_* B
v

- efsam

European Food Safety Authority EFSA Journal 2009; 7(12):1431

SCIENTIFIC OPINION

Scientific Opinion on the maintenance of the list of QPS microorganisms
intentionally added to food or feed (2009 update)®

EFSA Panel on Biological Hazards (BIOHAZ)*?®

European Food Safety Authority (EFSA), Parma, Italy

ABSTRACT

EFSA is requested to assess the safety of a broad range of biological agents in the context of notifications for
market authorisation as sources of food and feed additives, enzymes and plant protection products. The qualified
presumption of safety (QPS) concept was developed by EFSA for its own use to provide a generic food safety
assessment approach applicable across EFSA’s scientific Panels, for biological agents notified for intentional use
in the whole food chain. The safety of unambiguously defined biological agents at the highest taxonomic unit that
is appropriate for the purpose for which an application is intended are assessed, considering if the body of
knowledge is sufficient. Identified safety concerns for a taxonomic unit could be reflected as ‘qualifications’
when considered appropriate for an inclusion on the QPS list. The list of QPS recommended biological agents is
reviewed and updated annually. The 2009 update reviews the previously assessed microorganisms including
bacteria, yeasts and filamentous fungi and assesses several additional notifications concerning gram-positive and
gram-negative bacteria and yeasts. Lactobacillus cellobiosus, L. collinoides, Propionibacterium acidopropionici
and Oenococcus oeni were included in the QPS list. No filamentous fungi were included because of potential
production of toxic metabolites. For the first time viruses were assed. Insect viruses (Baculovirideae) and in the
case of zucchini yellow mosaic viruses the Potyvirideae family as the highest possible taxonomic unit were added
to the QPS list. Bacteriophages were considered as not appropriate for the QPS list. A potential presence of
antimycotic resistance of yeasts referred to on the QPS list was considered. It was concluded that yeast strains
resistant to antimycotics used for treatment of infections in humans might be of public health concern.
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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 QPS microorganisms intentionally added
to food or feed (2009 update).

The Opinion reviews the previous assessments of microorganisms in the context of a proposal for a
qualified presumption of safety (QPS). The previous list of QPS microorganisms that was published
in 2008 was reviewed and confirmed. An assessment of already notified and additional notifications
resulted this year in an inclusion of two new Lactobacillus species, Lactobacillus cellobiosus and L.
collinoides, Oenococcus oeni (Leuconostoc oenus) and Propionibacterium acidopropionici on the
QPS list.

The information on filamentous fungi that was published in a previous EFSA Opinion was reviewed
and updated this year. In line with the previous conclusions it was confirmed that filamentous fungi
would not be included on the QPS list because of their potential to produce toxic metabolites. They
will have to be assessed on a case by case basis.

Bacteriophages which were notified to EFSA were considered in this Opinion. It was concluded that
bacteriophages cannot be included on the QPS list. The reason for this conclusion is that each phage
should be assessed on a case-by-case basis for the nucleic acid sequence to demonstrate the
impossibility of a lysogenic cycle and the absence of any potential virulence factors and/or
antimicrobial resistance genes. Their genome packaging mechanism shall be assessed to minimise the
risk of potential transduction of bacterial genes.

Viruses used for plant protection are assessed for the first time in this Opinion. The highest taxonomic
units applied in the given context of notifications were Baculoviridae and Potyviridae. Both families
were included on the QPS list.

Resistance of yeasts to antimycotics used in medical treatments was considered and while limited
knowledge is available it was concluded that this aspect would justify a qualification with regards to
an absence of resistance to therapeutic antimycotics for yeast species included on the QPS list.
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BACKGROUND AS PROVIDED BY EFSA

A wide variety of bacterial and fungal species are used in food and feed production, either directly or
as a source of additives or food enzymes. Some of these have a long history of apparent safe use,
while others are less well understood and may represent a risk for consumers. Experience has shown
that there is a need for a tool for setting priorities within the risk assessment of those microorganisms
used in the production of food/feed which are captured by present legislation and consequently the
subject of a formal safety assessment.

In 2002/3 a working group consisting of members of the former Scientific Committees on Animal
Nutrition, Food and Plants of the European Commission proposed the introduction for selected
microorganisms of a Qualified Presumption of Safety (QPS)".

In April 2003, responsibility for the safety assessments of food/feed undertaken by the Scientific
Committees of the Commission formally passed to the European Food Safety Authority (EFSA).
Shortly after EFSA asked its own Scientific Committee to consider whether the approach to safety
assessment of microorganisms proposed in the QPS document could be used to harmonise approaches
to the safety assessment of microorganisms across the various EFSA scientific panels.

The Scientific Committee concluded that QPS as a concept could provide a generic approval system
for use within EFSA that could be applied to all requests received for the safety assessments of
microorganisms deliberately introduced into the food chain’. The benefits of the introduction of QPS
would be a more transparent and consistent approach across the EFSA panels and the potential to
make better use of resources by focussing on those organisms which presented the greatest risks or
uncertainties.

On the basis of these conclusions the Scientific Committee recommended that EFSA should develop a
strategy for the introduction of an assessment system based on the QPS concept. This should be
limited to microorganisms introduced into the food chain or used as producer strains for food/feed
additives until the robustness and value of such a system could be tested in practice.

EFSA accepted the recommendation of its Scientific Committee and proposed that the Committee
should continue its assessment of the QPS system with a view to implementation®. Specifically, the
Scientific Committee was asked first to establish that were the most commonly encountered
microorganisms in notifications received by EFSA, including those used as a source of microbial
products. Then, on the basis of this survey, to select relevant groups of microorganisms, examine the
available data on safety and propose whether QPS status would be appropriate. If this proved possible
in a significant number of cases then the Scientific Committee should consider how implementation
of QPS across the various panels could be achieved.

The Scientific Committee reviewed the range and numbers of microorganisms likely to be the subject
of an EFSA Opinion’. They found that a large majority of these species were found to fall within four
broad groupings: i) Gram-positive non-sporulating bacteria; ii) Bacillus species, iii) yeasts and iv)
filamentous fungi. Accordingly, bacteria, yeasts and fungi falling within these four groups were
selected for an initial assessment of their suitability for the QPS list, and the resulting list of
microorganisms recommended for QPS was published’.

In reaching its conclusion on the value of QPS as an assessment tool, the Scientific Committee
recognised that there would have to be continuing provision for reviewing and modifying the list of
organism given QPS status. They recommended that the EFSA via its Science Department should take
prime responsibility for this and should review the suitability for QPS status of the existing list and
any additions at least annually. Reviews may occur more frequently as necessary but there should be a

4 See http://ec.europa.eu/food/fs/sc/scf/out1 78 en.pdf

5 See www.efsa.europa.eu/en/science/sc_commitee/sc_opinions/972.html

6 See www.efsa.europa.eu/en/science/sc_commitee/sc_documents/1368.html

7 See www.efsa.europa.eu/EFSA/efsa locale-1178620753812 1178667590178.htm
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formal requirement that even when no changes are proposed, a statement should be made annually
that QPS status is being maintained for the published list.

The Scientific Committee recommended’ that a QPS system for microorganisms should be introduced
and that it should be implemented across EFSA and applied equally to all safety considerations of
microorganisms intentionally added to the food chain that EFSA is required to assess.

The Biological Hazards Panel was identified as being the most appropriate to take up the task of
carrying out an annual review of the QPS list. In the first annual review®, the existing list of QPS
microorganisms was reviewed and EFSA’s initial experience in applying the QPS approach was
described. In addition, following the identification of antimicrobial resistance as a universal
qualification of safety in the previous Opinion on QPS, the issue was addressed in line with the
Opinion developed by the BIOHAZ Panel’ on ‘Foodborne antimicrobial resistance as a biological
hazard’, and related Opinions'® and guidance documents'' of other EFSA Panels. The potential
application of the QPS approach to microbial plant protection products was also discussed.

TERMS OF REFERENCE AS PROVIDED BY EFSA
EFSA requests the BIOHAZ Panel to:

1. Carry out an annual review of the list of QPS status microorganisms. Where appropriate new
taxonomic groups should be assessed for their suitability for inclusion on the QPS list, and
taxonomic groups previously assessed should be reviewed where new information has become
available. The review should include an update of the list of microbial species notified to EFSA,
which should be a starting point for identifying new taxonomic groups for review under the QPS
system. Only those taxonomic groups relevant to current legal requirements for notification to
EFSA for feed/food use (principally as sources of food and feed additives, food enzymes and
plant protection products) shall be considered.

2. Consider the introduction of a qualification for yeast regarding resistance to antimycotics.

3. Consider the application of QPS to viruses (used in plant protection) and bacteriophage (for
example used as decontamination agents).

4. Update the information on mycelial fungi.

8 Opinion of the Scientific Panel on Biological Hazards on a request from EFSA on the maintenance of the list of QPS
microorganisms intentionally added to food or feed. The EFSA Journal (2008) 923, 1-48.

9 Opinion of the Scientific Panel on Biological Hazards on a request from EFSA on foodborne antimicrobial resistance as
a biological hazard. The EFSA Journal (2008) 765, 1-87.

10 Technical guidance prepared by the Scientific Panel on Additives and Products or Substances used in Animal Feed
(FEEDAP) on the update of the criteria used in the assessment of bacterial resistance to antibiotics of human or
veterinary importance. The EFSA Journal (2008) 732, 1-15.

11 Guidance Document of the Scientific Panel on Genetically Modified Organisms for the Risk Assessment of Genetically
Modified Microorganisms and their Derived Products Intended for Food and Feed Use. The EFSA Journal (2006) 374,
1-115. www.efsa.europa.eu/EFSA/Scientific_Document/comm_Guidance%20doc_GMM_en,0.pdf
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ASSESSMENT

1. INTRODUCTION

A wide variety of microorganisms are intentionally added at different stages into the food chain,
either directly or as a source of additives or enzymes. In this context, approximately 100 species of
microorganisms have been expected to be referred to EFSA for a safety assessment. The majority are
the result of notifications for market authorisation as sources of food and feed additives, food
enzymes and plant protection products received by EFSA.

The purpose of the present Opinion is to review the list of previously Qualified Presumption of Safety
(QPS) granted miroorganisms that was last established in 2008 (EFSA, 2008a). The QPS approach
was developed by the Scientific Committee to provide a generic concept to prioritise and to harmonise
risk assessment of microorganisms intentionally introduced into the food chain within EFSA in
support of the respective Scientific Panels and Units in the frame of authorisations (EFSA, 2007a).
The list, first established in 2007 (EFSA, 2007a) is to be reviewed annually.

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. If the taxonomic unit
does not raise any safety concerns, or if existing safety concerns can be clearly defined as specific
qualifications to ensure their absence (exclusion) in the context of a specific notification, a particular
taxonomic unit could be recommended for the QPS list. Subsequently, any specific representative of a
QPS proposed taxonomic unit, would not need to undergo a further safety assessment other than to
satisfy any of the qualifications specified if applicable. Representatives of groups that fail to satisfy a
qualification would be considered unfit for the QPS list and would remain subject to a full safety
assessment, in the frame of a notification within the responsible EFSA Scientific Panel (EFSA,
2007a).

The QPS concept does not address hazards linked to the formulation or processing of the biological
agents added into the food or feed chain.

Concerning microorganisms discussed in previous Opinions, the continuously evolving body of
knowledge possibly reveals new information that could lead to a modification of the list of QPS
recommended taxonomic units, for example to an ex- or inclusion of taxonomic units on the list. An
assessment of taxonomic units, not previously considered for the QPS list, and for which
representatives are notified to EFSA is also discussed. These include, beside microorganisms, viruses
used in the context of plant protection and bacteriophages. Consequently, the QPS 2009 update will
consider for the first time taxonomic units of biological agents other than microorganisms. Biological
agents intended for usages outside the remit of EFSA, and biological agents which have not been
notified to EFSA, are not considered in this Opinion.

In 2008 antimicrobial resistance was introduced as a possible safety concern for the assessment of the
inclusion of bacterial species in the QPS list (EFSA, 2008a). In the present Opinion, the possibility to
consider antimycotic resistance for yeast is reviewed and discussed.

In accordance with the recommendation by the Scientific Committee that the QPS concept should be
implemented within EFSA where relevant, an impact assessment of the QPS system by EFSA Units in
the frame of authorisations and its quotation in the scientific literature is provided.

1.1. Experience of using the QPS approach and reference to it in the scientific literature

The QPS approach has proved to be a useful tool to harmonise and prioritise safety assessment within
EFSA and is appreciated by both assessors and applicants. It has been applied by EFSA’s Panel on
Additives and Products of Substances used in Animal Feed (FEEDAP) in 2009, in the assessment of
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six dossiers out off a total of 14 dossier dealing with microorganisms feed additives (EFSA, 2008c-f;
2009a;b).

Since the publication of the EFSA 2008 Opinion (EFSA, 2008a) where references to the QPS
approach in the scientific literature were discussed several additional publications make reference to
the concept (Fukao et al., 2009; Plumb-Ferrer and von Wright, 2009; Rossetti et al., 2009; Sanz-
Penella, 2009).

Plume-Ferrer and von Wright (2009) referred to QPS in the context of animal feeds, which is within
EFSA remit. It highlights that the QPS approach reduces the need of extensive safety testing of
microorganisms with a history of safe use, provided that certain qualifications are met and refers to
the EFSA 2008 Opinion (EFSA, 2008a).

Rosetti et al. (2009) make an attempt to apply the QPS concept to dominant lactic acid bacteria in
undefined starters associated with Grana Padano cheese way starters. The authors develop a QPS
reasoning based on some characterisation and safety assessment of undefined starter cultures and
conclude on a potential application of the QPS approach to other types of undefined-strain cultures
such as natural milk starter or commercial mixed-strain cultures. Although used outside its normal
context, the QPS approach proved useful for Rossetti et al. (2009) to assess the safety of
Lactobacillus used as cheeses starters. As all strains were identified to species included in the QPS
list, the authors only verified that they followed the qualification on antibiotic resistance.

In a recent study the QPS approach was applied to determine the resistance of the probiotic strain
Lactobacillus brevis KB290. The authors concluded from their investigation that the antibiotic
resistance observed in L. brevis KB290 was due not to a potentially acquired mechanisms but to
intrinsic resistance. It was concluded that according to the QPS criteria, these results provided safety
assurance for the ongoing use of L. brevis KB290 as a probiotic (Fukao et al., 2009).

Sanz-Penella et al. (2009) refer in the abstract of their article to QPS and GRAS as if they were
equivalent concepts which is not the case. It has to be noted that the QPS approach is solely seen as an
internal tool apllied within EFSA to harmnise risk assessment and to use resources effectively with a
focus on areas that need attention concerning public health.

2. REVIEW OF THE LIST OF QPS ASSESSED MICROORGANISMS
2.1. Gram-positive non-sporulating bacteria

2.1.1.  Lactobacillus species already included in the QPS list

In 2008, EFSA concluded that although they can be a rare cause of human infections, all the
Lactobacillus species previously assessed suitable for the QPS could remain in the QPS list (EFSA,
2008a). However, EFSA stressed that these human infections should remain a topic for surveillance.

Since publication of the last Opinion on QPS (EFSA, 2008a) no scientific reports on clinical
infections by Lactobacillus spp. have been published'*.

2.1.2.  New Lactobacillus species and Leuconostoc species notified to EFSA

Some strains belonging to Lactobacillus and Leuconostoc species, not assessed for the list of QPS
taxonomic units in the previous Opinions, have since been notified to EFSA, with the purpose of
being used as feed additives.

12 According to a Pubmed search (Lactobacillus & infection; Lactobacillus & pathogen)
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2.1.2.1. Lactobacillus cellobiosus

L. cellobiosus is considered very closely related to L. fermentum, both phenotypically as well as due
to DNA homology (Dellaglio et al., 2004). However, it remains until today as a separate species. The
body of knowledge attributed to L. fermentum therefore can be considered valid also for L.
cellobiosus. Specific applications in food production include regional fermented food specialities, e.g.
from Africa (Mugula et al., 2003). No specific references of L. cellobiosus as the causative agent of
clinical human cases are reported. Despite a limited body of knowledge of this species and limited
technological application, based on the phenotypic and genotypic similarity to L. fermentum it can be
included in the QPS list.

2.1.2.2.  Lactobacillus collinoides

The species L. collinoides is known since 1972 (Carr and Davies, 1972) and was isolated in
fermenting apple juice. Only recently isolated as a component of natural microbiota of olive
fermentation (Chamkh et al., 2008), but several reports refer also to spoilage of food, e.g. Fuji et al.
(2005). No specific references of L. collinoides as the causative agent of clinical human cases were
found. However, the production of biogenic amines was shown for strains of L. collinoides with the
conclusion, that the production is rather strain specific than species specific (Garai et al., 2007).
While there is limited knowledge of intentional use for this species in the food chain, it is naturally
present in some foods. In addition the overall body of knowledge for the genus Lactobacillus is taken
into consideration and it is proposed for the QPS list.

2.1.2.3. Oenococcus oeni (Leuconostoc oenus)

Oenococcus 0eni is an important organism in the fermentation of wine (Dicks et al., 1995). As for L.
collinoides the production of biogenic amines was shown for strains of Oenococcus oeni with the
conclusion, that the production is rather strain specific than species specific (Garai et al., 2007) and in
the case of Oenococcus oeni, can be lost after subcultivation under laboratory conditions (Lucas et al.,
2008). Oenococcus oeni has a long history of safe use in food production and is therefore
recommended for the QPS list.

2.1.2.4. Leuconostoc pseudomesenteroides

L. pseudomesenteroides strains are found in fermentations of different food of plant origin, e.g. in
cocoa (Nielsen et al., 2007). There is only a limited body of knowledge based on reports of
application of L. pseudomesenteroides. However there are reports linking L. pseudomesenteroides to
opportunistic infections in human clinical cases (Rodriguez et al., 1999), (Capelli et al., 1999).
Especially because of the limited body of knowledge, at the moment it is not recommended to include
L. pseudomesenteroides on the QPS list.

2.1.3. Enterococci

In previous Opinions EFSA concluded that species belonging to the Enterococcus genus could not be
included in the QPS list (EFSA, 2007a; 2008a). However, some strains of Enterococcus species are
used as feed additives and are notified to EFSA. Because research on this genus is very active and
could provide new information for safety assessment, it was decided that the body of knowledge on
Enterococcus should be reviewed annually.

Taxonomic unit

Enterococcus faecium recently evolved from a generally avirulent commensal into a multidrug-
resistant bacterium associated with nosocomial infections. Most of these isolates belong to specific
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lineages, the ST78, ST18 and ST17. Hospital-adapted clones display a higher pathogenic potential
than endogenous E. faecium strains (Willems and Schaik, 2009). Enteroccocus gallinarum is an
uncommon enterococcal species and has been associated to a nosocomial outbreaks (Contreras et al.,
2008)

Body of knowledge

The status of Enterococcus genus for QPS purpose was reviewed in 2008, reaching the conclusion
that a strain specific evaluation is necessary to assess the risk associated with the intentional use of
enterococci in the food chain.

A new bibliographic survey has been performed, to determine if any new scientific information could
be used to define specific qualifications aimed to differentiate virulent from safe strains.

The survey in Pubmed using Enterococcus retrieved 993 publications in the last 12 months, most of
them related to the pathogenicity and antimicrobial resistance of this microbial group. A search
combining ‘Enterococcus and virulence’ retrieved 93 records in the same period, reflecting the
increase body of knowledge on enteroccocal virulence.

Virulence factors

The role of aggregation substance Ascl0, encoded by sex pheromone plasmids, in increasing the
virulence of Enterococcus faecalis in experimental pathogenesis models, including infectious
endocarditis models, has been demonstrated (Chuang et al. 2009).

Experimental infection models (rat endocarditis model) and studies with isogenic mutants,
demonstrated the E. faecium collagen adhesin AcmA is relevant for E. faecium pathogenesis
(Nallapareddy et al. 2008a). The majority of strains harbouring this virulence factor are part of the
CC17 (Nallapareddy et al. 2008b).

The perA gene encoding a putative AraC-type transcriptional regulator was identified on the
pathogenicity island (PAI) found among virulent Enterococcus faecalis strains. Coburn et al. (2008)
demonstrated PerA regulates determinants important to pathogenesis, such as biofilm formation and
survival within macrophages.

Two pilus-like structures, designated PilA and PilB, have been identified on the surface of a hospital-
adapted Enterococcus faecium bloodstream isolate. The gene cluster coding for these structures is
widely diffused in hospital-aquired E. faecium isolates, suggesting that pili may contribute to E.
faecium pathogenesis (Hendrickx et al. 2008)

The enterococcal surface protein Esp, identified as a potential virulence factor, is specifically linked
to nosocomial clonal lineages. Heikens et al. (2009) demonstrated that Esp is not essential for Caco-2
cell adherence and intestinal colonization or translocation of E. faecium in mice.

A gene termed hyaluronidase (hyl Efm) was identified as a potential virulence gene, found to be more
abundant in clinical isolates (Rice et al., 2003).

Conclusions on the QPS status

Despite of the increase infromation on E. faecium lineage involved in pathogenesis and on the role of
virulence factors, there is not sufficiently known to allow a precise prediction of pathogenicity on the
basis of the presence of an individual gene or gene product.

10
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In summary, the worldwide increasing importance of enterococci as a cause of nosocomial infections
makes the safety assessment of enterococcal strains a difficult task. While a more profound
understanding of the mechanisms of pathogenicity and the emergence of novel techniques to
characterize the strains might eventually change the situation, the need of a strain specific evaluation
will remain. Thus there are no grounds to include enterococci on the QPS list.

2.1.4.  Dairy propionic acid bacteria other than Propionibacterium freudenreichii

Of the dairy propionic acid bacteria (DPAB; Propionibacterium acidopropionici, P. australiense, P.
cyclohexanicum, P. freudenreichii subsp. freudenreichii, P. freudenreichii subsp. shermanii, P.
jensenii, P. thoenii and P. microaerophilum) only P. freudenreichii and its subspecies are included in
the present QPS list. This bacterium has been extensively intentionally used in cheese making, and
consequently the body of knowledge regarding its safe history of use was considered sufficient for the
QPS status

Strains from other species of Propionibacterium have been notified to EFSA for applications in feed
production.

The other DPAB, although commonly found in dairy products, have been considered as naturally
occurring micro-organisms with more limited associated safety data regarding the human exposure.
However, P. acidipropionici is a well known silage starter, particularly for cereal based silages (Filya
et al., 2004, Bolsen et al., 1996) and its engineered mutants have been proposed for industrial
propionic acid production (Suwannakham et al., 2005, Zhang and Yang, 2009). No human or animal
infections associated with this bacterium have been reported.

