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An increased propensity to gastrointestinal infections in infants and young children is explained by the immaturity of the
gut defense barrier, a protective interface between the internal
environment and the constant challenge from potentially
pathogenic factors in the external environment (27). Probiotics, live bacterial strains in foods which are beneficial to health,
have a positive effect in the prevention and treatment of specific gastrointestinal disorders (26) and in counteracting gut
barrier dysfunction associated with inflammation and infection
(9, 18). Accordingly, specific probiotic strains have been shown
to prevent diarrhea, shorten the duration of diarrheal episodes,
and alleviate inflammatory responses (7, 24). The mechanisms
behind favourable clinical outcome are still largely unknown.
One candidate is enhanced non-specific and antigen-specific
immunological response (12, 18).
Adherence to the intestinal epithelium and mucus is associated with stimulation of the immune system (1, 3, 28), and
adhesion to the intestinal mucosa is also crucial for transient
colonization (5), an important prerequisite for probiotics to
control the balance of the intestinal microflora. Intestinal mucus has a dual role; it protects the mucosa from certain microorganisms while providing an initial binding site, nutrient
source, and matrix on which bacteria can proliferate. Mucus
can inhibit bacterial adhesion to the epithelium (2, 6). It is
believed that mucus has receptors mimicking the epithelial
cells, to which the bacteria adhere, and the bacteria are consequently prevented from reaching the enterocytes. Mucus is
continuously sloughed off into the intestinal lumen and re-

placed with new mucus secreted by the goblet cells (1, 23, 32).
The continuous mucus degradation may explain the transient
colonization observed with most probiotic bacteria, but bacteria inhabiting the mucous layer can establish large populations
if the multiplication exceeds the turnover and erosion of the
mucous layer (2). Intestinal mucus inhibits rotavirus replication (29, 35). Previous studies have shown that the probiotics
differ in respect to binding properties and that better adherence seems to correlate with a beneficial health effect (13, 21),
but no data are available on adherence properties during diarrhea. Rotaviruses, the major causes of acute diarrhea in
infants and young children worldwide (22, 25), interfere with
the gut barrier function.
The present study was designed to assess whether fecal mucin levels are affected by rotavirus infection. In addition, the
adhesion to mucus of five candidate probiotic strains and their
combinations was determined in these clinical situations, since
differences in adhesion properties between probiotic strains
may affect their efficacy, particularly in adhesion to healthy
versus inflamed gut mucosa, and certain combinations may be
beneficial.
The bacteria tested were Lactobacillus rhamnosus GG, Lactobacillus casei strain Shirota, Lactobacillus paracasei F19, Lactobacillus acidophilus LA5, and Bifidobacterium lactis Bb12. All
have previously been documented to be safe, to have successful
immunological effects, and also to evince antirotavirus activity
(10, 11, 17, 23).
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Subjects and study design. The study was carried out during a rotavirus
epidemic season in the Central Hospital of Satakunta, Pori, Finland. The inclusion criterion was rotavirus diarrhea confirmed by enzyme immunoassay
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The concentration of fecal mucin and the adhesion of specific probiotics and their combinations in the
intestinal mucus of infants during and after rotavirus diarrhea and in healthy children were determined.
Mucus was prepared from fecal samples from 20 infants during and after rotavirus diarrhea and from 10
healthy age-matched children. Mucin concentration was determined, and the adhesion of five probiotics—
Lactobacillus rhamnosus GG, Lactobacillus casei Shirota, Lactobacillus paracasei F19, Lactobacillus acidophilus
LA5, and Bifidobacterium lactis Bb12—and their combinations was tested in vitro. The mean concentrations of
fecal mucin during and after rotavirus diarrhea, 15.2 and 14.1 mg/g, were comparable to that in healthy
children, 14.9 mg/g. The adherence of probiotics ranged from 1 to 34% in healthy subjects as indicated for the
following strains: L. rhamnosus GG, 34%; B. lactis Bb12, 31%; L. acidophilus LA5, 4%; L. paracasei F19, 3%; and
L. casei Shirota, 1% (P ⴝ 0.0001). The distinctive pattern of probiotic adherence was not influenced by
rotavirus diarrhea. The adhesion of Bb12 in the presence of GG increased from 31 to 39% in healthy infants
(P ⴝ 0.018) and in episodes of diarrhea increased from 26 to 44% (P ⴝ 0.001). Rotavirus diarrhea does not
decrease the production of fecal mucin or with respect to the adhesion of probiotic bacteria tested in vitro.
