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assessments across different scientific Panels and Units. The

aim of this review is to outline the implementation and value

of the QPS assessment for EFSA and to explain its principles

such as the unambiguous identity of a taxonomic unit, the

body of knowledge including potential safety concerns and

how these considerations lead to a list of biological agents rec-

ommended for QPS which EFSA keeps updated through an an-

nual scientific review and assessment.
Introduction
Value of the QPS approach to European food safety
authority (EFSA)

EFSA is responsible for risk assessments of a broad
range of notified biological agents intended to be intro-
duced into the food chain in the context of market author-
isations. Qualified Presumption of Safety (QPS) was
introduced as a generic risk assessment approach for har-
monising the assessment of notified biological agents
across different EFSA’s Scientific Panels and Units. In ad-
dition, the QPS approach allows for a prioritisation of risk
assessment resources proportionate to the potential risk.
Following assessment by a dedicated standing EFSAWork-
ing Group, biological agents recommended for the QPS list
would subsequently benefit from a simplified risk assess-
ment by the Scientific Panel responsible for the respective
notification.

QPS has been successfully appliedwithinEFSA and is ap-
preciated as a common sense approach by both assessors and
applicants. Since its introduction at the end of 2007, EFSA’s
Panel on Additives and Products or Substances used in Ani-
mal Feed (FEEDAP) has been the principal user, and has in-
creasingly benefitted from the QPS assessment when
carrying out risk assessments in the context of authorisation
request for additives for use in animal nutrition (OJEU,
2003). Since its introduction at the end of 2007 until end
of 2008, the QPS approach has been applied by FEEDAP,
in the assessment of four animal dossiers concerning Saccha-
romyces cerevisiae, Lactobacillus rhamnosus, Lactobacillus
farciminis and Bacillus amyloliquefaciens (EFSA,
2008aee). In 2009, a reduced risk assessment was applied
to six out of fourteen publishedmicrobiological feed additive
Opinions concerned with safety (EFSA, 2009a). Six applica-
tions requested safety assessments for products containing
QPS recommended microorganisms belonging to Pediococ-
cus acidilactici, S. cerevisiae, and Bacillus subtilis (EFSA,
2009beg). A seventh dossier concerned a mixture of micro-
organisms of five QPS recommended taxonomic units (Lac-
tobacillus acidophilus, Lactobacillus helveticus,
Lactobacillus bulgaricus, Lactobacillus lactis, Streptococcus
thermophilus) and Enterococcus faecium which is not rec-
ommended for QPS. As a consequence a full safety assess-
ment was carried out (EFSA, 2009h).

QPS currently aids the consistency and transparency of
risk assessments of biological agents notified to EFSA,
and allows a more focused use of available resources for
those agents with the greatest risks or uncertainties without
compromising consumer safety.

Development of the QPS concept
The Qualified Presumption of Safety (QPS) being de-

fined as ‘an assumption based on reasonable evidence’
and qualified to allow certain restrictions to apply, was sug-
gested for the safety assessment of microorganisms used in
food and feed production, by a Working Group consisting
of members of the former Scientific Committee on Animal
Nutrition (SCAN), Scientific Committee on Food (SCF)
and the Scientific Committee on Plants (SCP) of the Euro-
pean Commission in 2002/2003 (European Commission,
2003). It was proposed that a safety assessment of defined
taxonomic units would be made independently of any par-
ticular pre-market authorisation process. If the taxonomic
unit raised no safety concerns or, if safety concerns existed,
but could be defined and excluded via a qualification, the
taxonomic unit would be recommended for the QPS list.
A specific strain, notified in the context of market author-
isation, whose identity could be unambiguously established
and assigned to a QPS taxonomic unit, would subsequently
be freed from the need for further safety assessment other
than meeting any qualifications specified in its QPS assess-
ment. Each qualification for a QPS recommended taxo-
nomic unit would have to be assessed at strain level on
a case-by-case basis. Microorganisms not considered suit-
able for QPS would remain subject to a full risk assess-
ment, as would those failing a QPS qualification.

Views of stakeholders on the QPS proposal were sought
by both the three Commission Scientific Committees in
2002/3 and by EFSA at a Scientific Colloquium (EFSA,
2005a). The main principles of the QPS assessment are
the taxonomic level, the body of knowledge including his-
tory of use, scientific literature, clinical aspects, industrial
applications and ecology and the identification of safety
concerns which may be addressed as one or several quali-
fications. EFSA’s Scientific Committee recommended to
apply QPS to the risk assessment of microorganisms in-
tended to be deliberately introduced into the food chain no-
tified to the various EFSA Scientific Panels (EFSA, 2005b).
Taxonomic units of microorganisms likely to be referred to
EFSA were reviewed, and where appropriate, recommen-
ded for the QPS list (EFSA, 2007). Since 2008, the Biolog-
ical Hazards (BIOHAZ) Panel reviews and publishes
annual updates to the list of biological agents recommended
for QPS (EFSA, 2008a, 2009a).