Recently certain pigmented variants of P. jensenii have been shown to have very similar haemolytic
properties as a known but totally unrelated pathogen, Streptococcus agalactiae (Vanberg et al., 2007).
While apparently no cases of infections caused by P. jensenii have been reported, the presence of a
potential virulence factor warrants certain prudence before making conclusions of the safety of the
species.

Thus, while P. acidipropionici has a history of safe use and can be considered for QPS together with
P. freudenreichii, the present gaps in the body of knowledge on other DPAB require more research on
their safety aspects before this can be decided.

2.2. Gram-positive sporulating bacteria

2.2.1.  Gram-positive sporulating bacteria already on the QPS list

Several species of Bacillus are on the QPS list, with a qualification concerning the absence of food
poisoning toxins and enterotoxic activities. In 2008, EFSA outlined: “the possibility that new
virulence factors, not detected by the qualification proposed, could be discovered should be kept
under attention” (EFSA, 2008a). In addition, Bacillus spp. also cause rare local or systemic infections.
In the present Opinion, these two topics are considered.

No new toxins which could be involved in foodborne poisoning have been identified since the
previous maintenance of the QPS list (EFSA, 2008a)". These toxins from Bacillus spp. are peptides
and lipopeptides. Since the previous maintenance of the QPS list, according to a search in the Web of
Knowledge', the toxicity of surfactin C, produced by some strains of B. subtilis, was assessed on a rat
model (Hwang et al., 2009). The role of these lipopeptides in the biocontrol of plant diseases by

13 According to a search in the Web of Knowledge: Bacillus and Toxin; excluding Bacillus cereus, Bacillus thuringiensis
and Bacillus anthracis
14 Bacillus and lipopeptid or Bacillus and peptid
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Bacillus spp, was recently reviewed (Ongena and Jacques, 2008), thus confirming previous EFSA
Opinions (EFSA 2007a AppendixB; 2008a).

One publication described a strain of Bacillus pumilus isolated from soil, carrying the gene for
synthesis of cereulide, the emetic toxin of B. cereus (Parvathi et al., 2009). Even if cereulide
production in some strains of B. pumilus were confirmed, it would be detected by the qualification
proposed for the Bacillus species of the QPS list and B. pumilus would remain in the QPS list.

A search in the Web of Knowledge' retrieved the description of one case of bloodstream infection
due to Bacillus pumilus (Farhat et al., 2008). The mode of infection was not identified but food was
not suspected. The patient suffered from cancer and was immunodepressed after a recent
chemotherapy. This report is in line with the conclusions of the previous EFSA Opinions (EFSA
2007a; 2008a) on the existence of rare infections by QPS Bacillus spp, presumably not linked with the
presence of the bacteria in the food or feed chain and mostly concerning patients with severe
underlying diseases.

In conclusion, the little information published since the previous EFSA Opinion on the QPS list
(EFSA, 2008a) does not indicate that any modification of the QPS list for Bacillus species is needed.

2.2.2.  New Gram-positive sporulating bacteria assessed for the QPS list

2.2.2.1. Paenibacillus macerans

In its previous Opinion, EFSA (2007a AppendixB) did not include Paenibacillus species in the QPS
list. The use of Paenibacillus macerans to produce a food additive was approved by the Scientific
Committee for Foods in 2000 (Anonymous, 2000). Whether this species could be included in the QPS
list is assessed in the present Opinion.

Taxonomic unit

Paenibacillus macerans is a Gram-positive rod shaped bacterium producing endospores. Before 1994
Paenibacillus macerans was part of the genus Bacillus and named Bacillus macerans (Anonymous,
2009a; Claus and Berkeley, 1986). Guinebretiére et al. (2001) found that strains isolated from foods
and identified with phenotypic methods to P. macerans or B. macerans actually belonged to other
Paenibacillus spp. Therefore, there could be some uncertainties on the identity of strains which were
only identified by phenotypic methods.

Body of knowledge'®

P. macerans was mostly studied for its ability to degrade plant biomass and for the production of
enzymes used in carbohydrate biotechnology. In particular its cycloglycosyltransferase is used to
produce Béta-cyclodextrines, which are food additives (Anonymous, 2004a). Production of other
carbohydrates, €.g. fructooligosaccharides proposed as prebiotics (Maiorano et al. 2008) is also
described. P. macerans has also been investigated as a potential plant growth promoter (Li et al.,
2008a) and inhibitor of plant pathogens (Li et al., 2007).

A few works described its presence in some foods, such as in raw milk (Uraz et al., 2001), during the
processing and ripening of some cheeses (Roman-Blanco et al., 1999), or during cheese spoilage
(Quiberoni et al. 2008), although it was not described as a major component of the bacterial

15 Bacillus and disease or infection; excluding Bacillus cereus, Bacillus thuringiensis and Bacillus anthracis
16 Search on ISI WOS, Bacillus macerans or Paenibacillus macerans as Topic, gave 195 references since 1992. All were
screened. Most concerned enzymes active on carbohydrates.
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population of these foods. P. macerans is also described in the microflora of traditional fermented
foods in Brasil (Almeida et al., 2007), Nigeria and in Asia (Isu and Njoku, 1997; Wang and Fung,
1996). It has also been described in silage of poor quality (Rossi and Dellaglio, 2007).

Safety concerns

Farhat et al. (2008) described a fatal case of bacteremia caused by a strain of P. macerans, following a
lung infection. The patient was immunodepressed after a recent chemotherapy. A brain abscess due to
B. macerans was also reported (Bert et al., 1995), following the intracranial penetration of a foreign
body. In cheese, P. macerans was identified as an important producer of histamine (Rodriguez-Jerez et
al., 1994).

Conclusions

P. macerans has an important history of use for enzyme production and processing of food additives.
Reports of safety concerns to human or animal are very rare, but the body of knowledge on the
presence of the bacterium in the food or feed chain is limited. In its evaluation of P. macerans for the
production of cyclodextrines, the SCF (Anonymous, 2000) also noted that information on the toxicity
of P. macerans is very limited, and gave a positive assessment only considering that the ‘purification
steps included in the production processes, constitute a dilution factor of several orders of magnitude
for any Bacillus toxins possibly elaborated by the producer organism’. Therefore, the history of safe
use of P. macerans for cyclodextrin production presumably reflects more the quality of the
purification steps than the safety of the bacteria. It is therefore recommended to not include P.
macerans on the QPS list.

2.3. Yeast

Several yeasts species are already present in the QPS list, and several have been assessed in the
previous Opinions (EFSA, 2007a AppendixC; EFSA, 2008a) as being not suitable for the QPS list.
With regards to the previously assessed yeast species, a current literature review has not revealed new
information that would result in a change of the previously concluded species proposed for the QPS
list. Two yeast species, not previously assessed for QPS, have been notified to EFSA as plant
protection products and are considered in the present Opinion.

2.3.1.  Aureobasidium pullulans

Taxonomic unit

The genus Aureobasidium comprises 14 species; among these, Aureobasidium pullulans is the only
well-known species. Whether Aureobasidium species are filamentous fungi or yeasts (is also known
as a black yeast) has been discussed however they are now included in the yeast taxonomic book
(Kurztman and Fell, 2000). They are subsequently presented in the yeast section of this Opinion.

Body of knowledge
This species is ubiquitous and found mainly in soil, including Antarctic soils, water, the phylloplane,

wood, and many other plant materials, rocks, monuments, and limestone.

It is not associated with any food processes and is commonly considered as a contaminant (Kurztman
and Fell, 2000).

13
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A. pullulans it is biotechnologically important yeast that can be used in different fields. Different
strains of A. pullulans can produce amylase, proteinase, lipase, cellulose, xylanase, mannanase,
transferase, pullulan and the genes encoding proteinase, lipase, cellulose and xylanase have been
cloned and characterized (Chi et al., 2003; Leathers, 2003).

Safety concerns

A. pullulans is one of the causative agents of phaechyphomycosis. It may cause keratomycosis,
pulmonary mycosis with sepsis and other opportunistic infections, as well as cutaneous mycoses such
as eumycotic dermatitis. Was isolated in patients with peritonitis and may also colonize hair, skin,
and nails in humans. The infections caused by Aureobasidium remain limited and are rare (Wilson et
al., 2000; Bolignano and Criseo, 2003).

Conclusion

The body of knowledge is not sufficient to recommend A. pullulans for the QPS list.

2.3.2.  Pseudozyma flocculosa

The genus Pseudozyma represents ustilaginomycetous anamorphic yeasts and Pseudozyma flocculosa
is mainly isolated from plants. This species is known to produce an antifungal glycolipid and has been
formulated into a fungicide (Konstantinidou-Doltsinis et al., 2007). However, fatty acids with
antibiotic (antifungal) activity have also been reported (Avis et al., 2000). In addition, a few other
Pseudozyma species have been isolated from human blood in Asia.

Considering the capacity of this species to produce biological active compounds it is concluded to not
recommend Pseudozyma flocculosa for the QPS list.

2.4. Filamentous fungi

In 2007 EFSA concluded that filamentous fungi could not be included in the QPS list due to the
potential risk of production of toxic metabolites (EFSA, 2007a). The body of knowledge on
filamentous fungi was not reviewed in the 2008 EFSA Opinion (EFSA, 2008a). However, a large
range of filamentous fungi have been notified for the purpose of plant protection, which was not
considered in the previous assessments (EFSA, 2007a AppendixD).

Therefore, the general body of knowledge on filamentous fungi has been updated in the present
Opinion, considering in particular the progress and limitation in the taxonomy, in the knowledge of
metabolic pathways and in the identification of the production of toxic compounds. New issues were
considered, such as the resistance of fungi to therapeutic antifungal agents and the risks linked to the
use of fungi as plant protection products. The body of knowledge for each species or genus
considered in the previous Opinion (EFSA, 2007a Appendix D) was updated. In addition, fungal
species, not considered in the previous Opinion and notified as plant protection product or feed
additive, were assessed if they would qualify for the QPS list.

Due to the extensive amount of sections which needed updating in the previous Opinion, and in order
to present a consistent document on filamentous fungi, the detailed assessment is presented in
Appendix C of this Opinion, following the same format as the 2007 EFSA Opinion (EFSA, 2007a
Appendix D).

14
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Conclusion on the assessment detailed in Appendix C of this Opinion

No filamentous fungi can be proposed for inclusion on the QPS list. The rationale for this is that the
methods for identification of fungal cultures to genus/species level are very difficult and often need in
depth mycological expertise. There is an ongoing debate on species concepts in the mycological
society which result in a lack of a universally accepted fungal taxonomy. This makes identification of
fungal cultures intended for commercial use a difficult issue and often the result should be verified by
one or more independent specialists. For the time being there is no universally accepted method for
fungal identification.

The body of knowledge concerning production of toxic compounds is insufficient, as far too little is
known about the factors controlling the production of these compounds. In general mycotoxins, i.e.
fungal secondary metabolites that in small concentrations are toxic to vertebrates when introduced via
a natural route (ingestion, inhalation and skin penetration), have a non-acute effect which makes it
very difficult to assess their toxicological potential in real cases. In several cases it has been
demonstrated that toxic compounds can be produced under production conditions, but often this
information is not available. In addition, there are only few validated and certified analytical methods
for the detection of a limited number of mycotoxins. For the majority of fungal secondary metabolites
no validated method exists.

The body of knowledge concerning the toxicology of fungal secondary metabolites is insufficient.
Bioassays are developed to address specific needs and are not validated. Often the toxicological
knowledge is of little or no relevance to real life situations, e.g. lack of information on synergistic
effects. The long history of use is not equal to safety, as many fungal metabolites are known to affect
the immune system, which could lead to secondary infections. Also the knowledge on long-term
effects is insufficient. In conclusion, all notified fungal species and strains should be evaluated on a
case-by-case basis.

2.5. Assessment of the QPS status for new taxonomic groups and specific issues

2.5.1.  Gram-negative bacteria

Gram-negative bacteria have never been considered by EFSA for QPS. Some species of Gram-
negative bacteria have been notified as feed additives or plant protection products, and are assessed in
the present Opinion.

2.5.1.1. Escherichia coli

Taxonomic unit

Escherichia coli is a Gram-negative, rod-shaped bacterium, belonging to the family
Enterobacteriaceae. It is very closely related to Shigella spp.

Body of knowledge

E. coli has been the model of choice for investigations into the physiology and genetics of Gram-
negative bacteria. The genome of several strains of E. coli has been sequenced
(http://www.ncbi.nlm.nih.gov/genomes/lIproks.cgi). It is also extensively used in biotechnology and in
laboratory experiments as a recipient for extra-chromosomal elements such as virulence and
antimicrobial resistance determinants

E. coli is a common facultative anaerobe species in the gut of humans and other warm blood animals
(McClure, 2005), where most organisms exist as harmless symbionts (Yan and Polk, 2004).
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Several strains have been used as probiotics for humans and animals, some with a long history of safe
use, such as E. coli Nissle 1917. For instance, in clinical trials on humans with probiotic E. coli
strains, the duration of accute diarrhoea in infants was reduced (Henker et al., 2007), and permitted
remission of ulcerative colitis (Kruis et al., 2004, Adler, 2006, Fitzpatrick et al., 2008). In all these
trials, some with duration of up to 12 month and daily oral administration of high number of living E.
coli (e.g. 10® cells per day), no safety problem was recorded. Probiotic E. coli are also used to treat
diarrhoea in farm animals (Schroeder et al., 2006). An E. coli strains has also been tested to prevent
urinary tract infections in patients at risk (Wiles et al., 2008). The full genome sequence of E.coli
Nissle 1917 has been recently published (Grozdanov et al., 2004; Sun et al., 2005).

Safety concerns

E. coli is also the cause of a wide range of human and animal diseases. At least four types of diseases
in humans caused by E. coli are predominantly foodborne (McClure, 2005, Kaper et al., 2004), and
should be considered when assessed the safety of E. coli introduced in the food and feed chain. In
these diseases, the site of infection is the gastro-intestinal tract (GI). The corresponding causative
agents have been classified as: Entero-invasive E. coli (EIEC); Entero-toxic E. coli (ETEC), Entero-
pathogenic E. coli (EPEC) and Entero-Haemorragic E. coli (EHEC). The EHEC group encompasses
organisms such as Shiga-toxin producing E. coli / Verotoxin-producing E. coli (STEC/VTEC). Details
of the symptoms and pathogenicity mechanisms of the above types can be found in Kaper et al.
(2004). Some of these E. coli can also be carried and/or cause diseases in animals (McClure, 2005).

Other diseases caused by E. coli include bacteraemia resulting from extra-intestinal infections, mostly
of the urinary tract, but also of the blood, the central nervous system, or other tissues. Although these
infections may not be directly foodborne, carriage in the GI tract of a virulent E. coli is a major risk
factor for urinary tract infection and systemic infection (Johnson and Russo, 2005). In addition, some
animal pathogenic E. coli (e.g. pathotypes causing disease in poultry, cattle, pigs and sheep) could
represent a reservoir of strains and virulence factors similar to those in human extra-intestinal
pathogenic strains. Therefore, extra-intestinal pathogenic E. coli should also be considered when
assessing the safety of E. coli introduced in the food or feed chain.

Resistance to therapeutic antimicrobials is a growing problem for the treatment of extra-intestinal
infections (Johnson and Russo, 2005; Livermore and Woodford, 2006), and of some gastro-intestinal
infections (Huang et al. 2006), caused by E. coli. Such resistance is frequently carried by mobile
genetic elements, the transfer of which can lead to multi drug resistance (MDR). E. coli is also used as
an indicator of poor hygiene in food processing and of faecal contamination in drinking and
recreational waters, and these aspects have to be considered in the current regulatory hygiene
framework of the European Commission (Anonymous, 2005). Although not a direct safety concern,
the intentional introduction of E. coli in the food production chain might interfere with the
implementation of these criteria.

Could safety concerns be excluded?

Diseases caused by E. coli are multi-factorial. They have been associated with several factors
including, or virulence genes, some specific to one type of diseases, while others may be common to
different types (Kaper et al., 2004). Assuming that identification of key virulence genes could be
possible for each type of disease, the exclusion of potentially virulent strains would therefore
represent a complex qualification and would presumably not bring any simplification, compared to a
case by case assessment. For some pathogenic E. coli, (e.g. STEC/VTEC) a few virulence factors
seems necessary for infection (e.g. Attachment Effacement Locus and Shiga toxins, EFSA, 2007b),
although some exception exist with strains lacking the attachment effacement locus (Kaper et al.,
2004). For other pathogenic E. coli (e.g. E. coli causing extra-intestinal infections) a large number of
virulence genes have been epidemiologically associated with clinical symptoms (e.g. up to 42 genes
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proposed by Johnson and Russo, 2005), although clinical strains causing the same type of disease do
not always carry the same virulence genes (Wiles et al.,, 2008). In contrast the same infection
mechanism can be achieved by a different set of virulence genes (Ron, 2006). Some genes associated
with virulence are also present in commensal E. coli (Wiles et al., 2008). Even the sequence of the
genome of three strains from urinary tract infection did not permit definitive identification of common
genomic features (Wiles et al., 2008).

Many virulence genes in E. coli are on potentially transferable elements. New associations of
virulence genes might appear, creating new infectious mechanisms and new types of diseases (Kaper
et al., 2004). An association between phylogenetic groups, or serogroups, with the ability to cause
some type of diseases in human has been observed (EFSA, 2007a, Wiles et al., 2008, Jaureguy et al.,
2008). However this is not the case for all the types of diseases caused by E. coli (Jaureguy et al.,
2008). The pathogenicity of E. coli is too complex, presumably resulting from multiple evolution
mechanisms, to permit a qualification of QPS based on the identification of virulence factors.

Concerning the presence of antimicrobial resistance, EFSA has defined microbiological breakpoints
for E. coli to identify strains potentially harbouring acquired microbial resistance (EFSA, 2008b).

Conclusion

Although some E. coli have a long history of safe use as probiotics, and in spite of the large body of
knowledge acquired for this species, it cannot be recommended for the QPS list because of the large
diversity of human and animal diseases caused by E. coli and the complexity of the virulence
mechanisms.

2.5.1.2. Serratia rubidaea

Taxonomy

The genus Serratia, belongs to the family Enterobacteriaceae and contains 13 species and 4
subspecies. S. rubidaea contains no subspecies (Anonymous, 2009b; Ewin et al., 1973; Skerman et
al., 1980).

Body of knowldege and history of use

The effects of salt stress on pigment production of a strain of S. rubidaea and its potential use as
indicator strain for screening quorum sensing inhibitors from marine microbes was investigated
(Yamazaki et al., 2006). An earlier study describes the investigation of two novel lipids from S.
rubidaea. The importance of such surface-active exolipids in bacterial occupancy on surfaces was
suggested (Matsuyama et al., 1990). The potential of S. rubidaea for a reduction of cyclohexanones
was further investigated (De Conti et al., 2001).

An US patent presents as invention the application of anti-fungal bacterial strains, in particular
bacterial strains of Serratia, for use in preserving animal feedstuff composition, including silages and
hay. Anti-fungal and anti-bacterial strains of S. rubidaea are described to be useful for these
applications, and permit hay to be baled at higher moisture contents (Anonymous, 1994).

Strains of S. rubidaea were described to be beneficial rhizobacteria of oilseed rape with antifungal
properties (Kalbe et al., 1996).
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Safety concerns

S. rubidaea was decribed in the literature as a cause for human disease. A case of S. rubidaea
endophthalmitis of a boy following trauma to one eye was described (Joondeph and Nothnagel, 1983).
S. rubidaea was reported to produce red pigments and was isolated from silastic foam used as a
dressing for chronic crural ulcers (Parment et al., 1984; Hughes and Marks, 1985). S. rubidaea was
isolated from the bile and blood of a patient (Ursua et al., 1996). Another study describes a rare case
of S. rubidaea sepsis in a 48-year-old male (Okada et al., 2002). In a more recent study, S. rubidaea is
described as an opportunistic pathogenic bacterium, which is rarely identified in man, and when so,
generally found in the respiratory tract, wounds, feces, bile, but also in blood. The study reports the
case of a 54-year-old carrying an arterial catheder for two weeks where two hemocultures were
positive in the first 48 h with identification of S. rubidaea (Sekhsokh et al., 2007).

Conclusion

The history of use of S. rubidaea in the food or feed chain is limited, and the species has been isolated
from human infections. It can therefore not be included in the QPS list.

2.5.1.3. Pseudomonas chlororaphis

Taxonomy

The genus Pseudomonas contains 185 species and 13 subspecies. Pseudomonas chlororaphis contains
three subspecies: P. chlororaphis subsp. chlororaphis, P. chlororaphis subsp. aureofaciens and P.
chlororaphis subsp. aurantiaca (Anonymous, 2009c¢; Peix et al., 2007).

Body of knowledge and history of use.

A Pseudomonas chlororaphis isolate, obtained from perch intestine, was evaluated with regards to its
potential to control Aeromonas sobria disease in farmed perch. An infection of perch with labelled P.
chlororaphis indicated the bacterium is able to transiently colonise juvenile fish and fingerlings and to
reduce A. sobria associated mortalities (Gobelin et al., 2009).

An isolate from green pepper rhizospere that was identified as P. chlororaphis produced secondary
metabolites that have shown broad-spectrum antifungal activity against various phytopathogens of
agricultural importance in vitro (Liu et al., 2007).

A strain of Pseudomonas chlororaphis was described as an effective biocontrol agent against Pythium
aphanidermatum, the causal agent of damping-off of hot pepper in greenhouse vegetable production
systems. The strain induced development of plant defence-related enzymes and increased growth of
hot pepper seedlings (Nakkeeran et al., 2006).

Root colonisation by a plant-beneficial rhizobacterium. Pseudomonas chloroaphis O6, induces
disease resistance in tobacco against leaf pathogens Erwinia carotovora causing soft-rot and
Pseudomonas syringae pv. tabaci causing wildfire (Han et al., 2006).

It was reported to produce an antifungal metabolite which is a crucial trait in its competition with the
pytopathogenic fungus Fusarium oxysporum in the rhizosphere (Chin et al., 2005). Specifically, P.
chlororaphis was described to control tomato foot and root rot caused by Fusarium oxysporum by
root colonisation (Chin et al., 2000).
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P. chlororaphis was used in some works as a representant of the epiphytic microflora of cilantro
(Brandl, 2002) and green endive chicory (Carlin and Mandrell, 1996), indicating that it is presumably
common on the surface of some fresh produce.

