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Lactobacillus rhamnosus GG is one of the most thoroughly studied probiotic strains. Its advantages in the
treatment of gastrointestinal disorders are well documented. The aim of the present study was to demonstrate
with colonic biopsies the attachment of strain GG to human intestinal mucosae and the persistence of the
attachment after discontinuation of GG administration. A whey drink fermented with strain GG was fed to
human volunteers for 12 days. Fecal samples were collected before, during, and after consumption. L.
rhamnosus GG-like colonies were detected in both fecal and colonic biopsy samples. Strain GG was identified
by its characteristic colony morphology, a lactose fermentation test, and PCR. This study showed that strain
GG was able to attach in vivo to colonic mucosae and, although the attachment was temporary, to remain for
more than a week after discontinuation of GG administration. The results demonstrate that the study of fecal
samples alone is not sufficient in evaluating colonization by a probiotic strain.

Oral consumption of health-promoting lactic acid bacteria
or probiotics has been associated with the prevention, allevia-
tion, or cure of diverse intestinal disorders such as lactose
intolerance, viral and bacterial diarrhea, adverse effects of ab-
dominal radiotherapy, constipation, inflammatory bowel dis-
ease, and food allergy (3, 5, 11). Much of the early evidence on
the actual health effects of probiotics was anecdotal, but during
the last few years data based on rigorous clinical studies indi-
cating real health-promoting properties of certain well-charac-
terized strains have started to accumulate (8).

Adhesion to the intestinal epithelium is one of the selection
criteria for new probiotic strains (6). The adhesion properties
have generally been deduced from in vitro experiments with
intestinal cell lines, although, for example, rectal mucosal sam-
ples have been successfully used to demonstrate intestinal col-
onization by lactobacillar strains (7).

Lactobacillus rhamnosus GG (ATCC 53103) (previously
known as Lactobacillus casei GG) is one of the most thor-
oughly studied probiotics (11). The reviewed beneficial effects
(9, 12, 13) include prevention of antibiotic-associated diarrhea,
treatment and prevention of rotavirus diarrhea, treatment of
relapsing Clostridium difficile diarrhea, prevention of acute di-
arrhea, and enhancement of intestinal immunity. The ability of
strain GG to survive passage through the gastrointestinal tract
has been demonstrated in both adults and children by the use
of fecal samples (4, 10, 14). Recently, adhesion of the strain to
human colonic mucosae has been demonstrated with colonic
biopsy samples (1). The aims of the present study were to
confirm with colonic biopsy samples the attachment of L. rham-
nosus GG to human intestinal mucosae and to evaluate the
persistence of this attachment after discontinuation of strain
GG administration.

Volunteers and L. rhamnosus GG administration. The three
experimental groups in this study each consisted of six to eight
adults undergoing routine diagnostic colonoscopy. The exper-
imental protocol was designed to fit within the normal diag-
nostic schedule of the volunteers. Informed consent from all
subjects was obtained before the experiment. With the excep-
tion of various gastric symptoms, all subjects considered them-
selves healthy. No antibiotic therapy was applied either during
the trial or during the month immediately preceding the ad-
ministration period. The volunteers had no immediate past
history of consuming L. rhamnosus GG-containing products.
For this study they took 100 ml of a commercial drink based on
lactose-hydrolyzed whey fermented with strain GG and fla-
vored with a peach-apricot concentrate (Gefilus; Valio Ltd.,
Kouvola Dairy, Kouvola, Finland) twice daily for 12 days. The
daily dose of strain GG was approximately 6 3 1010 CFU.
After administration of strain GG, the volunteers were divided
into three groups (see Fig. 1): those having undergone colonos-
copy immediately after the 12-day GG administration period
(one male, five females, 34 to 78 years old), those having
undergone colonoscopy 1 week after stopping GG administra-
tion (five males, three females, 42 to 68 years old), and those
having undergone colonoscopy 2 weeks after stopping GG
administration (four males, three females, 27 to 73 years old).

Colonoscopy and biopsies. In preparation for colonoscopy,
evacuation of the colon was induced by three doses of a laxa-
tive (Pico-salax; Malmö, Sweden) consumed within 36 h. The
instrument used for colonoscopy and sampling of biopsies was
a Pentax ES-3801L (Tokyo, Japan). The diameter of the biop-
sies was approximately 3 mm. Three parallel biopsies were
taken from the descending colon. This location was selected on
the basis of previous results (1) showing preferential adhesion
of L. rhamnosus GG to this part of the large intestine.

Cultivation of L. rhamnosus GG from fecal and biopsy sam-
ples. Fecal samples were collected as indicated in Fig. 1. The
samples were immediately stored at about 220°C in the home
freezers of the patients (for up to 3 weeks) and afterwards at
220°C in the laboratory until analysis (within 9 weeks after
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collection). Biopsy samples from the descending colon were
immediately transferred into a thioglycolate medium (Difco,
Detroit, Mich.) and stored at 4°C until analysis (within a day).
The samples were homogenized for 30 s in a stomacher (Stom-
acher 400; Seward, London, United Kingdom) before dilution
and cultivation on MRS agar (Merck, Darmstadt, Germany).
The plates were incubated under anaerobic conditions
(Anaerocult A; Merck) for 3 days at 37°C.