Perception of the QPS approach in the scientific
literature

Since QPS has been adopted in EFSA as a tool to under-
take risk assessment of biological agents (including micro-
organisms and recently also viruses used for plant
protection purposes) notified to EFSA, several scientific
publications have referred to it. These were discussed in de-
tail in the EFSA Opinions (EFSA, 2008a, 2009a). Some of
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the reviewed publications reflect the QPS approach as it is
adopted by EFSA and support its fundamental aspects
(Plumed-Ferrer & von Wright, 2008; Sohier, Berthier, &
Reitz, 2008; Wassenaar & Klein, 2008), while others out-
line that the application of some of its elements proved to
be useful in the frame of safety assessments for applications
outside the intended use of QPS such as for probiotics for
human use and for undefined starter cultures (Fukao
et al., 2009; Rossetti, Carminati, Zago, & Giraffa, 2009;
Tompkins, Hagen, Wallace & Fillion-Forté, 2008). How-
ever, it should be noted that the list of QPS recommended
biological agents should not be applied to uses outside of its
assessment remit such as for biological agents proposed, for
example, for direct human prophylactic or therapeutic treat-
ments (Besselink et al., 2008; Sorokulova et al., 2008). Oc-
casionally, reference is made to GRAS status and QPS as if
they would be similar or equivalent, which is not the case
(Chamba & Jamet, 2008; European Commission, 2003;
Sanz-Penella, Tamayo-Ramos, Sanz, & Haros, 2009;
Vankerckhoven et al., 2008).

QPS assessment of biological agents
Overview and methodology

The review of the list of biological agents recommended
for QPS is carried out annually by EFSA’s BIOHAZ Panel.
The process consists of two activities. Firstly, the review of
new information concerning taxonomic units already as-
sessed through the QPS assessment, and secondly, the iden-
tification and assessment of taxonomic units that have not
been previously considered. The determination of the appro-
priate level of taxonomic unit considered requires that the
unit must be unambiguously defined, and that the number
of qualifications necessary to accommodate all strains within
that unit remains reasonable. In practical terms, this usually
means QPS at the species level. With this in mind, each year
notifications that were already assessed are reviewed taking
into account the available body of knowledge in relation to
the field of application an authorisation is sought for, and
new notifications as received by EFSA are considered. A
long history of use is not necessarily equal to safety and is
subject to in depth consideration for a potential presence of
safety concerns. Data and knowledge are usually shared
within the scientific community- and web-supported data-
bases of e.g. risk data and pathogen sequences have also rev-
olutionized access to, and use of knowledge (Hogg, Couto,
Teixeira, & Malcata, 2008). Identified safety concerns or
gaps in the body of knowledge could be reflected as one or
several ‘qualifications’ of a biological agent recommended
for the QPS list as an alternative to an exclusion from it.
The qualifications are equally subject to an annual review.
While the QPS assessment concentrates on the characteris-
tics of the biological agent, it is recognised that certain as-
pects related to safety are strongly influenced by the
specific conditions of preparation, formulation and applica-
tion of the final product. This is currently out of scope of
the generic QPS assessment. An example would be the
potential formation of biogenic amines. Neither safety of
users handling the product nor genetic modifications are
taken into account. These aspects are assessed, where appli-
cable, separately by the EFSA Panel responsible for assess-
ing the notification.

Gram-positive non-sporulating bacteria
Many genera and species of Gram-positive non-sporulat-

ing (GPNS) bacteria are normal inhabitants of the digestive
tract of mammals and are commonly used in the prepara-
tion of foods and feed (Axelsson, 2004). There has been
a long safe history of human exposure with only occasional
reports of negative health effects, for example, through op-
portunistic infections. The following genera have been
evaluated: Bifidobacterium, Corynebacterium, Enterococ-
cus, Lactobacillus, Lactococcus, Leuconostoc, Pediococcus,
Propionibacterium and Streptococcus. The taxonomy of the
genera, species and the possibility to unambiguously iden-
tify strains within these taxonomic units was described and
evaluated in a previous EFSA Opinion (EFSA, 2007).
Hence, this review focuses on the body of knowledge and
potential safety concerns. The present list of taxonomic
units recommended for QPS is presented in Table 1
(EFSA, 2009a). As is indicated, for GPNS bacteria a generic
qualification applies to all taxonomic units on the list, that
strains shall not carry any transferable antimicrobial resis-
tance, unless viable cells are not present in the final prod-
uct. This was initially recommended by EFSA’s Scientific
Committee and continues to be reviewed and maintained
(EFSA, 2005b, 2007, 2008a, 2009a).