Safety concerns

DG Sanco of the European Commission finalised a review report for the active substance
Pseudomonas chlororaphis in the Standing Committee on the Food Chain and Animal Health at its
meeting on 30 March 2004 in view of the inclusion of Pseudomonas chlororaphis in Annex I of
Directive 91/414/EEC (Anonymous, 2004b). The overall conclusion from the evaluation report was
that it may be expected that plant protection products containing Pseudomonas chlororaphis will
fulfil the safety requirements laid down in Article 5(1)(a) and (b) of Directive 91/414/EEC
(Anonymous, 2004c¢).

The Environmental Protection Agency in the United States evaluated P. chlororaphis strain 63-28 and
prepared a Fact Sheet (Anonymous, 2001). In the summary it is stated that the strain is a naturally
occurring bacterium that can be used in controlling various fungi that attack crop roots. The bacterium
has shown no toxicity or pathogenicity to humans, wildlife, or the environment. Its use is limited to
vegetables and ornamental crops in containers in greenhouses.

Pseudomonas clororaphis is further described in the literature for its potential to produce secondary
metabolites. For example, a strain of the nonpathogenic bacterial species P. chlororaphis was
reported to be capable of producing rhamnolipids (Gunther et al., 2005). P. chlororaphis produces
several secondary metabolites, in particular phenazine compounds, which contribute to some of its
biocontrol activity (Anonymous, 2002; van Rij et al., 2004). Phenazine compounds, from other
sources than P. chlororaphis, were reported to have some toxic effects on animal and human cells
(Gamage et al., 2002; Allen et al., 2005; Lavaggi et al., 2008) and have been identified as virulent
factors of the human pathogenic Pseudomonas aeruginosa (Mahajan-Miklos et al., 1999). In its
Opinion on 2002, the Scientific Committee on Plant (Anonymous, 2002) noted that the information
on toxicity of P. chlororaphis is limited but concluded that ‘noting absence of sustained colonisation,
the number of P. chlororaphis associated with the harvested grain as well as the concentration of any
metabolites produced would be very low’.

The safe use of P. chlororaphis as a plant protection product presumably relies in the absence of
colonisation of the edible part of plants. No information permits to assess the risk if P. chlororaphis
were used in a situation where it could produce secondary metabolites in food or feeds.

Conclusion

Pseudomonas chlororaphis cannot be recommended for the QPS list due to the production of
potentially toxic secondary metabolites.

2.5.1.4. Rhodopseudomonas palustris

Taxonomy

Species of the genus Rhodospeudomonas constitute the majority of phototrophic purple non-sulfur
bacteria, and are characterised as rod-shaped, motile cells that show polar growth and asymmetrical
division or budding as the mode of reproduction (Mehrabi et al., 2001). The genus comprises
photosynthetic bacteria found widely distributed in aquatic sediments and members of the genus
catalyse hydrogen gas production, carbon dioxide sequestration, and biomass turnover (Oda et al.,
2008). The genus comprises the species R. acidophila, R. capsulata, R. gelatinosa, R. globiformis, R.
palustris, R. spaeroides, R. sulfidophila, R. sulfoviridis, R. viridis (Skerman et al., 1980). The genome
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sequence of Rhodospeudomonas palustris revealed a richness of metabolic versality (Oda et al.,
2008). Strains of R. palustris that are commonly found in soil and sediment have been shown to be
able to degrade a wide variety of carbon compounds, including benzoate and 3-chlorobenzoate, which
makes them interesting and potentially useful and has resulted in genome sequencing by the United
States Department of Energy’s Carbon Management Program (Rhodopseudomonas palustris Genome
Project [http://www.jgi.doe.gov/JGI microbial/html/rhodopseudomonas/] (Bent et al., 2003).

Body of knowledge and history of use

Rhodospeudomonas palustris is used in Chinese aquaculture and represents one of the earliest and
most widely used probiotics in China since 1980. Nowadays, using photosynthetic bacteria as
probiotics is common practice in many fish or shellfish hatcheries and farms in China. Many
commercial photosynthetic bacterial products are labeled as either single or multiple species at
concentrations higher than 10° cells ml™ (Qi et al., 2009). In an earlier study, a vitro assessment of
gastrointestinal viability of R. palustris was carried out (Zhou et al., 2007). The objective of the study
was to test the viability of R. palustris isolated from ponds sludge in simulated gastric transit
conditions (pH 8, with or without 0.3 % bile salts), in an attempt to conclude whether it has a
potential use as a probiotic in aquaculture. The authors concluded from their study that the strain of P.
palustris had a high capacity of upper gastrointestinal transit tolerance and was relatively safe for
epithelial cells of tilapias, and could potentially be used as a probiotic. In a different study the
nutritional value of a strain of R. palustris was investigated together with an assessment of its toxicity
and acceptability as an aquaculture feed or supplement (Getha et al., 1998). The authors concluded
from their study that the strain of R. palustris was acceptable to Artemia larvae as a feed. They
suggested for future studies to determine the optimal concentration of the bacterial biomass in the
feed formulation and to assess the suitability of the bacterial biomass in the culture of penaeid
shrimps and fishes. An additional study dealt with biomass production and studies on R. palustris
grown in an outdoor, temperature controlled, underwater tubular photobioreactor (Carlozzi and
Sacchi, 2001).

Safety concerns

No relevant publications were found in a PubMed search with the following keywords: R. palustris &
infections, R. palustris & antimicrobial resistance, R. palustris & disease.

Some information was obtained with a literature research with the keyword ‘toxin’. It appears that the
biological activities of lipopolysaccarides of R. palustris were virtually nontoxic for mice and
nonpyrogenic for rabbits (Galanos et al., 1977).

Conclusion

The history of use is restricted to the use of biomass for fish feeds and does not permit to include this
species in the QPS list.

2.5.2.  Bacteriophages

Two bacteriophages active against Clostridium species and proposed to be used as feed additives have
already been notified to EFSA. The present Opinion therefore assesses for the first time whether some
bacteriophages could be included into the QPS list.

Bacteriophages (phages) are the viruses of bacteria. They share habitats with their hosts and,
consequently, may be considered ubiquitous as a group. Infection depends on specific recognition
between surface cell-receptors and phage anti-receptors. This means that, in general, they have narrow
host ranges. Usually, upon infection phages follow a lytic cycle, at the end of which the cell is lysed
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and a viral progeny is produced. In addition, some phages may follow a lysogenic cycle, where the
phage DNA (the prophage) synchronizes its replication to that of the host to be inherited by its
offspring. Phages that can only follow the lytic cycle are called virulent, while those that can choose
between a lytic and a lysogenic cycle are called temperate. Comprehensive information on
bacteriophages is described in the literature (Calendar, 2006; McGrath and van Sinderen, 2007;
Waldor et al., 2005).

It is anticipated that phages will start to be proposed as antagonistic agents for bacteria that cause
spoilage of feed and food and for pathogens that use these matrices as reservoirs and sources of
infection. In this respect, phages may present some advantages over physical and chemical
decontamination procedures. For example, they are completely innocuous for eukaryotic organisms,
so that their use might allow a reduction in the concentration of potentially toxic preservatives. In
addition, phages are not expected to alter the sensory properties of foods, which contrasts with the
effects of many physical preservation treatments and, finally, phages would not affect the viability of
fermented food starter bacteria, due to their narrow host specificity.

Taxonomic unit

The International Committee on Taxonomy of Viruses (ICTV) recognizes 14 families of phages
which are mainly defined by the nature of their nucleic acid and virion morphology (Anonymous,
2002b). Eleven of these families are not grouped in a superior taxonomical category, while the other
three are included in the order Caudovirales. This comprises the vast majority of phages (96 %) and
its members have in common genomes located in a double stranded DNA molecule and a complex
morphology with a capsid of regular symmetry (the head) and a DNA injection apparatus of helicoidal
symmetry (the tail). The morphology of the tail defines the three families of the order: i) Myoviridae,
with a long, contractile tail; ii) Siphoviridae, with a long, non-contractile tail, and iii) Podoviridae,
which have a short tail.

The distribution of phages within families into lower ranks, genera and species, has been attempted
but has been confronted with the lack of functional specific data because phages do not have their
own metabolism and, in many cases, with the absence of a detailed knowledge of their biology. As a
consequence, while genera and type phages were defined, most of the isolates described in the
literature remain unclassified.

On the other hand, there is the problem of prophages. Frequently, it is not possible to propagate them,
possibly because many are defective or simply because an appropriate host has not been found. This
precludes their inclusion into a virion morphology based classification (Ackermann, 2006; Nelson,
2004).

This is why genomic and proteomic analyses are being applied to phage classification, taking
advantage of their modest genome size. However, this task is resulting to be more difficult than
expected; first of all, many phage genes do not have counterparts in the databases or cluster with other
phage derived sequences of unknown function. Besides this, a universal phage gene does not exist,
such as those encoding rRNAs in all cellular organisms. Finally, phages interexchange DNA segments
with other phages, with prophages and even with their bacterial hosts.

As a consequence, many different algorithms have been applied to classify phages based on their
deduced proteome (Liu et al, 2006; Rohwer and Edwards, 2002), location of functional modules with
respect to the overall genome, number and position of individual genes in the genome (signature
genes) and inside the modules, etc. (Briissow and Desiere, 2006; Li et al, 2008b; Lima-Mendez et al,
2008). All these approximations present discrepancies but, in general, reveal an overall picture that
resembles the ICTV official classification into families, although with some relevant exceptions; for
example, some Siphoviridae phages (the D29 group) appear to be more related to one of the major
divisions of the Podoviridae (the T7 group) than to other siphoviruses.
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Curiously, most of the applied algorithms do not take into consideration the taxonomy of the bacterial
host nor give a special relevance to the presence/absence of a genetic switch that allows the phage to
follow a lysogenic cycle. These two considerations are of paramount importance to define whether
phages or at least some of them might reach the QPS status, as will be reasoned below.

Given these considerations, it is clear that the classification of bacteriophages is far from being
settled.

Body of knowledge

The history of phages used as biocontrol agents in food goes back as far as the third decade on the last
century. Vibrio cholerae specific phages were poured into drinking water wells by 1. Asheshov while
working in India, and resulted in a tenfold reduction in the incidence of cholera with respect to people
that used alternative water sources (Sulakvelidze and Kutter, 2005). The interest in phages as food-
decontamination agents faded almost completely until the end of the 20" century, with some
exceptions such as the attempts of Ellis et al. (1973) and Greer (1982) to reduce the counts of
psychrotrophic Pseudomonas in dairy and meat products respectively. By the early 1990s, it was
reasoned that phages specific against starters of dairy fermentations might accelerate ripening through
release of intracellular bacterial enzymes which, in addition, might improve the flavor of the products
(Crow et al., 1995). Other early attempts included those aimed at reducing the concentration of
Listeria in the environment of food-production facilities (Roy et al., 1993).

The interest in the application of phages to reduce the concentration of food-borne pathogens and
spoilage microorganisms exploded almost suddenly at the onset of this century. The work was mainly
focused on Listeria monocytogenes, Salmonella, Campylobacter and Escherichia coli O157:H7
(Hudson et al, 2005; Hagens and Offerhaus, 2008) and also on Staphylococcus (Garcia et al, 2007).
This was backed by a significant increase in the number of reports dealing mainly with the application
of phages to alimentary matrices that had been artificially contaminated with relevant bacteria but
also looking at their effect under production conditions. There have even been attempts to feed farm
animals with phage cocktails with the aim of reducing the contamination of meat, during or after
slaughter, by enteric bacteria (Fiorentin et al, 2005; Raya et al, 2006) without having observed any
signs of toxicity associated to their ingestion (Berchieri, 1991). These studies have been
complemented with some toxicity tests (Carlton et al, 2005).

As a consequence of this interest and taking into account the generally accepted assumption of lack of
adverse effects associated with phage ingestion, several phage-based preparations have been licensed
for use in the United States. Among them are commercial products aimed to be used against Listeria
monocytogenes contamination, tomato and pepper spot and specific E. coli and Salmonella washes for
treatment before slaughter.

The implementation of phages-based biocontrol food-systems may not be as simple in Europe,
however, although this possibility is being addressed. The European Commission, through its
Directorate General on Health and Consumer protection, has recently asked EFSA to provide
technical assistance on an assessment on the mode of action of phages when added to foods of animal
origin (animal carcasses, meat products, dairy products and others) and on their persistence i.e.:
whether their antibacterial effect would be short-lived or whether they would protect against
recontamination at subsequent stages of the processing or even in the final product. In the first case,
phages would be considered as processing aids and then not a subject for European regulation,
although they might fall under Regulation (EC) No 853/2004 (Anonymous, 2004d), when applied to
remove surface contamination, while in the second, they would be considered as food additives, and
so be affected by the Council Directive 89/107/EEC and Regulation (EC) No 1333/2008
(Anonymous, 1989; Anonymous 2008). The document delivered by EFSA (2009¢) concludes that
persistence of the antibacterial effect depends on the particular phage/bacteria combination, on the
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food matrix being treated, on the conditions of application and on environmental factors, so that a
general answer cannot be provided.

Safety concerns

Bacteriophages only infect bacteria and, consequently, they cannot be considered as direct pathogens
for humans, animals or plants. Besides this, they are not spoilage agents since they do not have their
own metabolism. On the other hand, phages may be the most abundant biological entities on earth and
are ubiquitous (Abedon, 2009). Consequently, they are being continuously consumed, especially with
fermented foods, where phages active on the bacterial starters are common (McGrath et al., 2007).
They also parasitize the components of the normal microbiota, and then are produced in the body
cavities, to the point that they are routinely being used as indicators of fecal contamination (Jofte,
2009; Letarov and Kulikov, 2009). Finally, they have been used as vaccine adjuvants and even as
therapeutic agents against bacterial infections, without any signs of pathogenicity or undesirable side
effects associated to their use (Hanlon, 2007; Matsuzaki et al., 2005).

However, phages may influence the phenotypes of their bacterial hosts. This is especially true for
temperate phages which, frequently, harbor genes that are expressed during lysogeny (phage
conversion). Of special relevance are determinants that encode virulence factors, such as the
diphtheria and botulism toxins produced by lysogenic strains of Corynebacterium diphteriae and
Clostridium botulinum, respectively and many others (Briissow et al., 2004).

In addition, bacterial DNA can be transferred from cell to cell, inside viral capsids (transduction). By
this mechanism bacteria may exchange genetic information located in their chromosomes (Miller,
2001), plasmids (Novick et al., 1986) and mobile elements (Chen and Novick, 2009) which includes
antibiotic resistance (Zhang and LelJeune, 2008), virulence (Brabban et al., 2005) and spoilage
determinants (Matthews and Novick, 2005). Transduction is much more frequent in phages that
package their own genome by the so called headful mechanism, which present a more relaxed control
of the DNA to be introduced to the capsid than phages that specifically recognize the end sequence of
their genomes (Oliveira et al., 2005).

The conclusion is that phages do not cause any safety concerns by themselves but through the
transmission and expression of viral and bacterial genes, which may enhance the virulence and
spoilage abilities of their hosts.

Possibility to exclude safety concerns

Phage conversion of the bacterial host is dependent on the ability of the incoming virus to lysogenize
and on the presence in its genome of harmful genes such as those encoding virulence determinants.
Lysogenization requires a genetic switch that may repress the expression of the genes that lead phage
development towards the lytic cycle and, in most cases, of a site-directed recombinase that catalyzes
the incorporation of the phage genome to that of the bacterial host through a phage-bearing attP
sequence. For the moment, the only safe way to ascertain whether these elements are part of the gene
pool of a bacterial virus is the analysis of its genome sequence, complemented with physiological
experiments to exclude the generation of lysogenic cells upon infection. Similarly, the DNA-
packaging mechanism and transduction ability of any phage can only be assessed with ad hoc
experiments. These characteristics could be used in a case by case safety assessment of phages.

Consideration of bacteriophage for the QPS list

Phages are inert particles until they infect a bacterial host and, even then, all metabolic functions
encoded by their genomes have to be fulfilled by the host. From this perspective, and taking into
consideration that only the genetic material of the phage enters the bacterium, phages might be
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visualized as DNA replicons rather than microorganisms. Their main difference to plasmids is that
most are able to follow a lytic cycle by which they become encapsulated into a protective shell that, in
addition, has host-recognition and genome injection elements. These restrict the phage-susceptible
bacteria to organisms closely related with its host, almost never going further than the species limits.
Conversely, phages do not have conjugation machinery such as the one that allows plasmids and
conjugative transposons to spread through bacterial communities. This last system, in contrast with
general assumptions, may affect phylogenetically distant bacteria, even traversing the boundaries
between Gram positive and Gram negative organisms (Mazodier et al., 1989).

On the other hand, bacteriophages do not exert any effect on eukaryotic organisms by themselves but
through their bacterial hosts, which express the genetic determinants harbored in the genomes of
prophages (as they do with plasmid traits, including those encoding virulence and antimicrobial
resistance). This is a crucial difference to animal and plant viruses, whose pathogenicity is directly
exerted, without any need of an intermediate biological entity.

With all these arguments in mind, it may be argued that the unit for QPS consideration should be the
bacterial host rather than the phage. A bacterial species is considered to be QPS when it does not have
a record of causing pathology after a long history of mutual interaction with humans, animals or
plants. This means that its gene pool does not encode any virulence or other harm determinants that
might represent a threat to eukaryotic organisms. The gene pool includes of course the chromosomally
encoded traits, but also those harbored by its indigenous plasmids and phages.

For this reason it could be proposed that the consideration of bacteriophages to the QPS status should
be linked to the qualification as such of their bacterial hosts. However EFSA will have mostly to deal
with phages to fight against pathogenic bacteria. Therefore, notifications for phages from QPS
bacteria are not expected.

Conclusion

Bacteriophages cannot be included on the QPS list for the following reasons:
- Impossibility to allocate them to precise taxonomical units (genera and species).

- The only way to discriminate between their temperate/virulent nature and to know whether
they carry undesirable genes in their genomes is DNA sequencing and analysis.

- Absence of an a priori indication of their ability to transduce bacterial DNA which has to be
deduced from their DNA-packaging characteristics.

These circumstances would allocate phages in a typical case by case analysis situation.

Assessment of two clostridial specific bacteriophages

Two phages were notified previously, which infect Clostridium sporogenes and Clostridium
tyrobutyricum. It is impossible to ascribe these phages to a precise taxonomic unit, there is a lack of
scientific information on the usage of phages in feed against clostridial development and a lack of
data that demonstrate that these phages are not virulent and unable to transduce bacterial DNA.

Therefore, following the assessment presented in the former section, these two phages cannot be
included on the QPS list and will have to be assessed on a case-by-case basis.
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2.5.3.  Viruses used in plant protection®’

Baculoviruses (Bac V) and Zucchini Mosaic Virus (ZYMV) have been notified to EFSA as plant
protection products. Therefore, at the request of EFSA the present Opinion assesses whether some
taxonomic units corresponding to these two kinds of viruses could be included in the QPS list.

2.5.3.1. Baculovirus

Following a request from EFSA, the QPS Working Group of the Panel on Biological Hazards on the
maintenance of the list of QPS microorganisms intentionally added to food or feed was asked in the
terms of reference to consider the application of Baculovirus (BacV) used for control of insects that
cause damage to plants for the QPS concept.

Taxonomic unit

Baculoviruses are a family of arthropod-specific, rod-shaped (baculum = rod), enveloped viruses with
a circular double-stranded DNA genome. The family Baculoviridae was recently reclassified and is
now divided into four genera (Jehle et al. 2006; ICTV, 2008). Genus Alphabaculovirus comprises the
Nucleopolyhedroviruses (NPVs) (formerly nuclear polyhedrosis virus) of Lepidoptera. Genus
Betabaculovirus encompasses the Granuloviruses (GV) (formerly granulosis virus) of Lepidopteran
insects. Genus Gammabaculovirus contains the NPVs of Hymenopteran insects and the Genus
Deltabaculovirus the NPVs from Dipteran insects. These genera form monophyletic groups within the
Baculoviridae family (Jehle et al., 2006).

The International Committee on Taxonomy of Viruses (ICTV) now recognizes 42 baculovirus species
based, among others, on the complete nucleotide sequence of these species (ICTV, 2008). A further
150 or so are recognized as potential baculovirus species based on partial DNA sequencing and
phylogenetic analysis; about 450 remain tentative until they have been molecularly characterized
(Martignoni and Iwai, 1986). Baculoviruses are distantly related to the Nudiviruses (insect-specific)
(Wang and Jehle, 2009) and Hytrosaviruses (dipteran flies) (Abd-Alla et al., 2008).

Baculoviruses form a distinct and well characterized group of arthropod-specific viruses which can be
distinguished from other viruses by a number of unique properties described in the following. The
most prominent characteristic of baculoviruses is their occurrence as occlusion bodies (OB). The OBs
are formed in the nuclei of infected cells of insect larvae and can be easily detected by light
microscopy (phase-contrast or dark-field) as highly refractile particles or bodies ranging in size
between 0.1 and 10 pm. These largely proteinaceous bodies contain rod-shaped virions (singly or as
multiples), which in turn contain a large circular double-stranded DNA molecule. The OBs protect the
virions against decay upon assembly and can survive in the environment for a long time (> 20 years).
Baculoviruses contain a double-stranded circular DNA genome ranging in size between 80-180
kilobase pairs depending on the virus species. All baculovirus species share 30 so-called core genes
and contain collectively more than 1000 other genes, which may be related to virulence, specificity
and host range of the pertinent baculovirus species (Herniou and Jehle, 2007).

Body of knowledge

Baculoviruses occurred in ancient times in silkworm cultures and often ruined silk production. The
first attempts to use baculoviruses for biological control can be dated back to the year 1892. During a
dramatic population increase of nun moths (Lymantria monocha L.), a severe pine pest in Europe, the
use of the infectious agent causing the so called ‘Wipfelkrankheit’ or ‘tree top disease’ was intended

7 Section 2.5.3 of the opinion was shared with the PRAPeR Unit of EFSA for information and commenting. Received
comments were taken into consideration.
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to combat the insect pest (Huber, 1986). The successful biological control of insect pests in field
crops, plantation, orchard crops, and forests was demonstrated by field experimentation and
applications of widely different scales all over the world (Moscardi, 1999). These resulted in the
development of fully registered baculovirus insecticides in several countries for insect pests in
forestry, arable crops, horticulture and orchards (Anonymous, 2006). A detailed continent-by-
continent survey on the developmental, experimental and commercial use of baculovirus insecticides
was recently compiled (Hunter-Fujita et al., 1998; Moscardi, 1999; Erlandson, 2008). Some examples
of several most important baculovirus insecticides tested and used in the field were summarized and
include amongst others Adoxophyes orana GV, Cydia pomonella GV, Helicoverpa armigera NPV,
Anticarsia gemmatalis NPV, Neodiprion sertifer NPV, Lymantria dispar NPV and Spodoptera spp.
NPV (Anonymous, 2006).

