened initially by MLT). The remaining 119
records were found eligible for the Title and abstract screening step, which led to the exclusion of 52
of these. Of the 67 articles that finally reached the Article evaluation step (full text), 36 were
considered to be relevant for the QPS project and were deeply analysed.

The flow of records from their identification by the different search strategies (as reported in
Appendix C) to their consideration as potentially relevant papers for QPS is shown in Table 2.

Table 2: Flow of records by search strategy step

Species

No of papers

Title screening
step

Title/
abstract
screening

step

Article evaluation step
(screening for

potential relevance)(a)

Article evaluation step
(identification of
potential safety

concerns)

Bacteria (2,391) 1,833 65 31 15

Bacillus spp.
741 (183)(b) 15

9 6
Geobacillus
stearothermophilus

0 0

Bifidobacterium spp.
270 14

6 1
Carnobacterium
divergens

0 0

Corynebacterium
glutamicum

39 0 0 0

Gluconobacter oxydans
164 1

0 0

Xanthomonas
campestris

0 0

Lactobacillus spp. 620 23 8 2

Lactococcus lactis 165 2 2 0
Leuconostoc spp.

81 2
1 1

Microbacterium
imperiale

0 0
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3. Assessment

3.1. Taxonomic units evaluated during the previous QPS mandate and
re-evaluated in the current Statement

3.1.1. Bacteria

3.1.1.1. Protaminobacter rubrum

Identity

The species P. rubrum is not taxonomically validated according to the List of prokaryotic names with
standing in nomenclature (LPSN) (Euz�eby, 2013) (http://www.bacterio.net/-allnamesdl.html) and the
modifications that appear in the International Journal of Systematic and Evolutionary Microbiology
(IJSEM) (Oren and Garrity, 2019 and earlier notifications). The organism has been already considered
as not suitable for QPS consideration (EFSA BIOHAZ Panel, 2016) and no new relevant information has
appeared that might justify changes in this consideration.

Species

No of papers

Title screening
step

Title/
abstract
screening

step

Article evaluation step
(screening for

potential relevance)(a)

Article evaluation step
(identification of
potential safety

concerns)

Oenococcus oeni
39 1

1 1

Pasteuria nishizawae 0 0
Pediococcus spp. 166 3 2 2

Propionibacterium spp. 27 0 0 0
Streptococcus
thermophilus

79 4 2 2

Viruses 99 5 5 0

Alphaflexiviridae
41 2

2 0

Potyviridae 0
Baculoviridae 58 3 3 0

Yeasts (491) 357(b),(c) 49 31 21

Debaryomyces hansenii
(anamorph=Candida
famata)

357 49 31

5

Kluyveromyces lactis
(anamorph=Candida
spherica)

1

Kluyveromyces
marxianus (anamorph=
Candida kefyr)

13

Saccharomyces
cerevisiae including
Saccharomyces
boulardii

7

Total (2,981) 2,289 119 67 36

Excluded (2,862) 2,170 52 31

(a): Relevant references in Appendix D.
(b): The relatively low number of papers allocated to title screening for this TU as compared to the previous statement is due to

the application of a pre-screening step that was employing artificial intelligence (AI). A search for papers potentially relevant
for the QPS consideration of Bacillus spp. and Geobacillus stearothermophilus provided 741 references. The MLT analysis left
183 articles.

(c): The relatively low number of papers allocated to title screening for this TU as compared to the previous statement is due to the
application of a pre-screening step that was employing artificial intelligence (AI). A search for papers potentially relevant for the
QPS consideration of the yeast species included in the QPS list provided 491 references. The MLTanalysis left 357 articles.
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Body of knowledge

Not applicable.

Safety concerns

Not applicable.

Antimicrobial resistance aspects

Not applicable.

Conclusions on a recommendation for the QPS list

P. rubrum cannot be assessed for a possible QPS recommendation because it is not a valid species
name.

3.2. Taxonomic units to be evaluated for the first time

The search strategy (key words, literature databases, number of papers found) followed for the
assessment of the suitability of TUs notified to EFSA not present in the current QPS list for their
inclusion in the updated list (reply to ToR 3) can be found in Appendix A.

3.2.1. Bacteria

3.2.1.1. Bacillus velezensis

Identity

Bacillus velezensis was first described as a new species by Ruiz-Garc�ıa et al. (2005) and is
considered a bacterial species with standing in nomenclature (LPSN bactero.net).

Body of knowledge

The natural habitats of B. velezensis are soil and rhizosphere and the marine environment. It has
been involved in the fermentation of foods such as kimchi and fermented soybean paste. This species
has been used as a plant growth promoting rhizobacterium, in the biological control of plant
pathogens and mycotoxigenic fungi and in the detoxification of mycotoxins. Moreover, studies describe
the use of B. velezensis as probiotic in fish, being able to control fish bacterial pathogens, and in
chickens. This species produces compounds of biotechnological interest, such as b-glucanases, L-
asparaginase and surfactins.

Safety concerns

No association of B. velezensis to intoxication or infection has been reported in humans or animals.
A strain of this species, isolated from marine environment and identified by 16S rRNA gene

analysis, was shown to produce an antimicrobial substance that, based on structural analysis, is
classified as an aminoglycoside (Pournejati et al., 2019).

Antimicrobial resistance aspects

A recent study (Agersø et al., 2018) addressed the MIC distribution and the presence of genes
coding for antimicrobial resistance in five Bacillus species, including B. velezensis. The tetracycline
efflux gene, tet(L), was found in strains with reduced tetracycline susceptibility but not in susceptible
strains.

Conclusions on a recommendation for the QPS list

Bacillus velezensis can be recommended for the QPS list with the qualifications ‘absence of
toxigenic potential’ and ‘absence of aminoglycoside production ability’.

3.2.1.2. Corynebacterium stationis

Identity

Corynebacterium stationis (synonym Achromobacter stationis; basonym Brevibacterium stationis) is
a valid species with standing in nomenclature. It was described by Bernard et al. (2010), grouping
Brevibacterium stationis strains and Corynebacterium ammoniagenes ATCC 6872. Members of the
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species may alkalinise citrate and may be discriminated from other Corynebacterium species by 16S
rRNA gene and rpoB sequencing. The complete genome of C. stationis ATCC 6872 has been
determined (Liu et al., 2016).

Body of knowledge

The body of knowledge for Corynebacterium stationis is limited. The type strain was isolated from
seawater and strain ATCC 6872 from a human infant stool sample.

Safety concerns

Two clinical C. stationis isolates were obtained from blood cultures from a 62-year-old male with
chest infection and a 66-year-old female; no further clinical information has been provided (Bernard
et al., 2010). C. stationis has been isolated from raw milk of cows with mastitis (Anaya-L�opez et al.,
2006; Leon-Galvan et al., 2015); no invasion in Bovine Mammary Epithelial Cells (BMECs) was
observed (Anaya-L�opez et al., 2006).

Antimicrobial resistance aspects

Multiresistant C. stationis strains were isolated from raw milk samples of cows with mastitis (Leon-
Galvan et al., 2015).

Conclusion on a recommendation for the QPS list

Corynebacterium stationis cannot be recommended as QPS due to a lack of body of knowledge.

3.2.1.3. Cupriavidus necator

Identity

Cupriavidus necator was first described by Makkar and Casida (1987) and is confirmed by DNA–
DNA hybridisation to be the validated species name with standing in nomenclature (Vandamme and
Coenye, 2004). Members of the species were formerly named as Alcaligenes eutrophus, Ralstonia
eutropha or Wautersia eutropha (Vaneechouttes et al., 2004). They are Gram-negative bacteria
belonging to the family Burkholderiaceae and the class b-proteobacteria. The whole genome sequence
of C. necator strain NH9 and a set of Cupriavidus and Ralstonia strains confirmed the clear delineation
of both genera (Gan, 2019; Moriuchi et al., 2019).

Body of knowledge

C. necator has been reported to pray upon a wide range of Gram-negative and Gram-positive
bacteria (Seccareccia et al., 2016). C. necator is used as source of polyhydroxybutyrate (PHB) which
can be used for the production of bioplastics after recovery from the cell cytoplasm (Aramvash et al.,
2015) or by using the dried biomass (Kunasundari et al., 2013). PHBs and the dried biomass of C.
necator can be used for its antimicrobial, insecticidal and antiviral activities based on the degradation
by bacteria of PHB into b-hydroxybutyrate (van Hung et al., 2019). C. necator has been genetically
modified to produce several compounds as isopropanol, hydrocarbons, methyl ketones, free fatty
acids, alkanes etc. (Marc et al., 2017).

Safety concerns

No safety concerns were reported related to C. necator.

Antimicrobial resistance aspects

No papers on antimicrobial resistance of C. necator were found.

Conclusions on a recommendation for the QPS list

Cupriavidus necator can be recommended for the QPS status with the qualification for production
purposes only.

3.2.1.4. Lactobacillus parafarraginis

Identity

Lactobacillus parafarraginis is a valid species name according to the List of Prokaryotic Names with
standing in nomenclature. It was first described upon isolation from shochu compost (is a sake derived
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distilled beverage) (Endo and Okada, 2007) and belongs to the L. buchneri group of lactobacilli
(Salvetti et al., 2018). The genome of five strains has been sequenced.

Body of knowledge

L. parafarraginis is commonly isolated from plant-based fermentative processes such as those of
green-olives (Benitez-Cabello et al., 2016), silage (Liu et al., 2014; Wu et al., 2014; Xu et al., 2018),
kefir (Zanirati et al., 2015) and sayur-asin (a mustard-based sauce consumed in Indonesia)
(Mangunwardoyo et al., 2016). Its presence is also linked to silage aerobic stability due to the
production of benzoic and hexadecenoic acids, which inhibit yeast growth (Liu et al., 2018). For this
reason, it has been tested as a silage inoculant (Xu et al., 2017).

Safety concerns

L. parafarraginis is used for fermentation of food and feed. Consequently, it is frequently consumed
by humans and livestock. There is no report on safety concerns.

Antimicrobial resistance aspects

Tetracycline resistance (Feichtinger et al., 2016) has been found for all species within the L.
buchneri group, including L. parafarraginis. However, no known gene determinants were detected by
PCR or microarray analysis.

Conclusions on a recommendation for the QPS list

Lactobacillus parafarraginis is recommended to be included in the QPS list.

3.2.1.5. Paenibacillus illinoisensis

Identity

Paenibacillus illinoisenis, previously known as Bacillus circulans, group 6, was described by Shida
et al. (1997). It is a valid species with standing in nomenclature.

Body of knowledge

P. illinoisensis was isolated from the rhizosphere of soil and characterised for its siderophore-
producing capacity, promoting iron absorption by plants (Liu et al., 2017). Strains of P. illinoisensis
were reported to secrete cyclodextrin gluconotransferase (Doukyu et al., 2003; Lee et al., 2013,
chitinases (Jung et al., 2008) and enzymes degrading methane (Jhala et al., 2014).

Safety concerns

No safety concerns were reported for P. illinoisensis.

Antimicrobial resistance

No reports were found related to antimicrobial resistance of P. illinoisensis.

Conclusion

Paenibacillus illinoisensis can be recommended for QPS with the specific qualifications for
production purposes only and absence of toxigenic potential.

3.2.1.6. Pantoea ananatis

Identity

Pantoea ananatis is a Gram-negative, motile rod belonging to the Enterobacterales (Adeolu et al.,
2016). Its identity is well established, being initially part of the Erwinia herbicola–Enterobacter
agglomerans complex and later assigned to the genus Pantoea (Mergaert et al., 1983). It is a valid
species name with standing in nomenclature. Identification can be performed by multilocus sequencing
analysis (Brady et al., 2008; Del�etoile et al., 2009).