Bifidobacterium
Bifidobacteria are part of the normal gut microbiota of

mammals. They are mainly exploited in dairy products. In
Europe only a few species are used (Bifidobacterium ani-
malis, Bifidobacterium longum, Bifidobacterium breve, Bifi-
dobacterium bifidum and Bifidobacterium adolescentis) and
are often applied in combination with lactic acid bacteria
(Reuter,Klein,&Goldberg, 2002).None of the bifidobacteria
used for industrial purposes or as food or feed supplements
have been associated with human clinical disease (EFSA,
2007). Although there are few studies on the antibiotic resis-
tance of bifidobacteria strains, presence of the acquired tetra-
cycline resistance gene tet (W) has been reported in strains of
B. animalis subsp. lactis and B. bifidum (Meile, Le Blay, &
Thierry, 2008). Both species are recommended for the QPS
list subject to a corresponding qualification.

Corynebacterium
Corynebacterium glutamicum is a soil bacterium and

widely used for industrial biotechnical fermentations such
as amino acid production. There are no known reports rais-
ing safety concerns for mammals, however very limited in-
formation regarding potentially acquired antibiotic
resistance is available. Relating to its intended use, limited
direct exposure of consumers to this species is expected



Table 1. Gram-positive non-sporulating (GPNS) bacteria recom-
mended for the QPS list (EFSA, 2009a).

Speciesa

Bifidobacterium adolescentis Bifidobacterium animalis,
Bifidobacterium bifidu,Bifidobacterium breve, Bifidobacterium
longum

Corynebacterium glutamicumb

Lactobacillus acidophilus, Lactobacillus amylolyticus,
Lactobacillus amylovorus, Lactobacillus alimentarius,
Lactobacillus aviaries, Lactobacillus brevis, Lactobacillus
buchneri, Lactobacillus caseic, 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

Pediococcus acidilactici, Pediococcus dextrinicus, Pediococcus
pentosaceus

Leuconostoc citreum, Leuconostoc lactis, Leuconostoc
mesenteroides

Oenococcus oeni

Propionibacterium freudenreichii, Propiobacterium
acidopropionici

Streptococcus thermophilus

a Generic qualification for all QPS bacterial taxonomic units: the
strains should not harbour any acquired antimicrobial resistance
genes to clinically relevant antibiotics.
b Qualification: QPS status applies only when the species is used

for production purposes.
c The species ‘Lacobacillus zeae’ has been included in the spe-

cies Lactobacillus casei.
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which was substantiated by a qualification ‘usage for pro-
duction purposes only’ with a recommendation for the
QPS list.

Enterococcus
Previous EFSA Opinions concluded that species of the

Enterococcus genus could not be recommended for the
QPS list (EFSA, 2005b, 2007, 2008a, 2009a). Some strains
of E. faecium are authorised for use as feed additives. How-
ever, the risk assessment was carried out on a case-by-case
basis because it is not possible to distinguish between viru-
lent and non-virulent strains without resorting to the level
of investigation used in a strain level risk assessment
(Pimentel et al., 2007). Enteroccoci, in particular the mul-
tidrug-resistant strains, are amongst the leading causes of
community- and hospital-acquired (nosocomial) infections
(Woodford & Livermore, 2009). Infections often result
from strains of Enterococcus faecalis, but increasingly
from virulent strains within E. faecium, the species most
commonly deliberately introduced into the food chain
(Willems & van Schaik, 2009). A continuous review of in-
creasing available information about the virulence determi-
nants in enterococci has so far not resulted in
a recommendation for the QPS list.

Lactobacillus
The characteristics and habitat of most Lactobacillus

species are well-known. Some of the species of this genus
have a long history of apparent safe use in industrial and
agricultural applications. Members of the Lactobacillus ge-
nus are daily consumed in large quantities in a variety of
fermented foods by people of all ages, ethnic groups and
health status with apparently no ill-effects. Apart from their
possible involvement in the development of dental caries,
lactobacilli have generally been considered to be non-path-
ogenic. However, there is an increasing number of reports
that they might occasionally be involved in human disease
and many Lactobacillus species have been occasionally en-
countered in clinical specimens, the clinical significance of
which was not always clear (EFSA, 2007). Certain strains
of L. rhamnosus are occasionally isolated from severely im-
munocompromised patients, but also immunologically
healthy individuals with a history of rheumatic endocarditis
or heart valve replacement (EFSA, 2008a). As such, these
infections can be considered opportunistic. The QPS rec-
ommendation for L. rhamnosus is subjected to a regular
review.

