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Richèle D. Wind1*, Hermien Tolboom1,2, Ingo Klare3, Geert Huys4 and Jan Knol1

1Danone Research Centre for Specialised Nutrition, Wageningen, The Netherlands
2Regilabs, Location Ede, Morsestraat 3, 6716 AH Ede, The Netherlands
3Robert Koch Institute, Wernigerode Branch, Wernigerode, Germany
4BCCM/LMG Bacteria Collection, Laboratory of Microbiology, Faculty of Sciences, Ghent University, Belgium

(Received 30 November 2009 – Revised 12 May 2010 – Accepted 10 June 2010 – First published online 9 August 2010)

In Europe, the species Lactobacillus rhamnosus is currently on the Qualified Presumption of Safety list used by the European Food Safety Auth-

ority (EFSA) for internal safety assessment, but according to the EFSA the species should remain a topic of surveillance. In the present study, the

safety and tolerance of the potentially probiotic strain L. rhamnosus PRSF-L477 was investigated in a placebo-controlled double-blind volunteer

trial following FAO/WHO guidelines. A total of thirty-four subjects received daily doses of 1 £ 1011 colony-forming units (cfu) of L. rhamnosus

PRSF-L477 (n 17) or placebo (n 17) for a period of 3 weeks, followed by a wash-out period of another 3 weeks. A questionnaire on gastrointestinal

tolerance and a diary was kept daily to record compliance throughout these 6 weeks. Faecal and blood samples were collected for microbiological

and haematological analysis. The recorded gastrointestinal symptoms, defecation frequency and stool consistency were not influenced indicating

that L. rhamnosus PRSF-L477 was well tolerated. The species L. rhamnosus was detected in the faeces of sixteen out of seventeen subjects of the

probiotic group during the intervention period. Using pulsed-field gel electrophoresis, re-isolates of L. rhamnosus PRSF-L477 were confirmed in

nine of these subjects. Antibiotic susceptibility profiles of these re-isolates were unchanged compared with PRSF-L477. No clinically relevant

changes in blood parameters such as liver and kidney function and no serious adverse events appeared during and after administration. Therefore,

we conclude that L. rhamnosus PRSF-L477 can safely be administrated to healthy subjects at a daily dose of 1 £ 1011 cfu.

Lactobacillus rhamnosus: Safety: Probiotics: Colonisation: Re-isolation: Antibiotic susceptibility

Lactobacilli are commensal lactic acid bacteria of the human
and animal gastrointestinal tract, but are also used worldwide
as starter cultures in the production of dairy foods and as pro-
biotics. Due to their long history of safe use in food appli-
cations, their very low pathogenicity and the low frequency
of isolation from blood cultures, lactobacilli are generally
regarded as safe in healthy subjects(1,2). However, in a
number of rare cases in immunocompromised patients or sub-
jects with underlying diseases, Lactobacillus strains have been
associated with cases of clinical infections such as bacteraemia
and endocarditis. Lactobacillus rhamnosus and L. paracasei
were most commonly isolated from such infections(3 – 5).
So far, a possible epidemiological link between probiotic con-
sumption and rise in clinical isolates of lactobacilli has not
been clearly established(6). Nonetheless, several reports have
linked infections directly to the consumption of probiotic pro-
ducts(7 – 10), but clinical trials and intervention studies have so
far not indicated any safety problems with L. rhamnosus GG,
LC705 or HN001(11 – 14). However, conflicting results have

been reported on the potential role of commensal lactic acid
bacteria and bifidobacteria as vectors of antibiotic resistance
elements in food and intestinal environments, which has trig-
gered an ongoing debate(15 – 18). As such, the fate of probiotic
strains during gastrointestinal transit in an antibiotic-contain-
ing environment has previously been studied(19). In the latter
study a higher proportion of tetracycline-resistant anaerobi-
cally growing bacteria and bifidobacteria was detected in the
antibiotic group compared with the control group. Several
antibiotic-challenged subjects had faecal Bifidobacterium
animalis subsp. lactis Bb-12-like isolates with reduced tetra-
cycline resistance, which was, however, unlikely due to the
acquisition of novel tetracycline resistance determinants.
Recently, it has also been shown that a probiotic Lactobacillus
strain can acquire vancomycin resistance during a digestive
transit in mice(20).

It has been recommended by the European Food Safety
Authority that L. rhamnosus remains in the Qualified
Presumption of Safety list, but that this species should be
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considered a topic of regular surveillance(21). In their
recommendations on biosafety assessment of probiotics used
for human consumption based on the results of the European
Union PROSAFE (Biosafety Evaluation of Lactic Acid
Bacteria used for human consumption) project, participants
from academics and industry recognised the relevance of
human colonisation studies in a randomised placebo-
controlled double-blind design, but did not specify which par-
ameters should be determined in such studies(22). For instance,
limited attention has been given to the stability of a probiotic
strain after passage through the gastrointestinal tract.
Colonisation, but not stability, of L. rhamnosus strains has
been studied through re-isolation from faecal samples(23 – 26).

In the present study, a placebo-controlled double-blind
human volunteer trial was organised to investigate the toler-
ance and safety of a potentially probiotic L. rhamnosus
strain, PRSF-L477, following WHO/FAO guidelines(27).
The study was performed as a part of the European Union
PROSAFE project on the biosafety evaluation of lactic acid
bacteria for human consumption. PRSF-L477 has been
proposed to modulate dendritic cell function to induce a
novel form of T cell responsiveness. An anti-inflammatory
mechanism of PRSF-L477 has been proposed and therefore
it may be of interest for the treatment of a variety of inflam-
matory disorders(28). PRSF-L477 may also be of benefit in
the preservation of gut barrier integrity after injury or stress,
as has been shown previously in a rat model for haemorrhagic
shock(29). From the host’s perspective, evaluation of tolerance
and safety in the present study was based on questionnaires,
blood safety parameters and the number and type of
adverse events. Also, colonisation and wash-out kinetics of
L. rhamnosus PRSF-L477 were determined, and the pheno-
typic and genotypic stability of faecal re-isolates of this
strain from healthy subjects was assessed.