L. rhamnosus GG forms large, creamy, white colonies on
MRS agar that are generally distinct from other lactic acid
bacterial colonies. Strain GG is further distinguished from
most other lactic acid bacteria by its inability to efficiently
ferment lactose (4), which was tested by selecting one to four
typical GG-like colonies from each fecal and biopsy sample
and further cultivating them for 48 h in lactose MRS broth with
indicator dye (bromocresol purple, 0.04 g/liter). One or two
lactose-negative isolates per sample were further confirmed as
L. rhamnosus by species-specific PCR.

PCR confirmation of L. rhamnosus isolates. Bacterial cells
were collected from 1 ml of an overnight culture by centrifu-
gation, washed with 50 mM Tris buffer (pH 8.0), and sus-
pended in 100 ml of 50 mM Tris-EDTA buffer (pH 8.0). Ly-
sozyme (100 ml, 20 mg/ml) (Sigma, St. Louis, Mo.) and
mutanolysin (8 ml, 0.5 mg/ml) (Sigma) were added, and the
mixture was incubated at 37°C for 1 h. The cells were lysed by
addition of 20 ml of 20% sodium dodecyl sulfate and 12 ml of
proteinase K solution (14.6 mg/ml) (Boehringer, Mannheim,
Germany) followed by a 10-min incubation at 65°C. The vol-
ume was adjusted to 500 ml with sterile ultrapure water.
Deproteinization was done by extraction with 1 volume of
Tris-saturated phenol (Amresco, Solon, Ohio). The water
phase was extracted once more with phenol-chloroform (1:1).
Finally, DNA was precipitated by adding 0.1 volume of 3 M
sodium acetate to the water phase followed by 2 volumes of
94% ethanol and incubating the mixture in an ice bath for 30
min. The DNA was collected by centrifugation at 13,000 rpm
for 15 min, and the pellet was washed with 70% ethanol and
finally dissolved in 20 ml of sterile ultrapure water.

The universal 16S rRNA gene forward and reverse primers
(59 to 39) were AGAGTTTGATCCTGGCTCAGG and ACG
GCAACCTTGTTACGAGTT, respectively. The species-spe-
cific primers (CTTGCATCTTGATTTAATTTTG, forward;
CCGTCAATTCCTTTGAGTTT, reverse) were designed on
the basis of the L. rhamnosus (previously L. casei subsp. rham-
nosus) 16S ribosomal DNA sequence (GenBank accession no.
M58815) specifying the 863-bp fragment between positions 91
and 953 in the gene. The primers were made with a PCR Mate
EP 391 DNA synthesizer, model 391 (Applied Biosystems,
Foster City, Calif.), according to the manufacturer’s instruc-
tions.

Taq DNA polymerase and PCR buffer (final concentrations
of 10 mM Tris-HCl, 1.5 mM MgCl2 and 50 mM KCl [pH 8.3])
were obtained from Boehringer, and the deoxynucleotides
were purchased from Sigma. The primer concentrations were
0.5 mM with specific primers and 0.25 mM with universal prim-
ers, and those of the deoxynucleotides were 200 mM. The
amount of template was 1 ml of the DNA extracted from fecal
isolates or 1 ml of an appropriate dilution of the DNA ex-
tracted from pure cultures. The amount of Taq DNA polymer-
ase used was 2.0 U in a total reaction volume of 100 ml. A Gene
Amp PCR System 9600 apparatus (Perkin-Elmer Cetus, Nor-
walk, Conn.) was used for PCR cycling. Initial denaturation
was carried out at 94°C for 5 min followed by a touch-down
thermocycling program with 30 amplification cycles (annealing
for 30 s at 62°C in cycles 1 to 10, at 60°C in cycles 11 to 20, and
at 58°C in cycles 21 to 30, with extension for 1 min at 72°C and

denaturation for 40 s at 94°C) and a final extension for 10 min
at 72°C. Reaction mixtures were subsequently cooled to 4°C. In
the PCR with universal primers, the annealing temperature
was 55°C.

The specificity of the L. rhamnosus primers was confirmed
with 8 different L. rhamnosus strains and 17 other lactobacillar
species or strains as references (data not shown). To exclude
the possibility of DNA extraction failure or the presence of
inhibitors in samples, reference strains were subjected to
PCR with universal primers prior to PCR with specific prim-
ers.