Body of knowledge

The information available deals with its phytopathogenic characteristics, genomic analysis and
presence in a variety of habitats. P. ananatis has been isolated from the environment and hosts
showing global distribution (Weller-Stuart et al., 2017). The capacity of the bacterium to infect
agronomic crops is high (maize, rice) and well documented (Weller-Stuart et al., 2017). Among the
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pathogenicity determinants, T6SS systems have been putatively involved in pathogenesis in both plant
and animal hosts (Coutinho and Venter, 2009; De Maayer et al., 2014; Weller-Stuart et al., 2017). The
genome plasticity of this species with integration of mobile genetic elements on both the chromosome
and on the plasmid LPP-1 (Coutinho and Venter, 2009; De Maayer et al., 2014; Weller-Stuart et al.,
2017) has been associated with the variable phenotypes described (e.g. ability to utilise a wide range
of carbohydrate, amino acid and organic acid substrates, pathogenicity features and antibiosis).

Pantoea ananatis has the potential to be used for growth promotion of different plants, as a
biological control agent against a range of bacterial and fungal plant pathogens and for bioremediation
and biofuel production (Gasser et al., 2012; Hara et al., 2012; Gkorezis et al., 2016).

The presence of an Integrative and Conjugative Element (ICEPan) in some strains was associated
with the potential production of a new antibiotic and bacteriocins (De Maayer et al., 2015).

Safety concerns

P. ananatis is a phytopathogen that infects a wide range of crop and forest plants such as maize
(Miller et al., 2016), rice (Watanabe et al., 1996), onion (Gitaitis et al., 2002; Weller-Stuart et al.,
2014), eucalyptus (Coutinho et al., 2002; De Maayer et al., 2010) and it has occasionally been
reported as a clinical isolate infecting workers with plant material or from immunocompromised
individuals in hospital settings. The number of reports linking the TU with human disease is scarce (De
Baere et al., 2004; De Maayer et al., 2012; Manoharan et al., 2012).

Antimicrobial resistance aspects

No information was found.

Conclusions on a recommendation for the QPS list

Pantoea ananatis is not recommended for the QPS list due to lack of body of knowledge and in
relation to its pathogenicity potential for plants.

3.2.1.7. Parageobacillus thermoglucosidasius

Identity

Parageobacillus thermoglucosidasius is the valid species name with standing in nomenclature (Oren
and Garrity, 2019). The basonym is Bacillus thermoglucosidasius (Suzuki et al., 1983); Geobacillus
thermoglucosidasius can be used as homotypic synonym; the name Geobacillus thermoglucosidans
(Coorevits et al., 2012) has not been accepted as correct name.

Body of knowledge

P. thermoglucosidasius is a facultative anaerobic thermophilic bacterium which is frequently isolated
from high temperature environments including hot springs (Brumm et al., 2015) and compost (Sung
et al., 2002; Fong et al., 2006; Brumm et al., 2016). The body of knowledge is mainly related to its
biotechnological potential for fermentation of plant biomasses (Iwazaki et al., 2018) to generate bio-
ethanol (Zhou et al., 2016) and biohydrogen (Mohr et al., 2018). Also, of interest is the production of
(heterologous) thermostable enzymes for various industrial applications (Holland et al., 2019) and the
biomineralisation potential of this species (Murai and Yoshida, 2016).

P. thermoglucosidasius has been frequently found as spontaneous contaminant in dairy powder
products and is isolated in biofilms from the dairy processing industry (Zhao et al., 2013, 2018).

Safety concerns

No safety concerns were reported.

Antimicrobial resistance aspects

No reports considering antimicrobial resistance were found.

Conclusions on a recommendation for the QPS list

Parageobacillus thermoglucosidasius can be recommended for QPS list with the qualification ‘for
production purposes only’ and the absence of toxigenic potential.
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3.2.1.8. Rhodococcus aetherivorans

Identity

Rhodococcus aetherivorans is a valid species name (Goodfellow et al., 2004) that belongs to the
order Actinomycetales, suborder Corynebacterineae, family Nocardiaceae. As all rhodococci, R.
aetherivorans possesses mycolic acids in its cell wall and presents remarkable catabolic abilities
(Goodfellow et al., 2004). The genomes of two strains of the species have been sequenced.

Body of knowledge

The knowledge on the general biology, habitats, symbiotic relations, etc. of R. aetherivorans is very
scarce. Most papers on the organism deal with its ability to degrade recalcitrant xenobiotics such as
diverse petrol components (Auffret et al., 2009), 1-4 dioxane (Inoue et al., 2018) or reducing arsenic
(Firrincieli et al., 2019). In addition, R. aetherivorans generates polymeric bioplastic components when
grown on toluene (Hori et al., 2009).

Safety concerns

No reports on clinical cases produced by R. aetherivorans were found.

Antimicrobial resistance aspects

No information was found in the literature.

Conclusions on a recommendation for the QPS list

Rhodococcus aetherivorans cannot be recommended for the QPS list due to lack of body of
knowledge.

3.2.1.9. Rhodococcus ruber

Identity

Rhodococcus ruber is a valid species name according to the List of Prokaryotic Names with
Standing in Nomenclature, although the specific name changed from the original description of the
genus, which included the species as R. rubrus (Goodfellow and Alderson, 1977). It belongs to the
order Actinomycetales, suborder Corynebacterineae, family Nocardiaceae. As all rhodococci, R. ruber
possesses mycolic acids in its cell wall. Whole-genome data from 12 strains (October 2019) are
available.

Body of knowledge

R. ruber is an environmental organism that presents remarkable bioremediation abilities, as well as
the capacity to synthesise polymeric bioplastic precursors. The enzymatic machinery behind these
activities comprises dehydrogenases (Wang et al., 2017), sterol hydroxylases (Guevara et al., 2017),
alkylsulfatases (Pogorevc and Faber, 2003), production of biosurfactants (Ivshina et al., 2016) and
many other activities that allow degradation of polyethylene (Orr et al., 2004), polychlorinated
biphenyls (Egorova et al., 2013), polycyclic aromatic hydrocarbons (Ivshina et al., 2016) and other
recalcitrant contaminants. R. ruber has also been used as a model organism for production of
polyhydroxybutyric acid (Pieper and Steinb€uchel, 1992).

Safety concerns

R. ruber may act as an opportunistic pathogen (Lalitha et al., 2006) and its mycolic acids were able
to generate granulomas in the lungs, liver and spleens of mice (Matsunaga et al., 1996).

Antimicrobial resistance aspects

No relevant information was published.

Conclusions on a recommendation for the QPS list

Rhodococcus ruber cannot be recommended for the QPS list due to lack of body of knowledge.
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3.2.2. Yeasts

3.2.2.1. Hamamotoa singularis

Identity

The species was first described in 1962 as the basidiomycetous yeast Sporobolomyces singularis.
The name Bullera singularis has also been used, after a suggestion by Rodrigues de Miranda (1984).
Recently, rRNA sequencing suggested that the species belong to the Microbotryomycetes clade and
should be broken out from the genus Sporobolomyces (Wang et al., 2015). Hamamotoa singularis was
introduced as new name for Sporobolomyces singularis (Wang et al., 2015). The new genus
Hamamotoa currently contains two species. They are cream to pale yellowish-brown pigmented and
form budding cells and ballistoconidia. Sexual reproduction is not known.

Body of knowledge

The body of knowledge is mainly related to its production of b-galactosidase (Ishikawa et al., 2005;
Sakai et al., 2008; Kaneko et al., 2014). The species is known from a single strain isolated from insect
frass (manure) of a dead Alaska pine (Kurtzman et al., 2011) and no information is available about its
ecology, clinical importance or occurrence in agriculture or food.

Safety concerns

No safety concerns were reported.

Antimicrobial resistance aspects

Not relevant.

Conclusions on a recommendation for the QPS list

Hamamotoa singularis cannot be recommended for the QPS list due to lack of body of knowledge.

3.2.2.2. Kodamaea ohmeri

Identity

The genus Kodamaea belongs to the Ascomycetae class and the Saccharomycetaceae family and
includes five species K. anthophila, K. kakaduensis, K. laetipori, K. nitidulidarum and K. ohmeri. The
last one is considered the type species of the genus. The synonymous of K. ohmeri is Pichia ohmeri
and the teleomorphic form is Candida guilliermondii (Kurtzman et al., 2011).

Body of knowledge

K. ohmeri has been recovered from a broad variety of sources. From a biotechnological point of
view, this species is used in the production of xylitol from glucose and the conversion of xylulose to
xylitol (Kurtzman et al., 2011).

Safety concerns

K. ohmeri has been added to the growing list of emerging opportunistic pathogens (Al-Sweih et al.,
2011). Different publications associated K. ohmeri with infection in immunosuppressed patients
(Tashiro et al., 2018; Diallo et al., 2019) or in premature newborns (Vivas et al., 2016).

Antimicrobial resistance aspects

No relevant information was published.

Conclusions on a recommendation for the QPS list

Kodamaea ohmeri cannot be recommended for the QPS list due to safety concerns.

3.2.2.3. Zygosaccharomyces rouxii

Taxonomy

The genus Zygosaccharomyces is a member of the Saccharomycetaceae family and most closely
related to Torulaspora, Zygotorulaspora, Vanderwaltozyma and Tetrapisispora. Six species are present
in this genus (Z. bailii, Z. bisporus, Z. kombuchaensis, Z. lentus, Z. mellis and Z. rouxii). Z. rouxii is
considered the neotype of the genus.
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Body of knowledge

Z. rouxii is typically found in highly osmotic habitats. Strains of Z. rouxii have been isolated from a
wide variety of sources, including cane sugar, chocolate syrup, concentrated black grape must, honey,
jam, maple syrup, marmalade, marzipan, miso, red wine, salted beans, soft drinks and soy sauce (for
a review, see Kurtzman et al., 2011). Z. rouxii is used to ferment a number of salted, oriental
fermented foods, the best-known being soy sauce and miso. This species is also important in the early
stages in the manufacture of balsamic vinegar.

Z. rouxii is primarily a spoilage yeast of high-sugar or high-salt foods, such as sugar syrups,
candied fruit and soy sauce.

Safety concerns

No description of humans or animals’ infections produced by Z. rouxii, was published.

Antimicrobial resistance aspects

No information are available

Conclusions on a recommendation for the QPS list

Zygosaccharomyces rouxii is recommended to be included in the QPS list.

3.2.3. Protists/Algae

3.2.3.1. Aurantiochytrium limacinum

Identity

Aurantiochytrium limacinum is a marine protozoa, belonging to the genus Aurantiochytrium,
composed of unicellular eukaryotes, belonging to the order Thraustochytrida, class Labyrinthulea within
the phylum Bigyra (Catalogue of Life, online). The taxonomic identification is mainly based on life cycle
and developmental stages. The whole genome sequence of strain CCTCC M209059 has been
determined (Ji et al., 2015). Schizochytrium limacinum is considered a synonym (Catalogue of Life,
online). A. limacinum is most often called a microalga, although it is autotrophic and not photosynthetic.