Methods of characterization

Currently baculoviruses are characterized by sequencing three to five highly conserved core genes
(polyhedrin, DNA polymerase, lef-8, lef-9 and pif-2) using universal primer sets and polymerase chain
reaction (PCR) procedures (Herniou and Jehle, 2007; Van Oers and Vlak, 2007). This gives
unequivocal identification of baculovirus species. Registration as a biocontrol agent requires the
entire sequence of the active component (baculovirus genome).

Human and animal health considerations

Baculoviruses are naturally occurring pathogens of arthropods. Their host range is exclusively
restricted to terrestrial arthropods (Barber et al., 1993; Doyle et al., 1990; Cory and Hails, 1997). No
member of this virus family is infectious to plants or vertebrates or microorganisms. Baculoviruses
are ubiquitously present in the environment and have been used for biological insect control for more
than 100 years. Circumstantial evidence for the safety of baculoviruses emerges from the history of
contact between baculoviruses and humans for such a long time without any detrimental effects
(Summers et al., 1975; Anonymous, 2006). In addition baculoviruses are also a natural control agents
of insects by controlling the size of insect populations, e.g. in forestry (nun moth, gypsy moth), and
animals and man have been exposed to baculovirus throughout history until the present day. For
example, cabbage from the open market may contain a lot of baculoviruses as a result of a
polyhedrosis in caterpillars foraging on cabbage (Heimpel et al., 1973). So, mankind has been in
contact with these viruses for a very long time. Currently baculoviruses are used, among others, on
large areas of cotton (100,000 ha), soybean (1,500,000 ha) and orchards (100,000 ha) annually for 5-
20 years or more showing a perfect health card for workers and consumers. In Europe baculoviruses
are mostly used in orchards, on vegetables and in flower culture (arable and protected crops).

Baculovirus products that are commercially available as insect biocontrol product and have been
extensively tested for their effect on human and animals (EPA, 1996). These tests included exposure
of mice and/or rabbits to high doses of occlusion bodies (OBs) by inhalation, epidermal application,
subcutaneous, intravenous and intracerebral injections of OBs into mice, rats and rabbits, skin
irritation tests, etc., but none of these showed any negative effects (Ignoffo, 1973; Rogoff, 1975;
Burges et al., 1980). Furthermore, teratogenicity, carcinogenicity and replication potential in
mammalian cells have been tested all negative (Miltenburger, 1978; Groner, 1986). Baculoviruses do
not produce toxins in their hosts.

Some baculoviruses can readily infect insect cells with the budded form (the form that is circulating
in the larval body) of the virus after virus infection (Vlak et al., 1996). Infection of mammalian cells
with OBs turned out to be negative. When mammalian cells were infected with (occlusion body) OB-
derived virions (rod-shaped particles), viral DNA could be found inside the cell but no replication was
recorded. Cytogenetic studies in mammalian cells indicated no chromosomal aberrations (Reimann
and Miltenburger, 1983; Miltenburger, 1978). Because baculoviruses do not replicate in mammalians
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or mammalian cells, have a large genomic capacity to include foreign DNA, are easy to scale up and
are intrinsically safe for humans, they are attractive gene therapy vectors for mammals and man (Hu,
2006).

Conclusion

On the basis of the available literature and other available sources of information it can be concluded
that baculoviruses are safe for animals and human consumption. Baculoviruses in the form of OBs are
specific for (certain) insects and do not productively infect (cells of) non-target insects or other
organisms including humans and animals. It is therefore recommended to include plant protection
viruses, more specifically baculoviruses (Baculoviridae) as the highest taxonomic unit, on the QPS
list.

2.5.3.2.  Zucchini yellow mosaic virus (ZYMV)

Body of knowledge

ZYMV is a viral plant pathogen and member of the potyvirus family (Potyviridae). This family
contains 111 recognized species and 86 tentative species, and probably encompasses - as a family -
the largest number of recognized plant virus species. Five genera are established and ZYMV belongs
to the Genus Potyvirus (ICTV, 2005).

ZYMV was isolated in 1973 from zucchini and mainly infects commercial cucurbit plants
(Cucurbitacaea, i.e. cucumber, pumpkin, squash, melon and zucchini) (Lisa and Lecoq, 1984). It is
transmitted (vectored) by the aphid Aphis gossypii in a non-persistent way (i.e. the virus does not
replicate in the vector, which is thus a virus reservoir and a virus carrier). The disease is characterized
by the appearance of mosaic or yellowing symptoms on the surface of the plant leaves and
malformation and discoloration of the fruit. This is a very specific response to virus infection. The
virus can reliably be identified by either DAS-ELISA or RT-PCR technologies (Desbiez et al., 2002).

Control of the disease is mainly achieved by using insecticides to eliminate the aphid vector. Natural
resistance in plants against ZYMV is rare and therefore alternative strategies for control are sought
including genetic engineering (not discussed here) and the use of weak strains of the virus to exploit
the phenomenon known as premunition or cross-protection (Cho et al., 1992; Walkey et al., 1992).

Cross-protection is a phenomenon in plants where infection with a ‘mild’ strain of a certain plant
virus induces tolerance or resistance in plants to a subsequent infection with a ‘severe’ or ‘virulent’
strain of the same virus or a related virus. This phenomenon was first described by McKinney (1929),
the term ‘cross protection’ was coined first by Matthews (1949). The mechanism of cross protection
is thought to be based on (i) coat protein or CP-mediated resistance and / or (ii)) RNA-mediated
resistance (Gal-On and Shiboleth, 2006). The first mechanism is thought to be based on the
prevention of uncoating of the ‘severe’ virus upon entry into the plants and the inability to initiate
replication because the viral RNA is recoated (Beachy, 1990). The second mechanism is based on
gene-specific RNA-silencing (Ratcliff et al., 1999), a plant response to virus infection. A detailed
account on the principles of cross protection is given by Gal-On and Shiboleth (2006), whereas
practical applications have been described by Fulton (1986).

Cross-protection is most successful in annual crops, although examples in orchards have been
reported. A few examples of successful implementation have been reported. The latter include control
of Cucumber Mosaic Virus (CMV) in cucumber (Tien and Wu, 1991), Tomato Mosaic Virus (ToMV)
in tomato (Rast, 1972) and Zucchini Yellow Mosaic Virus (ZYMV) in zucchini and sqash (Cho et al.,
1992; Lecoq et al., 1991; Yarden et al., 2000).
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Taxonomic unit

In the case of ZYMV the Potyviridae family is the highest possible taxonomic unit. The family is
characterized by the presence of a 750 nm-long flexuous filamentous particle, which contains a single
stranded RNA molecule as genetic entity of about 9500 base pairs and with positive polarity (RNA
ready to be translated). The full-length viral RNA is translated into a large polyprotein, which is after
synthesis proteolytically cleaved within the cell into 10 proteins. The entire sequence of many
potyviruses, including ZYMV (Baker et al., 1992; Gal-on, 2007), is known and phylogenetic analysis
using the coat protein as a marker showed that the potyviruses form a monophyletic clade (Pfosser
and Bauman, 2002; Simmons et al., 2008). Many genetic variants or strains of ZYMV exist, but they
are all very closely related and highly monophyletic as a group within the Potyvirus Genus. On the
basis of nucleotide polymorphisms and phylogenetic analysis further subgroups of ZYMV can be
identified (Lecoq et al., 2009).

History of use

The principle of cross protection against ZYMV was applied in the late 1980s when a natural variant
of the virus was obtained, which gave mild symptoms in zucchini and which protected the zucchini
against virulent strains of the virus. Such mild strains and the cross protection strategy have been
tested for their agronomic potential fighting the disease (Perring et al., 1995) and a ZYMV-based
product has been registered since 1997 in various parts of the world. However, there is limited use of
this product and it expected that further development of other viral products along the same lines will
be there but slow. In the USA products containing mild strains of ZYMYV are considered pesticides
and their registration is carried out accordingly (US-EPA, 2007).

Human and animal health assessment

Since large amounts of ZYMV will be used and on edible crops, the question is whether there is a
safety problem for vertebrate animals, including mammals and man when the virus ends up in the
food or feed. In general plants viruses are not thought to pose any risk for human or animal
consumption. Although plant viruses usually have a very wide plant host range, infection of
vertebrates, mammals or mammalian cells has never been reported. Even though some plant viruses
relate to animal viruses, e.g. comoviridae and picornaviridae, cross infections between animals and
plants and vice versa have not been recorded. In fact, humans and animals have been exposed to plant
viruses for a very long time, as plants (food and feed) are often naturally infected with plant viruses.
Negative effects on mammalians attributed to plant viruses have never been found or reported even
though they are continuously exposed to plant viruses (Zhang et al., 2006). Plant viruses are also
present in tobacco products. Plant viruses are also not known to contain or produce toxins. Rabbits are
commonly used to produce antibodies against plant virus proteins, but no toxicology or pathology has
been recorded. Because of this positive health profile the registration in Europe and the USA
exempted applicants from carrying out toxicological and pathogenicity tests in mammals (waver
requests granted). Due to the positive health card in general, plant viruses are considered as safe
carriers for human and veterinary vaccines (Grill et al., 2005).

Conclusion

On the basis of the available literature and other available sources of information it can be concluded
that plant viruses are safe for animal and human consumption. Plant viruses are specific for plants and
do not infect other organisms including humans and animals. It is therefore recommended to include
potyviruses (Potyviridae) on the QPS list.
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2.5.4.  Consideration of a qualification for yeast regarding resistance to antimycotics

Introduction

Invasive fungal infections have become one of the leading causes of death among patients with
aggressive haematological malignancies, transplant recipients with aggressive haematological
malignancies, transplant recipients, and other immunocompromised patients such as those with
Acquired Immunodeficiency Syndrome (AIDS). The emergence of various opportunistic fungal
infections and, for several human fungal pathogens, the rapid development of drug resistance, has
prompted the search for new broad-spectrum antifungal agents that are minimally toxic and unlikely
to result in the development of resistance. The systemic mycoses and especially those fungi that cause
opportunistic infections, such as Candida species (mainly C. albicans, C. glabrata, C. parapsilosis,
C.tropicalis, and C. krusei) and the filamentous fungi Aspergillus fumigates. The increasing threat of
fungal infections has stimulated the search for better antifungals with a distinct mode of action.
However, the effective use of these antifungals has often been minimized by their toxicity and their
narrow spectrum. The azoles and the polyenes are the safest antifungal in use to fight systemic fungal
infections.

Classes of Antifungal Drugs

Systemic antifungals currently in use (see Table 1) belong to one of four different classes of
compounds (Zao and Calderone, 2002; Li and Calderone 2004; Gauwerky et al., 2009):

e The polyenes are inhibitors of plasma membrane function through binding to ergosterol.

e Agzoles inhibit the conversion of lanosterol to its demethylated form during ergosterol
synthesis. These two classes are the most commonly used types of antifungals.

e Fluoropyrimidines are used much less frequently in a clinical setting than the first two. The
only example of a fluoropyrimidine in clinical usage is 5-fluorocytosine (5-FC), and although
fungicidal, this compound has a rather limited spectrum of activity so it is used almost
exclusively in combined therapy regimens with amphotericin-B.

o Allylamines/thiocarbamates are also inhibitors of ergosterol synthesis. However, their mode
of action in inhibiting ergosterol synthesis is different than the azoles in that the
allylamines/thiocarbamates inhibit the enzyme squalene epoxidase, which together with the
enzyme (2,3)-oxidosqualene cyclase, catalyzes a cyclization of squalene to lanosterol. In
general, the allylamines, such as terbinafine, have almost exclusively been used to treat
superficial fungal infections, especially dermatophytosis.

Some of their general features are described and summarized in Table 1. The compounds listed in
Table 1 under azoles represent examples of either imidazoles or triazoles but is not intended to
include all known azoles.

Resistance to antifungals

The resistance to all the major groups of compounds has been described, but the extent of resistance
to any particular drug is both organism and drug dependent (for a review see (Prasad et al., 2002;
Prasad and Lopez-Ribot, 2004). Thus, resistance among fungi to drugs that are more commonly used
(fluconazole) is greater than resistance to drugs less commonly used (ketoconazole). On the other
hand, clinical resistance to amphotericin-B (polynes group) is uncommon even though this drug is
generally used for treating systemic fungal infections. Interestingly, of those mechanisms of resistance
which have been described for pathogenic fungi, modification of a drug resulting in its inactivation
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has not been described in fungi. This is in stark contrast to the case in bacteria where such
mechanisms are common. In order to understand the mechanism of antifungal resistance, it is essential
that the site and mechanisms of action of these drugs are elucidated. Table 2 lists most of the known
antifungals with their proven targets and mechanisms of resistance.

Some of the major mechanisms resulting in MDR (Multi drug resistance) are:

e Decreased accumulation of drugs, which is the dominant feature of MDR.

e Changes in expression of some cellular proteins, e.g., P-glycoprotein, MRP (multidrug
resistance-associated protein), catalase, and topoisomerase.

e Changes in cellular physiology affecting the structure of plasma membrane, cytosolic pH, and
lysosomal structure and function.

The most predominant human pathogenic yeast, C. albicans is naturally more resistant to several
drugs than Saccharomyces cerevisiae, which is interesting to food industry. In addition, the incidence
of C. albicans cells resistant to antifungals like azoles has increased considerably in recent years,
which has posed serious problems toward successful chemotherapy. The incidence of antifungal
resistance has also increased in the non-albicans species, such as C. glabrata, C. parapsilosis, C.
tropicalis, and C. krusei.

Candida infections are treated with antifungal agents, particularly with the triazole derivatives
fluconazole, itraconazole, and ketoconazole. To combat the attack of antifungals, Candida has
evolved a variety of mechanisms to acquire resistance to these drugs. The resistance to azoles in C.
albicans was earlier thought to occur primarily through an alteration or an overexpression of the
target enzyme 14-alfa-lanosterol demethylase (P45014DM) involved in sterol biosynthesis. However,
the characterization of the ATP-Binding Cassette (ABC) proteins Cdrlp and Cdr2p and CaMdrlp, a
transporter of the major facilitator superfamily (MFS), led to the suggestion that efflux mechanisms
represent an important determinant of antifungal susceptibilities in C. albicans.

In spite of the use of polyene antibiotics for several years, there are limited instances of Candida
resistant to amphotericin-B (AmB) and nystatin; however, resistance to AmB in some Candida spp.,
C. lusitaniae, C. tropicalis and T. beigelii, is common.

In particular, the strains resistant to AmB, which have been isolated from patients with candidiasis,
belong mostly to non-albicans species such as C. lusitaniae and C. tropicalis. The resistance to AmB
has been mainly associated with changes in sterol content of the cell. The clinical isolates of C.
albicans resistant to AmB were shown to lack ergosterol and accumulated 3-beta-ergosta-7, 22-dienol
and 3-beta-ergosta-8-enol due to a defect in delta”®-desaturase enzyme. The decreased ergosterol
content resulted in reduced binding of polyenes as compared to susceptible cells. In certain instances
of AmB resistance, an increased catalase activity has also been shown as a part of the mechanism of
resistance to control oxidative damage caused by the drug. In another pathogenic isolate of
Cryptocococcus neoformans which was isolated from AIDS patients who failed antifungal therapy, a
similar correlation between polyene resistance and sterol contents was reported. There are also reports
to suggest that polyene action could be affected by alteration in components other than sterols, cell
wall component and membrane phospholipids.

It is noteworthy that in the case of yeast any, horizontal transfer of extrachromosomal material across
fungal species and a longer fungal generation time, thereby slowing vertical transfer of mutant traits
are known as a mechanisms of resistance to antifungal agents (Hof, 2008).

Resistance to antifungal agents in yeasts in not carried on mobile genetic elements, as in the case of
bacteria, and cannot be transmitted among strains (Hof, 2008).
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QPS yeast resistance to antifungal drugs

Although yeasts are well known for producing fermented foods and beverages, as sources of food
ingredients and as spoilage yeasts, very few species present in foods included in the QPS list (EFSA,
2008a). For this reason the food yeast resistance to antifungal has largely been overlooked. Very few
information are available about these resistance to antifungal of these species and only data about
antifungal resistance of S. cerevisiae are available in vitro. Zerza et al. (1996) and Barchiese et al.
(1998) tested in vitro the susceptibilities of S. cerevisiae isolates to fluconazole, itraconazole,
ketoconazole, SFC and amphotericin B. In general these authors observed observed a wide range of
MICs with high values for some isolates in the case of fluconazole and itraconazole, ranging
respectively from 0.12 to 16 mg/l and from 0.015 to 1 mg/l. In contrast, all isolates were inhibited by
low concentrations of amphotericin B and 5 FC. In AIDS patients with oral thrush, colonization with
S. cerevisiae increased after treatment with fluconazole or clotrimazole.

Conclusions

e QPS yeasts are generally not regarded as pathogenic or infectious however there have been
reports that they are able to cause rare opportunistic infections in humans

e Human infections caused by QPS yeasts are rare and therefore there is a lack of data to assess
whether resistance to antifungal agents in QPS yeasts impaired the efficacy of therapeutic
treatments.

e However, because isolates from QPS yeasts species can cause infections in human, it is
recommended that strains voluntarily introduced in the feed and food chain are not resistant
to the relevant antifungal agents used in therapeutic treatments.

e Resistance to antifungal agents is an increasing concern for the treatment of yeast infections,
but this mostly concerns species which are not on the QPS list.

e Resistance to antifungal agents is not transmissible among yeasts. Therefore ’indirect
hazards’ defined for bacteria (i.e. presence of resistance in a non pathogenic strain which
could be transmitted to a pathogenic strain) do not apply for yeasts. Only ‘direct hazards’ (i.e.
presence of antimicrobial resistance in a pathogenic strains which will reduce the efficacy of
therapeutic treatments) are to be considered
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Table 1. General characteristics of the major antifungals (Zhao and Calderone, 2002)
Classes of Trade name | Clinical use® | Cidal or | Target Other Resistance®
compounds static activities®
examples
Azoles Static broad- | P450py Yes Common
spectrum
Imidazoles
Ketoconazole Nizoral system/super
Miconazole Monistat Super
Clotrimazole Lotrimin super
Triazoles
Itraconazole Sporonox system/super
Fluconazole Diflucon system/super
Terconazole Terazol vulvovag
Ticonazole Vagistat vulvovag
Allylamines super Static Squalene | No Uncommon
Terbinafine Epoxidas
e
Polyenes Fungizone system Broad- Ergoster | Yes Uncommon
spectrum ol
Amphotericin B Cidal
Fluoropyrimidines system Cidal Protein No Common
synthesis
5-fluorocytosine’

a System= systemic use; super= superficial; vulvovag =vulvovaginal.
b Except for fluconazole and the polyenes, few data are available.

¢ Primarily binds to ergosterol, causing membrane perturbations; also causes oxidative damage to susceptible cells.
d Limited usefulness, primarily in the treatment of cryptococcal meningitis and some types of candidiasis.

Table 2.  Targets and mechanisms of resistance of some antifungals (Prasad et al., 2002)
Antifungal Target Mechanism of resistance
Pyrimidine Thymidylate synthetase Failure to metabolize 5-FC to 5 FUTP and 5 FAUMP

5-Flucytosine

Loss of feedback control of pyrimidine
biosynthesis
Defect in cytosine permease

Polyenes Membrane ergosterol Alteration in membrane lipids, mainly (resistant
Nystatin, amphotericin-B clinical isolates lack ergosterol and accumulate 3-beta-
ergosterol ergosta-7,22-dienol and 3-beta-ergosta-8-enol, due to
defect in delta-5,6-desaturase gene (ERG3)
Enhanced catalase activity
Azoles 14 alfa-demethylase (ERG11, | Mutations in the target enzyme cytochrome P450 14

Fluconazole, ketoconazole,
itraconazole, voriconazole,
clotrimazole

also ERG16

earlier)

designated

alfa-demethylase which alters the affinity of this
enzyme to the azoles

Overexpression of 14 alfa-demethylase

Failure to accumulate azoles due to rapid efflux
mediated by ABC and MFS family of MDR
transporters

Alteration of sterol delta 5,6-desaturase (ERG3)

Allylamines Squalene epoxidase (ERG1) Overexpression of CDR1, CDR2, and CaMDR1
Naftifine, terbinafine, tolnaftate

Morpholines deltal4-reductase (ERG24), | Overexpression of delta 14-reductase (ERG24) or
Amorolfine delta 8,7- isomerase (ERG2) sterol C-24 (28) reductase (ERG4) genes

Overexpression of CDR1 and CDR2

Lipopeptides
Echinocandins, cyclopeptamine
pneumocandins, aculcacins

beta-1,3-glucan synthetase
(encoded by RHO1)

Mutations in FKS1 gene alters affinity of FKS1 and the
enzyme
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2.5.5.

The 2009 updated list of QPS recommended biological agents

Taking into account the previous list of QPS microorganisms (Appendix A), and the conclusions the
assessments of notifications in this Opinion, the table is updated as follows:

Table 3.

The 2009 updated list of biological agents recommended for QPS

Gram-Positive Non-Sporulating Bacteria

Species

Qualifications ***

Bifidobacterium
adolescentis
Bifidobacterium animalis

Bifidobacterium bifidum
Bifidobacterium breve

Bifidobacterium longum

Corynebacterium
glutamicum

QPS status applies only
when the species is used
for production purposes.