Several examples of antibiotic resistant lactobacilli iso-
lated from food or from the gut of animals exist. Acquired
genes for antibiotic resistance have been detected in Lacto-
bacillus species. Moreover, several of these genetic de-
terminants in Lactobacillus are harboured by
extrachromosomal elements (Mathur & Singh, 2005). The
recent detailed studies on the antibiotic resistance profiles
of lactic acid bacteria have demonstrated the occasional
presence of acquired resistance genes in Lactobacillus spe-
cies (Morelli, 2008). Moreover, several of these genetic
determinants in Lactobacillus are harboured by
extrachromosomal elements. Recent examples of the prev-
alence of acquired antibiotic resistance genes include the
frequent occurrence of tetM and ermB genes (conveying re-
sistance to tetracycline and erythromycin, respectively) in
lactobacilli isolated from different fermented foods
(Comunian et al., 2010; Zonenschain, Rebecchi, &
Morelli, 2009). Obligate and facultative heterofermentative
lactobacilli, and Lactobacillus salivarius, are intrinsically
resistant to vancomycin and other glycopeptide antibiotics.
Since this resistance is due to the lack of the target site for
these antimicrobials in all members of these Lactobacillus
subgroups, this type of resistance is poorly, if at all, trans-
ferable. However, transferable glycopeptides resistance ele-
ments, have been specifically demonstrated to be absent in
some probiotic Lactobacillus reuteri and L. rhamnosus
strains (Klein et al., 2000).
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Two new Lactobacillus species, Lactobacillus cellobiosus
and Lactobacillus collinoides were recently recommended
for the QPS list. In both cases the body of knowledge was
limited however L. cellobiosus is closely related to Lactoba-
cillus fermentum and Lactobacillus colloides is naturally
present in some foods and its recommendation is supported
by the overall extensive body of knowledge for the genus
Lactobacillus (EFSA, 2009a). In conclusion, most of the
Lactobacillus species described to date can rightly be consid-
ered to be non-pathogenic to humans (Bernadeau, Vernoux,
Henri-Dubernet, & Guéguen, 2008).

Pediococcus
Pediococci are consumed in large quantities in cheese and

fermented sausages by people of all ages, ethnic groups and
health status with apparently no ill-effects. Pediococci have
generally been considered to be non-pathogenic. They are
rarely isolated from clinical specimens (Heinz et al., 2000).
Acquired genes for antibiotic resistance have been detected
in the Pediococcus genus and determinants for tetracycline
and erythromycin resistance have been found (Gevers,
Danielsen, Huys, & Swings, 2003; Tankovic, Leclercq, &
Duval, 1993). A bifunctional aminoglycoside-modifying en-
zymewas further described (Tenorio, Zarazaga, Martinez, &
Torres, 2001). In summary, Pediococcus acidilactici, Pedio-
coccus dextrinicus and Pediococcus pentosaceus are recom-
mended for the QPS list based on the absence of specific
safety concerns, whereby their susceptibility to antibiotics
should be assessed (EFSA, 2007).

Lactococcus
The dairy species Lactococcus lactis is thoroughly de-

scribed regarding its characteristics and habitat. It is exten-
sively used as a starter for the production of cheese and
fermented milks and consumed in large quantities in dairy
products by consumers around the world. The relatively
low growth temperature optima make even opportunistic in-
fections unlikely. An occasional association with extremely
rare individual cases of infections such as endocarditis, sep-
ticaemia, necrotising pneumonitis and liver abscess should
not be regarded as an indication of human pathogenicity tak-
ing into account the extent of exposure to these microorgan-
isms. Dairy lactococci are in general sensitive to most
clinical antibiotics and therefore can antibiotic residues in
milk cause starter failures. They are however known to con-
tain plasmids and to exchange genetic material by intra- and
intergeneric conjugation and therefore the potential for the
spread of transferable antibiotic resistances exists (Morelli,
Vogensen, & vonWright, 2004). The dairy species of Lacto-
coccus lactis (Lactococcus lactis subsp. lactis, its biovariant
diacetylactis, and Lactococcus lactis subsp. cremoris) have
a long history as dairy starters and an excellent safety record.
The occasional and extremely rare infections, in which these
organisms have been associated, do not warrant specific
safety concerns. Thus, these subspecies can be recommen-
ded for the QPS list (EFSA, 2007, 2008a, 2009a).
Leuconostoc and Oenococcus oeni
The genus Leuconostoc contains obligate heterofermen-