Body of knowledge

A. limacinum strains are known to produce large amounts of docosahexaenoic acid/docosapenaenoic
acid (DHA/DPA), eicosapentaenoic acid (EPA), astaxanthin and b-carotene (Liang et al., 2011; Du et al.,
2019; Ye et al., 2015; Zhang et al., 2017; Bindea et al., 2018). It may also produce peptides with
antioxidant activity (Hu et al., 2019) and can be used for the production of biofuel (Xu et al., 2018). It
is able to grow on saline waste water (e.g. demineralisation water from cheese whey) (Humhal et al.,
2017), cull potato (Chi et al., 2007) and biodiesel derived crude glycerol (Ethier et al., 2011) for
biomass production. A combined effect of the probiotic Lactococcus lactis and the prebiotic A.
limacinum biomass, fed to fish induced positive effects on their growth and immunity (Sun et al., 2019).
A. limacinum biomass is commercialised and was successfully used as alternative for fish oil in feeding
laying hens for the enrichment of table eggs with n-3 fatty acids (Kralik et al., 2019).

Safety concerns

No safety concerns were reported related to A. limacinum.

Antimicrobial resistance aspects

Not applicable.

Conclusions on a recommendation for the QPS list

The species Aurantiochytrium limacinum is recommended for the QPS status with the qualification
for production purposes only.

3.2.3.2. Tetraselmis chuii

Identity

Tetraselmis chuii (also sometimes spelled Tetraselmis chui) is a unicellular, planktonic microalga
belonging to the phylum Chlorophyta (green algae) and family Chlorodendraceae. Members of the
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genus (currently around 25 species) have four flagella arranged in two pairs and are capable of active
movement. The taxonomy of the genus has been described based mainly on morphological and
ultrastructural information. A few studies employed rDNA sequencing for species identification in
limited collections of Tetraselmis strains (Lee and Hur, 2009; Arora et al., 2013; Gonz�alez et al., 2015),
however, systematic taxonomic studies of the genus combining morphological and molecular
approaches are lacking.

Body of knowledge

The species was first described in the 1950s (Butcher, 1959) but has since then been found in
phytoplankton communities in marine and brackish environments around the world. An interesting
ecological observation is that the functional chloroplast of T. chuii can be retained within the cell in
some ciliates that graze the alga and thereby possibly give the ciliate a nutritional supplement by
photosynthesis (McManus et al., 2018).

T. chuii is cultured and refined in large-scale facilities and has a long history of use as an efficient
feed in the aquaculture industry (Camus et al., 2009; Galimany et al., 2014). It has a high nutritional
value (Tibbetts et al., 2015) and is of considerable interest for biotechnological production of useful
compounds, e.g. essential fatty acids, antioxidants (carotenoids and phenolic compounds), starch and
bulk lipids and oils (Araujo et al., 2011; Cust�odio et al., 2012; Gifuni et al., 2018). Genetic tools for
transformation of T. chuii have been developed (�Ubeda-M�ınguez et al., 2015). The species has also
been used as a test organism in toxicity assays of different types of pollutants (Debelius et al., 2009;
Prata et al., 2018; Davarpanah and Guilhermino, 2019).

The alga T. chuii has also been used in human food, based on its content of antioxidants (Widowati
et al., 2017). Dried biomass of T. chuii has been authorised in the EU as a novel food and food
supplement (Commission Implementing Regulation (EU) 2017/247010), and it is sold under the name
TetraSOD®.

Safety concerns

No safety concern was identified. Cerezuela et al. (2012a, 2012b, 2012c, 2013) reporting effects of
different diets, including supplements of T. chuii, on expression of genes related to intestinal and
immune functions in the fish sea bream (Sparus aurata L.). However, no information is given about
any effects of the diets on the growth or health status of the fish. One study investigated the toxicity
of freeze-dried biomass of T. chuii in a rat model (Mantec�on et al., 2019). Different doses of T. chuii
had no effect on growth rate, and no clinical signs or effects on blood parameters, organ weights or
histopathology were observed.

Antimicrobial resistance aspects

Not applicable.

Conclusions on a recommendation for the QPS list

Tetraselmis chuii is recommended for the QPS list with the qualification for production purposes
only.

3.3. Monitoring of new safety concerns related to organisms on the QPS
list

The summaries of the evaluation of the possible safety concerns for humans, animals or the
environment described and published since the previous ELS exercise (i.e. articles published between
January and June 2019, as described in Appendices B and C) with reference to the articles selected as
potentially relevant for the QPS exercise (Appendix D) for each of the TUs or groups of TUs that are
part of the QPS list (Appendix E), are presented below.

10 Commission Implementing Regulation (EU) 2017/2470 establishing the Union list of novel foods in accordance with Regulation
(EU) 2015/2283 of the European Parliament and of the Council on novel foods. OJ L 351, 30.12.2017, p. 72–201.
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3.3.1. Gram-positive non-sporulating bacteria

3.3.1.1. Bifidobacterium spp.

A search for papers potentially relevant for the QPS consideration of Bifidobacterium species and
Carnobacterium divergens11 provided 270 references. The analysis of their title left 14 articles; the rest
were discarded because they did not deal with safety concerns. Six articles were found relevant for the
QPS consideration of Bifidobacterium spp. at the level of title and abstract screening. Five of these articles
were not in English or not dealing with safety concerns. One article was considered for further evaluation
(Kothari et al., 2019) but was not considered because it is describing safety concerns related to different
probiotics but not pointing out to new specific concern and referring to a paper describing a case of a
person with underlying predisposing factors that had a bacteraemia due to B. longum.

Based on the available evidence as described above, the QPS status of Bifidobacterium spp. is not
changed.

3.3.1.2. Carnobacterium divergens

A search for papers potentially relevant for the QPS consideration of QPS Bifidobacterium species
and Carnobacterium divergens10 provided 270 references. The analysis of their title left 14 articles; the
rest were discarded because they did not deal with safety concerns. No article was considered relevant
at the level of title and abstract screening for this TU. Consequently, the QPS status of C. divergens is
not changed.

3.3.1.3. Corynebacterium glutamicum

A search for papers potentially relevant for the QPS consideration of Corynebacterium glutamicum
provided 39 references. No paper reached the level of title and abstract screening; therefore, no new
safety concerns were identified.

3.3.1.4. Lactobacillus spp.

A search for papers potentially relevant for the QPS consideration of any of the 37 Lactobacillus
species included in the list, provided 620 references. Analysis of their titles left 23 articles; the rest
were discarded because they did not deal with safety concerns. Inspection of their abstracts allowed
the selection of 23 papers that could raise safety concerns but 15 were not considered relevant at the
end. After analysing the full texts of the eight articles that arrived to the evaluation phase, three were
not related to this TU, three were referring to articles published before the period being evaluated and
had already been subjected to inspection by the working group (WG). The two papers that arrived to
final step (Hubbard et al., 2018; Nayeem et al., 2018) described infections putatively ascribed to
lactobacilli, although in none of them the methods used for identification of the aetiologic agents are
indicated. In Hubbard et al. (2018), a female that suffered from type 2 diabetes and had diabetic
ketoacidosis at admission, presented a necrotic ulcer in the left genital labium that was claimed to be
produced by L. acidophilus. However, primary pathogens, such as Candida albicans, Staphylococcus
haemolyticus and Klebsiella oxytoca, were also isolated upon debridement of the lesion. Nayeem et al.
(2018) present the case of a patient that suffered from obstruction of the bile duct provoked by a
pancreas carcinoma. After percutaneous drainage, L. rhamnosus and a fungus were isolated from
blood cultures. In both cases, clear predisposing conditions and polymicrobial infections are reported
which, together with the absence of indication on the identification methods, make the lactobacillal
aetiology of the infections questionable.

Based on the available evidence as described above, the QPS status of the lactobacilli involved in
the reported cases and, by extension, of all others included in the QPS list, is not changed.

3.3.1.5. Lactococcus lactis

A search for papers potentially relevant for the QPS consideration of Lactococcus lactis provided
165 references. Two papers arrived at the title/abstract level, but the possible safety concern was not
confirmed due to identification methodological problems. Analysis of their title/abstract/full text left no
articles because they did not deal with safety concerns.

Based on the available evidence as described above, the QPS status of Lactococcus lactis is not
changed.

11 These 2 TUs were searched together for practical reasons.
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3.3.1.6. Leuconostoc spp.

A search for papers potentially relevant for the QPS consideration of QPS Leuconostoc species and
Microbacterium imperiale11 provided 81 references. The analysis of their title/abstract left one article;
that was discarded because does not deal with safety concerns. Consequently, the QPS status of
Leuconostoc spp. is not changed.

3.3.1.7. Microbacterium imperiale

A search for papers potentially relevant for the QPS consideration of QPS Leuconostoc species and
Microbacterium imperiale11 provided 81 references. The analysis of their title/abstract left no article.
Consequently, the QPS status of M. imperiale is not changed.

3.3.1.8. Oenococcus oeni

A search for papers potentially relevant for the QPS consideration of Oenococcus oeni and Pasteuria
nishizawae11 provided 39 references. The analysis of their title/abstracts left one article for
consideration but does not describe any safety concern. Consequently, the QPS status of O. oeni is not
changed.

3.3.1.9. Pasteuria nishizawae

A search for papers potentially relevant for the QPS consideration of Oenococcus oeni and Pasteuria
nishizawae11 provided 39 references. The analysis of their title/abstracts left one article for
consideration, but no new safety concern was found. Consequently, the QPS status of P. nishizawae is
not changed.

3.3.1.10. Pediococcus spp.

A search for papers potentially relevant for the QPS consideration of Pediococcus spp. provided
166 references. The analysis of their title/abstract left two articles for the evaluation phase which were
not related to this TU or not dealing with safety concerns. Consequently, the QPS status of
Pediococcus spp. is not changed.

Pediococcus dextrinicus (Coster and White, 1964), included in Back, 1978 (approved list of species)
was reclassified as Lactobacillus dextrinicus comb. Nov. (Haakensen et al., 2009) according to
multilocus sequence analysis. It is updated in the QPS list.

3.3.1.11. Propionibacterium

A search for papers potentially relevant for the QPS consideration of Propionibacterium spp.
provided 27 references. Following the analysis of their title/abstracts, no articles were selected for the
evaluation phase; thus, no new safety concerns were identified. Consequently, the QPS status of
Propionibacterium spp. is not changed.

3.3.1.12. Streptococcus thermophilus

A search for papers potentially relevant for the QPS consideration of Streptococcus thermophilus
provided 79 references. The analysis of their title left four articles. Two reached the evaluation phase,
but both of them were not dealing with safety concerns. Therefore, the QPS status of S. thermophilus
is not changed.

3.3.2. Gram-positive spore-forming bacteria

3.3.2.1. Bacillus spp.

A search for papers potentially relevant for the QPS consideration of QPS Bacillus spp. And
Geobacillus stearothermophilus11 provided 741 references. The MLT analysis left 183 articles. The
analysis of their titles by two experts left 15 articles for the title/abstract phase, and from these nine
articles passed to the full text phase for further analysis. Three papers (Harwood et al., 2018;
Jezewska-Frackowiak et al., 2019, Drillich and Wagener, 2018) were not dealing with safety concerns.
Three papers have serious methodological problems in relation to strain identification and source
attribution (Joshi et al., 2019; Shah et al., 2019) and are not food related (Aydin et al., 2018). Two
papers have a methodological problem in relation to strain identification and present a bacteraemia
case caused by B. licheniformis in an old and immunocompromised patient (of Li et al., 2016) and a
pleuritic caused by B. megaterium in an old patient with underlying diseases (Crisafulli et al., 2019).
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The paper of Gu et al. (2019) reports the analysis of the whole genome sequence of a Bacillus strain
indicating a low degree of homology with some virulence determinants of specific pathogens.
Moreover, this strain was shown to have haemolitic activity. This pathogenicity feature can be detected
by the cytotoxicity test that is required by the current qualification for all Bacillus spp.