Experimental methods

Study population

A total of thirty-six healthy volunteers were enrolled in the
study using the following exclusion criteria: pregnancy and
breast-feeding; blood parameters outside the normal range
and considered clinically significant; history of metabolic or
gastrointestinal disease; food allergies; recent use of anti-
biotics or laxative drugs; diarrhoea; constipation; diabetes

mellitus; blood pressure . 150/90 mmHg. The inclusion
criteria were: healthy male or female; age 18–60 years;
normal defecation pattern; blood parameters within the
normal range or not considered clinically significant if outside
the normal range; BMI 18·0–29·9 kg/m2; written informed
consent.

Trial design

The study was a randomised, placebo-controlled, double-
blind, parallel-group study. The study was conducted accord-
ing to guidelines laid down in the Declaration of Helsinki and
all procedures involving human subjects were approved by the
ethics review committee of the Institutional Review Board
Nijmegen (The Netherlands). After having signed informed
consent, subjects were screened for eligibility into the study.
Subjects taking probiotic preparations were asked to enter a
3-week wash-out period before screening (Fig. 1). Subjects
eligible for participation (n 36) were randomly allocated to
receive either the probiotic or the placebo product after strati-
fication for age (,40 years and . 40 years). Subjects were
instructed to take the product for a period of 3 weeks, fol-
lowed by a wash-out period of another 3 weeks. Faecal
samples were collected weekly throughout these 6 weeks,
whereas a blood sample was taken at screening and after
3 weeks. Questionnaires were filled out after 3 and 6 weeks.
A diary was kept daily from screening onwards until the end
of the study. A double data entry procedure was used. The
study was conducted between September 2005 and December
2005 by the former Menox B.V., currently known as Ampha
B.V. (Nijmegen, The Netherlands). Regular quality checks
were performed by the study monitor.

Study parameters

The primary objective of the study was to assess the stability
of L. rhamnosus PRSF-L477 in the gut of healthy subjects.
The secondary objective was to assess the gastrointestinal
tolerance and safety of L. rhamnosus PRSF-L477. Sample
size was calculated based on the primary study parameter.

Product description

The probiotic study product contained lyophilised L. rhamnosus
PRSF-L477 in a total daily dose of 1 £ 1011 colony-forming

Time: Informed consent
visit 1a

Screening
visit 1b

0 weeks
visit 2

1 week
visit 3

2 weeks
visit 4

3 weeks
visit 5

4 weeks
visit 6

5 weeks
visit 7

6 weeks
visit 8

Fill in diary on daily basis

Supplementation of placebo

Supplementation of probiotic LAB
n 36

n 18 

n 18 

3-week run-in
if applicable 3-week wash-out

Fig. 1. Study design. LAB, lactic acid bacteria; , stool sample; # , blood sample.
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units (cfu) (Numico Research Culture Collection, Wageningen,
The Netherlands). The probiotic product was provided
in sachets by Milupa GmbH (Fulda, Germany). Subjects
were instructed to take two sachets per d. Each sachet
contained 0·5 g lyophilised PRSF-L477 at 1 £ 1011 cfu/g
and was filled up with maltodextrin to 7·5 g in total. The
placebo product contained 7·5 g maltodextrin and was
designed to have a similar appearance and taste as the
probiotic product.

Microbiological determination

Faecal samples were analysed by plating appropriate dilutions
on blood reinforced clostridial agar (BRCA) for the total
number of anaerobic bacteria and Lactobacillus anaerobic de
Man–Rogosa–Sharpe (MRS) agar with vancomycin and
bromocresol green (LAMVAB) agar for the number of lacto-
bacilli(30,31). BRCA contains reinforced clostridial medium
(38 g/l) (Oxoid, Basingstoke, Hants, UK), agar bacteriological
(18 g/l) (Oxoid), vitamin K1 (three drops/l) (0·25 mg/g;
Pharmacy Churchill, Wageningen, The Netherlands), defi-
brinated sheep blood (50 ml/l) (bioTrading, Mijdrecht, The
Netherlands) and salt solution (40 ml/l) containing MgSO4

(0·2 g/l), CaCl2 (0·2 g/l), K2HPO4 (1·0 g/l), KH2PO4 (1·0 g/l),
NaHCO3 (10 g/l) and NaCl (2·0 g/l). LAMVAB contains
MRS (52 g/l) (Oxoid), L-cysteine-HCl (0·25 g/l) (Sigma-
Aldrich, St Louis, MO, USA), broomcresol green (0·025 g/l)
(Merck, Darmstadt, Germany), agar bacteriological (20 g/l)
(Oxoid) and vancomycin-HCl (20 mg/l) (Pharmacy Churchill,
Wageningen, The Netherlands). The number of L. rhamnosus
was determined on modified LAMVAB, in which glucose was
substituted by rhamnose and the antibiotics kanamycin and
colistin sulfate (both 62 mg/l) were added. Only the species
L. rhamnosus and a few other Lactobacillus species that are
less common or even not present in the human gastrointestinal
tract are able to grow on this medium(32). The total number of
bacteria was determined with fluorescent in situ hybridisation
as previously described(33). The pH of the faecal samples was
measured to determine the influence of PRSF-L477 sup-
plementation on faecal pH values.

Re-isolation procedure

Faecal samples were plated on modified LAMVAB agar plates
for re-isolation of L. rhamnosus PRSF-L477. Five to ten colo-
nies grown on the modified LAMVAB medium from plated
faecal samples, preferably as late as possible in the study,
were picked and their identity was determined with quantita-
tive real-time PCR (qPCR) specific for L. rhamnosus (34) and a
qPCR specific for L. rhamnosus cluster VII (PRSF-L477 and
closely related L. rhamnosus (35)). The MGB-Taqman probe
used for L. rhamnosus cluster VII was prepared by Biolegio
(Malden, The Netherlands) (CCT GGA CAC ACG AAA);
primers used were the same as described earlier by Haarman
& Knol for L. rhamnosus (34). The species identity of the
re-isolates obtained from the probiotic group and positive
for the cluster VII qPCR was confirmed with 16S rDNA
sequencing (Baseclear, Leiden, The Netherlands) and strain
identity by PFGE.