Combination of specific probiotic strains may enhance adherence in a synergistic manner. Optimal clinical
application of these interactions may offer novel therapeutic guidelines for the treatment and prevention of
gastrointestinal infections.
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RESULTS
Clinical characteristics. In most patients diarrhea varied
from mild to moderate, and the mean age of the patients was
16.3 (range, 6.0 to 42.0) months and that of the controls was
17.5 (range, 1.6 to 27.6) months. Duration of diarrhea at home
was 2.1 (range, 0.5 to 5.0) days, and the number of diarrhoeal
stools at home before admission was 8.9 (range, 1 to 25) per
patient. Mean weight loss on admission was 320 (range, 0 to
1,000) g, mean percentage of dehydration 2.8 (range, 0 to
5.5)% and the mean consumption of oral rehydration solution

FIG. 1. Mucin content (milligrams per gram [wet weight]) of feces
collected from patients during rotavirus infection and 1 month after
recovery.

during hospitalization was 680 (range, 100 to 1,630) ml. Intravenous rehydration was given to seven patients. The mean total
duration of the episode was 6.0 (range, 5.0 to 7.5) days, and the
mean duration of hospital stay was 2.9 (range, 1.5 to 6.0) days.
The mean weight change in hospital was 115 (range, ⫺250 to
600) g. Three weeks after discharge a mean weight change of
570 (range, ⫺40 to 1,200) g was achieved. In no case was the
episode unduly.
Mucin determination. The mean concentration of fecal mucin in healthy controls, 14.9 mg/g (95% confidence interval
[CI], 9.9 to 19.9 mg/g), was comparable to that in diarrhea
patients, 15.2 mg/g (95% CI, 10.7 to 19.8 mg/g) (P ⫽ 0.92).
After the episode the mean concentration of mucin was 14.1
mg/g (95% CI, 11.1 to 17.0 mg/g). Figure 1 demonstrates that
the mucus concentration was not decreased by diarrhea.
Adherence of different probiotic bacteria in healthy infants.
Adherence of the five probiotic bacterial strains to the mucus
isolated from healthy infants is presented in Fig. 2. There was
a statistically significant difference between the strains (P ⫽
0.0001), the main cause being the typical adherence capacity of
different probiotics: the adherence of strain GG was 33.6%
(95% CI, 31.4 to 35.8%), strain Bb12 adhered to 30.8% (95%
CI, 27.9 to 33.7%), strain LA5 adhered to 4.0% (95% CI, 2.0
to 6.0%), strain F19 adhered to 3.3% (95% CI, 2.2 to 4.3%),
and strain Shirota adhered to 0.8% (95% CI, 0.6 to 1.0%).
Kendall’s W, 0.96 (P ⫽ 0.0001), indicated almost complete
agreement in the rank orders of probiotic bacteria and their
adherence among 10 healthy subjects.
Adherence of different probiotics to mucus during and after
diarrhea. A statistically significant difference in adherence between the various probiotic strains (Friedman test: P ⬍ 0.0001)
was also observed during the diarrhea episode (Fig. 2): the
mean (95% CI) adherence of GG was 36.2% (34.1 to 38.3%),
that of Bb12 was 26.1% (22.8 to 29.4%), that of LA5 was 8.1%
(6.7 to 9.5%), that of F19 was 3.8% (3.4 to 4.3%), and that of
Shirota was 1.0% (0.9 to 1.2%). Kendall’s W, 0.98 (P ⬍
0.0001), indicates that the agreement among the 18 diarrhea
patients tested was almost complete. The patterns of adher-
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(TestPack Rotavirus; Abbot Laboratories). Altogether, 20 admitted patients
aged 6 to 42 months were enrolled. Fecal samples were taken during the diarrhea
episode and after recovery 1 month later. The control group comprised 10
healthy children matched for age. Their fecal samples were obtained during the
same study period. All samples were stored at ⫺20°C until analysis.
Informed consent was obtained from patients’ parents, and the protocol was
approved by the hospital’s Committee on Ethical Practice.
Mucus preparation. Mucus was prepared from the feces according to the
method of Miller and Hoskins (18), as modified by Ouwehand et al. (19). In
short, fecal extracts were prepared by suspending the samples in four volumes of
ice-cold phosphate-buffered saline containing EDTA, phenylmethylsulfonyl fluoride, sodium azide, and iodoacetamide. The suspensions were centrifuged to
remove particulate matter. From the fecal extracts, 100-l aliquots were frozen
for mucin determination. Mucus was isolated from the extracts by dual precipitation with ice-cold ethanol and freeze-dried and resuspended in HEPES-buffered Hanks salt solution (HH) at a concentration of 0.5 mg/ml.