The ELS did not come up with any information that would change the status of the Bacillus species
included in the QPS list and confirmed the qualification ‘absence of cytotoxicity’.

3.3.2.2. Geobacillus stearothermophilus

A search for papers potentially relevant for the QPS consideration of QPS Bacillus spp. And
Geobacillus stearothermophilus11 provided 741 references. The MLT analysis left 183 articles. The
analysis of their titles by two experts left 15 articles, for which of nine articles the full texts were
analysed. None was dealing with this species. Consequently, the QPS status G. stearothermophilus is
not changed.

3.3.3. Gram-negative bacteria

3.3.3.1. Gluconobacter oxydans

A search for papers potentially relevant for the QPS consideration of Gluconobacter oxidans and
Xanthomonas campestris11 provided 164 references. The analysis of their titles left one article; the rest
were discarded because they did not deal with safety concerns. No paper reached the final selection
phase for this TU. Consequently, the QPS status of G. oxydans is not changed.

3.3.3.2. Xanthomonas campestris

A search for papers potentially relevant for the QPS consideration of Gluconobacter oxidans and
Xanthomonas campestris11 provided 164 references. The analysis of their titles left one article; the rest
were discarded because they did not deal with safety concerns. No paper reached the evaluation
phase for this TU. Consequently, the QPS status of X. campestris is not changed.

3.3.4. Yeasts

A search for papers potentially relevant for the QPS consideration of the yeast species included in
the QPS list provided 491 references. The MLT analysis left 357 articles. The analysis of their titles left
49 articles. Eighteen of these were immediately excluded because they were not in English or because
they were not dealing with safety concerns. thirty-one arrived to the article evaluation step. From
these, 10 were not in English or not describing a safety concern. Thus, the ELS identified 21 articles
relevant to different yeast species with QPS status. Out of these 21 articles, 13 referred to
Kluyveromyces marxianus (anamorph = Candida kefyr) (Altintop et al., 2019; Arastehfar et al., 2019;
Espinel-Ingroff et al., 2019; Fay et al., 2018; Ghajari et al. 2018; Hamzehee et al., 2019; Hosain-Pour
et al., 2018; Lim et al., 2019; Maheronnaghsh et al., 2019; Mirhendi et al., 2019; Ruosta et al., 2019;
Salse et al., 2019; Srivastava et al., 2018), 7 to Saccharomyces cerevisiae including Saccharomyces
boulardii (Davis et al., 2019; Espinel-Ingroff et al., 2019; Fadhel et al., 2019; Landaburu et al., 2019;
Oladugba et al., 2018; P�erez-Cantero et al., 2019; Sharma et al., 2019), 5 to Debaryomyces hansenii
(anamorph=Candida famata) (El-Mashad et al., 2019; Espinel-Ingroff et al., 2019; Fay et al., 2018;
Karapetsa et al., 2019; Srivastava et al., 2018) and 1 to Kluyveromyces lactis (anamorph=Candida
spherica) (El-Mashad et al., 2019). For the other yeast species with QPS status, no relevant studies
were identified through the ELS.

Some of these articles were considered relevant to evaluate since they presented results about the
antimycotic susceptibility of specific yeast TU. Espinel-Ingroff et al. (2019) analysed the MIC of triazole
in different strains of C. kefyr and S. cerevisiae. The in vitro activity of compounds amphotericin B,
voricona-zole and anidulafungin of S. cerevisiae has been described in P�erez-Cantero et al. (2019).

Methodological problems were identified in 8 of those 21 studies (Altintop et al., 2019; El-Mashad
et al., 2019; Espinel-Ingroff et al., 2019; Fay et al., 2018; Landaburu et al., 2019; Lim et al., 2019;
Maheronnaghsh et al., 2019; Oladugba et al., 2018).

Nine described isolations of the QPS yeasts from opportunistic infections in patients and in the
majority of them serious predisposing factors were described. Karapetsa et al. (2019) claim to be the
first to report septic shock due to D. hansenii in an immunocompetent subject, although the patient
was characterised as showing ‘immunoparalysis’. The young male had serious injuries after a car
accident and was admitted to an intensive care unit. Predisposing conditions included a central venous
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catheter, recurrent bacterial infections and prolonged use of antibiotics. The patient recovered from
the fungal infection after treatment with amphotericin B. Six of the studies described infection
produced by K. marxianus (C. kefyr) with low incidence. Ruosta et al. (2019) reidentified a number of
isolates from different hospital yeast collections without information about the health status of the
patients; Hamzehee et al. (2019) isolated strains from oral candidiasis infection; Mirhendi et al. (2019)
from paediatric patients with invasive candidiasis and Hosain-Pour et al. (2018) from oral samples from
HIV/AIDS patients. Ghajari et al. (2018) isolated from women with suspected vulvovaginal candidiasis
K. marxianus but with low prevalence. Finally, two papers were associated with S. cerevisiae. Davis
et al. (2019) reports hepatosplenic infection by S. cerevisiae in a 4-year boy with lymphoblastic
leukaemia and Fadhel et al. (2019) report a case of S. cerevisiae fungaemia in a 74-year-old man with
predisposing factors in an intensive care unit, who had been taking a probiotic containing
Saccharomyces cerevisiae (boulardii) for several years.

In short, the ELS did not identify any information that would change the status for the yeast
species included in the QPS list.
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Table 3: Articles that arrived to the evaluation phase (final step of the extensive literature search) for the QPS status yeasts group (21 articles with 26 studies)

Relevant to the
QPS exercise(a),(b)

21 articles (26
studies)

Articles not
describing
safety
concerns

1 article
(1 study)

Any
methodological
problem
identified?

Yes
1 article
(1 study)

Methodology used for identity confirmation
of the microorganism 1 article

(1 study)
Oladugba et al. (2018)

Reliability of the source attribution None

Misuse of the microorganism None
Predisposing factors in the exposed subjects None

Other reasons None
No None

Articles
dealing with
safety
concerns

20 articles
(25
studies)

Any
methodological
problem
identified?

Yes 7 articles
(11
studies)

Methodology used for identity confirmation
of the microorganism

7 articles
(11
studies)

Lim et al. (2019)
Maheronnaghsh et al. (2019)
Fay et al. (2018)
Altintop et al. (2019)
Salse et al. (2019)
El-Mashad et al. (2019)
Espinel-Ingroff et al. (2019)

Reliability of the source attribution None

Misuse of the microorganism None
Predisposing factors in the exposed subjects 1 article

(2 study)
El-Mashad et al. (2019)

Other reasons None

No 13 articles
(14
studies)

P�erez-Cantero et al., 2019
Srivastava et al. (2018)
Landaburu et al. (2019)
Ruosta et al. (2019)
Hamzehee et al. (2019)
Sharma et al. (2019)
Arastehfar et al. (2019)
Ghajari et al. (2018)
Hosain-Pour et al. (2018)
Mirhendi et al. (2019)
Fadhel et al. (2019)
Karapetsa et al. (2019)
Davies et al. (2019)

(a): Please refer to Appendix D for the complete list of references.
(b): Number of references (articles and studies) indicated for each step.
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3.3.5. Viruses used for plant protection

3.3.5.1. Alphaflexiviridae

A search for papers potentially relevant for the QPS consideration of Alphaflexiviridae and
Potyviridae11 provided 41 references. No paper dealing with Alphaflexiviridae reached the final
selection phase; thus, no new safety concern was found.

3.3.5.2. Potyviridae

Two papers (Gachara and Wisser, 2018; Cong et al., 2019), dealing with Potyviridae reached the
final selection phase, but no new safety concern was described.

3.3.5.3. Baculoviridae

A search for papers potentially relevant for the QPS consideration of Baculoviridae provided
58 references. Three articles reached the final selection phase.

Zhao et al. (2019) is an in-depth study on the fate and consequences of baculovirus infection by
intravenous infection of rats. This is an unusual interaction of baculoviruses and vertebrate hosts;
normally vertebrates only ingest baculoviruses by food intake. Nevertheless, no pathology and no
adverse effects on animal health were observed. Charon et al. (2019) describe largely the regulatory
framework for agrochemicals (including baculoviruses) and promote the inclusion of baculoviruses as
low risk substance. Nan et al. (2019) note the prion-like properties of one gene product (Late Essential
Factor 10) related to the insect pathology of baculoviruses. This has no consequences for the safety of
baculoviruses as biocontrol agent of insect pests for vertebrates.

The ELS did not come up with any information that would change the current QPS status of any of
the above virus families.

4. Conclusions

ToR 1: Keep updated the list of biological agents being notified, in the context of a technical dossier
to EFSA Units (such as Feed, Food Ingredients and Packaging (FIP), Nutrition Unit and Pesticides Unit),
for intentional use in feed and/or food or as sources of food and feed additives, enzymes and plant
protection products for safety assessment:

Between April 2019 and September 2019, the list was updated with 54 notifications that were
received by EFSA, of which 25 were for feed additives, 15 for food enzymes, food additives and
flavourings, 9 for novel foods and 3 for plant protection products.

ToR 2: Review taxonomic units previously recommended for the QPS list and their qualifications
when new information has become available:

In relation to the results of the monitoring of possible new safety concerns related to the QPS list,
there were no results that justify removal of any TU from the QPS list or changes in their respective
qualifications.

ToR 3: (Re)assess the suitability of taxonomic units notified to EFSA not present in the current QPS
list for their inclusion in that list:

The TUs corresponding to 23 out of the 54 notifications received, already had a QPS status.
Of the 31 notifications without a QPS status, 7 notifications related to filamentous fungi which were

excluded from QPS activities in the follow-up of a recommendation of the QPS 2013 update (EFSA
BIOHAZ Panel, 2013, 2014, 2016), 6 notifications related to E. coli, which was excluded from the
current mandate by the BIOHAZ Panel (EFSA BIOHAZ Panel, 2018a) Sphingomonas paucimobilis which
was already evaluated in the previous Panel Statement.

• The remaining 17 notifications, corresponding to 16 TUs were evaluated:
• Protaminobacter rubrum already evaluated during the previous QPS mandate
• Schizochytrium sp. which it is a genus and not a species and therefore, not adequate for QPS

approach.
• Aurantiochytrium limacinum, Bacillus velezensis, Corynebacterium stationis, Cupriavidus

necator, Hamamotoa singularis, Kodamaea ohmeri, Lactobacillus parafarraginis, Paenibacillus
illinoisenis, Pantoea ananatis, Parageobacillus thermoglucosidasius, Rhodococcus aetherivorans,
Rhodococcus ruber, Tetraselmis chuii, Zygosaccharomyces rouxii, evaluated for the first time.

BIOHAZ statement on QPS: suitability of taxonomic units notified until September 2019

www.efsa.europa.eu/efsajournal 26 EFSA Journal 2020;18(2):5965



5. Recommendations

• Protaminobacter rubrum cannot be assessed for a possible QPS recommendation because it is
not a valid species name.

• Lactobacillus parafarraginis and Zygosaccharomyces rouxii are recommended to be included in
the QPS list.

• Parageobacillus thermoglucosidasius and Paenibacillus illinoisensis can be recommended for
QPS list with the qualification ‘for production purposes only’ and absence of toxigenic potential.