Characterisation of PRSF-L477 re-isolates

The original strain PRSF-L477 and a selection of re-isolates
were subjected to pulsed-field gel electrophoresis (PFGE)
using Not I as a restriction enzyme according to the protocol
of Vancanneyt et al.(35). All isolates were analysed twice
with PFGE analysis. Conversion, normalisation and analysis
of the band patterns were performed using Bionumerics
software version 4.01 (Applied Maths, Sint-Martens Latem,
Belgium). Correlation coefficients and levels of similarity
were calculated using the Dice coefficient and cluster analysis
using the unweighted pair group method.

Antibiotic susceptibility

The susceptibilities of the original strain PRSF-L477 and a
selection of re-isolates to nineteen antimicrobials were tested
by determination of minimal inhibitory concentrations in
broth microdilution using LSM broth, which is a mixture of
IsoSensitest broth (90 %) and de Man–Rogosa–Sharpe broth
(10 %) adjusted to pH 6·7 and supplemented with L-cysteine
hydrochloride (0·3 g/l)(36).

Platelet aggregation

Aggregation was measured in an aggregometer (Payton
Lumi-aggregometer module series 100B; Payton Scientific,
Buffalo, NY, USA), by changes in the transmission of the
platelet suspension. Standard buffy coat-derived platelet
concentrates in plasma were prepared at Sanquin Research
(Amsterdam, The Netherlands) from whole blood units col-
lected by Sanquin Blood Bank and pooled from five different
donors. Bacterial strains were used as liquid stationary phase
cultures in PBS at pH 6·7. The platelet concentrates were
diluted with plasma to a concentration of 2·5 £ 108 cells/ml.
For the various tests, 10 % (v/v) of a bacterial suspension at
a concentration of 2·5 £ 109 cells/ml was added. The aggrega-
tion curve was followed for 25 min as previously described(37).

Gastrointestinal tolerance and safety parameters

Gastrointestinal tolerance was determined with the Gastroin-
testinal Symptom Rating Scale (GSRS)(38), the King’s Stool
Chart for stool consistency(39), the daily recorded gastroin-
testinal symptoms of nausea, vomiting, diarrhoea, burping,
abdominal distension and flatulence(40) and the defecation
frequency. The GSRS and stool consistency were measured
by the investigator at baseline and after 3 and 6 weeks. Pro-
duct compliance was recorded daily in a diary. Intolerance
was defined as a symptom score of 2 or higher (moderate or
severe) on the GSRS. Safety parameters were the number
and type of adverse events recorded throughout the whole
study and a change from baseline blood parameters deter-
mined at the end of the supplementation period. Measurement
of blood parameters was performed by a clinical laboratory
(Stichting Huisartsenlaboratorium Oost (SHO), Velp, The
Netherlands) and included haematological parameters (eryth-
rocyte sedimentation rate (mm/h), Hb (mmol/l), packed cell
volume (l/l), cholesterol (mmol/l), HDL-cholesterol (mmol/l),
glucose (mmol/l), mean corpuscular volume (fl) and leuco-
cytes ( £ 109/l)), and parameters for liver function (aspartate
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aminotransaminase (IU/l), alanine aminotransaminase (IU/l),
g-glutamyl transferase (U/l)) and kidney function (creatinine
(mmol/l)).

Statistics

Statistical analyses of gastrointestinal symptom scores were
performed using the Mann–Whitney U test for equivalence.
Other parameters were tested for normal distribution with
homogeneous variance. Normally distributed parameters were
tested for statistically significant differences using the t test
or paired t test, while the Mann–Whitney U test or paired
Wilcoxon test was used for not normally distributed parameters.

Results

Subjects

A total of thirty-four subjects aged 18–60 years completed the
study, whereas two female subjects left the study group
prematurely because of antibiotic use (Fig. 2). Except for
the fact that more women than men participated in the study
(61 v. 39 %), subjects were well balanced over the two study
groups with respect to baseline characteristics such as age,
height, weight, BMI, heart rate and blood pressure (Table 1).
The median age for female and male subjects was 51 and
43 years, respectively, whereas the median age for the whole
study population was 47 years. Product compliance in the

Subjects screened
(n 39)

Subjects randomised
(n 36)

Not randomised
(n 3)

Reason:
– Screen failures

Active
(n 18)

Placebo
(n 18)

Completed
(n 17)

Early termination
(n 1)

Analysed ITT
(n 18) 

Analysed PP
(n 17)

Excluded from analysis:
– Protocol violation (n 1)

Analysed ITT
(n 18)

Analysed PP
(n 17)

Excluded from analysis:
– Protocol violation (n 1)

Early termination
(n 1)

Completed
(n 17)

Fig. 2. Flow chart of the study subjects. ITT, intention to treat; PP, per protocol.

Table 1. Baseline characteristics of the study groups (per-protocol population)

(Mean values and standard deviations)

Total group (n 34) Probiotic group (n 17) Placebo group (n 17)

Mean SD Mean SD Mean SD

Sex (n)
Male 14 8 6
Female 20 9 11

Age (years) 42 16 40 18 44 14
Height (m) 1·73 0·12 1·74 0·12 1·72 0·12
Weight (kg) 70·6 13·4 71·2 10·9 70·0 15·8
BMI (kg/m2) 23·5 3·1 23·6 3·0 23·4 3·3
Heart rate (beats/min) 63 11 61 12 66 8
Blood pressure (mmHg)

Systolic 120 13 118 11 121 16
Diastolic 75 7 73 7 76 7
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Table 2. Gastrointestinal symptom score according to the Gastrointestinal Symptom Rating Scale (GSRS) in the per-protocol population

(Median values and ranges)

GSRS symptom score*

Probiotic group Placebo group

Before
supplementation

After
supplementation After follow-up

Before
supplementation

After
supplementation After follow-up

Symptom Median Range Median Range Median Range Median Range Median Range Median Range

