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Abstract

Genes encoding virulence determinants are traesfebetween species in many
different environments. In this review we descrgene transfer events to and from
different species of bacteria, from bacteria tonfdaand from plants to bacteria.
Examples of the setting for these transfer everdlude: the Gl tract, the rumen, the
oral cavity, and in food matrixes. As a case stullg,flux of virulence factors from

E.coli O157:H7 is described as an example of gene floiveérenvironment.
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| ntroduction

The movement of genes amongst different speciesredo nature, between closely
related organisms via the typical avenues of reptdn, and between different
species via horizontal gene transfer (HGT). An ingoat consideration about the
concept of HGT is not whether genes can move itlh@roorganisms but whether
these genes confer enough of an advantage to nesenk them worthwhile. Gene
transfer events in nature have been assessed leg thifferent approaches:
examination of the nucleotide sequences of singlanes in different organisms;
experimental demonstration of gene transfer undborhtory conditions and the
analysis of horizontal transfer events in microcesmd field surveys. These transfer
events have been shown to take place between attféracterial species; between
plants and bacteria; and between animals and plBntgeet al., 1998). Some of the
evidence relating to these transfer events wilpbesented below. Gene transfer in
some selected environments will also be describepteater detail. The movement of
virulence factors froniescherichia coli O157:H7 will be presented as an example of

gene flux in the environment.

Transfer of genes between bacterial species

The first documented evidence iof vitro transfer between Gram-negative bacteria
and Gram-positive bacteria was in 1987, when T@ewt et al. transferred the
plasmid pAT187 from Gram-negativé&. coli to the Gram-positive strains:
Enteroccoccus faecalis, Streptococcus lactis, Streptococcus agalactiae, Bacillus
thuringiensis, Listeria monocytogenes and Saphylococcus aureus (Trieu-Cuotet al,
1987). These transfer events lead to the belief tihere could be “inter-Gram”

genetic exchange in natural conditions. In a resigvCourvalin, it was proposed that
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in nature, there is a bias in the gene flux fromar@positive cocci to Gram-negative
bacteria, because of the barriers to heterolog@mne gxpression that impedes the
expression of Gram-positive genes in Gram-negdb&eteria and not vice versa
(Courvalin, 1994). The ubiquitous transfer mechanisetween Gram-positive and
Gram-negative bacteria is thought to be conjugatioe to the broad host range of
transfer and autonomous replication, however, tlossipility of transfer via
transduction or transformation has not been ruledbetween the two Gram type
strains. Lactic acid bacteria, including members tbé genus Enterococcus,
Lactobacillus and Lactococcus have been shown to freely participate in the
communications superhighway that is the laterahdier of genes, particularly
antibiotic resistance determining genes. Therefaamtic acid bacteria, like other
bacteria, participate in the transfer of antibiot&sistance characteristics across
species and genus borders. Identical genes regpmrier antibiotic resistance are
found in commensal lactic acid bacteria, pathogdméacteria and opportunistic
pathogenic bacteria. This has lead to the suggetiat there are no barriers between

these three bacterial groups (Mathur and Singh5R00

Transfer of genes from bacteria to plants

Agrobacterium tumefaciens is a ubiquitous soil bacterium which can tran§&I&fA to
plants in genetic modification studies. This baateris responsible for crown gall
disease, which induces galls, or tumours, on cerfdants. Gall formation is
attributable to the integration of bacterial traamstd DNA (T-DNA) into the plant
chromosome. The advent of biotechnological techesduas enabled the manipulation
of T-DNA so as to facilitate the transfer of foreigenes into a wide variety of plants

(Broothaertset al, 2005).A. tumefaciens was considered to be the only bacterial
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species capable of this transfer, but Broothagosgmanaged to obtain various plant
transformants using nofgrobacterium strainsRhizobium sp., Snorhizobium meliloti

andMesorhizobium loti, albeit at a lower frequency rate than wAthtumefaciens.