Lactobacillus acidophilus
Lactobacillus
amylolyticus
Lactobacillus amylovorus
Lactobacillus
alimentarius
Lactobacillus aviaries
Lactobacillus brevis
Lactobacillus buchneri
Lactobacillus casei **
Lactobacillus cellobiosus
Lactobacillus
coryniformis
Lactobacillus crispatus
Lactobacillus curvatus
Lactobacillus delbrueckii

Lactobacillus farciminis
Lactobacillus fermentum
Lactobacillus gallinarum
Lactobacillus gasseri
Lactobacillus helveticus
Lactobacillus hilgardii
Lactobacillus johnsonii
Lactobacillus
kefiranofaciens
Lactobacillus kefiri
Lactobacillus mucosae
Lactobacillus panis
Lactobacillus collinoides

Lactobacillus paracasei
Lactobacillus
paraplantarum
Lactobacillus pentosus
Lactobacillus plantarum
Lactobacillus pontis
Lactobacillus reuteri
Lactobacillus rhamnosus
Lactobacillus sakei
Lactobacillus salivarius
Lactobacillus
sanfranciscensis

Lactococcus lactis

Leuconostoc citreum

Leuconostoc lactis

Leuconostoc
mesenteroides

Oenococcus oeni

Pediococcus acidilactici

Pediococcus dextrinicus

Pediococcus pentosaceus

Propionibacterium
freudenreichii

Propiobacterium
acidopropionici

Streptococcus

thermophilus

Bacillus

Species Qualifications

Bacillus Bacillus lentus Bacillus pumilus Absence of food poisoning

amyloliquefaciens
Bacillus atrophaeus
Bacillus clausii
Bacillus coagulans
Bacillus fusiformis

Bacillus licheniformis
Bacillus megaterium
Bacillus mojavensis

Bacillus subtilis
Bacillus vallismortis
Geobacillus
stearothermophilus

toxins®*.  Absence  of
surfactant activity.*
Absence of enterotoxic
activity.®

* When strains of these QPS units are to be used as seed coating agents, testing for toxic activity is not necessary, provided

that the risk of transfer to the edible part of the crop is very low

** The previously described species “Lactobacillus zeae” has been included in the species Lactobacillus casei
*** For all QPS bacterial Units, the strains should not carry any transferable antimicrobial resistance, unless cells are not
present in the final product, as described in EFSA (2008b).
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Table 3. Continued - The 2009 updated list of biological agents recommended for QPS

Yeasts

Species

Qualifications ****

Debaryomyces hansenii

Hanseniaspora uvarum

Kluyveromyces lactis

Kluyveromyces marxianus

Pichia angusta Pichia anomala Pichia jadinii QPS status applies only
Pichia pastoris when the species is used
for production purposes.
Saccharomyces bayanus Saccharomyces cerevisiae  Saccharomyces i
pastorianus (synonym of
Saccharomyces

carlsbergensis)

Schizosaccharomyces
pombe

Xanthophyllomyces
dendrorhous

Virus

Family

Potyviridae

Baculoviridae

***%k Absence of resitance to antimycotics used for medical treatment of yeast infections
1 S. cerevisiae, subtype boulardii is contraindicated for patients of fragile health, as well as for patients with a central venous

catheter in place.

18

Yeast Synonyms commonly used in the feed/food industry

Pichia anomola: synonym Hansenula anomala, Saccharomyces anomalus
Pichia jadinii: anamorph Candida utilis; synonyms Hansenula jadinii, Torulopsis utilis
Saccharomyces cerevisiae synonym S. boulardii

34




o Cl5am QPS 2009 update

CONCLUSIONS

Answers to the terms of reference:
Carry out an annual review of the list of QPS microorganisms.

The list of QPS proposed microorganisms from the last year was reviewed and extended (Table 3).
The addition of the following bacterial species to the QPS list is proposed:

Lactobacillus fermentum
Lactobacillus collinoides
Oenococcus oeni
Propionibacterium acidipropionici

For taxonomic units already present in the QPS list, no modification is felt necessary and the
conclusions of the previous QPS Opinion (EFSA, 2008a) remain valid.

The present annual review noted that some strains belonging to QPS bacterial species, in particular
strains of Lactobacillus species can produce biogenic amines.

Enterococci were previously assessed as not appropriate for the QPS list. The information published
since the last update of the list (EFSA, 2008a) does not permit to modify this conclusion.

Several taxonomic units, not already present in the QPS list, have been notified to EFSA but were not
included in the list because of an insufficient body of knowledge and/or the presence of safety
concerns which cannot be excluded.

Consider the introduction of a qualification for yeast regarding resistance to antimycotics.

The range of therapeutic antimycotics is limited and potential resistance to these antimycotics among
some yeasts causing clinical infections needs attention. This has to be seen in the context that some
yeasts were reported to be the cause of rare opportunistic infections in humans where susceptibility to
therapeutic antimycotics becomes an important aspect for a successful treatment and for human health
and safety. A qualification regarding potential resistances of yeasts against antimycotics used for
human treatments which are currently on the QPS list is therefore considered as important and a more
in depth analysis will be carried out for the next year update.

Consider the application of QPS to bacteriophage (for example used as decontamination agents) and
viruses (used in plant protection)

Bacteriophages cannot be included in the QPS list for the following reasons:
- Impossibility to allocate them to precise taxonomical units (genera and species).

- The only way to discriminate between their temperate/virulent nature and to know whether
they carry undesirable genes in their genomes is DNA sequencing and analysis.

- Absence of an a priori indication of their ability to transduce bacterial DNA which has to be
deduced from their DNA-packaging characteristics.

These circumstances would allocate phages in a typical case by case analysis situation.
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Baculoviruses are specific for insects and do not productively infect (cells of) non-target other
organisms including humans and animals. It is therefore recommended to include baculoviruses
(Baculoviridae) as the highest taxonomic unit, in the QPS list.

Plant viruses are specific for plants and do not infect other organisms including humans and animals.
It is therefore recommended to propose potyviruses (Potyviridae) for the QPS list.

Update the information on mycelial fungi.

Mycelial fungi were not included in the QPS list (EFSA, 2007a), because of the possible production
of a wide diversity of potentially toxic secondary metabolites. Recent scientific information confirms
this conclusion.

RECOMMENDATIONS

A review of current and a need for additional qualifications proposed to biological agents on the QPS
list is recommended in the context of possible implication on human health.

Among the biological agents notified to EFSA, many were not included in the QPS list due to an
insufficient body of knowledge. They will have to be assessed on a case by case basis by the relevant
EFSA Panels or Units. More research is needed to obtain the knowledge necessary to design methods
for a safety assessment of non QPS microorganisms.
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APPENDICES

APPENDIX A: THE FORMER 2008 LIST OF QPS GRANTED MICROORGANISMS (EFSA, 2008a)

Gram-Positive Non-Sporulating Bacteria

Species

Qualifications ***

Bifidobacterium
adolescentis
Bifidobacterium animalis

Bifidobacterium bifidum
Bifidobacterium breve

Bifidobacterium longum

Corynebacterium
glutamicum

QPS status applies only
when the species is used
for production purposes.

Lactobacillus acidophilus
Lactobacillus
amylolyticus
Lactobacillus amylovorus
Lactobacillus
alimentarius
Lactobacillus aviaries
Lactobacillus brevis
Lactobacillus buchneri
Lactobacillus casei **
Lactobacillus
coryniformis
Lactobacillus crispatus
Lactobacillus curvatus
Lactobacillus delbrueckii

Lactobacillus farciminis
Lactobacillus fermentum
Lactobacillus gallinarum
Lactobacillus gasseri
Lactobacillus helveticus
Lactobacillus hilgardii
Lactobacillus johnsonii
Lactobacillus
kefiranofaciens
Lactobacillus kefiri
Lactobacillus mucosae
Lactobacillus panis

Lactobacillus paracasei
Lactobacillus
paraplantarum
Lactobacillus pentosus
Lactobacillus plantarum
Lactobacillus pontis
Lactobacillus reuteri
Lactobacillus rhamnosus
Lactobacillus sakei
Lactobacillus salivarius
Lactobacillus
sanfranciscensis

Lactococcus lactis

Leuconostoc citreum

Leuconostoc lactis

Leuconostoc
mesenteroides

Pediococcus acidilactici

Pediococcus dextrinicus

Pediococcus pentosaceus

Propionibacterium.
freudenreichii

Streptococcus

thermophilus

Bacillus

Species Qualifications

Bacillus Bacillus lentus Bacillus pumilus Absence of food poisoning

amyloliquefaciens
Bacillus atrophaeus
Bacillus clausii
Bacillus coagulans
Bacillus fusiformis

Bacillus licheniformis
Bacillus megaterium
Bacillus mojavensis

Bacillus subtilis
Bacillus vallismortis
Geobacillus
stearothermophillus

toxins®*.  Absence  of
surfactant activity.*
Absence of enterotoxic
activity.®
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The former QPS 2008 list (continued).

Yeasts *°

Species Qualifications

Debaryomyces hansenii

Hanseniaspora uvarum

Kluyveromyces lactis Kluyveromyces marxianus
Pichia angusta Pichia anomala Pichia jadinii QPS status applies only
Pichia pastoris when the species is used
for production purposes.
Saccharomyces bayanus Saccharomyces cerevisiae ~ Saccharomyces i
pastorianus (synonym of
Saccharomyces

carlsbergensis)

Schizosaccharomyces
pombe

Xanthophyllomyces
dendrorhous

* When strains of these QPS units are to be used as seed coating agents, testing for toxic activity is not necessary, provided
that the risk of transfer to the edible part of the crop is very low

** The previously described species “Lactobacillus zeae” has been included in the species Lactobacillus casei

*** For all QPS bacterial Units, the strains should not carry any transferable antimicrobial resistance, unless cells are not
present in the final product, as described in EFSA (2008b).

1 S. cerevisiae, subtype boulardii is contraindicated for patients of fragile health, as well as for patients with a central venous
catheter in place.

EFSA, 2008a. Opinion: The maintenance of the list of QPS microorganisms intentionally added to
food or feed - Scientific Opinion of the Panel on Biological Hazards (Question number: EFSA-Q-
2008-006) www.efsa.europa.ew/EFSA/efsa locale-1178620753812 1211902221481.htm The EFSA
Journal, 2008, 923, 1-48

EFSA, 2008b. Technical guidance. Update of the criteria used in the assessment of bacterial
resistance to antibiotics of human or veterinary importance. Prepared by the Panel on Additives and
Products or Substances used in Animal Feeds. The EFSA Journal 732. 1-15.

PYeast Synonyms commonly used in the feed/food industry
Pichia anomola: synonym Hansenula anomala, Saccharomyces anomalus
Pichia jadinii: anamorph Candida utilis; synonyms Hansenula jadinii, Torulopsis utilis
Saccharomyces cerevisiae synonym S. boulardii
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APPENDIX B: MICROBIAL SPECIES FROM PREVIOUS NOTIFICATIONS AND AS NOTIFIED TO EFSA

EFSA Panel/ Unit

Genus and species of

Intended use

EFSA question number and published opinion

Comments

Or as notified | microorganism as
previously notified [additional information]
(current  taxonomy
where different)
Bacteria
FEEDAP Actinoplanes utahensis | Production of No body of knowledge, therefore not
acarbose considered for QPS
FEEDAP Alcaligenes Biomass for animal | EFSA-Q-2004-171 No body of knowledge, therefore not
acidovorans feed appropriate for QPS
= Ralstonia sp. www.efsa.europa.cw/EFSA/efsa_locale-
1178620753812 1178620784006.htm
FEEDAP Bacillus Feed additive EFSA-Q-2007-190 Qualification: ~ Absence  of  toxin
amyloliquefaciens production etc. (see EFSA Opinion,
http://www.efsa.europa.eu/EFSA/efsa_locale- 2008)
1178620753812 1211902039267.htm
FEEDAP Bacillus brevis = Biomass for animal | EFSA-Q-2004-171 No body of knowledge, therefore not

Aneurini bacillus sp.

feed

www.efsa.europa.ew/EFSA/efsa locale-
1178620753812 1178620784006.htm

appropriate for QPS
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EFSA Panel/ Unit

Genus and species of

Intended use

EFSA question number and published opinion

Comments

Or as notified | microorganism as
previously notified [additional information]
(current  taxonomy
where different)
(70/524/EEC) Bacillus cereus var. | Feed additive EFSA-Q-2003-086 QPS status inapplicable for the group of
toyoi http://www.efsa.europa.eu/EFSA/efsa_locale- B. cereus strains (see EFSA Opinion
FEEDAP = B. cereus 1178620753812 _1178620783486.htm 2007, Appendix B)
EFSA-Q-2005-021
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178620783657.htm
EFSA-Q-2006-037
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178620781828.htm
EFSA-Q-2007-090
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178647331659.htm
EFSA-Q-2008-287
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1211902299515.htm
1831/2003 Bacillus coagulans Feed additive Qualification: ~ Absence  of  toxin
production etc. (see EFSA Opinion,
2008)
FEEDAP Bacillus firmus Biomass for animal | EFSA-Q-2004-171 No body of knowledge, therefore not
= Brevibacillus agri feed appropriate for QPS
www.efsa.europa.ew/EFSA/efsa locale-
1178620753812 1178620784006.htm
Reg(EC)1831/2003 | Bacillus lentus Feed additive Qualification: ~ Absence  of  toxin
production etc. (see EFSA Opinion,
2008)
SCF Opinion 22 | Bacillus licheniformis | Production of b- Qualification: ~ Absence  of  toxin
June 2000 cyclodextrin (food production etc. (see EFSA Opinion,
additive carrier and 2008)

stabiliser of food
flavours, food
colours and some
vitamins)
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EFSA Panel/ Unit | Genus and species of | Intended use EFSA question number and published opinion Comments
Or as notified | microorganism as
previously notified [additional information]
(current  taxonomy
where different)
Reg(EC)1831/2003 | Bacillus licheniformis | Feed additive Qualification: ~ Absence  of  toxin
MBS-BL-01 production etc. (see EFSA Opinion,
2008)
Reg(EC)1831/2003 | Bacillus pumilus Feed additive Qualification: ~ Absence  of  toxin
production etc. (see EFSA Opinion,
2008)
Reg(EC)1831/2003 | Bacillus subtilis Feed additive Qualification: ~ Absence  of  toxin

production etc.
2008)

(see EFSA Opinion,

PRAPeR Bacillus subtilis Plant protection EFSA-Q-2008-492 (In progress) Qualification: ~ Absence  of  toxin
Strain QST 713 product production etc. (see EFSA Opinion,
2008)
PRAPeR Bacillus subsp. Plant protection EFSA-Q-2009-00121 (In progress) Already considered as not appropriate for
thuringiensis aizawai product EFSA-Q-2009-00247 (In progress) QPS (see EFSA Opinion, 2007)
(strains ABTS 1857
and GC-91) [http://www.epa.gov/opp00001/biopesticides/ingredients/
= Bacillus factsheets/factsheet_006494.htm]
thuringiensis serovar
aizawai
PRAPeR Bacillus subsp. Plant protection EFSA-Q-2009-00122 (in progress) Already considered as not appropriate for

thuringiensis
israelensis

(serotype H-14), strain
AM 6552

= Bacillus
thuringiensis serovar
israelensis

product

EFSA-Q-2009-00248 (In progress)

[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 006476.htm]

QPS (see EFSA, 2007)

54




> .efsam

European Food Safety Autharity

QPS 2009 update

EFSA Panel/ Unit
Or as notified
previously

Genus and species of
microorganism as
notified

(current  taxonomy
where different)

Intended use

EFSA question number and published opinion

[additional information]

Comments

PRAPeR

Bacillus subsp.
thuringiensis kurstaki
(strains ABTS 351, PB
54, SA11,SA 12, EG
2348)

= Bacillus
thuringiensis serovar
kurstaki

Plant protection
product

EFSA-Q-2009-00123 (in progress)
EFSA-Q-2009-00249 (In progress)

[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 006452 .htm]

Already considered as not appropriate for
QPS (see EFSA, 2007)

PRAPeR

Bacillus subsp.
thuringiensis
tenebrionis

(strain NB176 (TM
141))

= Bacillus
thuringiensis serovar
tenebrionis

Plant protection
product

EFSA-Q-2009-00124 (in progress)
EFSA-Q-2009-00250 (In progress)

Already considered as not appropriate for
QPS (see EFSA, 2007)

FEEDAP

Bifidobacterium
animalis subsp.
Animalis

Feed additive

Already QPS

Reg(EC)1831/2003

Bifidobacterium
animalis subsp. Lactis

Feed additive

Already QPS

Reg(EC)1831/2003

Bifidobacterium
longum

Feed additive

Already QPS

FEEDAP

Clostridium butyricum

Feed additive

EFSA-Q-2008-303
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1211902496474.htm

No  history of wuse, therefore not

appropriate for QPS

GMO

Corynebacterium
glutamicum
(formerly:
Brevibacterium
lactofermentum)

Dried killed
biomass for feed

EFSA-Q-2007-157 (Additional data requested)

The recipient species is QPS, but not for
this application, therefore not appropriate
for QPS

(EFSA 2008 Opinion)
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EFSA Panel/ Unit

Genus and species of

Intended use

EFSA question number and published opinion

Comments

Or as notified | microorganism as
previously notified [additional information]
(current  taxonomy
where different)
FEEDAP Corynebacterium Production of EFSA-Q-2006-031 QPS status applies only when the species
glutamicum L-Arginin is used for production purposes (EFSA
http://www.efsa.europa.eu/EFSA/efsa_locale- Opinion, 2007)
1178620753812 1178620781637.htm
Reg(EC)1831/2003 | Enterococcus faecium | Feed additive No taxonomical unit within Enterococcus
can be considered as free of infectious
strains. Therefore no recommendation for
QPS status (EFSA, 2007)
Reg(EC)1831/2003 | Enterococcus mundtii | Feed additive No taxonomical unit within Enterococcus
can be considered as free of infectious
strains. Therefore no recommendation for
QPS status (EFSA Opinion, 2007)
GMO Escherichia coli Dried killed EFSA-Q-2008-412a and EFSA-Q-2008-669a QPS 2009 update
biomasses for feed | (Additional data requested)
FEEDAP Escherichia coli Dried killed EFSA-Q-2008-412b and EFSA-Q-2008-669b QPS 2009 update
biomasses for feed | (Additional data requested)
FEEDAP Escherichia coli Feed additive, QPS 2009 update
L-cystein
production
FEEDAP Escherichia coli Feed additive EFSA-Q-2005-167 QPS 2009 update
(horses)
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1211902391773.htm
FEEDAP Eubacterium sp. Reduce toxicity of | EFSA-Q-2003-052 No body of knowledge. Already given a
DSM 11798 mycotoxins negative assessment by FEEDAP. Not
www.efsa.europa.ew/EFSA/efsa locale- appropriate for QPS
1178620753812 1178620782757.htm (EFSA Opinion 2008)
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
acidophilus
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
amylolyticus
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(current  taxonomy
where different)
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
amylovorans
Reg(EC)1831/2003 | Lactobacillus brevis Feed additive Already QPS
Reg(EC)1831/2003 | Lactobacilllus Feed additive Already QPS
buchneri
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
bulgaricus
= L. delbrueckii subsp.
bulgaricus
Reg(EC)1831/2003 | Lactobacillus  casei | Feed additive Already QPS
(note: this species is
very rare and its
identity might need to
be verified)
Reg(EC)1831/2003 | Lactobacillus  casei | Feed additive Already QPS
rhamnosus
= Lactobacillus
rhamnosus
Reg(EC)1831/2003 | Lactobacillus Feed additive Not given QPS status (see EFSA Opinion
cellobiosus 2008)
Reg(EC)1831/2003 | Lactobacillus Feed additive Not given QPS status (see EFSA Opinion
collinoides 2008)
FEEDAP Lactobacillus Feed additive Already QPS
delbrueckii
subsp. lactis
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
farciminis
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
fermentum
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
helveticus
Reg(EC)1831/2003 | Lactobacillus mucosae | Feed additive Already QPS
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Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
paracasei
Reg(EC)1831/2003 | Lactobacillus pentosus | Feed additive Already QPS
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
plantarum
Reg(EC)1831/2003 | Lactobacillus reuteri Feed additive Already QPS
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
rhamnosus
Reg(EC)1831/2003 | Lactobacillus sakei Feed additive Already QPS
Reg(EC)1831/2003 | Lactobacillus Feed additive Already QPS
salivarius
Reg(EC)1831/2003 | Lactococcus lactis Feed additive Already QPS
2001/122/EC Leuconostoc Production of Already QPS
mesenteroides dextran as NF
ingredient for
bakery industrial
and food
fermentations
Reg(EC)1831/2003 | Leuconostoc oeno Feed additive QPS 2009 update
= Oenococcus oeni
Reg(EC)1831/2003 | Leuconostoc Feed additive Not proposed for QPS status (see EFSA
pseudomesenteroides Opinion 2007, Appendix A)
FEEDAP Methylococcus Biomass for animal | EFSA-Q-2004-171 No body of knowledge, therefore not
capsulatus feed appropriate for QPS (EFSA, 2008)
www.efsa.europa.ew/EFSA/efsa locale-
1178620753812 1178620784006.htm
Opinion SCF | Paenibacillus b-cyclodextrin QPS 2009 update
adopted on | macerans production (food
22/06/2000 additive)
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FEEDAP Astaxanthin-rich Production of red EFSA-Q-2006-173 No body of knowledge, therefore not
Paracoccus carotenoids considered for QPS (EFSA, 2008)
carotinifaciens www.efsa.europa.cw/EFSA/efsa_locale-

1178620753812 1178650355146.htm

Reg(EC)1831/2003 | Pediococcus Feed additive Already QPS
acidilactici

Reg(EC)1831/2003 | Pediococcus Feed additive Already QPS
pentosaceus

Reg(EC)1831/2003 | Propionibacterium Feed additive Not proposed for QPS status (see EFSA
acidipropionici Opinion 2007, Appendix A)

Reg(EC)1831/2003 | Propionibacterium Feed additive Already QPS
freudenreichii
shermanii

Reg(EC)1831/2003 | Propionibacterium Feed additive Not proposed for QPS status (see EFSA
globosum Opinion 2007, Appendix A)

PRAPeR Pseudomonas sp. Plant Protection no dossier received yet — new active substance Species to be verified when MS report on
DSMZ 13134 Product dossier is received

PRAPeR Pseudomonas Plant Protection EFSA-Q-2008-618 QPS 2009 update
chlororaphis Product [http://www.epa.gov/opp00001/biopesticides/ingredients/

factsheets/factsheet 006478.htm]

Reg(EC)1831/2003 | Rhodopseudomonas Feed additive QPS 2009 update
palustris

Reg(EC)1831/2003 | Serratia rubidaea Feed additive QPS 2009 update

Reg(EC)1831/2003 | Streptococcus Feed additive Already QPS
cremoris = L. lactis
subsp. Cremoris

Reg(EC)1831/2003 | Streptococcus faecium | Feed additive No taxonomical unit within Enterococcus
=Enterococcus can be considered as free of infectious
faecium strains. Therefore no recommendation for