Abdominal pains (q1) 0 0 0–1 0 0–1 0 0 0
Heartburn (q2) 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1
Acid regurgitation (q3) 0 0–1 0 0–1 0 0–1 0 0 0–1 0 0–1
Sucking sensations in the epigastrium (q4) 0 0 0–1 0 0 0 0–1 0
Nausea and vomiting (q5) 0 0–1 0 0–1 0 0–1 0 0–1 0 0
Borborygmus (q6) 0 0–1 0 0–1 0 0–1 0 0–1 0 0–2 0
Abdominal distension (q7) 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1
Eructation (q8) 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1
Loose stools (q12)† 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1 0 0–1
Hard stools (q13)† 0·5 0–1 0 0–1 0 0–2 0 0 0–1 0 0–1
Urgent need for defecation (q14) 0 0–1 0 0–1 0 0–1 0 0–2 0 0–2 0 0–1
Feeling of incomplete evacuation (q15) 0 0–1 0 0–1 0 0–1 0 0–1 0 0 0–1
Dyspeptic syndrome (q1–5) 0 0–0·40 0 0–0·80 0 0–0·80 0 0–0·20 0 0–0·40 0 0–0·40
Indigestion syndrome (q6–8) 0 0–0·67 0 0–1·00 0 0–0·67 0 0–1·00 0 0–0·67 0 0–0·33
Bowel dysfunction syndrome (q12–15) 0 0–1·00 0·17 0–0·83 0 0–0·83 0 0–0·83 0 0–0·83 0 0–0·58

* 0 ¼ absent; 1 ¼ mild; 2 ¼ moderate; 3 ¼ severe.
† Either question (q) 12 or q 13 was answered.
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group of subjects included in the per-protocol analysis was
95–100 % for all subjects, except for one individual in the
placebo group who had a compliance of 90–95 %.

Gastrointestinal tolerance and safety parameters

Symptom scores as measured by the GSRS questionnaire were
all less than 2 and there was no significant difference between
the control group and supplemented group (Table 2). The
median score of the daily recorded gastrointestinal symptoms
of nausea, vomiting, diarrhoea, abdominal distension, burping
and flatulence did not change during the probiotic supple-
mentation period and the follow-up period. There were no
median scores of 2 or higher. Also, the stool consistency
and defecation frequency did not change during the sup-
plementation period and the follow-up period in both the pro-
biotic and placebo groups. No serious adverse events during
the supplementation period in either the placebo or probiotic
group were observed. In the probiotic group, sixteen adverse
events were reported, of which six were judged as possibly
related to the study product: increased flatulence (n 2), inter-
mittent abdominal cramps (n 1), more loose stools (n 1),
pain in the lower abdomen (n 1) and sensitive lower abdomen
minor pain (n 1). In the placebo group, twenty-seven adverse
events were reported, of which five were possibly related to
the study product: looser stools (n 4) and stinging pain in
the lower abdomen (n 1). In the GSRS questionnaire the
difference between the probiotic and placebo groups was not
significant on the symptoms of abdominal pains and loose
stools (Table 2).

Blood parameters for testing the safety of L. rhamnosus
PRSF-L477 administration were measured before and at the

end of the supplementation period. No clinically relevant
changes in blood safety parameters were found (Table 3).
Creatinine tended to decrease in the probiotic group and to
increase in the placebo group during the supplementation
period. These changes in creatinine concentration were not
considered to be clinically relevant by the medical study
monitor, as reference values used for adult men and women
were between 50 and 125mmol/l. Moreover, all creatinine
concentrations of individual subjects were within the reference
values ranging from 62 to 111mmol/l before and from 60 to
103mmol/l after supplementation. There were no significant
differences in the other blood parameters between the probio-
tic and placebo group before and at the end of the supplemen-
tation period.

Re-isolation of Lactobacillus rhamnosus PRSF-L477

L. rhamnosus PRSF-L477 was re-isolated from the collected
faecal samples. One faecal re-isolate from each subject of
the probiotic group (n 17) that was positive for L. rhamnosus
and for L. rhamnosus cluster VII-specific qPCR was further
identified with 16S rDNA sequencing. L. rhamnosus was
detected in the faeces of sixteen out of seventeen subjects of
the probiotic group during the supplementation and follow-
up period. This single non-responder was shown to be low in
lactobacilli and L. rhamnosus counts during the whole study
period. From these sixteen positive subjects, identification as
L. rhamnosus was confirmed by 16S rDNA sequencing for
twelve faecal re-isolates from eleven different subjects.
PFGE analysis indicated that nine out of these twelve re-
isolates exhibited fingerprints that were indistinguishable
from the profile of PRSF-L477 (Fig. 3). The remaining three

Table 3. Blood parameters in the per-protocol population

(Mean values with their standard errors)

Concentration

Probiotic group Placebo group

Before
supplementation

After
supplementation

Before
supplementation

After
supplementation

Blood parameter Mean SE Mean SE Mean SE Mean SE

Haematological
ESR (mm/h) 4 1 4 1 6 1 7 2
Hb (mmol/l) 8·9 0·2 8·9 0·2 8·9 0·2 8·9 0·2
Packed cell volume (l/l) 0·42 0·01 0·42 0·01 0·43 0·01 0·42 0·01

Liver function
ASAT (IU/l) 21 2 20 1 18 2 19 2
ALAT (IU/l) 24 4 24 4 24 3 26 4
g-GT (U/l) 24 2 23 3 23 3 24 4

Kidney function
Creatinine (mmol/l) 81 3 78* 3 80 3 82* 2

Other
Cholesterol (mmol/l) 5·2 0·3 5·2 0·3 5·2 0·3 5·1 0·3
HDL-cholesterol (mmol/l) 1·27 0·07 1·27 0·08 1·31 0·06 1·30 0·07
Cholesterol:HDL-cholesterol ratio 4·2 0·3 4·3 0·3 4·1 0·3 4·0 0·3
Glucose (mmol/l) 5·2 0·1 5·2 0·1 5·4 0·1 5·3 0·1
MCV (fl) 91 1 91 1 92 1 92 1
Leucocytes ( £ 109/litre) 5·4 0·3 5·4 0·2 5·8 0·4 5·8 0·4

ESR, erythrocyte sedimentation rate; ASAT, aspartate aminotransaminase; ALAT, alanine aminotransaminase, g-GT, g-glutamyl transferase;
MCV, mean corpuscular volume.