Transfer of genes from plantsto bacteria

Genes from transgenic tobacco plants, with transgeasiding on the chloroplast
genome, have been shown to be transferréditzetobacter. In this case the bacterial
species housed a plasmid that contained homologegsences to the chloroplast
genome (Kayet al., 2002). Despite the fact that plant nucleasgcrobial nucleases
and shear forces contribute to the destructionart@NA, intact DNA sections can
actually be located in the environment. DNA foumd the environment can be
protected by adsorption to sand and clay partigiesking it more resistant to the
action of DNases (Davison, 1999, Gay, 2005). Geswester between GM plants and
bacteria has occurred in a soil environment, wiagpeerequisite for this transfer was
a homology between donor and recipient DNA (Eetal., 2004). Many GM plants
have been developed with antibiotic genes thatrréft@ir original bacterial promoter.
This is because the gene of interest was origirallyineered into ag. coli cloning
vector containing the antibiotic resistant gerfgg.obacterium binary vector systems
also sometimes contain bacterial antibiotic resstagenes and have been used to

introduce transgenes into plants (Gasson, 2000).

Currently, many GM plants are cultivated for diffat reasons ranging from: carriage
of genes resistant to a particular pesticide, ka&bior insect; the rendering of plants
male-sterile; delaying the ripening of fruit; omgily to be a transformation marker

(Ishimania et. al., 2006; Uzogara, 2000). Thesesgganes in GM plants often contain
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prokaryotic sequences. There has been major conownthe potential for these
transgenes to migrate from GM plants to human r@mal intestinal microbes
(Heritage, 2004; Heritage, 2005). One of the maomcerns is that antibiotic
resistance genes used in the construction of GMtplmay end up in pathogenic

bacteria that reside in the gastrointestinal (&igtt(Wilckset al., 2004).

Many species of bacteria may develop natural coemoet, or the ability to take up
naked DNA, in the gastrointestinal (Gl) tract, atimls development, along with
factors like the integrity and quality of the DN£Aom GM plants that reaches the Gl
tract, are major factors when considering the ais&ociated with consumption of GM
foods. The Gl tract is broken up into many partghwhe proximal portin being the
part where the DNA is released from the food madng is exposed to breakdown via
nuclease activity and low pH in the stomach (Wileksal., 2004). Many of the
antibiotic resistance genes present in GM planes wrder the control of plant
promoters and would normally need the addition béeterial promoter in order to be
functional in a recipient bacterial cell. Howeviénvas also shown that the sequences
of the plant promoter themselves were recognisedthey bacterial transcription
apparatus (Jacodt al., 2002, Lewinet al., 1998). Duggan et al. found that free DNA
survives in a functional state for a considerabif®ant of time in ovine saliva but
survives a much shorter amount of time in rumendfland effluent due to high
concentrations of free endo and exo-nucleases @uggal., 2000), indicating that

the possibility for natural transformation in thelocavity is a distinct possibility.

Recently, Kleter et al. (2005) evaluated the healtimsiderations regarding the

transfer of microbial transgenes present in gealyianodified crops. 10 different
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transgenes routinely used in market-approved onegee examined using a number of
criteria e.g. microbial source, natural functiongeine examined, prevalence of gene
in other organisms. Two of the transgenes examme@ DNA adenine methylase
(dam) and thep-glucuronidase uidA) genes fromE. coli and thecry genes from
Bacillus thuringiensis. The microbial genes reviewed in the study didgiee rise to
any health concerns, but Kleter et al. adviseddahgttransgenes not mentioned in this

study should be subjected to examination using thelined criteria.

A review by Thomson (2001) outlines the steps &edcbnsequences of gene transfer
from a GM crop to intestinal bacteria. The authgamines the various worst-case
scenarios (where gene transfer is affected) andcdmsequences of each step are
discussed. It was found that horizontal gene teansfents between GM crops and
intestinal bacteria have occurred, but they aréequaire. However, because these rare
events may have an ecological impact, genes intextlinto a GM plant should be

subjected to risk assessment.

In a review by Goldstein et al. (2005), where théigcussed human safety
considerations of genetically modified plants wittsspect to antibiotic resistance
genes, the authors came to the conclusion thathat nhoment there is no
documentation of intact functional antibiotic réaisce gene transfer from plants to
bacteria, and because these genes are readilplaleaih bacterial reservoirs already,
the frequency of such plant to bacteria transfeméy is trifling. The selective effect
of antibiotic use in the environment contributesrento the evolution of resistant

strains by spontaneous mutation and transfer stext resistant plasmids.
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A number of years ago, both the U. S. Food and wdiginistration (FDA) and the
World Health Organisation (WHO) concluded that éhisrno risk in consuming DNA
from biotech crops. (WHO, 1991; US-FDA, 1992). Treasoning behind their
conclusion is that humans and other animals hawayal consumed DNA from a
wide variety of sources including plants, animalacteria, parasites and viruses, so
consuming DNA from another source, such as biot¥ops, should cause no extra

risk.