tative lactic acid cocci and several species are recommen-
ded for the QPS list (EFSA, 2007). Leuconostoc
pseudomesenteroides strains are found in fermentations of
different foods of plant origin, although there is only a lim-
ited body of knowledge based on reports of application of
Leuconostoc pseudomesenteroides. There are reports link-
ing L. pseudomesenteroides to opportunistic infections in
human clinical cases. Particularly, because of the currently
limited body of knowledge, it was not recommended to in-
clude L. pseudomesenteroides on the QPS list unlike Leuco-
nostoc mesenteroides, Leuconostoc lactis and Leuconostoc
citreum and Oenococcus oeni (Leuconostoc oenus) which
are included based on their long history of apparent safe
use in food production and absence of safety concerns
(EFSA, 2009a).

Propionibacteria
Propionic acid bacteria (PAB) can be divided into dairy

species (DPAB) and mucocutaneous PAB. Regarding the
mucocutaneous PAB, an association of some species (Pro-
pionibacterium acnes, Propionibacterium propionicum)
with acne and other human infections excludes them from
theQPS list (EFSA, 2007).DPABare traditionally associated
with certain types of cheese (Emmenthaler or Swiss cheese).
Propionibacterium freudenreichii and its subspecies have
been extensively intentionally used in cheese making. Due
to the antifungal properties of propionic acid, this species
has been included in certain protective cultures as well as
in silage starters. The other DPAB, although commonly
found in dairy products, have been considered as naturally
occurring microorganisms with more limited associated
safety data regarding human exposure. However, Propioni-
bacterium acidipropionici is a well-known silage starter, par-
ticularly for cereal based silages and its engineered mutants
have been proposed for industrial propionic acid production
(Zhang & Yang, 2009). No human or animal infections asso-
ciated with this bacterium have been reported. Thus, while
Propionibacterium freudenreichii and Propionibacterium
acidipropionici are recommended for the QPS list based on
a history of apparent safe use and absence of safety concerns,
the present gaps in the body of knowledge on other DPAB re-
quire more research on their safety aspects before this can be
decided (EFSA, 2009a).

Streptococcus
Streptococcus thermophilus represents an exception in

the genus Streptococcus being the only species of this ge-
nus to have a relevant role in food production. It is con-
sumed in large quantities in dairy products and there are
no safety concerns beside few reports of antibiotic resis-
tance and detected acquired resistance genes in this species.
Hence the species is recommended for the QPS list subject
to the qualification of absence of antibiotic resistance
(EFSA, 2007, 2008a, 2009a).



Table 2. Gram-positive sporulating bacteria (GPSB) recommended
for the QPS list (EFSA, 2009a).

Species Qualificationa

Bacillus amyloliquefaciens, Bacillus
atrophaeus, Bacillus clausii, Bacillus
coagulans, Bacillus fusiformis, Bacillus
lentus, Bacillus licheniformis, Bacillus
megaterium, Bacillus mojavensis,
Bacillus pumilus, Bacillus subtilis,
Bacillus vallismortis, Geobacillus
stearothermophilus

Absence of toxigenic
potential

a Generic qualification for all QPS bacterial taxonomic units: the
strains should not harbour any acquired antimicrobial resistance
genes to clinically relevant antibiotics.
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Gram-positive sporulating bacteria
The majority of Gram-positive sporulating bacteria

(GPSB) currently notified to EFSA belong to the genus Ba-
cillus, and the remaining few to closely related genera such
as Brevibacillus and Paenibacillus. Recently a strain of
Clostridium butyricum has been assessed as feed additive
by EFSA. Specific members of the Bacillus genus are sub-
ject to safety concerns such as Bacillus anthracis, the cause
of anthrax, and Bacillus cereus, which causes foodborne ill-
ness (EFSA, 2005c; Stenfors Arnesen, Fagerlund, &
Granum, 2008). The assessment for a recommendation
for the QPS list was consequently carried out on a species
level at the appropriate taxonomic unit. For GPSB bacteria
a similar generic qualification as for GPNS bacteria applies
to all taxonomic units on the list, that strains shall not carry
any transferable antimicrobial resistance, unless viable cells
are not present in the final product. (EFSA, 2007, 2008a,
2009a).

