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Safety of probiotics
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New species and more specific strains of probibtcteria are constantly being sought for novel iotab
products. Prior to the incorporation of novel sigainto food or therapeutic products a careful ea@bn of
their efficacy is required and an assessment made @ahether they share the safety status of toadit food
organisms. Food organisms intrinsic to the pradacof traditional foods have been arbitrarily cidied as
safe in the absence of scientific criteria. Eviefor the safety and efficacy of probiotics hasiluacently
been largely anecdotal or based on relativelyelitind often poorly designed research. The denatiustrof
efficacy in probiotics offers vast opportunities fine development of human and veterinary produtie
introduction of a new probiotic culture demandstthiebe at least as safe as its conventional copatts.
Many bacteria are being tested to find a putatingbiptic, yielding conflicting data, sometimes filne same
organism. Comparisons between studies and orgariam®ot be readily made because of non-standardized
dosing procedures. Information is not readily aag on the equivalence of formulations for diffare
probiotic preparations. There is vigorous debatewdrat constitutes appropriate safety testing foveho
probiotic strains proposed for human consumpti@onventional toxicology and safety evaluation idirofted
value in assessing the safety of probiotics. Tddition of novel bacterial strains to foods andrépeutic
products requires reconsideration of the procediaresafety assessment. This paper provides arvieve of
these issues.
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Introduction use of 'history of safe use' as a criterion forghéety of
Probiotics are generally accepted as being livamisgmns food organisms is an arbitrary classification. Fotibs
which when administered in adequate amounts coafer consumed in foods and dietary supplements do na ha
health benefit on the ho5fThe demonstration of efficacy to comply with more rigorous guidelines for prolst
in probiotics offers vast opportunities for the dlmpment  which claim amelioration or prevention of diseasecli-

of human and veterinary products: new species aoice m nical use.

specific strains of bacteria are constantly beiogght for Evidence for the efficacy and safety of proisicor-
novel probiotic products. Their safety cannot bsuaged. ganisms has until recently been largely anecdatbbeed
The incorporation of novel bacterial strains intode and on relatively little, and often poorly designed easch.
therapeutic products requires reconsideration o thlLactic acid bacteria (LAB) and yeasts intrinsic te th
procedures for safety assessment. Probiotic ptedutch  production of traditional foods have been acceptedafe
claim specific nutritional, functional or therapieut without any real scientific criteria, partly becaubey are
characteristics blur the boundaries between fodetay  normal commensal flora, and because of their poesen
supplement or medicine, posing challenges for eged.  for generations presumably without adverse effect.

Their efficacy should be carefully assessed andvaiua- The concept of genetic manipulation of baeate
tion made as to whether they share the safetysstaftu achieve a specific probiotic function has appean-C
traditional organisms. sumer resistance to genetically modified organisms

Many of the organisms to which we ascribe i  (GMO) in foods is such that GMO probiotics are kely
effects have their origins in dairy products andrfented in the near future, with the possible exceptiorclafical
foods. They have been consumed as constituentsesét applications. Steidleet al..® and Kauret al.* have
foods without apparent ill effect for centuries.obiotic  treated mice models with genetically modified beateo
organisms are commonly from the genémctobacillus  prevent colitis and enhance the efficacy of antidur
and Bifidobacterium, with some strains ofEnterococcus  therapy respectively. Probiotics can thus be desigo
and Saccharomyces species being amongst the exceptions.

They are not specifically adapted to survive in the
gastrointestinal tract and are generally regardedsafe  Correspondence address: D.C. Donohue, School of Medical
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produce potent bioactive chemicals. However extrapoe The end use of the micro-organism. This will

lation from proof of principle in a murine modtd influence any qualifications imposed, depending on
therapeutic applications for humans will requinéngfent whether the organism is to be directly consumed; is
safety assessment for proposed GMO probiotics. component of a food product not intended to effter t
food chain, but which may adventitiously; or is dise
Existing guidelines for probiotic safety as a production strain in a product intended tfrée