Mucin determination. Mucin was determined by the alcian blue method of
Hall et al. (8). Briefly, fecal extracts were thawed and centrifuged to remove any
particulate matter. The samples were appropriately diluted and mixed with alcian
blue solution. After incubation, the alcian blue-mucin complex was washed, and
the color was released from the complex by sonication in 10% sodium dodecyl
sulfate. The absorbance was read at 620 nm and compared to a standard curve
of bovine submaxillary mucin (Sigma, St. Louis, Mo.). Mucin levels were determined in duplicate.
Probiotic strains. Five probiotic strains were tested for their adhesion to
the isolated intestinal mucus: L. rhamnosus GG (ATCC 53103; Valio, Helsinki, Finland), L. casei strain Shirota (Yakult, Tokyo, Japan), L. acidophilus
LA5 (Chris Hansen, Hørsholm, Denmark), L. paracasei F19 (Arla, Stockholm, Sweden), and B. lactis Bb12 (Chris Hansen). The bacteria were grown
overnight at 37°C in MRS (medium for cultivation of lactobacilli; Merck,
Darmstadt, Germany) broth containing 10 l of methyl-1,2-[3H]thymidine
(6.7 Ci/mmol; ICN products, Costa Mesa, Calif.) per ml broth to metabolically radiolabel the bacteria. The bacteria were harvested by centrifugation
(1,000 ⫻ g), washed in HH, and resuspended in HH. The absorbance at 600
nm was adjusted to 0.25 ⫾ 0.01 in order to standardize the bacterial concentration (107 to 108 CFU/ml).
In vitro adhesion assay. The adhesion of radioactively labeled bacteria was
determined according to the method described by Cohen and Laux (4). In brief,
mucus preparation (0.5 mg/ml) in HH was centrifuged for 5 min at 2,000 ⫻ g to
remove undissolved material. Of the clear mucus preparation, 100 l was immobilized in polystyrene microtiter plate wells (Maxisorp; Nunc, Roskilde, Denmark) by overnight incubation at 4°C. The wells were washed twice with 250 l
of HH. To each well a suspension of 100 l of radioactively labeled microorganisms was added. After incubation for 1 h at 37°C, the wells were washed twice
with 250 l of HH to remove unattached cells and thereafter incubated for 1 h
at 60°C with 250 l of 1% sodium dodecyl sulfate–NaOH (0.1 mol/liter) to
release and lyse bound microorganisms. Radioactivity was determined by liquid
scintillation counting. Adhesion was assessed as the percentage of radioactivity
recovered from the wells compared to the radioactivity of the bacterial suspension in a 100-l aliquot added to the wells. The results from the adhesion assay
are presented as the means of three independent experiments. Each experiment
was performed with three parallels to correct for intra-assay variations.
Statistics. A paired t test was applied to compare the mucin concentrations in
patients during and after diarrhea, and a t test for independent samples was used
to compare patients to healthy controls. Comparison of the adherence of different probiotic strains was by Friedman’s nonparametric analysis of variance, and
the Wilcoxon signed-rank test was used to compare the adherence of probiotic
combinations. Kendall’s W, the coefficient of concordance, was used to indicate
whether the rank orders of probiotic bacteria were consistent among subjects.
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ence of specific probiotic strains to mucus isolated from diarrheal patients and healthy controls were indistinguishable. The
adhesion of Bb12 during diarrhea was 26.1% (95% CI, 22.8 to
29.4%) and after diarrhea was 26.0% (95% CI, 22.8 to 29.2%),
the mean difference being 0.1% (P ⫽ 0.84). An exception was
the adherence of GG, which was greater during diarrhea,
36.2% (95% CI, 34.1 to 38.3%), than after, 34.6% (95% CI,
32.3 to 36.9%), a mean difference of 1.6% (95% CI, 0.3 to 3.0)
(P ⫽ 0.02).
Adherence of combinations of probiotic strains. The adherence of Bb12 in healthy controls increased from 30.8% (95%
CI, 27.9 to 33.7%) to 39.4% (95% CI, 34.1 to 44.6%) when in
combination with GG (P ⫽ 0.018). This effect was even stronger during diarrhea, with adherence when in combination being 44.3% (95% CI, 42.0 to 46.7%) (P ⫽ 0.001). Other combinations were no different in their levels of adhesion.