Genetransfer in selected environments

Gene transfer events occur in many diverse enviemtsn The most significant
environment for food borne pathogens is the gas®stinal tract, with the possibility
of commensal bacteria acting as a reservoir forsfiread of virulence determinants
from transient microbiota (Farthing, 2004). Horirrgene transfer events have also
been demonstrated in the rumen (McCuddin et a06R0n foodstuffs (Brautigam et
al., 1997), in biofilms present on food processgipment (Maeda et al., 2006) and

in the oral cavity (Mercer et al., 1999) and arcdssed below.

Transfer of genesin the gastrointestinal tract

The gastrointestinal tract (the alimentary canathar gut), is the system of organs
within multicellular animals which takes in foodigdsts it to extract energy and
nutrients, and expels the remaining waste. Mora 8@0 species of bacteria colonize
the gastrointestinal (Gl) tract (Gilmore and Fary@003). Differences in the type and
total numbers of bacteria present depend, for el@mpthe spatial location in the Gl

tract (Farthing, 2004). Microbial flora of the gfdrm part of a dense population
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existing in close proximity, which often are paftkoofilms. This environment is an

ideal one for genetic transfer between differemtdyaal types (Scott, 2002).

There are numerous examples of conjugation as asydayene transfer with regards
food and the intestine (Eede et al., 2004), theeeffiocan be thought of as a common
and very efficient way to transfer genes to thesgrenments. The digestive tract of
animals is thought to be conducive to gene trarsééween lactococci and enterics,
as supported by genome sequence analysis (Bolo&ih, 2004). Maisonneuve et al.
(2000) investigated whether yoghurt had positivieaté on plasmid transfer and
transconjugant survival in the digestive tract atemassociated with human faecal
flora, and found that the rates of transfer wera btwer efficiency and there was no
stimulating effect. Salyers et al. (2004) have ndgeproposed that the human
intestine, (i.e.) the Gl tract, is rife with gemartsfer events, with relatively harmless
bacteria casually swapping genes between themselves becomes a problem if
bacteria that normally are transitory in the huntaton acquire virulence genes,
particularly resistance genes, by conjugation, tmsverting a non-pathogen into a
potential pathogen via the transfer of virulenceage Effectively, these microbial
intestine dwellers act as vectors for antibiotisiseance genes (Salyezsal., 2004).
Tetracycline and erythromycin resistance determsancoded on transposons were
shown to be transferable froEmterococcus faecalis to E. coli andL. monocytogenes

in the digestive tract of mice (Doucet-Populairalet1991, Doucet-Populaire, 1992 ).

Netherwood et al. (1999), performéd vitro andin vivo studies on the transfer of
genes from a genetically modified probiotic in #n&an Gl tract, and came to the

conclusion that thén vivo rate of transfer is higher than the rates obtainedtro,
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and that the true rate of transfer was underestidndtie to the asynchronous nature of
bacterial cells in the Gl tract. Anaerobic bacteniake up 99% of the human gut flora

(Vedantam and Hecht, 2003).

Commensal organisms, present in the gastrointéstaw are thought to be reservoirs
of determinants such as antibiotic resistance. &lage a number of initiatives (e.qg.
reservoirs of antibiotic resistance (ROAR); dedddato determine the dissemination
levels of non-pathogenic antibiotic resistance)clhiry to elucidate the importance
of non-pathogens as carriers of virulence determ&maommensal bacteria can act as
a reservoir for the dissemination of virulence gefrem transient bacteria. Bacteria
ingested with food are transient inhabitants of tBEk tract; therefore they can
contribute to the gene pool available to residemhmensal microflora for genetic
exchange. Studies by Blake et &003) using simulated porcine ileal conditions
provided clear evidence that antibiotic resistadetgerminants could be transmitted

between commensal and pathogenic members of tleedbaicteriaceae.