• Bacillus velezensis can be recommended for QPS list with the qualification ‘absence of toxigenic
potential and absence of aminoglycoside production ability’.

• Aurantiochytrium limacinum, Cupriavidus necator and Tetraselmis chuii can be recommended
for the QPS status with the qualification ‘for production purposes only’.

• Pantoea ananatis is not recommended for the QPS list due to lack of body of knowledge in
relation to its pathogenicity potential for plants.

• Corynebacterium stationis, Hamamotoa singularis, Rhodococcus aetherivorans and
Rhodococcus ruber cannot be recommended for the QPS list due to lack of body of knowledge.

• Kodamaea ohmeri cannot be recommended for the QPS list due to safety concerns.

This new QPS recommendation will be included as an addition to the list of QPS status
recommended biological agents (EFSA BIOHAZ Panel, 2016), published both as an update to the
Scientific Opinion (EFSA BIOHAZ Panel, 2016) and as supporting information available on the EFSA
Knowledge Junction community on Zenodo at: https://doi.org/10.5281/zenodo.1146566
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Anamorph name second valid name of a fungi based on the asexual state
reproductive state (morphologically)

Antimicrobial compounds Antibiotics, bacteriocins and/or small peptides with antimicrobial
activity

Basonym name the earliest validly published name of a taxon
Synonymous name/Homotypic
synonym

have the same type (specimen) and the same taxonomic rank

Teleomorph name primary name of a fungi based on the sexual reproductive state
(morphologically)
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BIOHAZ EFSA Panel on Biological Hazards
LS extensive Literature Search
FEEDAP EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP)
FIP EFSA Food ingredients and packaging Unit
FSTA Food Science Technology Abstracts
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PPP plant protection product
ToR Terms of Reference
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Appendix A – Search strategy followed for the (re)assessment of the
suitability of TUs notified to EFSA not present in the current QPS list for
their inclusion in the updated list (reply to ToR 3)

Protaminobacter rubrum

Not done as it is not a valid species name.

Bacillus velezensis

A literature search was performed in the last 5 years in PubMed database, using the search terms
described below, retrieved the following number of hits:

• “Bacillus velezensis”: 139 hits (several biotech and industrial applications);
• “Bacillus velezensis” AND toxin*: 4 hits (3 papers on B. velezensis used to reduced mycotoxins;

no report of intoxication);
• “Bacillus velezensis” AND surfactin: 20 hits (B. velezensis produces surfactins (cyclic non-

ribosomally synthetized peptides));
• “Bacillus velezensis” AND probiot*: 13 hits (reports on fish and one on chickens);
• “Bacillus velezensis” AND (diseas* OR infect* OR intox*): 44 (no report on diseases in animals

or humans).

Corynebacterium stationis

A literature search was performed in PubMed database, using the search terms “Corynebacterium
stationis” retrieved 12 hits from which, 2 were relevant (Bernard et al., 2010; and Liu et al.,2016).

A literature search also performed in PubMed database, using the search terms “Brevibacterrium
stationis” retrieved 11 hits.

Cupriavidus necator

A literature search was performed in PubMed database, using the search terms below and retrieved
the following number of hits:

• “Cupriavidus necator”: 1,034 hits;
• “Cupriavidus necator” AND taxonomy: 66 hits from which, 4 were selected;
• “Cupriavidus necator” AND safety: 5 with nothing relevant;
• “Cupriavidus necator” AND infection: 19 hits with nothing relevant;
• “Cupriavidus necator” AND disease: 6 hits with nothing relevant.

Lactobacillus parafarraginis

A literature search was performed in the Web of Science Core collection, using the search term
“Lactobacillus parafarraginis” retrieved 22 articles that were screened and 10 were selected and
considered as relevant.

Paenibacillus illinoisensis

A literature search was performed in PubMed database, using the search terms “Paenibacillus
illinoisensis” retrieved 16 hits.

Pantoea ananatis

A literature search was performed in PubMed database, using the search terms “Pantoea ananatis”
retrieved 185 hits.

Parageobacillus thermoglucosidasius

A literature search was performed in PubMed database, using the search terms described below,
retrieved the following number of hits:

• “Parageobacillus thermoglucosidasius”: 7 hits;
• “Geobacillus thermoglucosidasius”: 69 hits;
• “Geobacillus thermoglucosidans”: 19 hits;
• “Bacillus thermoglucosidasius”: 42 hits.
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Rhodococcus aetherivorans

A literature search was performed in PubMed database, using the search terms “Rhodococcus
aetherivorans” retrieved 23 hits.

Rhodococcus ruber

A literature search was performed in the Web of Science Core collection, using the search term
“Rhodococcus ruber” provided a total of 35 hits.

A literature search was also performed in PubMed database, using the same search term, retrieved
177 papers.

Hamamotoa singularis

A literature search was performed in PubMed database, using the search terms described below,
retrieved the following number of hits:

• “Hamamotoa singularis: 1 hit (Wang et al., 2015);
• “Hamamotoa” AND infection: no hits;
• “Sporobolomyces singularis”: 15 hits;
• “Sporobolomyces AND infection: 1 hit;
• “Sporobolomyces” AND safety: 2 hits.

Kodamaea ohmeri

A literature search was also performed in PubMed database, using the search term “Kodamaea
ohmeri”, retrieved 82 papers.

Zygosaccharomyces rouxii

A literature search was also performed in PubMed database, using the search term
“Zygosaccharomyces rouxii”, retrieved 282 papers.
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Appendix B – Protocol for Extensive literature search (ELS), relevance
screening and article evaluation for the maintenance and update of list of
QPS-recommended biological agents (reply to ToR 2)

The protocol for extensive literature search (ELS) used in the context of the EFSA mandate on the
list of QPS-recommended biological agents intentionally added to the food or feed (EFSA-Q-2016-
00684) is available on the EFSA Knowledge Junction community on Zenodo, at: https://doi.org/10.
5281/zenodo.3607190
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Appendix C – Search strategies for the maintenance and update of list of
QPS-recommended biological agents (reply to ToR 2)

The search strategies for each taxonomic unit (TU), i.e. the string for each TU and the search
outcome, are available on the EFSA Knowledge Junction community on Zenodo at: https://doi.org/10.
5281/zenodo.3607193
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Appendix D – References selected from the ELS exercise as relevant for
the QPS for searches from January to June 2019 (reply to ToR 2)

Gram-Positive Non-Sporulating Bacteria

Bifidobacterium

Arai T, Nakazawa A, Seki T and Seto Y, 2018. Non-alcoholic liver injury inhibitor (in Japanese).
Athalye-Jape G and Patole S, 2019. Probiotics for preterm infants - time to end all controversies.

Microbial Biotechnology, 12, 249–253. https://doi.org/10.1111/1751-7915.13357
Ehiwuogu-Onyibe J, Opeyemi A, James M and Gloria E, 2019. African journal of microbiology research

in vivo safety and hypolipidemic effect of bifidobacterium adolenscentis CH 2 in female albino rats.
African Journal of Microbiology Research, 13, 195–205. https://doi.org/10.5897/ajmr2019.9060

Sun H, Guo Q, Li S, Liu M, Chen L and Huang J, 2018. Bifidobacterium longum having cephalosporin
resistance and high expression of Sir2 protein, and application thereof. Pub. No.: WO/2018/218694
International Application No.: PCT/CN2017/087285.

Kothari D, Patel S and Kim S-K, 2019. Probiotic supplements might not be universally-effective and
safe: a review. Biomedicine and Pharmacotherapy, 111, 537–547. https://doi.org/10.1016/j.biopha.
2018.12.104

Vandenplas Y and Savino F, 2019. Probiotics and prebiotics in pediatrics: What is new? Nutrients, 11,
431. https://doi.org/10.3390/nu11020431

Carnobacterium divergens

None.

Corynebacterium glutamicum

None.

Lactobacilli

Castro-Gonz�alez JM, Castro P, Sandoval H and Castro-Sandoval D, 2019. Probiotic Lactobacilli
precautions. Front Microbiology, 10, 375. https://doi.org/10.3389/fmicb.2019.00375

Fonolla J, Pastor-Villaescusa B, Hurtado JA, Gil-Campos M, Uberos J, Leante JL, Affumicato L, Iglesias-
Deus A, Garrido JM, Valero AD, Rodriguez C, Diaz-Ropero MP, Maldonado-Lobon JA and Olivares N,
2019. Influence of breast milk microbiota on colonization, growth and health of infants. effects of
probiotic intervention. Annals of Nutrition and Metabolism, 74, 5.

Hubbard J, Jariwala B, Hill A, Gega A and Palesty JA, 2018. A new bacterium, lactobacillus acidophilus,
causing necrotizing fasciitis. The American Surgeon, 84, e61–e63.

Kothari D, Patel S and Kim S-K, 2019. Probiotic supplements might not be universally-effective and
safe: a review. Biomedicine and Pharmacotherapy, 111, 537–547.

Kundumadam SD, Kanaan Z and Ehrinpreis MN, 2018. A rare case of enterococcus faecalis
endocarditis following colonoscopy requiring mitral valve replacement in a patient with no valvular
abnormalities. American Journal of Gastroenterology, 113, S1067–S1067.

Nayeem M, Firdous N, Dang M-T, Hafeez W and Arsene C, 2018. When the good becomes the bad: A
case of lactobacillus rhamnosus septicemia unrelated to probiotic use. American Journal of
Gastroenterology, 113, S1220.

Riedel CU, 2018. Clinical Significance of Bifidobacteria. Bifidobacteria and Related Organisms: Biology,
Taxonomy, Applications, 221–234.

Rossi F, Amadoro C and Colavita G, 2019. Members of the lactobacillus genus complex (LGC) as
opportunistic pathogens: a review. Microorganisms, 7.

Lactococcus lactis

Nagaraj G, Girdhar A, Chinnappa J, Ganaie F, Govindan V and Ravikumar KL, 2019. Bacterial profile of
middle ear fluid with recurrent acute otitis media infection using culture independent 16S rDNA
gene sequencing. Journal of Pediatric Infectious Diseases, 14, 108–115.

Shimizu A, Hase R, Suzuki D, Toguchi A, Otsuka Y, Hirata N and Hosokawa N, 2019. Lactococcus lactis
cholangitis and bacteremia identified by MALDI-TOF mass spectrometry: a case report and review of
the literature on Lactococcus lactis infection. Journal of Infection and Chemotherapy, 25, 141–146.
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Leuconostoc

Avand A, Akbari V and Shafizadegan S, 2018. In vitro cytotoxic activity of a lactococcus lactis
antimicrobial peptide against breast cancer cells. Iranian Journal of Biotechnology, 16, 213–220.

Microbacterium imperiale

None.

Oenococcus oeni

Barbieri F, Montanari C, Gardini F and Tabanelli G, 2019. Biogenic amine production by lactic acid
bacteria: a review. Foods, 8, 17. https://doi.org/10.3390/foods8010017

Pasteuria nishizawae

None.

Pediococci

Brenciani A, Fioriti S, Morroni G, Cucco L, Morelli A, Pezzotti G, Paniccia M, Antonelli A, Magistrali CF,
Rossolini GM and Giovanetti E, 2019. Detection in Italy of a porcine Enterococcus faecium isolate
carrying the novel phenicol-oxazolidinone-tetracycline resistance gene poxt. A Journal of
Antimicrobial Chemotherapy, 74, 817–818.

Thumu SCR and Halami PM, 2019. Heterogeneity of macrolide-lincosamide-streptogramin phenotype &
conjugal transfer of erm(B) in Pediococcus pentosaceus. Indian Journal of Medical Research, 149,
270–275.