Conventional toxicology and safety evaluation is of  of live organisms.
limited value in assessing the safety of probibtcteria. A discussion of aspects of these guidelines follows
Vigorous debate continues on what constitutes appro
priate safety testing for novel probiotic strairepgosed Taxonomic identification
for human consumption. In recent years severalnmirga The introduction of a new probiotic culture dematitt
sations have formulated approaches to assessfétg sh it be at least as safe as its conventional couatexpls the
probiotics. strain associated with safe food use, an intessirain
The Joint FAO/WHO Working Group on Drafting isolated from humans, a strain isolated from ansmat a
Guidelines for the Evaluation of Probiotics in Fbod genetically modified strain? The safety of a putiovel
proposed a framework consisting of strain iderdifitn  probiotic is contingent on its unequivocal idewtdfiion at
and functional characterisation, followed by safetythe genus, species and strain level as probidiéctsfare
assessment and Phase 1, 2 and 3 human trials. dffain specific. Sophisticated phenotypic and mdkc
recommended that probiotic foods be properly laloell (echniques are available to identify species arstrii
with the strain designation, minimum numbers ofléa  minate between closely related strains. Correartamic
bacteria at the end of shelf-ll_fe, storage con_dftlcand identification of both species and strain is a tyafesue
?atrr:ufacturers dct%ntf?; details. dThde :{Vorklp%idGrou%r quality control of the product, consumer orsméber
Ii%resesrh%rlj)lgot?:a r?are ii;fg f‘g? c:jlir?p ;08 a;t esrtra?g information, diagnosis and appropriate treatmensus-
‘probiotic’ prereq 9 pected clinical cases and epidemiological surveiiaof
The Working Group considered the minimum testsEhe exposed populatlon.. . .
. . ) The taxonomy of lactic acid and other bacteria has
required to characterise safety are: L . .
R N . changed significantly with the advent of genetichods
» Determination of antibiotic resistance patterns 2 . . .
of classification. Strains previously thought to Ois-

’ Assessment .Of metabollg act!V|t|es eg. D'I‘rjl(:tatesimilar have merged, while other strains have tsshied
production, bile salt deconjugation)

» Assessment of side-effects during human studies. or reassigned to different genera. The persisteatais

. ) . . incorrect or non-existent species names on prodbets

» Post-market epidemiological surveillance of adverse . ) . S oo X
o ) despite taxonomic reassignation is a significastiésfor
incidents in consumers. . -

the safety and credibility of probiotics.

* If the strain pemg evaluated' beIongs 10 a species Yeunget al.® used partial 16S rDNA sequencing to
known to be either a mammalian toxin producer or to

have haemolytic potential, it must be tested fairto Identify named commercial stra|_ns obtaln_ed dllrehklyn
. : L the manufacturer and found discrepancies in 14 $of 2
production or haemolytic activity.

. . . _ B .7
The European Food Safety Authority (EFSA) hasPecies designations. Lourens-Hattingh and Viljoen

proposed a scheme based on the concept of qua"ﬁézgncluded that probiotic cultures in South Africagurt

presumption of safety (QPS), defined as 'an assampt were little more_t_han a market_mg togl upon f|.ndrﬂr@
. ; g initial counts ofBifidobacterium bifidum in three different
based on reasonable evidence' and qualified towvallo .
) o . sources of commercial yogurts were lower than lieeat
certain restrictions to appfyThe scheme aims to have

consistent ceneric safety assessment of MICro-i n peutic minimum. Wee&eidentified isolates from eight
9 y Y veterinary and five human probiotics to find actera

through the fqo'd chain W'th.OUt Compromlsm.g.Safewdescriptions of organisms and concentrations fty two
standards. Individual evaluations would be limitexd
of the 13 products.

aspects particular to the organism, such as aahuire Temmermaret al.® found that of isolates from 55

antibiotic resistance determinants in lactic acittbria. . 0
QPS status would not apply to a micro-organism thaFuropean prob|.ot|c products, 47% .Of food supplements
commonly causes pathogenicity. A micro-organismand 40% of dgury prodgcts were_mlslabelled: Thedfoo
would not necessarily be considered a potentidiqen sgpplgments yielded either no viable .bacterla (30%)
where there are infrequent reports of clinicalasesd from S|gn_|f|c_:antly lower counts than the dalry produatsn-
severely ill people tradicting the conqut that health ber_leflts dgfmm thg
Broadly the cHaracteristics to be evaluated QPS presence of a minimum concentration of live prabiot
approval are: bacteria.

* Unambiguous identification at the claimed taxonomic In six products, all species isolated confainim the
level 9 label description; in 19 products they differednfrthose

. . - . . listed. Enterococcus faecium was isolated in such high
* Relationship of taxonomic identity to existing or o .
o numbers that contamination was unlikely to be thece.
historic nomenclature.