QPS status (EFSA Opinion, 2007)

Reg(EC)1831 Streptococcus Feed additive Already QPS

thermophilus
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PRAPeR Streptomyces strain K | Plant protection EFSA-Q-2009-00134 (In progress) Streptomyces spp. produce antibiotics, are
61 product EFSA-Q-2009-00295 (in progress) therefore inappropriate for QPS (EFSA
formerly Opinion, 2008)
S. griseoviridis [http://www.epa.gov/pesticides/biopesticides/ingredients/f
actsheets/factsheet 129069.htm]
FEEDAP Streptomyces albus Production of EFSA-Q-2003-009 Streptomyces spp. produce antibiotics, are
salinomycin therefore inappropriate for QPS (EFSA
sodium www.efsa.europa.ew/EFSA/efsa locale- Opinion 2008)
1178620753812 1178620783414.htm
FEEDAP Streptomyces Production of EFSA-Q-2003-046 Streptomyces spp. produce antibiotics, are
aureofaciens polyether therefore inappropriate for QPS (EFSA
monocarboxylic www.efsa.europa.ew/EFSA/efsa locale- Opinion 2008)
acid 1178620753812 1178620783396.htm
FEEDAP Streptomyces Production of EFSA-Q-2005-024 Streptomyces spp. produce antibiotics, are
cinnamonensis monensin sodium therefore inappropriate for QPS (EFSA
www.efsa.europa.ew/EFSA/efsa locale- Opinion 2008)
1178620753812 1178620783743.htm
FEEDAP Streptomyces Production of EFSA-Q-2004-076 Streptomyces spp. produce antibiotics, are
lasaliensis lasalocid sodium therefore inappropriate for QPS (EFSA
www.efsa.europa.ew/EFSA/efsa locale- Opinion 2008)
1178620753812 1178620783432.htm
Yeasts
PRAPeR Aureobasidium Plant Protection no dossier received yet — new active substance QPS 2009 update
pullulans strains DSM | Product
14940 and DSM
14941
Reg(EC)1831/2003 | Candida glabrata Feed additive Unsuitable for QPS (see EFSA Opinion

7007, Appendix C)
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PRAPeR Candida oleophila Plant protection EFSA-Q-2009-00338 (in progress) Body of knowledge insufficient, therefore
strain O product not appropriate for QPS
[http://www.epa.gov/opp00001/biopesticides/ingredients/ | (EFSA Opinion 2008)
factsheets/factsheet 021008.htm]
FEEDAP Hansenula Production of EFSA-Q-2005-030 Already QPS status applies only when
polymorpha enzymes species is used for production purposes
= Pichia angusta www.efsa.europa.cw/EFSA/efsa_locale- (EFSA Opinion 2008)
1178620753812 1178620769671.htm
2148/2004/EC Kluyveromyces Feed additive Already QPS
marxianus var. lactis
K1
Reg(EC)773/2006 Kluyveromyces Feed additive Already QPS
Corrigendum CS marxianus-fragilis
FEEDAP Astaxanthin rich Production of EFSA-Q-2004-148 No body of knowledge, therefore not
Phaffia rhodozyma astaxanthin www.efsa.europa.cw/EFSA/efsa_locale- appropriate for QPS (EFSA Opinion
= Xanthophyllomyces 1178620753812 _1178620783707.htm 2008)
dendrorhous
EFSA-Q-2003-112
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1178620783707.htm
FEEDAP Pichia pastoris Production of EFSA-Q-2006-025 Already QPS
enzymes
www.efsa.europa.ew/EFSA/efsa locale-
1178620753812 1178685303625.htm
PRAPeR Pseudozyma Plant protection EFSA-Q-2009-00315 (in progress) Mycelial fungi: already considered as not
flocculosa product appropriate for QPS (see EFSA, 2007)
[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 119196.htm]
FEEDAP Saccharomyces Feed additive Already QPS
cerevisiae
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GMO Saccharomyces Dried killed EFSA-Q-2007-156 (Waiting for full dossier) Already QPS
cerevisiae biomass for feed
FEEDAP Schizosaccharomyces | Production of EFSA-Q-2008-272 Already QPS
pombe enzymes www.efsa.europa.ew/EFSA/efsa locale-
1178620753812 _1178620769568.htm
EFSA-Q-2005-080
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178620782208.htm
EFSA-Q-2005-063
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178620769568.htm
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1178620783151.htm
Fungi
Reg(EC)1831/2003 | Aspergillus niger Feed additive Potential for mycotoxin production,
therefore not suitable for QPS status (see
EFSA Opinion 2007, Appendix D)
Reg(EC)1831/2003 | Aspergillus oryzae Feed additive Not suitable for QPS status (see EFSA
Opinion 2007, Appendix D)
PRAPeR Beauveria bassiana Plant protection EFSA-Q-2009-00125 (in progress) Mycelial fungi: already considered as not
product EFSA-Q-2009-00251 (in progress) appropriate for QPS (see EFSA, 2007)
[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 128818.htm
http://www.epa.gov/opp00001/biopesticides/ingredients/f
actsheets/factsheet 128924 .htm]
PRAPeR Beauveria brongniartii | Plant protection EFSA-Q-2009-00017 (in progress) Myecelial fungi: already considered as not

product

appropriate for QPS (see EFSA, 2007)
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ACF (as mentioned
in the register of
questions)

Blakeslea trispora

Production of
lycopene (food
colorant)
Production of b-
carotene (food

EFSA-Q-2004-102
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178620764493.htm

EFSA-Q-2007-001

Can not be proposed for QPS status (see
EFSA Opinion 2007, Appendix D)

colorant) http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1178700117557.htm
NDA Blakeslea trispora Food ingredient EFSA-Q-2004-169 QPS 2009 update
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178620765774.htm
EFSA-Q-2008-697
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 1211902228574.htm
PRAPeR Coniothyrium minitans | Plant protection EFSA-Q-2008-515 (in progress) QPS 2009 update
product
[Review report for the active substance Coniotyrium
minitans, SANCO/1400/2001-final, July 2003]
[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 028836.htm]
FEEDAP Duddingtonia flagrans | Feed additive EFSA-Q-2004-115 QPS 2009 update
Alternative name: http://www.efsa.europa.eu/EFSA/efsa_locale-
Trichothecium 1178620753812 _1178620783270.htm
flagrans
EFSA-Q-2005-051 under consideration
PRAPeR Gliocladium Plant protection EFSA-Q-2008-559 (in progress) QPS 2009 update
catenulatum Product
= Clonostachys rosea [http://www.epa.gov/pesticides/biopesticides/ingredients/f
forma catenulata actsheets/factsheet 021009.htm]
PRAPeR Lecanicillium Plant protection EFSA-Q-2009-00130 (in progress) Mycelial fungi: already considered as not
muscarium product EFSA-Q-2009-00255 (in progress) appropriate for QPS (see EFSA, 2007)
formerly

Verticillium lecanii
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PRAPeR Metarhizium Plant protection EFSA-Q-2009-00131 (in progress) Mycelial fungi: already considered as not
anisopliae product EFSA-Q-2009-00253 (in progress) appropriate for QPS (see EFSA, 2007)
var.Anisopliae
formerly
M. anisopliae

PRAPeR Paecilomyces Plant protection EFSA-Q-2008-599 (in progress) Mycelial fungi: already considered as not
fumosoroseus product EFSA-Q-2009-00323 (in progress) appropriate for QPS (see EFSA, 2007)

[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 115002.htm]
PRAPeR Paecilomyces lilacinus | Plant protection EFSA-Q-2008-600 (in progress) Mycelial fungi: already considered as not
product appropriate for QPS (see EFSA, 2007)
Conclusion on the peer review (2007):
http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812 _1178623095016.htm
[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 028826.htm]
PRAPeR Phlebiopsis gigantea Plant protection EFSA-Q-2009-00132 (in progress) Mycelial fungi: already considered as not
product EFSA-Q-2009-00285 (in progress) appropriate for QPS (see EFSA, 2007)
PRAPeR Pythium oligandrum Plant protection EFSA-Q-2009-00133 (in progress) Mycelial fungi: already considered as not
product EFSA-Q-2009-00287 (in progress) appropriate for QPS (see EFSA, 2007)
[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 028816.htm]
PRAPeR Trichoderma Plant protection EFSA-Q-2009-00137 (in progress) Mycelial fungi: already considered as not

atroviride
formerly
T. harzianum

product

EFSA-Q-2009-00297 (in progress)

appropriate for QPS (see EFSA, 2007)
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PRAPeR Trichoderma Plant protection EFSA-Q-2009-00136 (in progress) Mycelial fungi: already considered as not
asperellum product EFSA-Q-2009-00300 (in progress) appropriate for QPS (see EFSA, 2007)
formerly
T. harzanum and T.
viride

PRAPeR Trichoderma gamsii Plant protection EFSA-Q-2009-00138 (in progress) Mycelial fungi: already considered as not
formerly: product EFSA-Q-2009-00300 (in progress) appropriate for QPS (see EFSA, 2007)
Trichoderma viride

PRAPeR Trichoderma Plant protection EFSA-Q-2009-00139 (in progress) Mycelial fungi: already considered as not
harzianum Rifai product EFSA-Q-2009-00298 (in progress) appropriate for QPS (see EFSA, 2007)

[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 128902.htm]

Reg(EC)1831/2003 | Trichoderma Feed additive Ineligible for QPS status (see EFSA
longibrachiatum Opinion 2007, Appendix D)

PRAPeR Trichoderma Plant protection EFSA-Q-2009-00140 (in progress) Mycelial fungi: already considered as not
polysporum product EFSA-Q-2009-00299 (in progress) appropriate for QPS (see EFSA, 2007)

[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 128902.htm]
Reg(EC)1831/2003 | Trichoderma reesei Feed additive Ineligible for QPS status (see EFSA
Opinion 2007, Appendix D)

PRAPeR Verticillium albo- Plant protection EFSA-Q-2009-00141 (in progress) Mycelial fungi: already considered as not
atrum product EFSA-Q-2009-00303 (in progress) appropriate for QPS (see EFSA, 2007)
formerly Verticillium
dahliae
Algae

FEEDAP Haematococcus Production of No body of knowledge except for this
pluvialis astaxanthin strain. Therefore not considered for QPS

(EFSA Opinion 2008)
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Bacteriophages

1831/2003 Clostridium Feed additive QPS 2009 update
sporogenes phage

1831/2003 Clostridium Feed additive QPS 2009 update
tyrobutyricum phage
Viruses

PRAPeR Adoxophyes orana Plant protection EFSA-Q-2009-00324 (in progress) QPS 2009 update
granulovirus strain product
BV-0001

PRAPeR Cydia pomonella Plant protection EFSA-Q-2009-00126 (in progress) QPS 2009 update
granulovirus product EFSA-Q-2009-00254 (in progress)
Mexican isolate [http://www.epa.gov/opp00001/biopesticides/ingredients/

factsheets/factsheet 107300.htm]

PRAPeR Helicoverpa armigera | Plant protection EFSA-Q-2009-00341 (in progress) QPS 2009 update
nucleopolyhedrovirus | product

PRAPeR Spodoptera littoralis Plant protection EFSA-Q-2008-630 (in progress) QPS 2009 update
nucleopolyhedrovirus | product

PRAPeR Zucchini yellow Plant protection EFSA-Q-2009-00346 (in progress) QPS 2009 update

mosaic virus, weak
strain

product

[http://www.epa.gov/opp00001/biopesticides/ingredients/
factsheets/factsheet 244201.htm]

Yeast Synonyms commonly used in the feed/food industry

Pichia anomola: synonym Hansenula anomala, Saccharomyces anomalus

Pichia jadinii: anamorph Candida utilis; synonyms Hansenula jadinii, Torulopsis utilis
Saccharomyces cerevisiae synonym S. boulardii

1. EFSA 2007 Opinion: Introduction of a Qualified Presumption of Safety (QPS) approach for assessment of selected microorganisms referred to EFSA - Opinion of the Scientific Committee
(Question number: EFSA-Q-2005-293) www.efsa.europa.cu/EFSA/efsa locale-1178620753812 1178667590178.htm The EFSA Journal, 2007, 587, 1 — 16
2. EFSA 2008 Opinion: The maintenance of the list of QPS microorganisms intentionally added to food or feed - Scientific Opinion of the Panel on Biological Hazards (Question number:
EFSA-Q-2008-006) www.efsa.europa.eu/EFSA/efsa_locale-1178620753812 1211902221481.htm The EFSA Journal, 2008, 923, 1-48
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APPENDIX C: SCIENTIFIC REPORT ON THE ASSESSMENT OF FILAMENTOUS FUNGI

1. INTRODUCTION

Filamentous fungi are flexible microorganisms that can show different properties depending on the
external factors (substrate, growth conditions, biotic/abiotic conditions). A consequence is the ability
of a microorganism to produce different types and quantity of secondary metabolites depending on the
growth conditions. Mycotoxins are well-known secondary metabolites, and Penicillium roqueforti, for
example, is safely used for cheese production but could start to produce a lot of mycotoxins if the
substrate is changed, €.g. to rye bread. Regarding the QPS status, the ability of fungal species to
produce toxic metabolites represents the greatest difficulties. Based on the assumption that each of the
estimated 1.5 million fungal species (Hawksworth, 1991) can produce at least two unique secondary
metabolites, there may be as many as 3 millions unique fungal metabolites. Approximately 10% of the
secondary metabolites listed up till now have been classified as mycotoxins. Thus, there are
potentially up to 300,000 unique mycotoxins (CAST, 2003). The number of fungal metabolites and
mycotoxins still undiscovered is therefore quite large and the diversity of toxic mechanisms will be
equally as great. There is, unfortunately, no standardised method to consider fungal metabolites and
their toxicity such as effect-based bioassay methods. The regulation of metabolites and their possible
interactions are therefore poorly understood. Just as for other types of microorganisms, the toxic
effect of a fungus used for food production will only be detected in case of acute toxicity, but not if it
shows long term (chronic) toxicity (e.g. carcinogenic properties). In addition, the number of validated
analytical methods for mycotoxins and other fungal metabolites is low and even for those available,
analytical quality assurance procedures are often lacking (van Egmond, 2004).

As reported for bacteria, the spread of antifungal resistance in filamentous fungi has become an issue
of concern. For example, resistance among Aspergillus species to azole antifungals is increasingly
being reported (Howard et al., 2009). There has been a sudden rise in the frequency of azole
resistance in Aspergillus since 2004, and many isolates have shown cross-resistance between all the
currently licensed azole options. In The Netherlands the emergence of resistance to clinically used
triazoles of Aspergillus fumigatus isolates has been linked to the use of azole antifungal in agriculture
(Snelders et al., 2009).

The use of fungi as biocontrol agents has the potential to replace many of the toxic chemicals
currently in use and represents a very promising challenge. Fungal biological control agents have
several mechanisms of action that allow them to control pathogens, including mycoparasitism,
production of antibiotics or enzymes, competition for nutrients and the induction of plant host
defences. Application could be directly into an agricultural field, in soil or via injection in the xylems
of some trees. The risk identification procedure linked to the use of fungal biocontrol agents includes
Environmental and Human Health Assessment. Focuses are on allergic properties, risks of toxic
metabolites, genetic recombination and displacement of natural strains, effect on biodiversity (i. €.
impact on non-target organisms). One essential point is the investigation of the stability and fate of
the fungal biocontrol agent and its metabolites, in order to check the lack of contamination of ground
water or of plant products that enter the food and feed chain. This investigation requires the
availability of specific molecular and analytic methods that allow monitoring metabolites and fungal
agents in the environment.

1.1. Mycological methods to be used for identification of moulds

The market-research study published by Sunesen and Stahnke (2003) illustrates the difficulty of
getting precise information on the identity of organisms used in food, and therefore to evaluate their
safety.
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Filamentous fungi are traditionally identified to genus level by phenotypic characters, such as
morphological and cultural characteristics. Unfortunately, there is not one universal mycological
textbook or reference compendium which is used for identification of moulds, which makes
identification to genus level a highly subjective task. This is further complicated by the necessity to
identify fungal strains to the species level as each species within a genus may have very different
functional characters, e.g. mycotoxin profiles and physiological properties. Again, traditional methods
like morphological and cultural characteristics are widely used, profiles of secondary metabolites
have also been used within some genera. Phenotypic characteristics do vary according to growth
conditions, which make it difficult to construct robust identification keys. No identification key
covers all species, so it is recommended seeking advice for identification procedures by contacting
specialists in food, feed and industrial mycology — e.g. via the International Commission on Food
Mycology (ICFM (Anonymous, 2007a)), which can direct inquires to recommended specialists.

For filamentous fungi the use of molecular biology based methods is less developed than for bacteria
and yeasts. On the other hand, in combination with phenotypic studies, numerous phylogenetic studies
using gene sequences have changed the systematics within mycology and will play an increasing role
in the future by changing our understanding of species delimitations and relationships. As a spin-out
from molecular biology, some sequenced-based identification schemes have been developed (e.g. for
Trichoderma — see below) along with various PCR detection systems. However, the latter systems
often are intended for a limited number of species, at times only a minor part of a genus. The
molecular methods developed so far are not based on the same gene(s) for different genera and need
further improvement (Paterson, 2006).

At the end of the 20" century, several reviews describing the state of knowledge on biosynthetic
pathways of mycotoxins have been published (Desjardins et al., 1993; Keller and Hohn, 1997; Steyn,
1995). Since then, an enhanced effort at identifying biosynthetic steps and genes involved in
mycotoxins production and regulation has been initiated, mainly as a result of the availability of
complete fungal genomes (Xu et al., 2006) and gene expression sequence databases. The resulting
significant insights have been recently covered (Desjardins and Proctor, 2007; Stadler and Keller,
2008, Georgianna and Payne, 2009). The genomic data have also illustrated that fungi may have many
more secondary metabolite pathways than was previously thought. As an example, analysis of the
Emericella nidulans (anamorph Aspergillus nidulans) genome indicated that E. nidulans has 50 genes
clusters that could be involved in the synthesis of secondary metabolites (Georgianna and Payne,
2009). The increased understanding in mycotoxin’s biosynthetic pathways has allowed identification
of genes, which are required for toxin production. These genes are currently exploited in the
development of improved molecular-based detection methods for mycotoxigenic fungi in feed and
food.

Many recent phylogenetic studies and molecular detection systems are based on a Multi-Locus
Sequence Typing (MLST) concept, where sequences from several genes are used simultaneously.
Typical targets chosen for MLST typing are “housekeeping” genes, without which the host organism
will be unable to function. Again, there will be differences among fungal genera regarding the loci
used in MLST studies and advice should be obtained by consulting specialists — e.g. via the
International Commission on Food Mycology. The majority of the published sequences are
accumulated in freely accessible databases and as such easy to use as an identification system. The
pitfall is that there is no quality control facility on the information labelled to each sequence, which in
this case would be information on strain identity and culture collection number. This means that the
validity is in the hand of the depositor or through the identity of the specific strains by the tagged
culture collection number. This may require reading an extended list of scientific literature due to the
rapid development in fungal classification these years. In many cases, a consultation of a specialist or
reliable reference cultures would be needed, despite the easiness of using sequence data for
identification.
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2.  ASPERGILLUS

This genus is among the best known filamentous fungi, as Aspergillus species are widely used for
production of chemicals (e.g. citric acid), enzymes and for biotransformations. On the other hand,
Aspergillus species are also known to be among the most toxic spoilers of food and feed; some
species are pathogenic to man and food producing animals. A recently published comprehensive
monograph addresses many aspects regarding taxonomy, identification, pathogenicity, clinical
manifestations and treatment (Latge and Steinbach, 2008). Specific reviews will be cited for the
relevant species in the paragraphs that follow. A recent update on Aspergillus systematics with full
text articles was published (Anonymous, 2007b).

2.1. Aspergillus section Nigri (the black Aspergilli)

The taxonomy of the section Nigri (the black Aspergilli) is not fully resolved as the number of
accepted species depends on the methodology used. So far there has not been complete agreement
between morphological, chemical and molecular data, but some generally acceptance has been
proposed (Schuster et al., 2002; Abarca et al., 1994; Accensi et al., 2004; Samson et al., 2004b);
however species identification remains problematic. The section Nigri includes 16 species A. niger, A.
foetidus, A. tubingensis, A. aculeatus, A. brasiliensis, A. carbonarius, A. costaricaensis, A. ellipticus,
A. heteromorphus, A. homomorphus, A. ibericus, A. japonicus, A. lacticoffeatus, A. piperis, A.
sclerotiniger, and A. vadensis; however only the first four species listed will be evaluated for a
possible QPS status as they have been used for food or feed purposes, including enzyme production.
Aspergillus section Nigri are used in biotechnology, for the production of enzymes (such as
amylases), acids (in particular citric acid), and pectinases for fermentation. Products of A. niger are
considered GRAS by the FDA for use in the food industry.

2.2. Aspergillus niger

In general Aspergillus niger sensu lato has a long history of apparent safe use in biotechnology, e.g.
for the production of chymosin and other enzymes or citric acid (Schuster et al.,, 2002; van Dijck et
al., 2003). A. niger is not known to be used as food or feed in Europe, even though this species has
been evaluated for use as a source of single-cell protein (Christias et al., 1975; Hang 1976; Singh et
al., 1991; Oboh and Akindahunsi, 2002). Were a strain of A. niger to be allowed in Europe, it would
fall under the Novel Food Regulation (258/97/EC) and would thus require a risk assessment under
that legislation (Anonymous, 1997).

The full nucleotide sequences of the genomes of three strains of Aspergillus niger sensu stricto have
been determined and information are available at two web sites (Anonymous, 2009a; Anonymous,

2009b).

It is well documented that some strains of this species produce the mycotoxins ochratoxin A (Abarca
et al., 1994; Samson et al., 2004a; Serra et al., 2006) and fumonisin B2 (Frisvad et al., 2007). Other
metabolites with poorly documented biological activity from A. niger are: pyranonigrin, kotanins and
naphtho-y-pyrones (Samson et al., 2004b). Other than their industrial and agricultural significance, A.
niger is also recognized as a human pathogen. It is often reported as the third most frequently
occurring Aspergillus species associated with invasive pulmonary aspergillosis (Richardson and
Hope, 2009). Many of these cases are associated with immunosuppression or severe illness
(Richardson and Hope, 2009). Aspergillomas may subsequently produce oxalic acid whilst in situ
which can result in renal complications. It is also a recognised opportunistic pathogen for animals and
there have been reports of natural aspergillosis in various species of mammals and birds (Smith,
1989). Nevertheless, black aspergilli are a relatively rare cause of invasive aspergillosis. It is believed
that the A. niger complex is less adept at causing disease than A. fumigatus, conceivable due to
inferior virulence, large conidia and the propensity for the conidia to adhere to each other.