For decades, strains belonging to several Bacillus spe-
cies have been deliberately introduced into the food chain
either as plant protection products or as animal feed supple-
ments. There is an extensive body of knowledge of apparent
safe use. Because the vast majority of strains belonging to
the Bacillus cereus group are toxin producers, it was not
considered for the QPS list. In contrast, foodborne intoxica-
tion caused by Bacillus species other than Bacillus cereus is
uncommon, but does occur. Bacillus strains associated with
foodborne illness produce either toxic peptides which cause
emetic disease, and/or enterotoxins causing diarrhea. Pro-
duction of enterotoxins and toxic peptides represent a qual-
ification in the QPS approach which thereby excludes
strains of Bacillus affiliated with safety concerns. In spite
of their diversity, potentially emetic peptides from Bacillus
species can be rapidly detected due to their ability to inhibit
sperm motility (EFSA, 2007, 2008a; Häggblom, Apetroaie,
Andersson, & Salkinoja-Salonen, 2002). Likewise, entero-
toxic potential can be revealed by PCR or cytotoxicity in
cell-lines. Bacillus species with a sufficient body of knowl-
edge and history of apparent safe use in the feed or food
chain were therefore included in the QPS list, subject to
a qualification of ‘absence of toxigenic potential’ (Table 2).

The species Paenibacillus macerans previously notified
for b-cyclodextrin production as food additive was not rec-
ommended for the QPS list despite a large body of knowl-
edge for enzyme production and usage as food additive.
Since even though safety concerns to mammals are very
rare, the body of knowledge concerning the presence of
this species in the food chain and its safety implications
are limited (EFSA, 2009a).

Gram-negative bacteria
The species Escherichia coli, Serratia rubidae, Pseudo-

monas chlororaphis and Rhodospeudomonas palustris were
following an assessment not recommended for the QPS list,
mainly because of safety concerns posed by representative
strains of these species to human health (EFSA, 2009a).
In the case of Escherichia coli, despite a long history of
use of several strains as probiotics for human use such as E.
coli Nissle 1917 and an extensive body of knowledge con-
cerning this species, there are indications of a large diver-
sity of diseases in mammals caused by representatives of
this species and of the presence of complex virulence
mechanisms (Kaper, Nataro, & Mobley, 2004; Schultz,
2008).

Serratia rhubidaea has, despite its use as antifungal agent
for preserving animal feedingstuffs, a limited body of knowl-
edge of use in the food chain and some representatives of the
species have been associated with human infections.

Pseudomonas chlororaphis strains used for plant protec-
tion purposes were assessed by the Environmental Protec-
tion Agency in the United States and the Standing
Committee on the Food Chain and Animal Health Scientific
Committee on Plant in Europe as posing no health concerns
for humans (Anonymous, 2001, 2002, 2004; OJEU, 2004).
Nevertheless, there remains the potential for the production
of secondary metabolites described for representatives of
this species, in particular because the conditions under
which this may occur are not defined (EFSA, 2009a).

Rhodopseudomonas palustris has a comprehensive body
of knowledge for use as biomass feed in aquaculture. How-
ever, this is only one aspect of the whole food chain and
while there appears to be no safety concerns reported to hu-
mans the overall information was not considered as
sufficient.
Yeasts
Notifications for yeasts were received for use as feed ad-

ditives and as plant protection products. Currently, the yeast
species Debaryomyces hansenii, Hanseniaspora uvarum,
Kluyveromyces lactis and Kluyveromyces marxianus, Sac-
charomyces bayanus, S. cerevisiae, Saccharomyces pastor-
ianus, Schizosaccharomyces pombe, Xanthophyllomyces
dendrorhous, and for enzyme production purposes only,
Pichia angusta, Pichia anomala, Pichia jardinii and Pichia
pastoris are recommended for the QPS list (EFSA, 2009a).

The importance of yeast in food production, in particular
the bakers yeast Saccharomyces cerevisiae was realized in
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the last century and an extensive body of knowledge and
history of apparent safe use has build-up since. Compared
with other microbial groups, yeasts are not seen as aggres-
sive pathogens, but they are capable of causing human dis-
ease in opportunistic circumstances. Candida albicans and
Cryptococcus neoformans are well-known in this regard,
and are responsible for causing a range of mucocutaneous,
cutaneous, respiratory, central nervous and systemic infec-
tions. However, some species included in the QPS list are
associated with opportunistic infections and also a sub-
type of Saccharomyces cerevisiae, commonly referred to
as Saccharomyces boulardii was previously highlighted in
this context (EFSA, 2007, 2008a). Of some concern were
mainly species of Rhodotorula, Pichia anomala (formerly
Hansenula anomala), Issatchenkia orientalis (anamorph
Candida krusei) and Kluyveromyces marxianus (formerly
Kluyveromyces fragilis). Recently, few cases were also at-
tributed through re-identification by molecular techniques
to Debaryomyces hansenii (Hazen, 1995; Murphy, &
Kavanagh, 1999). However, the knowledge concerning
these infections is currently limited and further work is re-
quired to better characterize the virulence factors in S. cer-
evisiae clinical strains and in other currently recommended
QPS yeast species where isolates have been described in
human infections e.g. Pichia anomala, Kluyveromyces
marxianus and Debaryomyces hansenii (EFSA, 2008a).