. o . . . Only two of the 22 food supplements purporting to
Efeg\:ﬁje:er?iéamlllarlty with organism, based on weigh contain Lactobacillus acidophilus did. Bifidobacteria

. Potential for pathogenicity to humans and animals. €€ isolated from five of 27 products claimingctintain
P 9 y " them, despite the use of different selectieglim The
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organism most frequently claimed to be in, andaisal
from dairy products wak. acidophilus, though it was not
necessarily found where claimed.

These and other studi®s demonstrate continued
inaccurate identification and mislabelling of protit
products. Inaccurate nomenclature has no scientifi
regulatory validity, misinforms or confuses the somer,
and compromises the safety of the product.
are entitled to expect that the label on a probiptoduct
accurately reflects its contents: the organism atwit
purports to be, it is present alive in a specifigzh-
centration range for a stated period, and the sigdeser-
ving size contains sufficient organisms to achid¢ke
claimed benefit.

Pathogenicity

It is essential that a probiotic should not caurgedtion.
This is a significant issue where the intestinalribaris
immature as in infants; where its integrity is inmpd
from radiotherapy, antibiotic treatment or diseam®] in

impact this would have on antibiotic treatment fiasto
be elucidated.

Lactic acid bacteria are naturally resistantntany
antibiotics by virtue of their structure or physigy. In
most cases the resistance is not transferable hed t
species are also sensitive to antibiotics in dhhiase.
However it is possible for plasmid-associated anitid

Conmumeresistance to spread to other species and genem. Th

transmissible resistance of enterococci to glyctdep
antibiotics such as vancomycin and teicoplanin fs o
particular concern, as vancomycin is one of theaining
effective antibiotics for the treatment of multigeu
resistant pathogens.

Antibiotic resistance mechanisms, their genetiaumat
and transfer characteristics of resistance detemtsn
have been studied comparatively recently in anaerob
bacteria. It has been shown that the plasmid which
encodes for macrolide resistance can be transfémed
L. reuteri to E. faecium and fromE. faecium to E. faecalis
in the mouse gastrointestinal tratt.

immunocompromised states, such as human immuno- A study by Temmermart al.’ found 68.4% of

deficiency virus (HIV) infection. With advances me-
dical care, an increasing proportion of the comryuni
may at some time be immunocompromised, or at risk
opportunistic infection.

Lactobacillus species in general are thoughhawee
low pathogenicity or be opportunistic pathogensnmu-
nocompromised individuals or those with seriousannd
lying disease. It has been suggested thatobacillus
rhamnosus in particular warrants surveillance because
is associated with more cases of bacteraemia ttar o
lactobacilli. L. rhamnosus is among the most common

probiotic isolates were resistant to two or mordi-an
biotics. Strains of lactobacilli were found resigtao
okanamycin (81%), tetracycline (29.5%), erythromycin
(12%) and chloramphenicol (8.5%). The disc diffusio
method showed 38% d&. faecium isolates were resistant
to vancomycin, while the PCR baseah gene detection
assay showed they were susceptible.

Salminenet al.'® characterised 86 clinicalacto-
itbacillus blood isolates at species level and tested them fo
antimicrobial sensitivity. Of the eleven specideritified
46 isolates weré.. rhamnosus (n=22 L. rhamnosus GG

Lactobacillus species in the human intestine so this mayype), Lactobacillus fermentum (n=12) andLactobacillus

be relative to its extensive presence in the iimtest

Two clinical cases have been reported in which
lactobacillus indistinguishable from an ingestedhiotic
strain has been identified in association withdtifen. A

casei (n=12. All Lactobacillus isolates showed low
minimum inhibitory concentrations (MICs) of imipane

piperacillin-tazobactam, erythromycin and clindamyc
The range of MICs of cephalosporin varied widelyhwit

74 year old woman with hypertension and diabetespecies while MICs of vancomycin were high exceypt f

mellitus developed a liver abscess in associatidifn w

pneumonia and pleural empyema. She had a hisfory antimicrobial

drinking a probiotic milk containind.. rhamnosus GG
and a strain indistinguishable from that was isaldrom
the abscesS. A 67 year old man with mild mitral regur-
gitation developed endocarditis after dental efivas.
His blood cultures were positive for a strainLofrham-
nosus indistinguishable from that in probiotic capsukes
chewed:*

Wolf et al.,'® assessed the safety of probidtiacto-
bacillus reuteri in a double-blind, placebo-controlled
study in HIV adults, and found the organism to balw
tolerated with no significant safety problems. alneview
of probiotic safety Borrielloet al.,*® found no published
evidence that immunocompromised patients had an
creased risk of opportunistic infection from prdimo
lactobacilli or bifidobacteria.

