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Abstract: This study was under taken to elucidate whether  eating a fermented  milk containing Lactobacillus acidophilus Lal  and 
bifidobacteria could induce changes in intestinal flora and modulate  the immune  response in man. Volunteers consumed a 
fermented  milk containing L. acidophilus Lal  and bifidobacteria over a period of three weeks during which an at tenuated 
Salmonella typhi Ty21a was administered to mimic an enteropathogenic infection. A control group ate no fermented foods but 
received the S. typhi Ty21a. Faecal flora analyses showed an increase in L. acidophilus and bifidobacterial counts during fermented 
milk intake. The specific serum IgA titre rise to S. typhi Ty21a in the test group was > 4-fold and signifcantly higher (P  = 0.04) 
than in the control group. An  increase in total serum IgA was also observed. These results indicate that lactic acid bacteria which 
can persist in the gastrointestinal tract can act as adjuvants to the humoral  immune  response. 
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Introduction 

Lactic acid bacteria (LAB), such as Lactobacil- 
lus acidophilus, and bifidobacteria are con- 
stituents of the normal human intestinal flora in 
quantities ranging from non-detectable to 1 x 10 4 

colony forming units (cfu) m l - t  intestinal content 
in the jejunum and up to 1 X 10 8 cfu ml -~ in the 
ileum [1]. Studies in man have shown that these 
bacteria administered orally or in fermented milks 
have a variety of beneficial health effects. LAB 

* Corresponding author: Tel: +41 21 785 8673; Fax: +41 21 
785 8925. 

and bifidobacteria not only reduce lactose intol- 
erance and carcinogen-associated intestinal en- 
zyme activities, but they also have prophylactic 
and therapeutic activities on enteric infections 
and antibiotic-associated diarrhoea (for recent re- 
views see [2-4]). 

Lactic acid bacteria which can pass the gastric 
barrier and persist in the gastrointestinal tract 
may interact with the host at the mucosal surface 
and have immunomodulating activities. Studies in 
vivo showed that orally applied lactic acid bacte- 
ria and fermented milks modulated the immune 
response in animals [5-8] but to date there have 
been few human studies. Nevertheless, it has 
previously been shown that adults fed 3 x 1012 
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Lactobacillus bulgaricus and Streptococcus ther- 
mophilus per day during 28 days had increased 
serum IFN-y levels, B lymphocytes and a NK cell 
subset [9]. Also, chronic yoghurt consumption led 
to increased serum ionized calcium levels and 
increased IFN-y  production by peripheral  blood 
lymphocytes in vitro [10] but induced no negative 
effects on blood chemistry or haematology pa- 
rameters. In a recent study, a group of infants 
with acute rotavirus diarrhoea who were fed an 
L. casei G G  fermented milk showed an increase 
in total isotype-specific antibody-secreting cells in 
peripheral blood after 6 -8  days administration as 
compared to the placebo. During the convales- 
cent phase a significant increase in rotavirus- 
specific IgA antibody secreting cells was observed 
[11]. 

This study was under taken to elucidate 
whether LAB given orally could induce changes 
in intestinal flora and modulate the immune re- 
sponse in man. 

Materials and Methods 

Volunteer study 
The protocol was approved by a medical ethi- 

cal committee.  Healthy adult volunteers (females 
= 14, males = 16) aged from 19 to 59 (mean 37.3) 
were recruited in our Research Institute. Exclu- 
sion criteria were lactose intolerance, recent an- 
tibiotic treatment,  and vaccination with Salmo- 

nella typhi during a 5-year period preceding the 
study. The volunteers were randomly assigned to 
one of two groups (A or B). A schedule for the 
study is shown in Fig. 1, and Day 0 (t 0) was 
considered as the time of administration of the 
first vaccine dose. The at tenuated S. typhi Ty21a 
was given to mimic exposure to a bacterial 
pathogen with an intestinal portal of entry. 

All volunteers were requested to exclude fresh 
fermented products from their diet during an 
initial 2 week period (t - 21 to t - 8). Thereafter ,  
Group A received 3 × 125 g fermented milk per 
day during 3 weeks (t - 7 to t + 13) while Group 
B continued the exclusion diet. On days 8, 10 and 
12 (t 0, + 2 and + 4) of the fermented milk intake 
period, all volunteers ingested the at tenuated S. 
typhi Ty21a oral Vivotif vaccine capsule (Swiss 
Serum and Vaccine Institute, Bern, Switzerland) 
1 h before their midday meal with a little cold 
water or milk, as indicated by the manufacturer.  