Another important point is the potential resistance to an-
tifungals of QPS recommended yeast species, which was
carefully considered in the recent review of the list of
QPS recommended biological agents (EFSA, 2009a). 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 increasing threat of fungal infections,
mostly caused by yeasts not recommended for the QPS
list, has stimulated the search for better antifungals with
a distinct mode of action. Resistance to antifungal agents
is not transmissible among yeasts and therefore solely the
presence of resistance as a ‘direct hazard’ is to be consid-
ered. However, little information is available about resis-
tance to antifungals of yeast species recommended for the
QPS list, with in vitro data on antifungal resistance only be-
ing available for Saccharomyces cerevisiae (Barchiese
et al., 2003; Zerza, Hollis, & Pfaller, 1996). It was never-
theless concluded that a qualification with regards to an ab-
sence of resistance to therapeutical antimycotics for yeast
species recommended for the QPS list was justified
(EFSA, 2009a).

Filamentous fungi
The risk assessment of notified filamentous fungi in-

tended to be deliberately added to food production systems
is one of the objectives of the QPS approach developed by
EFSA. In 2007, EFSA concluded that filamentous fungi
were not to be recommended for the QPS list due to the
lack of knowledge concerning the potential risk of
production of toxic metabolites (EFSA, 2007). In 2009,
the general body of knowledge on filamentous fungi has
been updated, considering in particular the progress and
limitations in the taxonomy, in the identification of the pro-
duction of toxic compounds and the increased knowledge
of metabolic pathways. 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 was also specifically up-
dated for each species and genus addressed in the 2007
Opinion and new species were investigated for which safety
assessment was required in the meantime (EFSA, 2009a).

In line with the 2007 conclusion, the 2009 EFSAOpinion
confirmed that filamentous fungi would not be recommended
for the QPS list. The rationale for this is that the methods for
identification of fungal cultures to genus/species level remain
very difficult and need in depth mycological expertise, even
though molecular diagnostics are under development. There
is an ongoing debate on species concepts amongst mycolo-
gists, which results in a lack of a universally accepted fungal
taxonomy. Moreover, the body of knowledge concerning
production of toxic compounds needs to be clarified, as far
too little is known about the factors controlling their produc-
tion. We can however reasonably assume that the recent
availability of fungal genomic data will allow tremendous
progress in the near future (Stadler & Keller, 2008).

In most cases, the information concerning a lack or oc-
currence of toxic compounds under production conditions
is not available. In addition, there are only few validated
and certified analytical methods for the detection of a lim-
ited number of mycotoxins. Lastly, the body of knowledge
concerning the toxicology of fungal secondary metabolites
is insufficient. In general, mycotoxins, i.e. fungal secondary
metabolites that in small concentrations are toxic to verte-
brates when introduced via a natural route (ingestion, inha-
lation and skin penetration), have a non-acute effect which
complicates the assessment of their toxicological potential
in real cases. A 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. More-
over, the toxicological knowledge is of little or no relevance
to real life situations, e.g. lack of information on synergistic
effects. In conclusion, all notified filamentous fungal spe-
cies and strains should be evaluated on a case-by-case basis
when subjected to a risk assessment.

Bacteriophages
Notifications were obtained previously for two bacterio-

phages infectingClostridium sporogenes andClostridium ty-
robutyricum. EFSA recently provided technical assistance to
the Directorate General on Health and Consumer Protection
of the European Commission on the mode of action and per-
sistence of phages when added to foods of animal origin,
whether they acted as processing aids or as food additives.
The main conclusion was that it depended on the particular
food-matrix/phage combination, so that a general answer
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could not be provided (EFSA, 2009i). In this context, the pos-
sibility to recommend bacteriophages for the QPS list was
considered in depth (EFSA, 2009a). Phages lyse their bacte-
rial hosts, thus having a potential as biocontrol agents. They
are innocuous and donot alter the sensory properties of foods.