Antibiotic resistance and susceptibility

There is potential for viable probiotics to colonite
intestinal tract and transfer genetic material. YNae
resistance genes can be transferred by a prolmogia-

Lactobacillus gasseri and Lactobacillus jensenii. The
susceptibility pattern for probiotid.
rhamnosus GG was similar to those &f rhamnosus GG
type and othet. rhamnosus clinical isolates. This study
of a large number of blood culture isolates Lafcto-
bacillus indicates their antimicrobial sensitivity to be
species dependent.

Sullivan and Nord characterised théactobacillus
blood isolates from bacteraemic patients in Stolkho
Sweden, between January 1998 and March 2004 to
identify the possible presence of three probidtiaiss of
Lactobacillus consumed in Swedehe majority of the
59 isolates weré.. rhamnosus (n=17), L. paracasei ssp.
paracasei (n=8) andL. plantarum (n=8).No isolates were

indentical to the probiotic strainsAll isolates of L.
rhamnosus, L. paracasel ssp. paracasei andL. plantarum
were resistant to vancomycin and teicoplanin witile
majority of isolates were susceptible to clindamyci

The potential for gene transfer is difficlot dssessn
vivo. It is also difficult to assess what level of gene
transfer, if any, the community may consider acakelet
It is a significant reason to select strains lagkiie

nism to the endogenous flora, or vice versa, aral thpotential to transfer genetic determinants aftibiotic
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resistance. There is little basis for scientiigulation of
strains with intrinsic resistance, as little is wmabout
the levels of intrinsic resistance in current pooici and
food strains. Systematic screening for antibictsistance
in probiotic strains is not undertaken at preséntis

essential that probiotic organisms be sensitivéortuad
spectrum and commonly used antibiotics.

Immune modulation

The gut microflora are the major source of microlsid
mulus in infancy. The initial colonisation by andne-
position of the gut microflora are pivotal to thevelop-

al.,?* evaluated the efficacy and safety lafctobacillus
rhamnosus GG (LGG) in moderating gastrointestinal
symptoms of HIV-positive patients on antiretrovithe-
rapy in a placebo-controlled double blinded crossov
study. Subjects with HIV infection and persist&oin-
infectious diarrhoea taking highly active antireiral
therapy were standardized to receive twice daily LGG
(viable LGG 1-5 x 1¥ cfu/dose) for two weeks and two
weeks placebo in randomized order. No probiotia- pr
ducts were permitted during the washout periodsreef
and after each treatment, to reduce the likelihoba
carryover effect from persistent probiotic. Altlgbuthe

ment of immune responses and normal gut barrietGG preparation was well tolerated it gave no sigaiit

function. Kalliomakiet al.,*® demonstrated that the com- reduction in gastrointestinal symptoms.

position of gut microflora differs between healtapd
allergic infants. In a standardized double-blindcpbo-
controlled trialL. rhamnosus GG was given tanothers
prenatally for two weeks before delivery and sixmnths
postnatally if breast feeding, or to the infanhdt. No
adverse effects were observed in the mothers and
infants the incidence of atopic eczema in the fiveb
years of life was halved compared to that in irdagiven
placebo.

The finding that a specific strain of probiobacteria
strongly influences immune regulation in infantssea
questions about the use of probiotics in infancye Tmg-
term effects of probiotics on the composition of tut
flora and gut immunity during maturation are unkmow

No adverse
events or clinical infections were observed in $hbjects
during the study or in the six month follow-up eti
The evidence from this study suggests that LGG is un-
likely to be a health risk in HIV patients.

iBpidemiological surveillance

Two Finnish studies have investigated the incideoice
infections associated with lactic acid bacterin.tHe first
study 16S rRNA methods were used to characteride an
identify lactic acid bacteria isolated from bloodltares

of bacteraemic patients in Southern Finl&hdThe
number of infections caused by lactobacilli wagexiely
low and the infections were not associated with ghe
biotic strain newly introduced in fermented milks.

Reid* questions that probiotic safety be assessed solely In a subsequent study, lactobacilli isolatexirf bacte-
by an absence of adverse effects, and proposegrlongaemic patients between 1989 and 1994 were compared

term endpoints to determine whether there is irraéa
risk of incurring diseases such as diabetes arianimha-
tory disorders.