* Statistical trend between probiotic and placebo group with regard to before supplementation (P¼0·081; t test).
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isolates, i.e. 101-4D, 209-5C and 216-4D, showed a comple-
tely different PFGE profile compared with the administered
L. rhamnosus PRSF-L477, indicating that they were not
true re-isolates of PRSF-L477. No positive re-isolates of
L. rhamnosus PRSF-L477 were found in the faecal samples
of the probiotic group collected during the wash-out period.

In the placebo group re-isolates of L. rhamnosus were
detected by plating and qPCR in ten out of seventeen subjects;
these were, however, not further identified by 16S rDNA
sequencing or PFGE analysis.

Antibiotic susceptibility profiling

Antibiotic susceptibility profiling indicated that the three
isolates that displayed a completely different PFGE
profile compared with PRSF-L477 (i.e. 101-4D, 209-5C and
216-4D) also exhibited a different antibiotic susceptibility
profile (Table 4). The other nine re-isolates showed a highly
comparable if not identical antibiotic susceptibility profile to
PRSF-L477. Both the supplemented PRSF-L477 and re-isolate
110-4E were negative for platelet aggregation within 25 min.
Other re-isolates were not tested for platelet aggregation.

Colonisation and wash-out kinetics

The viable count of total anaerobic bacteria, lactobacilli and
the species L. rhamnosus was determined by plating on
respectively BRCA, LAMVAB and modified LAMVAB
agar, before and during the supplementation period and

40 60 80 10
0

211-2A
201-4C
202-4A
PRSF-L477
208-4D
110-4E
113-2E
113-2E
211-2A
201-4C
209-4B
PRSF-L477
202-4A
208-4D
113-2E
110-4E
218-4E
218-4E
221-4E
101-4D
101-4D
209-5C
209-5C
216-4D
216-4D

Fig. 3. Pulsed-field gel electrophoresis (Not I) profiles of Lactobacillus

rhamnosus PRSF-L477 and its faecal re-isolates after gastrointestinal tract

passage. The designation code of the re-isolates comprises information on

subject number, sample number and colony number, respectively.
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1 week after the end of the supplementation period (Table 5).
During the supplementation period, the number of lactobacilli
and L. rhamnosus in the faeces showed a significant increase
in the probiotic group (P,0·05; paired t test). In the placebo
group both the number of lactobacilli and L. rhamnosus
decreased during the supplementation period. This decrease
was non-significant except for the number of lactobacilli
in the faecal samples after 3 weeks compared with the
start of the study (paired Wilcoxon test). There was already
a significant difference in the number of L. rhamnosus
between the probiotic and the placebo group after 1 week of
supplementation (P¼0·012; t test). During the follow-up
period, the number of lactobacilli and L. rhamnosus decreased
to initial levels in the probiotic group within 1 week after
supplementation had stopped, while in the placebo group
counts remained stable at the lower levels found in week 1.
There were no significant differences in the total number of
bacteria determined by fluorescent in situ hybridisation as
median values ranged from 10·7 to 10·9 log cfu/g wet faeces
with a standard deviation of 0·2–0·3 (P.0·05; t test). There
were also no significant differences in the total number of
anaerobic bacteria determined by plating between the pro-
biotic and placebo groups at any time point during the study
(P.0·05; Mann–Whitney U test). The pH of the faeces did
not change during the supplementation period and the
follow-up period in both the probiotic and placebo groups
(data not shown).

Discussion

In the present study, the tolerance, safety, colonisation and
stability of the potential probiotic strain L. rhamnosus
PRSF-L477 were investigated in healthy volunteers.
Administration of a daily dose of 1 £ 1011 cfu L. rhamnosus
PRSF-L477 was safe and well tolerated in the population

tested. The recorded gastrointestinal symptoms (GSRS and
daily recorded symptoms), defecation frequency and stool
consistency were not influenced. No clinically relevant
changes in blood parameters and no serious adverse events
appeared during and after administration. In addition, it has
been suggested that the safety of probiotics should be tested
by the detection of undesirable changes in immune para-
meters(41) or unwanted changes in harmful faecal enzyme
activities(42). These tests were not included in the present
study, indicating that various other parameters may need
to be included in both short-term and long-term safety evalu-
ations before applying new L. rhamnosus strains in more
vulnerable target populations such as, for example, severely
immune-compromised individuals.

The administered strain L. rhamnosus PRSF-L477 was re-
isolated from nine subjects in the probiotic group during the
supplementation period. The PFGE and the antibiotic suscep-
tibility profiles of the faecal re-isolates remained virtually
unchanged compared with the originally administered strain
during passage through the gastrointestinal tract of healthy
subjects. Solely based on antibiotic susceptibility profiling of
nine faecal re-isolates, these data suggest that L. rhamnosus
PRSF-L477 was phenotypically stable during the study
period. In terms of risk assessment, more research including
a higher number of re-isolates would be needed to investigate
the possible transfer of resistance genes from the autochtho-
nous gut microbiota to strain PRSF-L477 in healthy volun-
teers. In another study where tetracycline susceptibility of
ingested L. acidophilus LaCH-5 and B. animalis subsp.
lactis Bb-12 during antibiotic-probiotic intervention was
investigated, oral tetracycline therapy resulted in increased
tetracycline resistance among faecal anaerobic bacteria inclu-
ding the ingested Bb-12 strain(19). When Bb-12-like isolates
were subcultured again without antibiotic selection, tetra-
cycline minimal inhibitory concentrations decreased but not

Table 5. Plate counts (log colony-forming units/g wet faeces) for the different bacterial groups
from faecal samples collected at several time points of the study for the entire population
(per-protocol population)

(Mean values and standard deviations)

t ¼ 0 weeks t ¼ 1 week t ¼ 3 weeks
Wash-out
(4 weeks)