Faecal samples were taken on day 10 of the 
fermented food exclusion period (t - 12 ) ,  on day 
17 of the fermented milk intake period (t + 9) 
and 9 days after the end of fermented milk intake 
(t + 22). Blood and saliva samples were taken on 
day 12 of the fermented food exclusion period (t 
- 1 0 )  and on days 9 (saliva only), 14 and 24 
(blood only) after S. typhi Ty21a administration (t 
+ 9, + 14 and + 24). Sera were inactivated for 30 
min at 56°C and stored in aliquots at -20°C.  
Saliva (approx. 1 ml) was collected directly into 
sterile pre-weighed tubes, diluted 1 in 2 w / v  with 

Diet: Group A 
Diet: Group B 

, i I 
Fecmented food exclusion ~oghurt consumption ! 
J=ermented food exclusion !Fermented food exclusion I 
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Time (t) -'21 -12-10 0 +9 +14 1+22+24 , 

It t ' t t  ' ,,tt " ' I 
J 

Sample F B i F B ' F  B " . t 

S S S I , 
, I I 

Fig. L Experimental schedule for human volunteer study. Time (t O) was the first day of vaccine administration (*). Sample codes 
are: F for faecal sample; B for blood sample; S for saliva sample. 
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PBS containing 0.05% w/v BSA and 0.01% w/v 
trypsin inhibitor, centrifuged for 30 min at 8000 
×g,  4°C, inactivated and stored in aliquots at 
- 20oc. 

A preliminary volunteer study was carried out 
prior to the above study with 10 healthy male 
volunteers randomly assigned to 2 groups (1 and 
2). There was no initial fermented food exclusion 
period and Group 1 received 3 x 125 g fermented 
milk per day during a 3 week period (t - 7  to t 
+ 13), whereas Group 2 received no fermented 
milk. The attenuated S. typhi Ty21a was adminis- 
tered as described above on days 8, 10 and 12 of 
the fermented milk intake (t 0, +2 and +4). 
Blood samples were taken on days t - 7 ,  + 14, 
+24 and +42. Stool samples were taken before 
fermented milk intake ( t -  7) and on day 8 of 
fermented milk intake (t 0). 

Fermented milk preparation 
Full fat milk was fermented with Streptococcus 

thermophilus, mesophilic streptococci, bifidobac- 
teria Bbl2, a commercial mixed culture (Chr. 
Hansen, Hcrsholm, Denmark) and L. acidophilus 
Lal (Nestec culture collection). The fermented 
milk was prepared in our pilot plant and dis- 
tributed into 125-g portions. Two batches were 
prepared at an interval of 10 days to assure viable 
counts of 1 × 107-108 cfu g-I  of both La 1 and 
bifidobacteria throughout the study period. 

Specific antibody titrations 
A direct ELISA [12] was used to determine 

class-specific anti-S, typhi Ty21a serum antibody 
titres. Polystyrene microtitre plates (Dynatech) 
were coated overnight at 4°C with 10 ~g ml-1 S .  

typhi Ty21a lipopolysaccharide (kindly provided 
by E. FiJrer, Swiss Serum and Vaccine Institute, 
Bern, Switzerland) dissolved in 0.05 M carbon- 
ate-bicarbonate buffer, pH 9.6. To control for 
non-specific serum reactions uncoated wells were 
included for each test sample. Between each step, 
plates were washed three times with phosphate 
buffered saline containing 0.05% v/v  Tween-20 
and all incubations were performed for 1 h at 
37°C. A standard curve of pooled high titre hu- 
man sera was included on each plate, as well as 
positive and negative controls. Standards and 
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controls were applied in triplicate at starting dilu- 
tions of 1 in 10, 1 in 25, and 1 in 100 for IgA, IgM 
and IgG respectively. Affinity p,,rified isotype 
specific alkaline phosphatase conjugated goat 
anti-human immunoglobulins (Sigma Chemical 
Co, St. Louis, MO) were used at a dilution of 1 in 
1000. The substrate was paranitrophenyl phos- 
phate (Sigma 104) at a concentration of 1 mg 
ml- 1. Plates were read in a Dynatech plate reader 
at A405 nm and titres were calculated from the 
linear regression data of the standard curve using 
an absorbance cut-off value of 0.1. For salivary 
IgA titrations, samples were incubated overnight 
at 4°C, washed and blocked with 1% w/v  BSA in 
PBS-Tween, and values expressed as titre (rag 
total IgA)- 1. 

Likewise, to determine specific antibody titres 
against other antigens, plates were coated with 10 
/.tg m1-1 of Salmonella enteritidis LPS (Sigma). 
Specific antibody titres against Escherichia coli 
LPS antigens were determined by coating plates 
with l0/.tg ml-1 LPS containing equal quantities 
of purified E. coli Ol11, 055, O127 and O128 
LPS from Sigma. 

Total immunoglobulin quantification 
Total IgG and IgA in sera were quantified by 

radial immunodiffusion with the IgG-NL and 
IgA-NL kits from the Binding Site, Birmingham, 
UK. Total IgA in saliva was determined with the 
IgA-LL kit. Standards were included on each 
plate. 