Once a probiotic strain is incorporated irite hormal
microflora, as has been documented during infattoy,

common dairy or pharmaceutical straffisFrom a total
of 5192 blood cultures 12 were positive for lactilhia
an incidence of 0.23%. None of the clinical casesld
be related to lactobacilli strains used by theydmidustry.
In both studies, patients with lactic acid bactdyacte-

potential to stimulate an immune response may lwe abraemia had other severe underlying illnesses.

lished with a consequent loss of probiotic poténtighe
response of normal gut microflora to probiotic ite
vention varies with age and clinical status of shbject,
so immunological effects need to be assessed icifiepe
at-risk populations. The molecular factors moduokati
immunoregulation need to be elucidated. Safetyuaval
tion of long-term health effects will be importaint the
selection of, and characterisation studies forobiptic.

Clinical studies

Clinical studies in humans have investigated tlieceff
oral administration of probiotics on the balanceirte-
stinal microflora and in a variety of disorders.tiUne-

Salminenet al.,® examined the incidence of lacto-

bacilli bacteraemia in the Finnish population fdret
period corresponding to a rapid increase in consiomp
of the probiotic strainLactobacillus rhamnosus GG
(ATCC 53103). This strain was isolated from human
intestinal flora and introduced into dairy produictd990.

By 1999 the annual per capita consumption was atgtiin
at 6L (3 x 168'cfu) per person/year.

The Helsinki University Central Hospital calted all
Lactobacillus isolates from blood cultures and cerebro-
spinal fluid in its catchment area from 1990 to @00
Blood culture isolates were also collected forcalées of
Lactobacillus bacteraemia reported (and unreported) by

cently many studies were of inadequate design and p mandatory notification to the National Infectiouss€ase
duced unreliable data. Inadequate studies haveahad Register, from its inception in 1995 to 2000. Spsaivere
absence of a patient control group; small treatmentharacterised and compared._tahamnosus GG strain by
groups; undefined treatment groups; a wide ageerangmolecular epidemiological methods.

within a treatment group; a diversity of antibiotieat-

Ninety cases dfactobacillus bacteraemia were iden-

ments; an absence of dosing criteria such as dode atified between 1995 and 2000, when the population i

duration; or subjects with symptoms of concurreseédse
with the potential to confound an observation ofeade
effects. The gold standard is a controlled studi atan-

Finland was 5.2 million. Of the 66 isolates avaigafor
species-level identification 48 welactobacillus isolates,
with the most common species beibgrhamnosus (26,

dardized, blind assignation to treatment, placebd a 54%), L. fermentum (9, 19%) andL. casel (7, 15%)

untreated groups.
Immunosuppressive therapy is considered afaistor
in bacteraemia from opportunistic pathogens. Sadmit

respectively In 35 cases more than one additional
bacterial species other th&actobacillus was also iden-
tified. Eighteen of the 66 isolates (27%) were aigas
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other thanLactobacillus. Eleven of the 2&. rhamnosus  product; its intended use; its anticipated intdke;impact
strains were indistinguishable by PFGE from the jmtd  of dietary intake on the spectrum of colonic flotleir
L. rhamnosus GG. metabolic functions and bioavailability of nutrieAt
No increase in the incidence or proportionLatto-
bacillus bacteraemia was observed, despite a clear irBummary
crease in the number of cases of bacteraemia teer tlt is only when a probiotic strain has been unegcally
period. Lactobacillus isolates as a proportion of all blood identified; characterised, screened and its meshanf
culture isolates was 0.24%, consistent with previouaction elucidated with scientific rigour; labellextcu-
Finnish report$? The average annual national incidencerately and truthfully; tested for safe and efficas hu-
of Lactobacillus bacteraemia was estimated as 0.29 casaman use in randomized, blinded placebo-controlliéd c
per 100,000 people per year. The study providesacel nical trials, ideally with independent verificatiomnd
that increased consumption lof rhamnosus GG had not undergone a risk-benefit comparison with existireat-
led to a corresponding increase liactobacillus bacte- ments that there will be evidence of sufficient lgyao
raemia. support the unjustified beneficial claims made abedfor
Borrielloet al.,*® was unable to find published medical many proposed probiotics.
literature regarding the consumption of viable jwbbs
by hospital patients, some of whom may be predigos
to infection by probiotic bacteria. They suggesthdt  References
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