Despite the long history of apparent safe use in biotechnology, where strain improvement combined
with cleaning and purification steps have been added to processes to eliminate metabolites other than
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the product of interest (van Dijck et al., 2003; Blumenthal, 2004), industrial strains of A. niger have
been proven to produce ochratoxin A (Schuster et al., 2002) which makes A. niger ineligible for an
inclusion on the QPS list.

2.3. Aspergillus aculeatus, Aspergillus foetidus and Aspergillus tubingensis

These species are used for enzyme production. Even though A. aculeatus is from Section Nigri, it can
be distinguished morphologically from A. niger and the other species in the Nigri section (Pitt and
Hocking, 1997). Nevertheless, due to the confused taxonomy of the Section Nigri in the past, many
reports on enzyme production by A. niger should probably be attributed to isolates of A. foetidus, A.
tubingensis or A. aculeatus. These species are known to produce many metabolites with poorly
described biological activity. For A. foetidus, these include pyranonigrin, naphtho-y-pyrones,
asperazine, and anatafumicin (Samson et al., 2004b). A. tubingensis has been reported to produce
pyranonigrin, naphtho-y-pyrones, and asperazine, (Samson et al., 2004b), and A. foetidus to produce
ochratoxin A (Teren et al., 1996; Bragulat et al., 2001; Abarca et al., 2004). One metabolite from A.
aculeatus, secalonic acid, is known to be a mycotoxin (Samson et al., 2004b).

Despite the long history of apparent safe use in biotechnology, the body of knowledge concerning the
toxicological aspects of the metabolites is insufficient, which makes Aspergillus foetidus, A.
tubingensis and A. aculeatus ineligible for an inclusion on the QPS list.

2.4. Other Aspergilli

2.4.1.  Aspergillus candidus

A. candidus can be found in meat products (sausages) as a starter culture with a long history of
traditional use with regard to the house mycobiota (Sunesen and Stahnke, 2003). This species is not
produced commercially as starter culture (for application by spraying or dipping), hence it is not
declared. A. candidus can also be found as a contaminant (food spoiler) in cereals and many other
food products (Pitt and Hocking, 1997).

Despite the frequent occurrence of this species, the body of knowledge is considered as insufficient; it
produces known metabolites, some of them showing cytotoxic activity: AcT1 (Chattopadhyay et al.,
1987), xanthoascin (Ito et al., 1978), terphenyllin (Marchelli and Vining, 1975; Stead et al., 1999).
However, there remains metabolites that are not yet identified and classified (Samson et al., 2004b;
Andersen and Thrane, 2006). The toxicology of the metabolites of A. candidus is unknown, so the
safety concerns cannot be excluded. Even if it is possible to get rid of most of the fungal biomass by
washing the surface of the product, there is the possibility that fungal metabolites will remain on the
product. Moreover, possible interactions between these metabolites have yet to be investigated. Some
rare case of infections linked to A. candidus can be found in the literature (Kwon-Chung and Bennett,
1992; Ribeiro et al., 2005).

In conclusion, considering that Aspergillus candidus is known to produce secondary metabolites with
poorly understood toxicity for which there is no data on possible interactions, and that A. candidus is
mainly used for food production as a house starter culture and therefore mixed with other fungi, A.
candidus is ineligible for an inclusion on the QPS list.

2.4.2.  Aspergillus oryzae

In Asia a long tradition of using fungal cultures to produce fermented food such as sake (rice wine),
shoyu (soy sauce) and miso (soybean paste) exists. These products are fermented by ‘koji-moulds’,
which consist principally of Aspergillus oryzae, but may also contain A. ‘awamori’ (=A. niger),
A. sojae and A. tamarii. The consumption of these fermented foods in Japan has been considered as
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safe (Tanaka et al.,, 2006). Recent genomic approaches have demonstrated that A. oryzae and A.
tamarii are taxonomically closely related to A. flavus, while A. sojae and A. awamori are genetically
related to A. parasiticus and A. niger, respectively (Machida et al., 2005).

Aspergillus oryzae has a long history of apparent safe use, both in food outside Europe (it is one of
the main species used in Asia for the production of soy sauce, which is exported worldwide), and for
enzyme / protein production (cell factory), however, this is as GM organisms (Archer, 2000).
A. oryzae is accepted as a domesticated form or atoxigenic variant of A. flavus (Pitt and Hocking,
1997; Heydayati et al., 2007), which is an aflatoxin producer. The phenotypic distinction between A.
oryzae and A. flavus is difficult as only fine details in conidial ornamentation and colony
characteristics (i.e. colour of conidial mass and colour of colony reverse on Aspergillus Flavus
Parasiticus Agar) separate the two (Samson et al., 2004a). However, by several molecular methods it
has not been possible to separate the two into distinct species (Cary and Ehrlich, 2006; Chang et al.,
2006). A. oryzae has the gene cluster for aflatoxin but has a minute change in the sequence for a
regulatory gene, aflR, which is believed to the reason for the absence of aflatoxin production by A.
oryzae (Lee et al., 2006). A recent review of the occurrence of aflatoxins and their production by
various koji-moulds (Tanaka, 2006) demonstrated that 212 strains used for fermentation of different
foods were negative for aflatoxin production. Aflatoxins were not detected in any of the 289 food
samples analysed (rice, soy sauce, soybean paste).

Since the fine distinction between A. oryzae and A. flavus is often difficult it is important to present
an overview of A. flavus and its impact on animal and human health. After A. fumigatus, A. flavus is
the second leading cause of invasive aspergillosis and it is the most common cause of superficial
infection (Richardson and Hope, 2009). Experimental invasive infections in mice show A. flavus to be
100-fold more virulent than A. fumigatus in terms of inoculum required. Particularly common clinical
syndromes associated with A. flavus include chronic granulomatous sinusitis, keratitis, cutaneous
aspergillosis, wound infections and osteomyelitis following trauma and inoculation. Outbreaks
associated with A. flavus appear to be associated with single or closely related strains, in contrast to
those associated with A. fumigatus. In addition, A. flavus produces aflatoxins, the most toxic and
potent hepatocarcinogenic natural compounds ever characterized. Accurate species identification
within the A. flavus complex remains difficult due to overlapping morphological and biochemical
characteristics and much taxonomic and population genetics work is necessary to better understand
the species complex.

Strains of A. oryzae do produce the mycotoxins cyclopiazonic acid, which is a neurotoxic and
immunosuppressive compound, and B-nitropropionic acid and kojic acid (Samson et al., 2004a). Four
of 36 A. oryzae-strains used commercially were found to be producers of cyclopiazonic acid (Goto et
al., 1987), whereas kojic acid was found to be produced by 85 of 149 koji-mould strains used
commercially (Shinshi et al., 1984). The strains producing toxin were removed from commercial use
and Tanaka et al. (2006) concluded that the risk for mycotoxin contamination of typical Japanese
fermented food can be classified as very low. A. oryzae is also used as feed for dairy cows and beef
cattle in growth finishing stages; however, potential production of cyclopiazonic acid and B-
nitropropionic acid were not taken into consideration (EFSA, 2006a).

Despite the long history of apparent safe use in food and biotechnology, where cleaning and
purification steps have been added in the process to get rid of all metabolites but the product of
interest (Blumenthal, 2004), the body of knowledge concerning the formation of well-known
mycotoxins, cyclopiazonic acid and B-nitropropionic acid, under production conditions as well as any
long-term toxicological aspects of these toxins is insufficient. In addition, no universally accepted
method for an unambiguous identification of A. oryzae exists, which makes Aspergillus oryzae not
suitable for the QPS list.
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3. BEAUVERIA BRONGNIARTII

Within the anamorphic genus Beauveria (Ascomycota ; Hypocreales), several species have been
reported as entomopathogenic soil fungi and tested as pest biocontrol agents. Among these, B.
brongniartii is described as a virulent pathogen of Melolontha melolontha (Coleoptera:
Scarabaeidae), the European cockchafer (Dolci et al., 2006). Conidia of a related species, B.
bassiania, can survive in the soil and these fungi also occur as endophytes of plants (White et al.,
2002). There are however no reports on the germination, invasion or growth on plant and foodstuff in
preliminary field trials. One of the main metabolites produced by B. brongniartii in submerged
cultures is oosporein (Michelitsch et al., 2004). Oosporein, a 2,5-dihydrobenzoquinone derivative, is a
mycotoxin that may cause nephrotoxicity through either mitochondrial dysfunction or lipid
peroxidation. Even though there is no evidence of oosporein transferred to plants nor of signicant
levels produced in soil, risks of oosporein exposure for users and consumers can not be excluded and
Beauveria brongniartii cannot be proposed for the QPS list.

4, BLAKESLEA TRISPORA

Blakeslea trispora is used to produce carotenoids in well established commercial products; these
naturally produced food colorants are usually not purified. An extensive literature search did not
reveal any information on toxic metabolites from this species. In addition, the AFC Panel of EFSA
concluded that the toxicity data on lycopene from B. trispora is not of concern as long as the mean
intake of lycopene from coloured food does not exceed the intake from natural sources (EFSA, 2005).

Despite the apparent safe use as a colorant producing organism, it has not been possible through
extensive literature searches to find work verifying a general absence of biological active secondary
metabolites, including allergenic compounds, from Blakeslea trispora. Thus, this species cannot be
recommended for the QPS list.

5. CLONOSTACHYS ROSEA FORMA CATENULATA (SYN. GLIOCLADIUM CATENULATUM)

The current name in use for Gliocladium catenulatum is Clonostachys rosea f. catenulata and the
taxonomic relationship as well as nomenclature is described in detail by Schroers (2001).
Clonostachys rosea and its green form (= G. catenulatum) are used as biocontrol agents and are
reported to produce peptaibols (Jaworski and Bruckner, 2000), which is a common term for linear
peptide antibiotics with a molecular weight between 500-2200 Da, a high content of a-
aminoisobutyric acid (Aib) and an amide-bonded 1,2-amino alcohol as a C-terminal residue.
Peptaibols form pores in bilayer lipid membranes and can inhibit mitochondrial ATPase, suppress
immune systems and show neuroleptic effects (Degenkolb et al., 2003). This species also produces
polyketide antibiotics (Okuda et al., 2000) and compounds with unknown biological activity (Joshi et
al., 1999).

Considering the capacity of this species to produce many biological active compounds, it makes
Clonostachys rosea including the green form C. rosea f. catenulata ineligible for the QPS list.

6. CONIOTHYRIUM MINITANS

Coniothyrium minitans is a filamentous fungus that belongs to the class “Coelomycetes”
within the “Deuteromycotina” subdivision. Up to now, no sexual stage of C. minitans has
been identified. C. minitans is a soil autochthonous microorganism that occupies a
specialized niche by parasitizing the sclerotia of several Sclerotinia and Botrytis species. The
use of C. minitans as a biocontrol agent of diseases caused by sclerotium-forming pathogens
has been extensively investigated and its efficiency to control S. sclerotiorum in numerous
crops including lettuce, celery, sunflower and oilseed rape successfully demonstrated (Whipps
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et al., 2008). The application of C. minitans follows generally one of two ways: either soil
application to reduce the sclerotial inoculum-potential or spore-sprays on crop debris.
Recently in May 2009, the Health Canada's Pest Management Regulatory Agency has granted
full registration for the sale and use of C. minitans to control fungal diseases in a variety of
field and greenhouse vegetables (RD 2009/07, Health Canada). Due to the high host-
specificity of C. minitans, effects on other non-target organisms are not expected and there are
no published reports of disease associated with Coniothyrium minitans in birds, wild
mammals, fish, insects, soil micro organisms and plants except for the intended pest and its
close relatives, i.e. Sclerotinia species. When C. minitans strain was administered orally to
rats, no signs that it caused toxicity or disease were observed (Dewhurst, 2004). However,
certain strains of C. minitans produce secondary metabolites such as macrosphelide A
(McQuillen et al., 2003). This macrolide compound characterized by a 16-membered ring
structure is an antifungal metabolite, the production of which explains a part of the biocontrol
efficiciency of C. minitans against S. sclerotiorum. No acute toxicity has been ascribed to
macrosphelide A. Moereover, macrosphelide A is an inhibitor of cell-cell adhesion molecule
and its use as a antimetastatic agent is currently investigated (Ishara et al., 2004).

Despite their apparent safe use as biocontrol agents, it has not been possible through extensive
literature searches to find work confirming a general absence of toxic biological active secondary
metabolites or allergenic compounds from Coniothyrium minitans. Moreover the body of knowledge
is limited to its usage as a biocontrol agent. Thus, this species cannot be recommended for the QPS
list.

7. CRYPHONECTRIA PARASITICA (SYN. ENDOTHIA PARASITICA)

Cryphonetria parasitica is the valid name for Endothia parasitica (Barr 1978) and this fungus is used
to produce protease with rennet-like activity (Pariza and Johnson, 2001). WHO has evaluated
enzymatic preparations from Cr. parasitica and concluded that no adverse effects could be observed
(WHO, 1975a). However, this species has been reported to produce rugulosin and skyrin (Frisvad and
Thrane, 1993). These compounds with poorly described biological activity have also been found in
the fermentation batches and the body of knowledge is limited.

Despite the long history of apparent safe use of enzyme production by Cryphonetria parasitica, the
capacity of this microorganism to produce biological active compounds under production conditions
makes it ineligible for the QPS list.

8. DUDDINGTONIA FLAGRANS

An Opinion of the Panel on additives and products or substances used in animal feed (FEEDAP) on
the safety of the micro-organism preparation of Duddingtonia flagrans, for use as a feed additive for
calves in accordance with Council Directive 70/524/EEC was adopted on 7" March 2006 (EFSA,
2006b). In this Opinion: Duddingtonia flagrans belongs to a group of nematophagous fungi that
physically entrap nematodes by means of a specialised adhesive hyphal net. Chlamydospores from
cultures of the fungus are fed to the target species. Ingested spores pass through the digestive tract
without germinating and are deposited on pasture with the faeces where they germinate and produce
mycelium with its hyphal traps. This in turn reduces the number of nematodes able to migrate to
herbage and re-infect the grazing animals.

The detection and identification of D. flagrans is reliant on morphological methods, which can be
laborious, time-consuming, and error prone. Kelly et al. (2008) have developed a PCR assay using
species-specific primers located in the ITS regions for the rapid and accurate identification of D.
flagrans. The PCR assay was specific to five different isolates of D. flagrans and was capable of
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detecting a minimum concentration of 100 chlamydo-spores per gram of soil. In contrast to cultured-
based detection and identification methods, this assay is amenable to high throughput screening of
environmental samples. The assay detected D. flagrans in faecal, leaf litter, and soil samples collected
from 80% of the Irish farms tested indicating that the fungus is abundant in Ireland. D. flagrans
produces the following secondary metabolites with antibiotic activity: flagranones A (2), B (3) and C
(4) (Anderson et al., 1999). These antibiotics are structurally related to the farnesylated
cyclohexenoxides of the oligosporon group recently isolated from the nematode-trapping fungus
Arthrobotrys oligospora, and show similar antimicrobial activity.

As there is no history of use of the product, just the experimental trials mentioned in the FEEDAP
Opinion, there is insufficient body of knowledge on the generic safety of Duddingtonia flagrans, thus
it cannot be recommended for QPS.

9. FUSARIUM

Currently, the genus Fusarium contains about 150 species; however the systematics is now changing
rapidly due to the rapid developments in molecular biology. Many recently-described Fusarium
species have been discovered by molecular tools used in phylogenetic studies, followed by a formal
description of the species (Skovgaard et al., 2003; O'Donnell et al., 2004; Aoki et al., 2005).
Introductions to Fusarium are available (Leslie et al., 2001; Summerell et al., 2003; Samson et al.,
2004a; Leslie and Summerell, 2006) along with extended information on the mycotoxin production by
Fusarium species (Marasas et al., 1984; Thrane, 2001; Sewram et al., 2005; Andersen and Thrane,
2006). In the last two years, significant progresses have been performed in the specific detection and
quantification of Fusarium spp. occurring in cereals. Most of these developments use real-time
polymerase chain reaction. Specific molecular tools are now available to quantify the most prevalent
Fusarium species contaminating cereals products (Nicolaisen et al., 2009). The recent access to F.
graminearum [www.broad.mit.edu/annotation/genome/Fusarium_graminearum/Home.htm ] and F.
verticillioides [www.broad.mit.edu/annotation/genome/Fusarium_verticillioides/Home.htm] genomes
has led to an increased knowledge of the molecular organisation of fumonisins and trichothecenes
biosynthetic pathways together with the identification of genes involved in regulation mechanisms
(Desjardins and Proctor, 2007). The zearalenone biosynthetic pathway remains today less understood
although significant insights have been recently published by Lysee et al. (2009). One of the key
challenges that research on Fusarium has to answer in the next years is the elucidation of the effects
of environmental factors on initiation or repression of toxins biosynthesis.

Only one species (F. venenatum) is used in food production and one species extensively
studied as a potential biocontrol agent (F. oxysporum).

9.1. Fusarium venenatum

The only commercial mycoprotein products for human food are based on Fusarium venenatum
biomass. The biotechnological development of these products is well described (Wiebe 2002). The
major concern is that F. venenatum is a potential producer of mycotoxins, such as trichothecenes
(diacetoxyscirpenol [DAS], nivalenol and fusarenonX), butenolide and culmorin (Thrane and Hansen
1995; Miller and MacKenzie, 2000; Nielsen and Thrane, 2001), which are carefully controlled and
monitored during mycoprotein production (Johnstone, 1998). Strains of F. venenatum which are used
to produce enzymes are genetically modified (Royer et al., 1995; Royer et al., 1999; Pedersen and
Broadmeadow, 2000; Ahmad et al., 2004).

Considering that F. venenatum is very toxic as wild-type, and that all strains used for enzyme
production are genetically modified, this species is ineligible for the QPS list.
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10. ISARIA FUMOSOROSEA (SYN. PAECILOMYCES FUMOSOROSEUS)

Isaria fumosorosea is the valid name for Paecilomyces fumosoroseus as the anamorphic genus
Paecilomyces is separated in 2 sections of which the section Isarioidea contains mesophilic species
which are mostly pathogens of invertebrates (Madsen et al., 2007). The other section, section
Paecilomyces, comprises thermophilic species. Paecilomyces species are often difficult to identify
and in some studies are placed in a group called “other fungi with hyaline spores”. Madsen et al.
(2007) present the arguments for assigning the species P. fumosoroseus and P. farinosus to the genus
Isaria (as I. fumosorosea and |. farinosa) comprising the species found in the section Isarioidea. In
contrast, it is proposed that the nematode pathogen P. lilacinus should not be included in Isaria based
on the current data. This taxonomical revision thus leaves species in the section Paecilomyces as
members of the genus Paecilomyces, while most insect pathogens should be included in Isaria.

I. fumosorose is a naturally occurring insect fungus found in infected and dead insects, and in some
soils. The fungus infects the host by penetrating the outer layer (cuticle) of the insect, and proceeding
to grow until the insect dies. This species has been reported to produce beauvericin, which is a known
mycotoxin from many Fusarium species, as well as dipicolinic acid and beauverolides, however there
is limited information on metabolites from this species as reviewed by Zimmermann (2008).

Despite the history of apparent safe use of |. fumosorosea as insecticide, the capacity of this
microorganism to produce biological active compounds makes it ineligible for the QPS list.

11. LECANICILLIUM MUSCARIUM

Lecanicillium muscarium is widely known as an insect pathogen and has been developed into a
biocontrol agent (Bardin et al., 2008, Cuthbertson et al., 2008). Despite the apparent safe use as a
biocontrol product, it can be assumed based on scientific knowledge that a potential risk might be
present even though an extensive literature searches failed to find work verifying a presence of
biological active secondary metabolites, including allergenic compounds, from L. muscarium.
Moreover the body of knowledge is limited to this usage as a biocontrol agent. Thus, this species
cannot be proposed for the QPS list.

12. METARHIZIUM ANISOPLIAE

Metarhizium anisopliae is widely known as an insect pathogen and has been developed into
biocontrol agents by several companies. The safety of this species as a biocontrol agent has been
reviewed in details by Zimmermann (2007). This species is able to produce destruxins, cytochalasins
(cytotoxic) and swainsonine (potential effect in cancer treatment). Considering the capacity of this
species to produce many biological active compounds makes Metarhizium anisopliae ineligible for
QPS.

13. MONASCUS

Monascus species (M. purpureus, M. ruber, M. spp) are known to produce yellow, orange and red
pigments. Traditionally, Monascus has been cultured on rice and other cereals by solid sate
fermentation. The red-coloured rice (Anka or Ang-kak) has been used for centuries in Asia as natural
food colorant for bean curd, meat, wine and other foods. Nowadays, the purified pigments are widely
used as colorants in processed seafood, sausages and sauce in Asia. In addition, extracts and other
red-mould rice preparations are sold through the internet as nutritional additives with claims that they
will lower blood cholesterol levels. No direct adverse health aspects have been reported. However,
several studies have shown the presence of the mycotoxin citrinin, which is nephrotoxic and therefore
an undesirable toxic secondary metabolite, among the pigments of Monascus and in commercial
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Monascus-preparations (Blanc et al., 1995; Dietrich et al., 1999; Xu et al., 1999). The allergenic
relevance of M. purpureus was the first time shown in 2002 (Hipler et al., 2002).

The European Community legislation on food additives is based on the principle that only those
additives that are explicitly authorised may be used. Pigments from Monascus and Monascus
preparations are not included in the list of permitted food colours of the European Parliament and
Council Directive. As no toxicological safe and technologically efficient strains of Monascus are
available for general use, no species within this genus is eligible for QPS.

14. PAECILOMYCES LILACINUS

P. lilacinus is mainly soil-borne and is known to be a nematode pathogen, but has also been found, in,
for example, infested building materials, in the soil of potted plants in hospitals. In indoor air
(hospital) and an outdoor environment in Europe, low exposures to P. lilacinus have been recorded
(Madsen et al., 2007). It has been proven that this species can produce biological active compounds of
the peptaibol family (Degenkolb and Briickner, 2008). Morphological identification of Paecilomyces
at species level is difficult, and molecular characterization is achieved by sequencing of the ITS
region (Castelli et al., 2008). There is one PRAPeR report (2007) on a specific strain of Paecilomyces
lilacinus (EFSA, 2007).