DISCUSSION
The results here indicate that the concentration of fecal
mucin does not diminish during an episode of rotavirus diarrhea; the probiotics binding to the intestinal mucus do not thus
lose their potential and can be safely used in the treatment of
rotavirus diarrhea and in other viral gastrointestinal infections
in children. A more rapid exchange of mucus during diarrhea
is possible, which may shorten the time for adherence of probiotic bacteria; nevertheless, probiotic bacteria have been
shown to enhance the local immune response and to promote
recovery from rotavirus diarrhoea (12).
The mucous layer in the intestine is relatively thick (up to
400 m), and it is in a dynamic state, constantly being synthesized by goblet cells and also degraded. The mucous gel is
predominantly water (up to 95%), the mucin content is up to
5%, and other components include lipids, free proteins, and
salts. The mucins are the large glycoproteins which are the
major organic components of mucus, and the protein content
of the mucin is 20%, while carbohydrate comprises 70 to 80%

by weight. Intestinal mucin has been shown to inhibit the
replication of rotavirus in vitro (3, 29, 35). Calves infected with
rotavirus have been shown to have substantially less mucin
covering the epithelium of the small intestine and colon than
do healthy controls (34), but, as shown here, human infants, at
least well-nourished infants, sustain the level of mucin during
rotavirus diarrhea.
In humans lactobacilli colonize the distal small bowel and
the large intestine. Different probiotic bacteria possess various
mechanisms, including adhesins and/or coaggregation factors,
which aid adhesion and colonization (30). Assessment of bacterial adhesion in vivo is difficult, and in vitro models with cell
lines (14) are commonly applied for that purpose. Human
ileostomy glycoproteins have been used as a model for the
small-intestinal mucus to investigate adhesion of probiotics,
and in vitro adhesion to mucous glycoproteins extracted from
feces has been shown to correlate with the adhesion to ileostomy glycoproteins (31). Thus, in vitro evaluation of the adhesion to human intestinal mucus provides a suitable model for
estimating the ability of probiotics to adhere to intestinal surfaces. It has been suggested that adhesion of lactobacilli to
human intestinal mucus has a probiotic function in preventing
the adhesion to and colonization of damaged tissue sites by
invading pathogens (34). The induction of mucin gene expression is perhaps one of the mechanisms whereby probiotic
strains minimize the interplay of other microbes with intestinal
mucosal cells and thereby intestinal inflammation (17).
In this study, we characterized the bacterial adhesion to
human intestinal mucus isolated from feces during a bout of
rotavirus diarrhea and during convalescence. Our results confirm that specific probiotics evince significantly different adherence to the intestinal mucus, and no change in adherence
occurred during diarrhea. The adhesion is highly species specific. Our results are comparable to those previously obtained
in healthy infants (13, 20, 21). The increased binding of Bb12
in the presence of GG confirms the finding (21). Probiotic
strains of high adherence capacity have been demonstrated to
enhance the immunoglobulin A response to rotavirus (12). The
immune response by GG is similar to the adjuvant action of
cholera toxin (15, 16), the adherence properties of which are
related to the intensity of the mucosal immune response. GG
perhaps influences permeation of antigens through Peyer’s
patches stimulating an immunoglobulin A-committed B-cell
population (12). Thus, the immune response of probiotic
strains and their adherence are in a good relation, as is the case
with other antigens; the better the adherence is, the stronger
the immune response is, but more experimental work is required before this can be confirmed. This study helps us to
choose the specific probiotics for clinical use because excellent
adherence continues during rotavirus diarrhea, too.
Conclusions. The concentration of human intestinal mucin
and the adherence properties of the probiotic strains are altered only negligibly during or after rotavirus diarrhea compared to the status in healthy children, as tested in vitro. The
appropriate combination of probiotics seems to increase adhesion and probably also the immune response and may be beneficial in the treatment and prevention of rotavirus diarrhea,
possibilities which future clinical trials will investigate.
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FIG. 2. Adhesion of probiotic bacteria (L. casei Shirota [LcS], L.
paracasei F19, L. acidophilus LA5, B. lactis Bb12, and L. rhamnosus
GG [LGG]) to mucus isolated from patients with rotavirus infection
(During) 1 month after recovery (After), and in age-matched controls
(Healthy). Adhesion is expressed as the mean percentage of bacteria
that bound to the immobilized mucus relative to the amount of bacteria applied to the mucus. Error bars, 95% CI.
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