Propionibacterium

None.

Streptococcus thermophilus

Wardill HR, Tissing WJE, Kissow H and Stringer AM, 2019. Animal models of mucositis: critical tools for
advancing pathobiological understanding and identifying therapeutic targets. Current Opinion in
Supportive and Palliative Care, 13, 119–133.

Yang C and Yu T, 2019. Characterization and transfer of antimicrobial resistance in lactic acid bacteria
from fermented dairy products in China. Journal of Infection in Developing Countries, 13, 137–148.

Gram-Positive Spore-forming Bacteria

Bacillus

Harwood CR, Mouillon J-M, Pohl S and Arnau J, 2018. Secondary metabolite production and the safety
of industrially important members of the Bacillus subtilis group. Fems Microbiology Reviews, 42,
721–738.

Jezewska-Frackowiak J, Zebrowska J, Czajkowska E, Jasinska J, Peksa M, Jedrzejczak G and Skowron PM,
2019. Identification of bacterial species in probiotic consortiums in selected commercial cleaning
preparations. Acta Biochimca Poloncia, 66, 215–222. https://doi.org/10.18388/abp.2018_2782

Drillich M and Wagener K, 2018. Pathogenesis of uterine diseases in dairy cattle and implications for
fertility. Animal Reproduction, 15, 879–885. https://doi.org/10.21451/1984-3143-ar2018-0023

Joshi S, Udani S, Sen S, Kirolikar S and Shetty A, 2019. Bacillus Clausii septicemia in a pediatric patient
after treatment with probiotics. The Pediatric Infectious Disease Journal, 38, e228–e230. https://d
oi.org/10.1097/inf.0000000000002350

Shah TA, Lee CC, Orts WJ and Tabassum R, 2019. Biological pretreatment of rice straw by ligninolytic
Bacillus sp. strains for enhancing biogas production. Environmental Progress and Sustainable
Energy, 38, e13036. https://doi.org/10.1002/ep.13036

Aydin ZGG, Aydemir D, Arslan EA, Ozkaya E, Kamasak T, Sahin S, Guvercin AR, Yazar U, Arslan E,
Cakir E and Cansu A, 2018. Evaluation of ventriculoperitoneal shunt infections in children. Journal of
Pediatric Infection, 12, e147–e152. https://doi.org/10.5578/ced.201843

Li X, Zhang Y, Wei Z, Guan Z, Cai Y and Liao X, 2016. Antifungal activity of isolated Bacillus
amyloliquefaciens SYBC H47 for the biocontrol of peach gummosis. Plos One, 11, e0162125.
https://doi.org/10.1371/journal.pone.0162125
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Crisafulli E, Aredano I, Valzano I, Burgazzi B, Andrani F and Chetta A, 2019. Pleuritis with pleural
effusion due to a Bacillus megaterium infection. Respirology Case Reports, 7, e00381. https://doi.
org/10.1002/rcr2.381

Gu H-J, Su n Q-L, Luo J-C, Zhang J and Sun L, 2019. A first study of the virulence potential of a
bacillus subtilis isolate from deep-sea hydrothermal vent. Frontiers in Cellular and Infection
Microbiology, 9. https://doi.org/10.3389/fcimb.2019.00183

Geobacillus stearothermophilus

None.

Gram-negative bacteria

Gluconobacter oxydans

None.

Xanthomonas campestris

None.

Yeasts

Alrayyes SF, Alruwaili HM, Taher IA, Elrahawy KM, Almaeen AH, Ashekhi AO and Alam MK, 2019. Oral
Candidal carriage and associated risk indicators among adults in Sakaka, Saudi Arabia. Bmc Oral
Health, 19, 86. https://doi.org/10.1186/s12903-019-0775-8

Altintop YA, Ergul AB, Koc AN and Atalay MA, 2019. Evaluation of Candida colonization and use of the
Candida Colonization Index in a paediatric Intensive Care Unit: a prospective observational study.
Le infezioni in medicina: rivista periodica di eziologia, epidemiologia, diagnostica, clinica e terapia
delle patologie infettive, 27, 159–167.

Arastehfar A, Daneshnia F, Farahyar S, Fang W, Salimi M, Salehi M, Hagen F, Pan W, Roudbary M and
Boekhout T, 2019. Incidence and spectrum of yeast species isolated from the oral cavity of Iranian
patients suffering from hematological malignancies. Journal of Oral Microbiology, 11.

Cakmakliogullari EK, Asgin N and Degeri K, 2019. A comparison of the costs, reliability and time of
result periods of widely used methods, new molecular methods and maldi Tof-MS in the routine
diagnosis of candida strains. Mikrobiyoloji Bulteni, 53, 204–212.

Chakrabarti A and Sharma M, 2019. Epidemiology of emerging fungal infections in ICU. Current Fungal
Infection Reports, 13, 1–10.

Davies E, Shipp A, Hawkes R and Wynn RF, 2019. Successful management of hepatosplenic infection
due to Saccharomyces cerevisiae in a child with acute Lymphoblastic Leukemia. Journal of Pediatric
Hematology/Oncology, 8.

Demir E, Kilic GB and Ozbalci D, 2019. Biosafety assessment of probiotics “probiotics”. Turkish Journal
of Agriculture - Food Science and Technology, 7:639-645.

Desnos-Ollivier M, Bretagne S, Boullie A, Gautier C, Dromer F, Lortholary O, Brieu N, Chouaki T, Pihet
M, Bland S, Blanc V, Bellanger AP, Grenouillet F, Millon L, Brun S, Poilane I, Gabriel F, Roux AL,
Quinio D, Moalic E, Bonhomme J, Poirier P, Nourrisson C, Botterel F, Ait-Ammar N, Fauchet N,
Forget E, Dalle F, Cahen P, Lawrence C, Faure O, Maubon D, Cornet M, Nicolas M, Demar M, Nabet
C, Angoulvant A, Picot S, Traversier N, Eloy O, Sendid B, Bouteille B, Persat F, Wallon M, Ranque S,
Piarroux H, Desbois N, Collet L, Bourgeois N, Moriot F, Mouquet O, Hasseine L, Gari-Toussaint M,
Sasso M, Poisson D, Minoza A, Kauffman C, Toubas D, Gangneux JP, Favennec L, Godineau N,
Raberin H, Bru V, Cassaing S, Bailly E, Chachaty E, Bonnal C, Paugam A, Heym B, Bougnoux ME,
Sitterle E, Alanio A, Moissenet D, Bonacorsi S, Mariani P and French Mycoses Study G, 2019.
Isavuconazole MIC distribution of 29 yeast species responsible for invasive infections (2015–2017).
Clinical Microbiology and Infection, 25, 634.e1–634.e4. https://doi.org/10.1016/j.cmi.2019.02.007

Elfaituri MK, Alkomos MF, Zayan AH, Mai Nhu Y, Alshareef A, Kalo A, Nguyen Thi Linh H, Enabi S, Thai
Le Ba N, Shehata TA, Gaballa N, Sawaf B, Linh T and Nguyen Tien H, 2019. Comparative efficacy
and safety of probiotics treatment in inflammatory bowel diseases: a systematic review and
network meta-analysis. Gastroenterology, 156, S642–S643.

El-Mashad NBE-D, Aal AMA, Elewa AM and Elshaer MYS, 2019. Nosocomial yeast infections among
cancer patients in Egypt: species distribution and antifungal susceptibility profile. Jundishapur
Journal of Microbiology, 12, 1–7. https://doi.org/10.5812/jjm.82421
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Espinel-Ingroff A, Turnidge J, Alastruey-Izquierdo A, Botterel F, Canton E, Castro C, Chen YC, Chen Y,
Chryssanthou E, Dannaoui E, Garcia-Effron G, Gonzalez GM, Govender NP, Guinea J, Kidd S,
Lackner M, Lass-Floerl C, Linares-Sicilia MJ, Lopez-Soria L, Magobo R, Pelaez T, Quindos G,
Rodriguez-Iglesia MA, Ruiz MA, Sanchez-Reus F, Sanguinetti M, Shields R, Szweda P, Tortorano A,
Wengenack NL, Bramati S, Cavanna C, DeLuca C, Gelmi M, Grancini A, Lombardi G, Meletiadis J,
Negri CE, Passera M, Peman J, Prigitano A, Sala E and Tejada M, 2019. Method-dependent
epidemiological cutoff values for detection of triazole resistance in Candida and aspergillus species
for the sensititre yeastone colorimetric broth and etest agar diffusion methods. Antimicrobial Agents
and Chemotherapy, 63.

Fadhel M, Patel S, Liu E, Levitt M and Asif A, 2019. Saccharomyces cerevisiae fungemia in a critically ill
patient with acute cholangitis and long term probiotic use. Medical Mycology Case Reports, 23, 23–25.

Fay VdS, Rodrigues DMG, Goncalves SMB, Gregianini TS and Bonamigo RR, 2018. Drug susceptibility
in emerging fungal infections: tests with fluconazole, itraconazole, and amphotericin B. Anais
Brasileiros de Dermatologia, 93, 462–464.

Ghajari A, Lotfali E, Ahmadi NA, Fassihi PN, Shahmohammadi N, Ansari S, Norouzi M and Arab-
Mazar Z, 2018. Isolation of different species of Candida in patients with vulvovaginal candidiasis
from Damavand, Iran. Archives of Clinical Infectious Diseases, 13, e59291. https://doi.org/10.
5812/archcid.59291

Hamzehee S, Kalantar-Neyestanaki D, Mohammadi MA, Nasibi S and Mousavi SAA, 2019. Identification
of Candida spp. isolated from oral mucosa in patients with leukemias and lymphomas in Iran.
Iranian Journal of Microbiology, 11, 114–119.

Hosain-Pour A, Salari S and Ghasemi Nejad Almani P, 2018. Oropharyngeal candidiasis in HIV/AIDS
patients and non-HIV subjects in the Southeast of Iran. Current Medical Mycology, 4, 1–6. https://d
oi.org/10.18502/cmm.4.4.379

John CN, Abrantes PMDS, Prusty BK, Ablashi DV and Africa CWJ, 2019. K21 Compound, a potent
antifungal agent: implications for the treatment of fluconazole-resistant HIV-Associated Candida
Species. Frontiers in Microbiology, 10, 1021. https://doi.org/10.3389/fmicb.2019.01021

Karapetsa M, Tsolaki V, Arabatzis M, Petinaki E, Velegraki A and Zakynthinos E, 2019. Septic shock due to
Candida famata (Debaryomyces hansenii) candidemia in an ICU immunocompetent trauma-patient.
Journal of Infection and Public Health, 12, 594–597. https://doi.org/10.1016/j.jiph.2018.12.015

Kostakoglu U, Yilmaz G and Koksal I, 2018. Fungal infections; species distribution and treatment
response. Flora-Infeksiyon Hastaliklari Ve Klinik Mikrobiyoloji Dergisi, 23, 73–78.