The evidence for gene transfer in the colon has lobserved iBacteriodes species
by Shoemaker et al. (2001), where resistance detants from other Gram-negative
and also Gram-positive bacteria were found as glathe genome as conjugative
transposons. Frequently, the environment of the igutxposed to low levels of
antibiotics (therapeutic agents, growth promoteesjdues from food), which have
been shown to stimulate the transfer of mobile ierdements, such as conjugative
transposons (Scott, 2002) and prophage elementdééb al., 2005). The murine Gl
tract has proven to be an environment where H-E98higa toxin 1(Stx1)-encoding

phage could be transmitted between t&o coli strains and the production of

10
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infectious virions which are capable of infectintdper E. coli strains in the Gl tract

(Acheson et al., 1998).

Transfer of genesin therumen

The rumen is the first compartment of cattle, shaeg@ goats. Without the rumen,
these animals would not be able to digest highefiplant materials as all of the
digestion that takes place in the rumen is duéd¢opresence of a mixture of micro-
organisms (Weimer, 1992). These microbes represdivierse mixture of prokaryotic
and eukaryotic organisms (McCuddet al., 2006). With this mixture of micro-
organisms, the opportunity for gene exchange inrthmen environment is great.
Transfer of antibiotic resistance determinantshia tumen was first documented in
sheep in the 1970s, and since then indirect evelas mounted for rumen transfer
events. Rumen protozoa have been shown to playtarpgene transfer between
bacteria inhabiting the rumen. McCuddin et (@006) investigated this role further
between an antibiotic-resistaktebsiella donor and an antibiotic-resistese monella
recipient, and found that inhabiting rumen flord thdeed enhance gene transfer of

antibiotic resistance between these bacterial epeci

Transfer of genesin food

Food matrices such as ultra heat treated (UHT),neiicao drink and tomato juice
have been reported to support transformation whxéermal DNA was added along
with the bacterial strains. Transfer of DNA to &A@ in foods by transformation
necessitates unbroken DNA molecules of a certaigtleand a certain amount of
homology between the bacterial DNA and the extraeddNA present in the food

(Kharazmi et al., 2003). It is also necessary that the renipibacteria are

11
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transformable in the food environment. Natural $farmation in complex food
matrices was examined in a naturally competenteiaich, B. subtilis, by Brautigam
et al. (1997). A variety of milk products: UHT milwith different fat levels;
pasteurised milk; and chocolate milk were evaluatesl environments for
transformation. Competence development occurredllinhe milk products tested.
Transformation oE. coli in a variety of foodstuffs was investigated ana/as found
that the highest transformation frequencies ocduimemilk, soy drink, tomato and
orange juice, and that DNA was released and takerby E. coli under food
processing conditions, meaning that gene transfaraccur in these environments,
which is a food safety concern (Baugr al., 1999). Gabin-Gauthier et al., (1991)
found that conjugal transfer between lactococcuoed during cheese making, but at

a lower frequency than under laboratory conditions.

Biofilms, biologically active matrices which consi®f cells and extracellular
substances, have become an important issue witdrdego food hygiene. Biofilms
are formed on any submerged surface in any envieohnvhere bacteria are present
and can form on food products or food product ottnsairfaces, such as pipes and
rubber seals, leading to undesirable potential azomation of the foodstuff.
Attachment of bacterial biofilms to foodstuffs asntact surfaces leads to problems
with hygiene and economic losses due to spoiladecaf. Many pathogens have been
shown to persist in biofilms, also making theseldg@al matrices a food safety
problem. Getting rid of bacteria which are presarbiofilms raises many problems.
Bacteria present in biofilms exhibit increased s&sice to antimicrobial agents,
probably due to many factors including: reducedudibn of the agent; reduction of

bacterial growth rate and the production of degimdanzymes. Bacteria in biofilms

12



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Running title: Conditions facilitating transferafulence factors