Bacteria Mean SD Mean SD Mean SD Mean SD

Total anaerobic count (BRCA)
Probiotic group 8·7 0·7 8·7 0·4 8·5 0·5 8·5 0·6
Placebo group 8·4 0·5 8·4 0·7 8·5 0·6 8·6 0·6

Lactobacilli (LAMVAB)
Probiotic group 3·6 1·3 4·5* 1·1 4·5* 1·1 3·7‡ 1·7
Placebo group 4·2 1·0 3·8† 1·6 3·6§ 1·2 3·7k 1·1

Lactobacillus rhamnosus (modified LAMVAB)
Probiotic group 3·0 1·4 4·0* 1·0 3·9* 1·4 3·1‡ 1·6
Placebo group 3·5 1·4 3·1† 1·6 3·0† 1·4 3·1{ 1·2

BRCA, blood reinforced clostridial agar; LAMVAB, Lactobacillus anaerobic MRS agar with vancomycin and
bromocresol green.

* Significant difference compared with t ¼ 0 weeks (P,0·05; paired t test).
† Non-significant difference compared with t ¼ 0 weeks (P.0·05; paired Wilcoxon test).
‡ Non-significant difference compared with t ¼ 0 weeks (P.0·05), significant wash-out compared with t ¼ 3

weeks (P,0·05) (paired Wilcoxon test).
§ Significant difference compared with t ¼ 0 weeks (P,0·05; paired Wilcoxon test).
kNon-significant difference compared with t ¼ 0 weeks (P.0·05; paired Wilcoxon test), non-significant

difference compared with t ¼ 3 weeks (P.0·05; paired t test).
{Non-significant difference compared with t ¼ 0 and t ¼ 3 weeks (P.0·05; paired Wilcoxon test).
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to the original level. From the study it was, however, not
possible to say whether this was due to changes that had
occurred in the tet(W) gene or to its regulation in these
isolates during antibiotic therapy.

In a previous study, a set of 118 L. rhamnosus strains
intended for probiotic use and isolates of human origin were
genotypically characterised using amplified fragment length
polymorphism (AFLP) and PFGE(35). Numerical analyses of
AFLP patterns assigned L. rhamnosus PRSF-L477 to cluster
VII, which was the largest cluster found in that study contain-
ing one commercial probiotic strain, two potentially probiotic
strains, two food strains and forty-five human isolates, inclu-
ding thirty isolates from sterile sites and fifteen from commen-
sal flora. PRSF-L477 grouped closely to L. rhamnosus LMG
6400T ¼ American Type Culture Collection (ATCC) 7469T.
Previously, two morphological mutants of L. rhamnosus
ATCC 7469 were shown to exhibit increased platelet aggrega-
tion after gastrointestinal passage in gnotobiotic rats(43). Plate-
let aggregation is a factor contributing to virulence and
suggested to contribute to the progression of infective endo-
carditis(43). In the present study, however, strain PRSF-L477
and one of its re-isolates were negative for platelet aggrega-
tion. In order to confirm that platelet aggregation of PRSF-
L477 after passage through the gastrointestinal tract is not
affected, more re-isolates should be included in this assay.

The viable count of L. rhamnosus increased in the faeces
during supplementation with strain PRSF-L477, but it
decreased rapidly after the end of the supplementation
period. These findings suggest that PRSF-L477 does not colo-
nise the gastrointestinal tract of healthy subjects and is washed
out quickly after supplementation ends. This was also con-
firmed by the fact that PRSF-L477 re-isolates were not recov-
ered during the 3-week wash-out period. Supplementation
with L. rhamnosus PRSF-L477 did not appear to influence
the total number of bacteria and the total number of anaerobic
bacteria, but, as expected, it did influence the total number of
lactobacilli. The number of lactobacilli increased during
PRSF-L477 supplementation but decreased again when
supplementation stopped. Studies on intestinal colonisation
of L. rhamnosus reported similar results showing that
the administered strains could easily be recovered during the
intervention period but were washed out quickly during
the post-administration period(24). Re-isolates were only
recovered from a few subjects after 1 week but were not
detected after 2 weeks except for rare cases where re-isolates
of the strain were detected after a few months.

Initial counts for lactobacilli were 1–2 log10 levels lower
compared with plating results for lactobacilli in previous
studies in human healthy volunteers(24,44), which might be
due to differences in media composition or handling of
faecal samples. The initial higher counts for the placebo
group compared with the probiotic group for both lactobacilli
and L. rhamnosus were not due to differences in base-
line characteristics as these were equally divided over the
two study groups. The small age difference between the two
groups was non-significant (Mann–Whitney U test). The higher
initial counts for both lactobacilli and L. rhamnosus in the
placebo group were lost during the study. This loss was,
however, non-significant with the exception of t ¼ 3 weeks
compared with t ¼ 0 weeks for the lactobacilli in the placebo
group (P¼0·015; paired Wilcoxon test). As no intake of

probiotic products was allowed during and 3 weeks before
the study, a decrease in probiotic consumption in the
placebo group was not likely to be the cause of this loss but
cannot be excluded.

Conclusions

The results obtained in the course of a placebo-controlled
double-blind volunteer trial indicate that the potentially
probiotic strain L. rhamnosus PRSF-L477 is well tolerated
and does not induce serious adverse events during or after
administration. Therefore, it can be concluded that PRSF-
L477 can safely be administrated to healthy adult subjects at
a daily dose of 1 £ 1011 cfu. Over the entire study period,
nine re-isolates of this strain as confirmed by PFGE are phe-
notypically stable with regard to their antibiotic susceptibility
profile. The strain does not appear to colonise the gastro-
intestinal tract of healthy subjects and is washed out quickly
when supplementation ends. The present study thus provides
the basis for further analysis of the efficacy of L. rhamnosus
PRSF-L477 in a randomised double-blind placebo-controlled
design according to FAO/WHO guidelines.