Landaburu MF, Lopez Daneri GA, Relloso S, Zarlenga LJ, Vinante MA and Mujica MT, 2019. Fungemia
following Saccharomyces cerevisiae var. boulardii probiotic treatment in an elderly patient. Revista
Argentina de Microbiolog�ıa, https://doi.org/10.1016/j.ram.2019.04.002

Lim H-W, Kim D-H, Jeong D, Kang I-B, Kim H and Seo K-H, 2019. Biochemical characteristics, virulence
traits and antifungal resistance of two major yeast species isolated from kefir: Kluyveromyces
marxianus and Saccharomyces unisporus. International Journal of Dairy Technology, 72, 275–281.
https://doi.org/10.1111/1471-0307.12582

Liu N, Tu J, Dong G, Wang Y and Sheng C, 2018. Emerging new targets for the treatment of resistant
fungal infections. Journal of Medical Chemistry, 61, 5484–5511. https://doi.org/10.1021/acs.jmedc
hem.7b01413

Maheronnaghsh M, Fatahinia M, Dehghan P, Zarei Mahmoudabadi PA and Kheirkhah M, 2019.
Comparison of virulence factors of different candida species isolated from the oral cavity of cancer
patients and normal individuals. Jundishapur Journal of Microbiology, In Press. https://doi.org/10.
5812/jjm.91556

Mirhendi H, Charsizadeh A, Eshaghi H, Nikmanesh B and Arendrup MC, 2019. Species distribution and
antifungal susceptibility profile of Candida isolates from blood and other normally sterile foci from
pediatric ICU patients in Tehran, Iran. Medical Mycology. https://doi.org/10.1093/mmy/myz047

Oladugba EO, Ogefere HO and Omoregie R, 2018. The prevalence of Saccharomyces cerevisiae
isolated from clinical specimens in Benin City, Nigeria. Annals of Biomedical Sciences, 17, 65–72.

P�erez-Cantero A, Thomson P, Paredes K, Guarro J and Capilla J, 2019. Antifungal susceptibility of
Saccharomyces cerevisiae and therapy in a murine model of disseminated infection. Revista
Iberoamericana de Micolog�ıa, 36, 37–40. https://doi.org/10.1016/j.riam.2018.04.004

Ramazzotti M, Stefanini I, Di Paola M, De Filippo C, Rizzetto L, Berna L, Dapporto L, Rivero D, Tocci N,
Weil T, Lenucci MS, Lionetti P and Cavalieri D, 2019. Population genomics reveals evolution and
variation of Saccharomyces cerevisiae in the human and insects gut. Environmental Microbiology,
21, 50–71. https://doi.org/10.1111/1462-2920.14422
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Ruosta FN, Charsizadeh A, Ghahri M, Jafari Z and Mirhendi H, 2019. Frequency of uncommon clinical
yeast species confirmed by ITS-sequencing. Archives of Clinical Infectious Diseases, 14, in press,
https://doi.org/10.5812/archcid.62816

Salse M, Gangneux JP, Cassaing S, Delhaes L, Fekkar A, Dupont D, Botterel F, Costa D, Bourgeois N,
Bouteille B, Houze S, Dannaoui E, Guegan H, Charpentier E, Persat F, Favennec L, Lachaud L and
Sasso M, 2019. Multicentre study to determine the Etest epidemiological cut-off values of antifungal
drugs in Candida spp. and Aspergillus fumigatus species complex. Clinical Microbiolal Infections, 25,
1546–1552. https://doi.org/10.1016/j.cmi.2019.04.027

Sharma J, Rosiana S, Razzaq I and Shapiro RS, 2019. Linking cellular morphogenesis with antifungal
treatment and susceptibility in candida pathogens. Journal of Fungi (Basel), 5. https://doi.org/10.
3390/jof5010017

Srivastava V, Singla RK and Dubey AK, 2018. Emerging virulence, drug resistance and future anti-
fungal drugs for candida pathogens. Current Topics in Medicinal Chemistry, 18, 759–778. https://
doi.org/10.2174/1568026618666180528121707

Viruses used for plant protection

Alphaflexiviridae

None.

Potyviridae

Cong QQ, Wang Y, Liu J, Lan YF, Guo ZK, Yang JG, Li XD and Tian YP, 2019. Evaluation of Potato virus
X mild mutants for cross protection against severe infection in China. Virology Journal, 16, 39,
https://doi.org/10.1186/s12985-019-1143-7

Gachara S and Wisser RJ, 2018. Synthetic biology for plant viral diagnostics: application to maize lethal
necrosis disease. Phytopathology, 108, 15–15.

Baculoviridae

Zhao M, Li S, Zhou Q, Zhou D, He N and Qian Z, 2019. Safety evaluation of microbial pesticide
(HaNPV) based on PCR method. Frontiers of Chemical Science and Engineering, 13, 377–384.
https://doi.org/10.1007/s11705-018-1777-9

Charon M, Robin D and Marchand PA, 2019. The major interest for crop protection of agrochemical
substances without maximum residue limit (MRL). Biotechnologie, Agronomie, Soci�et�e et
Environnement, 23, 22–29. https://doi.org/10.25518/1780-4507.17666

Nan H, Chen H, Tuite MF and Xu X, 2019. A viral expression factor behaves as a prion. Nature
Communications, 10, 359. https://doi.org/10.1038/s41467-018-08180-z
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Appendix E – The 2019 updated list of QPS Status recommended biological agents in support of EFSA risk
assessments

The list of QPS status recommended biological agents (EFSA BIOHAZ Panel, 2020) is being maintained in accordance with the mandate of the BIOHAZ
Panel (2017–2019), extended for the following years. Possible additions to this list are included around every 6 months, with the latest Panel Statement
adopted in December 2019. These additions are published as updates to the Scientific Opinion (EFSA BIOHAZ Panel, 2020); the updated QPS list is available
at https://doi.org//10.2903/j.efsa.2020.5966 and, as of January 2018, also as supporting information linked to every Panel Statement available on the
Knowledge Junction at https://doi.org/10.5281/zenodo.1146566.
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Appendix F – Microbial species as notified to EFSA, received between April 2019 and September 2019 (reply to
ToR 1)

EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Bacteria

Feed additives Bacillus amyloliquefaciens BS918,
Bacillus amyloliquefaciens BS1013,
Bacillus subtilis BS3BP5

Zootechnical additives/
Digestibility enhancers

EFSA-Q-2019-00480 Syncra® SWI 201 TPT (Bacillus
amyloliquefaciens BS918, Bacillus
amyloliquefaciens BS1013, Bacillus
subtilis BS3BP5 and Protease)

Yes No

Feed additives Bacillus amyloliquefaciens PTA-
6507, Bacillus amyloliquefaciens
NRRL B-50013 and Bacillus
amyloliquefaciens NRRL B-50104

Zootechnical additives/
Gut flora stabilisers

EFSA-Q-2019-00457 Enviva® PRO 202 GT (Bacillus
amyloliquefaciens PTA-6507,
Bacillus amyloliquefaciens NRRL
B-50013 and Bacillus
amyloliquefaciens NRRL B-50104)

Yes No

Feed additives Bacillus coagulans DSM 32016 Zootechnical additive
Gut flora stabiliser

EFSA-Q-2019-00313 TechnoSpore® (Bacillus coagulans
DSM 32016)

Yes No

Feed additives Bacillus licheniformis DSM 28710
(BL11)

Zootechnical additives/
Gut flora stabilisers

EFSA-Q-2019-00525 Already authorised for other target
species

Yes No

Feed additives Bacillus subtilis C-3102, DSM
15544

Zootechnical additive
Gut flora stabiliser

EFSA-Q-2019-00370/
FAD-2019-0037

Calsporin® (Bacillus subtilis C-3102,
DSM 15544)
Application for renewal

Yes No

Feed additives Bacillus subtilis PB6 (Bacillus
subtilis ATCC PTA-6737)

Zootechnical additives/
Gut flora stabilisers
Bacillus subtilis PB6
(Bacillus subtilis ATCC
PTA-6737)

EFSA-Q-2019-00410
FAD-2019-0017

Trade name: Bacillus subtilis PB6 Yes No

Plant protection
products

Bacillus subtilis RTI477 EFSA-Q-2019-00341 Yes No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Plant protection
products

Bacillus velezensis RTI301 Fungicide
Bacillus velezensis
RTI301 and Bacillus
subtilis RTI477 are the
microbial active
ingredients in the
formulated product
F4034-5, efficacious
against seed- and soil-
borne pathogens such
as Rhizoctonia solani,
Phytium spp.,
Phytophtora capsici,
Sclerotinia
sclerotiorum, Fusarium
spp., Phoma lingam
and Plasmodiophora
brassiceae

EFSA-Q-2019-00363 No Yes

Feed additives Corynebacterium glutamicum
DSM32932

Nutritional additives
Amino acids

EFSA-Q-2019-00331/
FAD-2019-0028

L-lysine monohydrochloride
produced by fermentation
using genetically modified
Corynebacterium glutamicum
DSM32932

Yes No

Feed additives Corynebacterium glutamicum
KCCM 80189

Nutritional additive
L-Isoleucine produced
by fermentation with
Corynebacterium
glutamicum KCCM
80189es
Amino acids

EFSA-Q-2019-00293 L-Isoleucine produced by
fermentation with Corynebacterium
glutamicum KCCM 80189

Yes No

Corynebacterium glutamicum
KCCM80183

Nutritional additives/
Amino acids

EFSA-Q-2019- 00411
FAD-2019-0016

L-Lysine monohydrochloride/
Concentrated liquid L-Lysine/L-
Lysine sulfate produced by
fermentation with Corynebacterium
glutamicum KCCM80183

Yes No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Feed additives Corynebacterium stationis Sensory additives
Flavouring compounds
IMP (disodium 50-
inosinate) produced by
fermentation with
Corynebacterium
ammoniagenes KCCM
80161

EFSA-Q-2019-00040 Disodium 50-inosinate feed grade is
a highly purified product and does
not contain any microorganisms.
After the fermentation, the cells of
the production strain
Corynebacterium ammoniagenes
KCCM80161 are eliminated by
filtration and centrifugation from
the fermentation broth

No Yes

Food enzymes,
food additives
and flavourings

Cupriavidus necator Production of food
contact material

EFSA-Q-2017-00412 The strain expresses the enzyme
PHBH synthase derived from
Aeromonas caviae, used for the
synthesis of a copolymer

No Yes

Food enzymes,
food additives
and flavourings

Escherichia coli (Strain K-12
W3110)

Production of food
enzyme D-allulose
3-epimerase

EFSA-Q-2019-00445 Genetically modified strain No No

Novel foods Escherichia coli (W3110 – TK0)
K12 -derivative

D-psicose-3-
epimerase, produced
by a GMO derivative
from E. coli K12, is
used in the synthesis
of allulose (novel food)

EFSA-Q-2019-00 The novel food is allulose. An
application for the FE has been
submitted to EFSA (EFSA-2016-
00211)

No No

Feed additives Escherichia coli AG3149 Nutritional additives,
Amino acids and
Sensory additive,
Flavouring compound

EFSA-Q-2019-00361/
FAD-2019-0035

L-isoleucine produced by
fermentation of Escherichia coli
AG3149
Application for renewal and
extension of use

No No

Food enzymes,
food additives
and flavourings

Escherichia coli BL21 (DE3) Production of food
enzyme OBT-001

EFSA-Q-2019-00444 Genetically modified strain No No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Novel foods Escherichia coli BL21 (DE3) Production of the
novel food Lacto-N-
neotetraose (LNnT)

EFSA-Q-2019-00448 Extension of the present
specifications for LNnT produced
by genetically modified (GM)
E. coli K-12 to include LNnT
produced by GM E. coli BL21
(DE3)

No No

Food enzymes,
food additives
and flavourings

Escherichia coli production strains
(LE1B1090)

Production of enzymes
(UDP-
glucosyltransferases
and a sucrose
synthase) derived
from GM strains of
E. coli K-12