L. rhamnosus GG-like colonies in biopsy and fecal sam-
ples of different test groups. The counts of total fecal lactic
acid bacteria and strain GG-like colonies in the three ex-
perimental groups are presented in Fig. 1. The results of
PCR (Fig. 2) were in good agreement (88%) with screening
based on colony morphology and the lactose fermentation
test, confirming the general reliability of identification of the
strain. The counts of strain GG-like colonies decreased as a

FIG. 1. Fecal counts of lactic acid bacteria (■) and L. rhamnosus GG-like
colonies (‚). The solid line shows the mean counts of lactic acid bacteria, and the
dashed line shows the mean counts of strain GG. In this context, lactic acid
bacteria are defined as colonies growing on MRS agar without further taxonomic
characterization, with the exception of GG-like colonies. The end of L. rham-
nosus GG administration is marked by a vertical arrow below the horizontal axis.
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function of time after discontinuation of GG administration.
Strain GG was detected in biopsy specimens and final fecal
samples of all volunteers in group A (Table 1). The counts
of lactic acid bacteria in biopsy samples were 3 3 102 to 4 3
104 CFU per biopsy (mean, 6 3 103 CFU per biopsy). The
corresponding counts of strain GG-like colonies were 6 3
101 to 4 3 104 CFU per biopsy.

In group B, L. rhamnosus GG-like colonies were detected in
seven of eight biopsy samples (Tables 1 and 2), with counts
varying between 2 3 103 and 1 3 106 CFU per biopsy. The
total counts of lactic acid bacteria were 3 3 103 to 2 3 106 CFU
per biopsy (mean, 1 3 105 CFU per biopsy). Only two of the
eight subjects, however, had strain GG-like colonies at detect-
able levels in the final fecal samples; these counts were 6 3 103

and 5 3 105 CFU/g (wet weight). The individual counts of
GG-like colonies in the biopsies and final fecal samples of the
group B volunteers are presented in Table 2.

None of the seven subjects in group C had strain GG-like
colonies in the final fecal samples (Table 1). However, GG-like
colonies were detected in the biopsy samples of two of the
seven volunteers at counts of 1 3 102 and 1 3 104 CFU per
biopsy. The total counts of lactic acid bacteria in biopsies of
group C were 6 3 102 to 2 3 105 CFU per biopsy (mean, 2 3
104 CFU per biopsy).

L. rhamnosus GG has been shown to adhere in vitro to the
Caco-2 intestinal cell line (2) and in vivo to human colonic
mucosae (1). The finding reported here that strain GG can
persist in colonic mucosae even after its disappearance from
fecal samples may have significance in the elucidation of the
colonization mechanisms of probiotic strains. The fact that the
strain GG counts observed in the biopsy samples from group B
are rather similar to those obtained from group A is particu-
larly interesting, since it indicates that GG can survive in high

numbers in colonic mucosae despite its rapid turnover. This
finding suggests that L. rhamnosus GG can multiply on the
colonic surface at a rate that partially counterbalances its shed-
ding. However, as can be seen from the results from group C,
even an adherent strain can be gradually diluted out of the
colon unless it is replenished with a fresh inoculum. The high
counts of endogenous lactic acid bacteria associated with co-
lonic biopsies mean that the probiotic strain faces strong com-
petition when establishing itself. This may well be one of the
reasons that permanent colonization by a probiotic strain sel-
dom, if ever, occurs.

The present study confirms that L. rhamnosus GG is able to
attach in vivo to colonic mucosae and to persist there for
prolonged periods after discontinuation of administration of
strain GG. In accounting for the findings reported here, the
study of fecal samples alone may underestimate colonization
by probiotic strains.
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TABLE 1. Recovery of L. rhamnosus GG from colonic biopsy
samples and final fecal samplesa

Group Day of
colonoscopy

No. of subjects with the indicated characteristics/
total

no. of subjects

Both biopsy
and feces
positive

Biopsy
positive,

feces
negative

Biopsy
negative,

feces
positive

Both biopsy
and feces
negative

A 14 6/6 0/6 0/6 0/6
B 21 2/8 5/8 0/8 1/8
C 28 0/7 2/7 0/7 5/7

a Final fecal samples were obtained a day before evacuation and 2 days before
colonoscopy.

TABLE 2. Counts of L. rhamnosus GG-like colonies in biopsy
specimens and final fecal samples in group B

Volunteer
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(CFU/biopsy)a
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4 4.6 3 105 6.0 3 103

5 2.5 3 103 —
6 2.2 3 103 —
7 6.3 3 103 —
8 1.0 3 104 6.0 3 105

a Detection level, 102 CFU per biopsy. Biopsies were performed on day 21.
b Detection level, 103 CFU/g [wet weight]. Final fecal samples were obtained

on day 18 or 19.
c —, below detection level.

FIG. 2. Detection of L. rhamnosus by PCR coupled with gel electrophoresis.
Lanes: 1, molecular weight marker; 2 through 19, strain GG-like findings from
fecal samples; 20, positive control (L. rhamnosus GG VTT E-96666); 21, control
reaction with no template DNA.
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