Acknowledgements

We thank Arjan Duivelshof, Annelies Crienen and Rob Slump
for technical assistance. Monique Haarman is thanked for the
development of the qPCR assays and Kees van Limpt and
Rob Verdooren for their help with statistical analysis. Jossie
Garthoff is thanked for her help on toxicological aspects and
Sonja Zuijdgeest for her participation as a clinical trial
researcher. At Sanquin Research, Dirk de Korte and at
Ampha, Dr Dyonne van Duren and colleagues are thanked
for the collaboration.

The work was funded by the European Commission
through the 5th Framework Program PROSAFE (Biosafety
Evaluation of Lactic Acid Bacteria used for human consump-
tion): Biosafety evaluation of lactic acid bacteria for human
consumption (QLRT-2001-01273).

The Fund for Scientific Research-Flanders (FWO-Flanders)
is acknowledged for the postdoctoral fellowship of G. H.

R. D. W. initiated and coordinated the study. H. T. coordi-
nated the volunteer trial as the clinical trial manager and was
responsible for microbiological analysis. I. K. was responsible
for antibiotic susceptibility profiling. G. H. was responsible for
PFGE analysis and J. K. initiated the study and acted in an
advisory role. R. D. W. wrote the manuscript. All authors
read and contributed to the finalisation of the manuscript.

There are no conflicts of interest associated with this paper.

References

1. Borriello SP, Hammes WP, Holzapfel W, et al. (2003) Safety of

probiotics that contain lactobacilli or bifidobacteria. Clin Infect

Dis 36, 775–780.

2. Bernardeau M, Vernoux JP, Henri-Dubernet S, et al. (2008)

Safety assessment of dairy microorganisms: the Lactobacillus

genus. Int J Food Microbiol 126, 278–285.

3. Cannon JP, Lee TA, Bolanos JT, et al. (2005) Pathogenic

relevance of Lactobacillus: a retrospective review of over 200

cases. Eur J Clin Microbiol Infect Dis 24, 31–40.

R. D. Wind et al.1814

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n



4. Salminen MK, Rautelin H, Tynkkynen S, et al. (2004)

Lactobacillus bacteremia, clinical significance, and patient

outcome, with special focus on probiotic L. rhamnosus GG.

Clin Infect Dis 38, 62–69.

5. Gasser F (1994) Safety of lactic acid bacteria and their occurence

in human clinical infections. Bull Inst Pasteur 92, 45–67.

6. Salminen MK, Tynkkynen S, Rautelin H, et al. (2002) Lacto-

bacillus bacteremia during a rapid increase in probiotic use of

Lactobacillus rhamnosus GG in Finland. Clin Infect Dis 35,

1155–1160.

7. Land MH, Rouster-Stevens K, Woods CR, et al. (2005)

Lactobacillus sepsis associated with probiotic therapy. Pedia-

trics 115, 178–181.

8. Kunz A & Farichok MP (2004) Two cases of Lactobacillus

bacteremia during probiotic treatment of short gut syndrome:

the authors’ reply. J Pediatr Gastroenterol Nutr 39, 437.

9. Mackay AD, Taylor MB, Kibbler CC, et al. (1999) Lacto-

bacillus endocarditis caused by a probiotic organism. Clin

Microbiol Infect 5, 290–292.

10. Rautio M, Jousimies-Somer H, Kauma H, et al. (1999) Liver

abscess due to a Lactobacillus rhamnosus strain indistinguishable

from L. rhamnosus strain GG. Clin Infect Dis 28, 1159–1160.

11. Dekker JW, Wickens K, Black PN, et al. (2009) Safety aspects

of probiotic bacterial strains Lactobacillus rhamnosus HN001

and Bifidobacterium animalis subsp. animalis HN019 in

human infants aged 0–2 years. Int Dairy J 19, 149–154.

12. Kukkonen K, Savilahti E, Haahtela T, et al. (2008) Long-term

safety and impact on infection rates of postnatal probiotic

and prebiotic (synbiotic) treatment: randomized, double-blind,

placebo-controlled trial. Pediatrics 122, 8–12.

13. Scalabrin DM, Johnston WH, Hoffman DR, et al. (2009)

Growth and tolerance of healthy term infants receiving

hydrolyzed infant formulas supplemented with Lactobacillus

rhamnosus GG: randomized, double-blind, controlled trial.

Clin Pediatr (Phila) 48, 734–744.

14. Salminen MK, Tynkkynen S, Rautelin H, et al. (2004) The

efficacy and safety of probiotic Lactobacillus rhamnosus GG

on prolonged, noninfectious diarrhea in HIV patients on antire-

troviral therapy: a randomized, placebo-controlled, crossover

study. HIV Clin Trials 5, 183–191.

15. Jacobsen L, Wilcks A, Hammer K, et al. (2007) Horizontal

transfer of tet(M) and erm(B) resistance plasmids from food

strains of Lactobacillus plantarum to Enterococcus faecalis

JH2-2 in the gastrointestinal of gnotobiotic rats. FEMS Micro-

biol Ecol 59, 158–166.

16. Teuber M, Meile L & Schwarz F (1999) Acquired antibiotic

resistance in lactic acid bacteria from food. Antonie Van

Leeuwenhoek 76, 115–137.

17. Ammor MS, Belen Florez A & Mayo B (2007) Antibiotic

resistance in non-enterococcal lactic acid bacteria and

bifidobacteria. Food Microbiol 24, 559–570.

18. Dahl KH, Mater DD, Flores MJ, et al. (2007) Transfer of

plasmid and chromosomal glycopeptide resistance determinants

occurs more readily in the digestive tract of mice than in vitro

and exconjugants can persist stably in vivo in the absence of

glycopeptide selection. J Antimicrob Chemother 59, 478–486.

19. Saarela M, Maukonen J, von Wright A, et al. (2007) Tetra-

cycline susceptibility of the ingested Lactobacillus acidophilus

LaCH-5 and Bifidobacterium animalis subsp. lactis Bb-12

strains during antibiotic/probiotic intervention. Int J Antimicrob

Agents 29, 271–280.

20. Mater DD, Langella P, Corthier G, et al. (2008) A probiotic

Lactobacillus strain can acquire vancomycin resistance during

digestive transit in mice. J Mol Microbiol Biotechnol 14,

123–127.