However, phages cannot be recommended for the QPS
list because their taxonomy is not settled. Furthermore,
temperate phages integrate into the genomes of their hosts,
mediating the acquisition of properties such as virulence
and spoilage determinants. Finally, those that package their
genomes through the headful mechanism may transduce
bacterial genes, worsening the problem. Consequently,
only virulent phages that package DNA by recognition of
cohesive ends are to be used as food decontaminants. The
only safe way to ascertain whether a phage is virulent,
does not carry harmful genes and presents cohesive ends
is genome sequencing, complemented with experiments
to exclude the generation of lysogens and confirm the pres-
ence of sticky ends. The risk assessment of phages has
therefore to be carried out on a case-by-case basis.

Viruses used for plant protection
Notifications have been received by the EFSA’s

PRAPeR Unit regarding viruses used for plant protection
purposes including strains of baculoviruses and a weak
strain of a zucchini yellow mosaic virus (ZYMV, Potyviri-
dae). A QPS assessment of these notifications was subse-
quently carried out (EFSA, 2009a).

The above viruses can be unambiguously identified.
Baculoviruses (containing double-stranded DNA) can be
unequivocally characterized by sequencing three to five
highly conserved core genes (polyhedrin, DNA polymerase,
lef-8, lef-9 or pif-2) using universal primer sets and poly-
merase chain reaction (PCR) procedures (Herniou &
Jehle, 2007; Van Oers & Vlak, 2007). ZYMV (containing
single-stranded RNA of positive polarity) can be identified
on the basis of sequencing nucleotide polymorphisms in
isolates (Pfosser & Baumann, 2002). The sequences of ba-
culoviruses and ZYMV can be compared with existing data
bases and phylogenetic trees. The highest taxonomic units
applied in the given context of the notifications were the
family Baculoviridae and for the zucchini yellow mosaic
virus the family Potyviridae.

Baculoviruses are lethally pathogenic for insects (Lepi-
dopterans, Dipterans and Hymenopterans) and have been
used as insect biocontrol agents for more than a hundred
years. They were extensively tested for potential adverse
health effects on mammalians in the 1960s and 1970s.
However no detrimental effects were identified due to,
among others, the host specificity of these viruses, limited
to often one or a few related insect host species
(Anonymous, 2006; Burges, Croizier, & Huber, 1980;
EPA, 1996, pp6; Gröner, 1986). Mammalians as well as
many other vertebrates have been naturally exposed to ba-
culoviruses for as long as the latter existed without apparent
negative health effect.
Weak strains of zucchini yellow mosaic viruses (ZYMV)
are applied for plant protection to ‘immunise’ the plant
against infection with a virulent strain of this virus by ap-
plying the principle of cross-protection, used as strategy
for about fifty years to control plant viruses (Fulton,
1986; Lecoq, 1998; Lecoq et al., 2009; Lecoq, Lemaire,
& Wipf-Scheibel, 1991; McKinney, 1929). Weak strains
of ZYMV generate RNA and/or protein signals in the plants
that prevent subsequent severe variants of ZYMV when en-
tering a plant to replicate and cause disease. Negative ef-
fects on mammalians attributed to plant viruses have
never been found or reported despite continuous exposure
to plant viruses through food and feed (Zhang et al., 2006).

The body of knowledge for both virus families (Baculo-
viridae and Potyviridae) was extensive in the field of appli-
cation for which the notification was sought for. Safety
concerns have been addressed but none were reported valid
despite extensive testing. Therefore Baculoviridae and Po-
tyviridae were recommended for inclusion on the QPS
list (EFSA, 2009a).

Future developments/applications
The QPS list is increasingly applied by EFSA’s FEEDAP

Panel and it is expected that it can be applied more widely
across EFSA in the future. The 2009 QPS update recom-
mended for the first time, viruses used for plant protection
(Baculoviridae and Potyviridae) to be included on the QPS
list (EFSA, 2009a). This is of relevance for EFSA’s Pesti-
cide Risk Assessment Peer Review (PRAPeR) Unit respon-
sible for the EU peer review of active substances used in
plant protection products in line with procedures and dead-
lines set out in the European legislation (OJEU, 1991). As
a consequence of recent regulatory initiatives adopted by
the European Parliament and Council concerning a common
procedure for evaluation and authorisation of food additives
and enzymes the QPS risk assessment approach may gain
increasing importance for the corresponding Scientific
EFSA Panels for Food Additives and Nutrient Sources
added to food (ANS) and for Food Contact Materials, En-
zymes, Flavourings and Processing Aids (CEF) (OJEU,
2008).

Conclusions
While QPS is already successfully applied within EFSA

for harmonising and prioritising risk assessment of biolog-
ical agents, it has the potential to be applied in an increas-
ingly wider context in the future. Furthermore, QPS may
also foster economic development as commercial parties
can be more proactive in the development of their future
product portfolio once a notified biological agent was rec-
ommended for an inclusion on the QPS list.
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