have also been shown to have decreased suscéptibia wide variety of antibiotics
(Kumar and Anand, 1998E. coli, which is not normally considered as naturally
transformable requiring exposure to higif Czoncentrations to develop competence,
has been shown to express modest competence witofony biofilm (Maedat al.,
2004). Recently, horizontal transfer of nonconjugaplasmids in a colony biofilm of
E. coli has also been shown (Maestaal., 2006). The transfer of conjugative plasmids
in biofilms has been discussed by Molin et (@003) and it seems that there is a
difference between conjugative transfer of a Rilsmpid between suspended and
sessile (biofilm-inhabitating. coli pairs. Transconjugants appeared very rapidly and
their numbers increased at a high rate in the Imddituation, whereas when the cells
were suspended in a chemostat, transconjugantsarggpenore gradually. The
incidence of antibiotic-resistant enterobacterias wavestigated in a variety of
agricultural foodstuffs by Boehme et al. (2004),owfound that the amount of
coliform bacteria present on “common vegetables’hi¢Ww included carrots,
cauliflower, mushrooms, lettuce) was a few ordersnmiagnitude lower than the
coliform bacteria present on sprouts, which werghlyi contaminated. Antibiotic
resistance was rife on the sprout-contaminatingrofiara, whereas only a few

resistant strains were found in relation to the iwam vegetable coliforms.

Wang et al. (2006) examined retail food samplesdireg from milk, cheeses,
yogurts, shrimp, deli beef, deli turkey, mushroond apinach) for the presence of
antibiotic resistance determinants. In the majooityetail food examined, antibiotic
resistant micro-organisms were detected, indicattiag the prevalence of antibiotic

resistant commensal organisms in foodstuffs isequigh.

13
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Natural genetic transformation in the oral cavity

The fate of free DNA in saliva was investigated Mgrcer et al. (1999), and was
found to be able to survive for a considerable amai time in a semi-degraded
state. This study also found that this DNA was abl&ansform naturally competent

Streptococcus gordonii DL1, a natural member of the oral microflora.

Theflux of virulence factors of E. coli O157:H7

Virulence genes oE. coli are present on several mobile genetic elements asc
plasmids, phages, transposons and pathogeniatyds! NewE. coli pathotypes, with
new combinations of genetic information are confaamerging.E. coli represents a
potential pool of virulence genes which may plases role in the origin of emerging
diseases caused By coli and other bacteria, and which may occur in yekploeed
ecological nichegKuhnert et al., 2000)In this section, the flux of Shiga toxin-
producingE. coli (STEC) virulence factors in the bacterial popwiatin the farm

environment and potential adjacent areas will mTered.

STEC have been isolated from many animal speciekjding sheep, goat, deer, pig,
cat, horse and gull, however cattle appear to lee niajor reservoir folE. coli
0157:H7 and other STEC (Renter and Sargeant, 2008). animals harbour this
pathogen in their Gl tracts and shed the bacterithéir faeces (Chapman et al.,
1993). Enteric bacteria, likE. coli are able to survive in different environments,
while the gut is their natural ecosystem (WitteD@0 The ability ofE. coli O157:H7

to survive under environmental conditions outsifi¢he gastrointestinal tract is one
of the factors enabling gene transfer from thihpgén in the environment. Faeces

are an important vehicle for the distributionfcoli O157, as this pathogen is able

14
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to survive up to 18 weeks in this medium (Wang let1096,Kudva et al., 1996).
Raw manure, untreated and treated slurry whicmelllde faeces, is often utilized to
fertilize soil (Jones 1980; Mechiet al., 1997), which aids in the spread of this
pathogenE. coli O157:H7 has been shown to survive in non-aeraw@tkeananure
pile for more than 1 year and in aerated ovine m&ou bovine manure piles several
months (Kudva, 1998). The pathogen has surviveddrinking water troughs
(Hancock et al. 1998; LeJeune et al., 2001) foleast 6 months and also in farm

water for long periods (McGee et al., 2002).

A great diversity of thetx-(shiga toxin gene) anehe-(intimin gene) positiveE. coli
isolates were detected in slaughterhouse wastettatewas ready to be released into
the environment (Loukiadist al., 2002). River water collected upstream fribra
slaughterhouses show a lesser contamination with gathogen than river water
collected downstream from the slaughterhouses (laoligk et al., 2002).E. coli
0157:H7 has also been isolated, for example frommalfeed and flies at dairy farms
(Shereet al., 1998). Barker et al. (1999) have shown Ehatoli O157:H7 survives
and replicates in a common environmental protozdsanthamoeba polyphaga,
which are widely distributed in soils and effluerifgis ability to survival in protozoa
may have enabled the persistenceEofcoli O157:H7 in the natural environment
(Brown et al., 2002). High levels of transfer of conjugative andbilizable plasmids
from E. coli to a wide variety of strains &froteobacteria wereobservedn the gut of
the soil microarthropo&olsomia candida (Hoffmann et al.1998) In another studya
conjugative plasmid was transferred between straififis coli in the gut ofRhabditis

nematodes (Adamo and Gealt, 1996).