21. European Food Safety Authority (2008) Scientific Opinion of

the Panel on Biological Hazards on a request of EFSA on the

maintenance of the list of QPS microorganisms intentionally

added to food or feed. The EFSA Journal 923, 1–48. http://

www.efsa.europa.eu/cs/BlobServer/Scientific_Opinion/biohaz_

op_ej923_qps_summary_en.pdf?ssbinary¼true

22. Vankerckhoven V, Huys G, Vancanneyt M, et al. (2008)

Biosafety assessment of probiotics used for human consump-

tion: recommendations from the PROSAFE project. Trends

Food Sci Technol 19, 102–114.

23. Rosenfeldt V, Benfeldt E, Nielsen SD, et al. (2003) Effect of

probiotic Lactobacillus strains in children with atopic dermati-

tis. J Allergy Clin Immunol 111, 389–395.

24. Tannock GW, Munro K, Harmsen HJ, et al. (2000) Analysis of

the fecal microflora of human subjects consuming a probiotic

product containing Lactobacillus rhamnosus DR20. Appl

Environ Microbiol 66, 2578–2588.

25. Jacobsen CN, Rosenfeldt Nielsen V, Hayford AE, et al. (1999)

Screening of probiotic activities of forty-seven strains of

Lactobacillus spp. by in vitro techniques and evaluation of the

colonization ability of five selected strains in humans. Appl

Environ Microbiol 65, 4949–4956.

26. Verdenelli MC, Ghelfi F, Silvi S, et al. (2009) Probiotic proper-

ties of Lactobacillus rhamnosus and Lactobacillus paracasei

isolated from human faeces. Eur J Nutr 48, 355–363.

27. World Health Organization & Food and Agriculture Organization

(2002) Guidelines for the Evaluation of Probiotics in

Food. Report of a joint FAO/WHO working group on

drafting guidelines for the evaluation of probiotics in food.

London, Ontario, Canada. http://www.who.int/foodsafety/fs_

management/en/probiotic_guidelines.pdf

28. Braat H, van den Brande J, van Tol E, et al. (2004)

Lactobacillus rhamnosus induces peripheral hyporesponsiveness

in stimulated CD4þ T cells via modulation of dendritic cell

function. Am J Clin Nutr 80, 1618–1625.

29. Luyer MD, Buurman WA, Hadfoune M, et al. (2005) Strain-

specific effects of probiotics on gut barrier integrity following

hemorrhagic shock. Infect Immun 73, 3686–3692.

30. Hartemink R & Rombouts FM (1999) Comparison of media for

the detection of bifidobacteria, lactobacilli and total anaerobes

from faecal samples. J Microbiol Methods 36, 181–192.

31. Hartemink R, Domenech VR & Rombouts FM (1997)

LAMVAB – a new selective medium for the isolation of

lactobacilli from faeces. J Microbiol Methods 29, 77–84.

32. Scardovi V (1986) Genus Bifidobacterium Orla-Jensen (1986).

In Bergey’s Manual of Systematic Bacteriology,

pp. 1418–1434 [PHA Sneath, NS Mair and ME Sharpe, et al.,

editors]. Baltimore, MD: Williams & Wilkins.

33. Bakker-Zierikzee AM, Alles MS, Knol J, et al. (2005) Effects of

infant formula containing a mixture of galacto- and fructo-oligo-

saccharides or viable Bifidobacterium animalis on the intestinal

microflora during the first 4 months of life. Br J Nutr 94,

783–790.

34. Haarman M & Knol J (2006) Quantitative real-time PCR

analysis of fecal Lactobacillus species in infants receiving a

prebiotic infant formula. Appl Environ Microbiol 72,

2359–2365.

35. Vancanneyt M, Huys G, Lefebvre K, et al. (2006) Intraspecific

genotypic characterization of Lactobacillus rhamnosus strains

intended for probiotic use and isolates of human origin. Appl

Environ Microbiol 72, 5376–5383.

36. Klare I, Konstabel C, Muller-Bertling S, et al. (2005) Evaluation

of new broth media for microdilution antibiotic susceptibility

testing of lactobacilli, pediococci, lactococci, and bifidobacteria.

Appl Environ Microbiol 71, 8982–8986.

37. Harty DW, Oakey HJ, Patrikakis M, et al. (1994) Pathogenic

potential of lactobacilli. Int J Food Microbiol 24, 179–189.

38. Svedlund J, Sjodin I & Dotevall G (1988) GSRS – a clinical

rating scale for gastrointestinal symptoms in patients with

Tolerance and safety of L. rhamnosus PRSF-L477 1815

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n



irritable bowel syndrome and peptic ulcer disease. Dig Dis Sci

33, 129–134.

39. Whelan K, Judd PA & Taylor MA (2004) Assessment of fecal

output in patients receiving enteral tube feeding: validation of a

novel chart. Eur J Clin Nutr 58, 1030–1037.

40. Van Aerde J, Alarcon P, Lam W, et al. (2003) Tolerance and

safety of energy-dense enteral formulae for young children.

Int Pediatr 18, 95–99.

41. Makelainen H, Tahvonen R, Salminen S, et al. (2003) In vivo

safety assessment of two Bifidobacterium longum strains.

Microbiol Immunol 47, 911–914.

42. Choi SS, Kang BY, Chung MJ, et al. (2005) Safety assessment of

potential lactic acid bacteria Bifidobacterium longum SPM1205

isolated from healthy Koreans. J Microbiol 43, 493–498.

43. Harty DW, Patrikakis M, Hume EB, et al. (1993) The

aggregation of human platelets by Lactobacillus species. J Gen

Microbiol 139, 2945–2951.

44. Hatakka K, Holma R, El-Nezami H, et al. (2008) The

influence of Lactobacillus rhamnosus LC705 together with Pro-

pionibacterium freudenreichii ssp. shermanii JS on potentially

carcinogenic bacterial activity in human colon. Int J Food

Microbiol 128, 406–410.

R. D. Wind et al.1816

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n