In general, there have been numerous reports of human invasive infections by Paecilomyces lilacinus
causing endophthalmitis, keratitis, chronic sinusitis, skin and soft tissue infections, and catheter-
related infections. These infection shave been reviewed by Pastor and Guarro (2006). In summary, P.
lilacinus is an emerging pathogen that causes severe human infections, including devastating
oculomycosis. Usually, it shows low susceptibility to conventional antifungal drugs in vitro, and
variable susceptibility to novel triazoles. A review of the published literature identified 119 reported
cases of human infection by P. lilacinus between 1964 and 2004. Most were cases of oculomycosis
(51.3%), followed by cutaneous and sub-cutaneous infections (35.3%), and a smaller group of
miscellaneous infections (13.4%). Lens implantation is the most frequent predisposing factor for
oculomycosis. Cutaneous and sub-cutaneous infections occur mainly in solid organ and bone marrow
transplant recipients, although surgery and primary or acquired immunodeficiency are also relevant
predisposing factors. Infections in apparently immunocompetent patients have also been reported.
Surgical debridement combined with antifungal drug therapy, or the correction of predisposing
factors, such as neutropenia, are usually required to obtain improvement. Treatment with traditional
antifungal drugs often fails. Voriconazole has demonstrated good activity in both cutaneous and
ocular infections in the few cases in which this drug has been used. The new triazoles ravuconazole
and posaconazole show good in-vitro activity against P. lilacinus and could be promising therapeutic
alternatives.

Despite the history of apparent safe use of Paecilomyces lilacinus as a nematode pathogen, the
capacity of this microorganism to produce biological active compounds and the numerous reports of
human invasive infections, makes it ineligible for the QPS list.

15. PENICILLIUM

Among the most frequently encountered fungi in food and feed systems are species of the genus
Penicillium, which are very well-known as spoilers and mycotoxin producers but also as starter
cultures for products like e.g. white- and blue-mould cheeses and mould-ripened meat products. The
modern systematics of the genus Penicillium was initiated by a monograph more than 25 years ago
(Pitt, 1979) and has developed dramatically since then. Today the genus is divided into four
subgenera (Pitt and Hocking, 1997; Samson et al., 2004c) and may contain more than 500 species.
Many species, however, are soil fungi and has never been related to food and feed systems, except as
occasional spoilers. All Penicillium species are good producers of mycotoxins and other biological
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active metabolites, however the available literature is overwhelming and difficult to interpret as the
identification of Penicillium cultures is not trivial and has resulted in numerous misidentifications
(Frisvad et al., 2006). Partly as a consequence of this, starter cultures are often vaguely labelled as
“Penicillium spores” (Sunesen and Stahnke, 2003). Among the Penicillium strains used routinely in
the food industry, toxigenic strains are frequent. In a study of 249 Penicillium strains originally
isolated from food products and used as starter cultures only 13 isolates were found to meet the
demands on technological suitability and toxicological safety, which includes the testing of the strains
with regard to the production of antibiotic, cytotoxic and mutagenic metabolites (Gareis et al., 1999).

Based on literature reviews, only species within the subgenus Penicillium have been used as starter
cultures for food and feed. Recently this subgenus has been the subject of a monograph (Frisvad and
Samson, 2004; Samson et al., 2004c; Smedsgaard et al., 2004) including an extensive review on the
related secondary metabolites (Frisvad et al., 2004). An interactive identification key based on
phenotypic characters and B-tubulin gene sequences is available at:
http://www.cbs.knaw.nl/penicillium/DefaultPage.aspx.

15.1. Penicillium camemberti

Penicillium camemberti has a long history of use in cheese production (camembert cheese and white
mould cheeses in general) often declared by the use of invalid synonyms as P. album, P. candidum, P.
casei or P. caseicola. It is also found as a spontaneous coloniser on fermented sausages originating
from the local mycobiota of the production plant (Sunesen and Stahnke, 2003) and as a starter culture
to give aroma to fermented meat products. This species is also used for enzyme production (Pariza
and Johnson 2001). The taxonomy of P. camemberti is well known and this species is accepted as a
domesticated form of P. commune.

There are no reports of an adverse health effect for cheese or meat produced with P. camemberti, i.e.
no acute toxicity associated with food produced by P. camemberti has been reported. This species is
however known as a producer of cyclopiazonic acid (CPA), this being a neurotoxic and
immunosuppressive compound (Frisvad et al., 2004); unknown cytotoxic metabolites are also
produced when this fungus is used as a starter culture for mould-ripened meat products (Gareis 1999).
A few strains also produce metabolites with poorly described biological activity, such as cyclopaldic
acid, rugulovasine A & B and palitantin (Frisvad et al., 2004). CPA has been detected in cheeses at
0.25-0.37 mg/kg cited by (Pitt and Hocking, 1997) and in meat products cited by (Sunesen and
Stahnke, 2003). Naturally occurring mutants that do not produce this mycotoxin have been reported
(Geisen et al., 1990). There are not enough toxicological data available to set a threshold under which
the consumption of cyclopiazonic acid does not pose any risk. It is important to note that P.
camemberti (mostly cited as P. casei) is known as the actiological agent of the “cheese worker’s lung*
associated with hypersensitivity pneumonitis (Campbell et al., 1983; Marcer et al., 1996).

Despite the long history of apparent safe use of P. camemberti, the capacity of this microorganism to
produce cyclopiazonic acid, even under known production conditions, makes P. camemberti ineligible
for QPS.

15.2.  Penicillium chrysogenum

Penicillium chrysogenum is used as a starter culture for the production of dry sausages (Sunesen and
Stahnke, 2003) and is also used in the pharmaceutical industry to produce penicillin. It is also known
to produce roquefortine C, PR-toxin and secalonic acids, which are mycotoxins, in addition to
secondary metabolites with poorly described biological activity: chrysogine, xanthocillin,
sorrentanone and sorbicillin (Frisvad et al., 2004).
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Considering the capacity of this species to produce unwanted antibiotics in food, each strain should be
investigated in detail, which makes P. chrysogenum ineligible for QPS.

15.3. Penicillium funiculosum

P. funiculosum is used as a producer of enzyme preparation intended for animal feed (Das and Singh,
2004) and also as a host for the production of heterologous proteins. The promoter of the histone H4.1
gene was successfully used to drive the expression of an intracellular bacterial enzyme, B-
glucuronidase, and a secreted homologous enzyme, xylanase C (Belshaw et al., 2002). In general, no
known mycotoxins are associated with this species; however a single strain has been shown to
produce the mycotoxin secalonic acid (JC Frisvad, pers. comm.). Cultures of P. funiculosum do
produce many secondary metabolites of unknown structure and unknown biological activity, hence P.
funiculosum is ineligible for QPS.

15.4.  Penicillium nalgiovense

Penicillium nalgiovense is widely used as starter culture for the production of dry sausages (Sunesen
and Stahnke, 2003). Wild-type isolates from meats and cheeses have green conidia, whereas starter
cultures have white conidia. This species produces penicillin and a broad range of secondary
metabolites with poorly described biological activity: nalgiovensin, nalgiolaxin, diaporthins and
dipodazin (Frisvad et al., 2004). Typically isolates from meats are good producers of penicillin, while
cheese isolates produce penicillin in low amounts. In addition, some strains have been found to
produce cytotoxic metabolites on nutrient agar and mould-ripened salamis (Gareis et al., 1999).

Despite the long history of apparent safe use of P. nalgiovense, the capacity of this species to produce
unwanted antibiotics and cytotoxic metabolites in food makes P. nalgiovense ineligible for QPS.

15.5.  Penicillium roqueforti

Penicillium roqueforti has a long history of apparent safe use in the production of blue-moulded
cheeses, but is also often isolated from rye bread, silage and other acid preserved products.
P. roqueforti has also been reported as a source for enzymes used in food processing (Pariza and
Johnson, 2001).

Thirteen years ago, two closely related species, P. paneum and P. carneum, were discovered (Boysen
et al., 1996). All three share many ecological and morphological features, which makes it difficult to
interpret older literature, however their profiles of secondary metabolites are distinct (Frisvad et al.,
2004; Nielsen et al., 20006).

P. roqueforti sensu stricto produces the mycotoxins roquefortine C & D, PR-toxin, mycophenolic
acid, isofumigaclavine A & B and metabolites with poorly described biological activity:
citreoisocoumarin and a-amino butyric acid peptides (peptaibols) (Frisvad et al., 2004). The related
species P. carneum produces the mycotoxins mycophenolic acid, patulin, roquefortine C, penitrem A,
isofumigaclavine A, as well as cyclopaldic acid with a poorly described activity. P. paneum produces
the mycotoxins patulin, roquefortine C & D, botryodiploidin and metabolites with poorly described
biological activity: marcfortines and citreoisocoumarin (Frisvad et al., 2004). For P. roqueforti sensu
stricto roquefortine and PR-toxin productions are occurring in cheese but at amounts that are not
considered as toxic for humans (Pitt, 1997). There is no data on possible long term toxic effects. In
general toxicological data for P. roqueforti metabolites are insufficient to set a threshold for
regulatory purposes.
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Despite the long history of apparent safe use of P. roqueforti, this species is ineligible for QPS as no
validated analytical methods for the mycotoxins exist to qualify for the absence of mycotoxins under
production conditions.

16. PHLEBIOPSIS GIGANTEA

Within the genus Phlebiopsis (Basidiomycota; Polyporales; Phanerochaetacea), the P. gigantea is an
aggressive saprophytic white rot fungus that invades cut tree surfaces preventing the subsequent
invasion by the rot-causing organisms, particularly Heterobasidion annosum. The biofungicide
efficiency of spore suspensions of P. gigantea has been investigated for different conifer species in
many countries (Annesi et al., 2005). The mechanism of action is reported to be competition for
nutrients and not rely on secretion of secondary metabolites. P. gigantea suspension was one of the
world’s first fungal biocontrol agent registered as pesticide in the UK (Pratt et al., 1999). Use of P.
gigantea as a fungal pre-treatment for logs processing has also been investigated and could result in
substantial benefits to the pulp and papermaking industry (Behrendt and Blanchette, 1997). P.
gigantea is not pathogenic to plants or animals and up to now a toxin production was not reported
which represents not a confirmation that the species does not have this potential. There is also no
evidence that it is not able to produce toxins. As reported by Dewhurst (2004), no adverse reactions in
human exposed to P. gigantea from natural occurrence in forests or in operators applying it has been
described. Moreover, no indication of hypersensitivity was reported in individuals that had been
formulating the product for 40 years. No body of knowledge for food and feed use is available.

Due to the insufficient knowledge concerning the capacity of Phlebiopsis gigantea to produce
biological active secondary metabolites, this species cannot be proposed for the QPS list.

17. PYTHIUM OLIGANDRUM

Pythium oligandrum is a well characterized, naturally occurring fungus common in soil and in or on
plants which acts as a hyperparasite by colonizing other pathogenic fungi in and around seeds and the
rhizosphere of treated plants, thereby suppressing the growth of at least 20 soil-born pathogenic fungi,
including  Alternaria, Botrytis, Fusarium, Gaeumannonyces, Ophiostoma, Phoma,
Pseudocercosporella, Pythium, Sclerotinia and Sclerotium.

P. oligandrum produces the namesake protein oligandrin and other compounds that stimulate plants
cell walls to fend off pathogen invasion, and also stimulates natural plant defence mechanisms called
pathogenesis-related (PR) proteins which help plants resist disease, without harming the plant. P.
oligandrum can grow within the roots of certain plants, including tomato and sugar beet. Production
of auxin-like substances stimulates plant growth. Defence responses can be induced in the plant,
which primes the plant from further infection by pathogenic fungi, oomycetes or bacteria. An Opinion
on P. oligandrum, based on US EPA FactSheet, was published in 2007 (EPA, 2007):

Some other Pythium species can cause disease in mammals however no toxicological or pathogenic
effects of P. oligandrum in mammals have been reported in available public literature or in the
submitted data. However, there are related Pythium species that can cause diseases in mammals.
Pythiosis is a life-threatening infectious disease caused by the oomycete, fungus-like, aquatic
organism Pythium insidiosum, which is the only Pythium species of the kingdom Stramenopila known
to infect humans and some animals, such as horses, dogs, cats, and cattle, in tropical and subtropical
countries (Kaufman, 1998; Mendoza et al., 1996; Franco et al., 2009).

It has been impossible through extensive literature searches to find work demonstrating the presence
of biological active secondary metabolites, including allergenic compounds, from Pythium
oligandrum, however the body of knowledge is limited to this usage as a biocontrol agent. Thus, this
species cannot be proposed for the QPS list.
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18. RHIZOMUCOR

Rhizomucor miehei and Rh. pusillus are the valid names for the thermophilic fungi Mucor miehei and
M. pusillus, respectively (Schipper, 1978) and both are used to produce chymosin, dextranase and
protease with rennet-like activity (Pariza and Johnson, 2001). Extensive literature searches have not
retrieved any information on toxic compounds produced by these two species. In addition, the WHO
has evaluated enzymatic preparations from Rh. miehei and Rh. pusillus and concluded that no adverse
effects could be observed (WHO 1975 b;c).

Despite the apparent safe use as an enzyme producing organism, it has not been possible through
extensive literature searches to find work demonstrating the presence of biological active secondary
metabolites, including allergenic compounds, from Rhizomucor species. Moreover the body of
knowledge is limited. Thus, species from this genus cannot be proposed for the QPS list.

19. TRICHODERMA

There have been many developments within the taxonomy and systematics of this genus lasting recent
years (Druzhinina and Kubicek, 2005; Samuels, 2006) and interactive identification key to the more
than 90 species of Trichoderma and its teleomorph, Hypocrea, has been developed based on
molecular methods (Druzhinina et al., 2005; Kopchinskiy et al., 2005) Ilocated at
http://www.isth.info/index.php.

Another interactive key based on morphological and cultural characters for identification of
Trichoderma and some of its teleomorphs is also available and has many illustrations. This key is
located at http://nt.ars-grin.gov/taxadescriptions/keys/Trichodermalndex.cfm

The available literature on bioactive compounds from Trichoderma species is extensive and was
reviewed some years ago (Sivasithamparam and Ghisalberti,1998). Since then, numerous reports have
been published, however no production of compounds classified as mycotoxins have been reported.
For many years, the production of trichothecene mycotoxins has been associated with several
Trichoderma species, but it has now been clarified that the trichothecene producing species is a newly
described species, T. brevicompactum, and not any of those species listed below (Nielsen et al., 2005).
Trichoderma species are known to be aggressive and are used as biocontrol agents, however the
difficult systematics is a challenge when it comes to identifying exactly which species is involved
(Kullnig et al., 2001; Hermosa et al., 2004). An EU sponsored initiative to evaluate biological control
agents, REBECA, has been launched — see http://www.rebeca-net.de for details.

A recently published and very well documented review describes the numerous practical and applied
uses of Trichoderma sp. and reports the list of Trichoderma strains that have been commercially
exploited up to 2007 (Verma et al., 2007). Trichoderma sp. are widely used as biocontrol agents due
to their antagonistic properties against several pests (fungi, bacteria, invertebrates and weeds) as well
as their ability to act as plant growth enhancers. Their mechanism of action includes mycoparasitism,
spatial and nutrient competition, production of active metabolites and induction of plant defence
reactions. Trichoderma sp. are also widely used for their production of cellulose-degrading enzymes.
According to Verma et al. (2007), commercial fungal biocontrol agents manufactured with
Trichoderma preparations share, in 2005, about 60% of all fungal biocontrol agents. Moreover an
increasing number of Trichoderma spp. based biocontrol products are registered regularly.

19.1. Trichoderma atroviride

Due to the taxonomic confusion in the past around T. atroviride and the two species to which
T.atroviride strains often have been assigned, T. harzianum and T. viride (Dodd et al., 2002), it is
impossible to judge the capability of T. atroviride to produce biological active compounds previously
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reported as produced by T. harzianum or T. viride. These species have been reported to produce
peptaibols (Oh et al., 2000). Thus, this species cannot be proposed for the QPS list.

19.2.  Trichoderma asperellum

Due to the taxonomic confusion in the past around, T. asperellum and the two species to which T.
asperellum strains often have been assigned, T. harzianum and T. viride (Samuels et al., 1999), it is
impossible to judge the capability of T. asperellum to produce biological active compounds
previously reported as produced by T. harzianum or T. viride. It has not been possible through an
extensive literature search to find work demonstrating a presence of biological active secondary
metabolites, including allergenic compounds, from T. asperellum. However the body of knowledge is
limited to this usage as a biocontrol agent. Thus, this species cannot be proposed for the QPS list

19.3.  Trichoderma gamsii

Trichoderma gamsii is a newly discovered species as a result of a reassessment of the species
complex around T. viride (Jaklitsch et al., 2006). Due to the taxonomic development, it is impossible
to judge the capability of T. gamsii to produce biological active compounds previously reported as
produced by T. viride in the old and broad species concept. It has not been possible through an
extensive literature search to find work demonstrating a presence of biological active secondary
metabolites, including allergenic compounds, from T. gamsii. However the body of knowledge is
limited to this usage as a biocontrol agent. Thus, this species cannot be proposed for the QPS list.

19.4. Trichoderma harzianum

Trichoderma harzianum is mainly used as a biocontrol agent (Harman et al., 2004) and some strains
are known to be very aggressive to (plant pathogenic) mushrooms (Samuels et al., 2002). A recent
patent concerning a preparation of Trichoderma harzianum granules has been recently published
(WO0/2009/083819). This preparation is reported as a microbial fertilizer and microbial biocontrol
agent to protect olive trees against the wilt (Verticillium dahliae). T. harzianum is known to produce a
high number of secondary metabolites with partly characterised biological activity (Sivasithamparam
and Ghisalberti, 1998; Hanson, 2005); however it is known that 6-n-pentyl-a-pyrone (coconut smell)
is responsible for at least part of the biological aggressiveness of this species and that highly
biologically active a-amino butyric acid cyclic peptides (peptaibols) are involved in the apoptosis
mechanism, in addition to anthraquinones, azaphilones, harzianolide and harzianopyrione which have
different activities towards plant pathogens (Vinale et al., 20006).

Considering the capacity of this species to produce unwanted biological active compounds, each
strain should be investigated in detail, which makes T. harzianum ineligible for QPS.

19.5.  Trichoderma longibrachiatum

Trichoderma longibrachiatum has been reported as a potential biocontrol agent (Kullnig et al., 2001;
Vizcaino et al., 2005). This species is considered very aggressive and has been reported to produce
several biologically active a-amino butyric acid cyclic peptides (peptaibols) (Mohamed-Benkada et
al.,, 2006) in addition to many secondary metabolites with poorly described biological activity
(Sivasithamparam and Ghisalberti, 1998; Sperry et al., 1998; Vicente et al. 2001). Possibly many
production strains are misidentified according to an updated taxonomy; however this cannot be
proven as many strains are no longer available. T. longibrachiatum has been associated with human
fungal infections (Kuhls et al., 1999; De Miguel et al. 2005).

Considering the capacity of this species to produce many biological active compounds, each strain
should be investigated in detail, which makes T. longibrachiatum ineligible for QPS.
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19.6.  Trichoderma polysporum

This species has been reported to produce peptaibols (Fujita et al., 1981). Thus, this species cannot be
proposed for the QPS list.

19.7. Trichoderma reesei

Trichoderma reesei is widely used for enzyme production and the toxicological evaluations that need
to be taken into consideration have been reported (Blumenthal, 2004). However, the potential
production of trichothecenes can be neglected as this species cannot produce these mycotoxins
(Nielsen et al. 2005). T. reesei is reported to produce peptaibol compounds which are known to
disintegrate cell membranes, causing therefore apoptosis (Bruckner and Graf, 1983), as well as other
biological active cyclopeptides (Sun et al., 2006). The Trichoderma reesei genome paper was recently
published in Nature Biotechnology (Martinez et al., 2008). Genome analysis led to the identification
of numerous genes encoding biosynthetic pathways for secondary metabolites, which will allow a
better prediction of the panel of biogical active compounds this species is able to produce.

Considering the capacity of this species to produce unwanted biological active compounds, each
strain should be investigated in detail, which makes T. reesei ineligible for QPS.

19.8. Trichoderma viride

Trichoderma viride has been evaluated for single cell production (Hang, 1976; Youssef and Aziz,
1999), but this has never been commercialised. This species is not used as a biocontrol agent but is
considered very aggressive and has been reported to produce 6-n-pentyl-a-pyrone (coconut smell) and
several biologically active a-amino butyric acid cyclic peptides (peptaibols) in addition to many
secondary metabolites with poorly described biological activity (Sivasithamparam and Ghisalberti,
1998). Possibly many production strains are misidentified according to an updated taxonomy;
however this cannot be proven as many strains are no longer available. T. viride has been associated
with human fungal infections (De Miguel et al., 2005).

Considering the capacity of this species to produce many biological active compounds, each strain
should be investigated in detail, which makes T. viride ineligible for QPS.

20. VERTICILLIUM ALBOATRUM

Verticillium species (Deuteromycota, Hyphomycetes) are soil-borne fungi with worldwide
distribution, causing vascular disease that results in severe yield and quality losses in fruit and nut
crops, legumes, vegetables, forest trees, and woody and herbaceous ornamentals. Most crop diseases
are caused by the two species Verticillium alboatrum and V. dahliae. Spread of disease results either
by growth of the pathogen from diseased to healthy susceptible plants by root contact or by the
dissemination of infected plant material. The possibility, in some cases, of the disease being spread by
air-blown spores could also occur. Few published data are available concerning the metabolites from
Verticillium alboatrum: alboatrin is a phytotoxin (Ichihara et al., 1988) and VD toxins are also
phytotoxins, but their exact structure remains to be elucidated (Buchner et al., 1989). In addition, a set
of volatile compounds has been identified (Aissami et al., 1999). A white mutant of naturally
occurring V. alboatrum has been reported as an efficient biocontrol agent of Dutch Elm disease
(Elgersma et al., 1993). The specific V. alboatrum strain was originally isolated from a potato field in
the Netherlands, and has lost most of its pathogenic properties and is not able to induce wilting
Ssymptoms on trees.

Despite the apparent safe use of a single strain of Verticillium alboatrum as a biocontrol agent, there
is an insufficient body of knowledge on the generic level for this species, thus V. alboatrum cannot be
proposed for the QPS list.
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