EFSA-Q-2019-00499 Amendment of specification of
food additive steviol glycosides
produced by enzymatic conversion
of highly purified reb A and/or
stevioside from stevia leaf extract

No No

Food enzymes,
food additives
and flavourings

Genetically modified strain of
Bacillus licheniformis (strain NZYM-
VR)

Production of food
enzyme phospholipase
C

EFSA-Q-2019-00442 Yes No

Feed additives Komagataella phaffii appaT75
(CGMCC 12056)

Zootechnical additives/
Digestibility enhancers

EFSA-Q-2019-00461 APSA PHYTAFEED® 20,000 GR,
APSA PHYTAFEED® 20,000 L
(6-phytase produced by genetically
modified Komagataella phaffi
appaT75 (CGMCC 12056))

Yes No

Feed additive Lactobacillus parafarraginis DSM
32962

Technological
additives/Silage
additive

EFSA-Q-2019-00626/
FAD-2019-0062

Non-GMO lactobacillus/WGS
received as part of the dossier

No Yes

Feed additives Lactobacillus plantarum CECT 8350
and Lactobacillus reuteri CECT
8700

Zootechnical additives/
Gut flora stabilisers

EFSA-Q-2019-00487 AQ02® (Lactobacillus plantarum
CECT 8350 and Lactobacillus
reuteri CECT 8700)

Yes No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Food enzymes,
food additives
and flavourings

Paenibacillus illinoisensis Production of food
enzyme

EFSA-Q-2016-00523 The production strain is used in
the manufacturing of
cyclomaltodextrin
glucanotransferase. The initial
submission of the application
identified the strain as Bacillus
circulans. B. circulans group 6 has
been reclassified as the new
species P. illinoisensis

No Yes

Feed additives Pantoea ananatis - Strain NITE BP-
02525 strain

Nutritional additive
amino acids, their salts
and analogues and
sensory additive
flavouring compound

EFSA-Q-2019-00332/
FAD-2019-0026

L-cystine produced by fermentation
using strain NITE BP-02525 strain
which has been derived from
Pantoea ananatis

No Yes

Food enzymes,
food additives
and flavourings

Parageobacillus
thermoglucosidasius

Production of food
enzyme alpha-amylase

EFSA-Q-2016-00145 The food enzyme is an Alpha-
amylase
It was initially designated by the
applicant as Geobacillus
stearothermophilus which is
recommended for QPS. However,
new data provided after a request
for a 16S rRNA analysis,
demonstrated quite unambiguously
that the production strain is a
strain of Geobacillus
thermoglucosidans, closely related
to G. stearothermophilus but not
on the QPS list

No Yes

Feed additives Pediococcus pentosaceus DSM
16244

Technological additives
Silage additive

EFSA-Q-2019-00369/
FAD-2019-0039

Application for renewal Yes No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Novel foods Protaminobacter rubrum strain
CBS 574.77 us

For the production of a
Novel
Food ’Isomaltulose
syrup’

EFSA-Q-2018-00609 Request for a scientific opinion as
an NF; see also short published
summary of this application:
https://ec.europa.eu/food/sites/f
ood/files/safety/docs/novel-food_
sum_ongoing-app_isomaltulose-
syrup.pdf

No Yes

Food enzymes,
food additives
and flavourings

Rhodococcus aetherovorans strain
USA-AN012

Production of Food
Additives

EFSA-Q-2011-00612
EFSA-Q-2011-00613
EFSA-Q-2011-00614
EFSA-Q-2011-00615
EFSA-Q-2011-00616
EFSA-Q-2011-00617
EFSA-Q-2011-00637

The production strain is used in
the manufacturing of tartaric acid

No Yes

Food enzymes,
food additives
and flavourings

Rhodococcus ruber strain CM001 Production of Food
Additives

EFSA-Q-2011-00612
EFSA-Q-2011-00613
EFSA-Q-2011-00614
EFSA-Q-2011-00615
EFSA-Q-2011-00616
EFSA-Q-2011-00617
EFSA-Q-2011-00637

The production strain is used in
the manufacturing of tartaric acid

No Yes

Food enzymes,
food additives
and flavourings

Sphingomonas paucimobilis Production of Food
Additives

EFSA-Q-2011-00517 The production strain is used in
the manufacturing of Gellan Gum

No No

Filamentous fungi

Feed additives Aspergillus aculeatus CBS589.94 Zootechnical additives/
Digestibility enhancers

EFSA-Q-2019-00528 RONOZYME® VP (CT) and
RONOZYME® VP (L) (endo-1,3(4)-
b-glucanase (IUB No 3.2.1.6))
produced by Aspergillus aculeatus
CBS589.94

No No

Feed additives Aspergillus niger CGMCC No.5751 Zootechnical additives/
Other zootechnical
additives
Renewal authorisation

EFSA-Q-2019-00590/
FAD-2019-0054

AviPlus® is a preparation of sorbic
acid, citric acid, thymol and
vanillin. Citric acid is produced by a
non-GMO strain of A. niger

No No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Novel foods Aspergillus oryzae strain GL 470 Beta-galactosidase as
a novel food

EFSA-Q-2019-00257 The production of beta-
galactosidase via fermentation of a
stable non-GMO Aspergillus oryzae
strain

No No

Feed additives Trichoderma reesei RF11556 Zootechnical additives
Digestibility enhancers

EFSA-Q-2019-00330/
FAD-2019-0029

ECONASE® XT (endo-1,4-beta-
xylanase) produced by
fermentation of genetically
modified Trichoderma reesei
RF11556
Change in the production strain

No No

Feed additives Trichoderma reesei RF7265 Zootechnical additives
Digestibility enhancers

EFSA-Q-2019-00333/
FAD-2019-0027

FINASE® EC (6-phytase) produced
by fermentation of genetically
modified Trichoderma reesei
RF7265
Application for renewal

No No

Food enzymes,
food additives
and flavourings

Moniliella pollinis Production of food
flavourings

EFSA-Q-2011-00730 The production strain is used in
the manufacturing of erythritol

No No

Food enzymes,
food additives
and flavourings

Moniliella megachilensis Production of food
flavourings

EFSA-Q-2011-00730 The production strain is used in
the manufacturing of erythritol

No No

Yeasts

Novel food Euglena gracilis Biomass of Euglena
gracilis

EFSA-Q-2019-00593 The novel food is Paramylon,
derived from proprietary strain of
Euglena gracilis

Yes No

Food enzymes,
food additives
and flavourings

Hamamotoa singularis (homotypic
name as Sporobolomyces
singularis)

Food enzyme: Beta-
galactosidase from
Sporobolomyces
singularis (YIT 10047)

EFSA-Q-2016-00529 No Yes

Food enzymes,
food additives
and flavourings

Kodamaea ohmeri Production of food
flavourings

EFSA-Q-2011-00729 The production strain is used in
the manufacturing of xylitol

No Yes
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Feed additives Komagataella pastoris (CECT
13094)

Zootechnical additives
Digestibility enhancers,
substances which
favourably affect the
environment

EFSA-Q-2019-00430
FAD-2019-0041

Preparation of 3-phytase produced
by Komagataella pastoris (CECT
13094) presented in solid
(FSF10000) and liquid (FLF1000)
forms. The confirmation of the
identity of the GMM was
conducted using Microbial
Identification by DNA sequencing.

Yes No

Feed additives Komagataella pastoris appaT75
(CGMCC 12056)

Zootechnical additive
Digestibility enhancer
6- phytase produced
by a genetically
modified yeast

EFSA-Q-2019-00312/
FAD-2019-0021

APSA PHYTAFEED® 20,000 GR,
APSA PHYTAFEED® 20,000 L (6-
phytase)

Yes No

Feed additives Komagataella phaffi DSM 32854 Zootechnical additives/
Digestibility enhancers

EFSA-Q-2019-00479 OptiPhos® PLUS (6 phytase
produced by genetically
modified Komagataella phaffi DSM
32854)

Yes No

Feed additives Komagataella phaffii strain BSY-
0007 (DSM 32854) (GMO
production organism)
Komagataella phaffii BG10
(Recipient organism)

OptiPhos Plus is a 6-
phytase classified
under category 4
‘zootechnical additives’,
functional group (a)

‘digestibility
enhancers’,
subclassification
‘enzymes’ as specified
in Annex I to
Regulation (EC) No
1831/2003

EFSA-Q-2019-00303
FAD-2019-0023

GMO production organism:
Komagataella phaffii strain BSY-
0007 (DSM 32854)

Yes No

Feed additives Komagatella phaffii/Pichia pastoris
DSM 32159)

Technological
additives/Substances
for the reduction of
the contamination of
feed with mycotoxins

EFSA-Q-2019-00624/
FAD-2019-0061

FUMzyme® (fumonisin esterase)
produced by a genetically modified
strain of Komagatella phaffii

Yes No
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Feed additives Komagatella phaffii DSM 32854) Zootechnical additives/
Digestibility enhancers

EFSA-Q-2019-00526 OptiPhos® PLUS (6 phytase)
produced by a genetically modified
strain of Komagatella phaffii

Yes No

Feed additives Saccharomyces cerevisiae MUCL
39885

Zootechnical additives
Gut flora stabilisers
Saccharomyces
cerevisiae MUCL 39885

EFSA-Q-2019-00219 Saccharomyces cerevisiae MUCL
39885

Yes No

Food enzymes,
food additives
and flavourings

Zygosaccharomyces rouxii Production of food
flavourings

EFSA-Q-2011-00723 The production strain is used in
the manufacturing of mannitol

No Yes

Viruses

Plant protection
products

Phthorimaea operculella
granulovirus (PhopGV)

Insecticide with
activity against larvae
of the tomato
leafminer Tuta
absoluta and the
potato tuber moth
Phthorimae operculella

EFSA-Q-2019-00382 Belongs to the group of
Betabaculovirus

Yes No

Algae

Novel food Schizochytrium limacinum strain
WZU477 (synonym of
Aurantiochytrium limacinum)

Modification to include
Schizochytrium
limacinum strain
WZU477 for the
production of
Docosahexaenoic acid-
rich oil

EFSA-Q-2019-00306 Novel food already authorised No Yes

Novel food Schizochytrium sp Oil rich in
Docosahexaenoic acid
from Schizochytrium
sp

EFSA-Q-2019-00323 Novel food already authorised No Yes
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EFSA risk
assessment
area

Microorganism species/strain Intended use
EFSA Question
number(a) and EFSA
webpage link(b)

Additional information
provided by the EFSA
Scientific Unit

Previous QPS
status of the
respective
TU?(c)

To be
evaluated?
yes or no(d)

Novel food Schizochytrium sp. Production of DHA-rich
oil (BioDHA) from
Schizochytrium sp. as
a novel food

EFSA-Q-2019-00548 Extension of use in infant and
follow-on formulae

No Yes

Novel food Tetraselmis chuii Dried Tetraselmis chuii
microalgae as a novel
food

EFSA-Q-2019-00535 Modification of the specifications of
the dried Tetraselmis chuii
microalgae, already authorised

No Yes

(a): To find more details on specific applications please access the EFSA website - Register of Questions: http://registerofquestions.efsa.europa.eu/roqFrontend/ListOfQuestionsNoLogin?0&panel=ALL
(b): Where no link is given this means that the risk assessment has not yet been published.
(c): Included in the QPS list as adopted in December 2016 (EFSA BIOHAZ Panel, 2017a) and respective updates which include new additions (latest: EFSA BIOHAZ Panel, 2019b).
(d): In the current Panel Statement.
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