15
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E. coli O157:H7 possesses a potent combination of vireleilactors. The main
virulence factors in the disease progression ofmuaehagic colitis (HC) and
haemolytic-uremic syndrome (HUS), caused by thgaoism, are Shiga toxins (Stx1
and Stx2) which are encoded by bacteriophages iBat al., 1984). It has been
suggested by Urdahl et al. (2003) that animals kepéens probably maintain a higher
level of Stx in the intestine than tethered animakscause they would have more
faecal-oral contact, thus more chance of crossacom@ation. In Norwegian dairy
cattle herds it is thought that loose housing prsséhe major risk factor for

occurrence of Stx2 (Vold et al., 2000).

Transfer of shiga toxin between STEC and non ST&®Gtgpes and STEC and other
members of the Enterobacteriacae occurs via thedtection ofstx phages (Beutin et
al., 1999; Schmidt et al., 1999). In several staidiee intraintestinal transmisson of
stx-bearing bacteriophages to new bacterial hostbbas demonstrated, for example
in vivo (Acheson et al., 1998) and vitro (Schmidt et al., 1999). Phages were also
shown to be transmitted extraintestinally (Muniasa Jofre; 2004). Infectious Shiga
toxin phages have been observed in the sewagerimfugacountries and in faecal
contaminated rivers (Muniesa et al., 1999; Muniesal., 2000; Muniesa and Jofre,
2004; Tanji et al., 2003), and also in surface wgdeimke et al., 2006). These phages
have been shown to exhibit higher persistence tioralainactivation and disinfection
treatments in aquatic environments (Muniesa et E99; Tanji et al., 2003).
Naturally occurring phages that carry the Stx2 gene infectE. coli O157:H7 are
able to persist in the water environment more ssgfadly than their host bacteria and
show a higher resistance than their host bacterighkorination and heat treatment.

Furthermore, Stx2 genes which are incorporatedei@ phages persist outside the gut

16
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much more successfully than the genes incorporatét bacterial genome (Muniesa
et al., 1999). In several studies of cattle, sealsttunctuations of faecal shedding &f
coli 0157:H7 was observed. No significant seasonalkwdiffces in the levels of
shedding of Stx2 gene-carrying bacteria in monddne@man wastewater treatment
plant and contaminated river waters was observexd Japanese study (Kurokaeta
al., 1999). Bacteriophages may be an important potdagenic strains based on the
numbers and persistence of bacteriophages in hanvadonments (Muniesat al.,
1999). Garcia-Aljaro et al. (2004) indicated thetemtial contribution of
bacteriophages to the mobility of the Stx2 geneukhoot be underestimated.
Additionally the occurrence of the Stx2 gene in ylapons detected in sewage
(phages or bacteria) demonstrates an exchangesadhe between these populations
(Garcia-Aljaro et al.2004). The aminoglycoside apramycin has been udedsvely

in livestock in the UK since 1978 (Yatex al., 2004), studies have shown that
apramycin-resistant commensl coli are absent in cattle that have never been

treated with aminoglycosides.

Conclusion

Horizontal gene transfer occurs in many differemtations under many diverse
conditions. We have seen in this review that geamester events have occurred from
plants to bacteria; bacteria to plants; in thergagestinal tract; in the oral cavity; and
on food surfaces, to name a few instances. Ther® isloubt that there are still
numerous places and circumstances to be discovdrete gene transfer events can
occur. Genetic exchange is widespread in the emviemt relevant to food borne

microflora. The three mechanisms of gene transfenjugation, transformation and

17
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transduction, are represented in this environmamd, conjugation seems to be the

most ubiquitous mechanism present from the stuakamined.

We have seen from this review that natural transfegenetic material between
bacteria and the environment is ubiquitous, and thansfer is necessary for the
generation of diverse species. Mobile genetic etgspdy various methods, move in
and out of bacterial genomes adding extra abiliaad allowing proliferation of

bacterial species in new niches. One of the majoirements for transfer of virulence
determinants between strains is the proximity ef donor and recipient organisms.
This information should be taken into consideratianfuture risk assessment of

foodborne bacterial pathogens.
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