Faecal flora analysis 
The samples were processed within 30 min of 

collection by diluting in Ringers buffer supple- 
mented with 0.5 g 1-/ of L-cysteine hydrochloride 
and plated onto selective media for enumeration. 
Enterobacteria were cultured on Drigalski agar 
(Pasteur Institute, Paris, France), and incubated 
aerobically at 37°C for 24 h. Lactobacilli were 
cultured on MRS agar (Oxoid, Basingstoke, UK) 
containing phosphomycine 79.5 mg 1-1, trimetho- 
prim 5 mg 1-1 and sulphamethoxazole 93.0 mg 
1-1. Bifidobacteria were cultured on Eugon agar 
(Becton Dickinson) supplemented with maltose 
10 g I-1, agar 5 g l- l ,  haemin 5 mg 1-l and 400 
ml 1-1 of tomato juice. They were incubated 
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Table 1 

Specific serum anti-Salmonella typhi Ty21a LPS antibody titres 

Study: Sample IgA titre Fold IgG titre Fold IgM titre Fold 
Group time (t) rise rise rise 

Preliminary - 7  36 (11-149) 1804 (592-7696) 163 (90-352) 
Group 1 + 14 135 ** (37-313) 3.75 4374 (1568-22751) 2.42 86 ** (83-91) 0.53 
(n = 5) + 24 54 (25-97) 1.50 3446 (1259-21677) 1.91 201 (127-256) 1.23 

+42 46 (16-110) 1.28 2905 (959-19099) 1.61 171 (142-222) 1.05 

Preliminary - 7 72 (36-166) 1298 (363-8340) 155 (97-302) 
Group 2 + 14 135 (58-528) 1.88 2836 (324-7371) 2.18 103 (51-512) 0.66 
(n = 5) +24 81 (36-179) 1.13 1859 (291-6504) 1.43 246 (135-622) 1.59 

+42 76 (34-160) 1.06 1482 (200-5790) 1.14 191 (117-350) 1.23 

Main - 10 25 ( < 10-80) 868 (170-2225) 229 (98-457) 
Group A + 14 102 * (15-726) 4.08 1197 ** (266-3615) 1.38 216 (109-595) 0.94 
(n = 16) + 24 37 ( < 10-150) 1.48 878 (176-2619) 1.01 102 (39-319) 0.45 

Main - 1 0  25 ( < 10-90) 911 (234-2545) 101 (22-540) 
Group B + 14 62 * (13-366) 2.48 991 (258-2621) 1.09 155 * (20-590) 1.53 
(n = 14) + 24 28 ( < 10-211) 1.12 719 (260-2819) 0.79 73 (20-590) 0.72 

Antibody titres are expressed as geometric means with titre range (minimum-maximum). 
* P < 0.001 for change in specific antibody titres comparing post-immunization with pre-immunization titres. 

** P _< 0.08 for change in specific antibody titres comparing post-immunization with pre-immunization titres. 
The fold rise in titre compares post-immunization with pre-immunization titres. 

anaerobically for 48 h at 37°C. Anaerobic mi- 
croorganisms were identified by morphological 
and biochemical tests (API CHL and API 32A, 
BioMerieux, Marcy P'Etoile, France). The detec- 
tion limit for the bacterial counts was 103 cfu g-1 
faeces. 

Stat&tical analysis 
All titres and counts were converted to log~0 

for analysis and titres arc expressed as the geo- 
metric mean. Variance analysis (ANOVA)  was 
used to determine the homogeneity of the groups 
before treatment. The evolutions within groups 

Table 2 

Faecal bacterial counts 

Study: Sample Lactobacillus Bifidobacteria Enterobacteria 
Group time (t) (cfu g 1) (cfu g - l )  (cfu g - l )  

Preliminary - 7 4.20 ± 0.64 5.94 ± 0.88 6.93 _+ 0.45 
Group 1 (n = 5) 0 7.08 ± 0.44 * 8.73 ± 0.16 * 6.75 ± 0.65 

Preliminary - 7 3.81 ± 0.37 7.67 ± 1.21 5.86 _+ 1.02 
Group 2 (n = 5) 0 4.83 ± 0.47 7.31 ± 0.85 5.89 ± 0.91 

Main - 12 6.16 ± 0.4 7.91 ± 0.36 6.26 ± 0.34 
Group A (n = 16) + 9 7.04_+ 0.25 ** 8.81 ± 0.11 * 5.75 _+ 0.39 ** 

+ 22 6.14 ± 0.35 7.97 ± 0.32 6.19 ± 0.29 

Main - 12 4.96 + 0.4 7.26 ± 0.44 5.67 ±-0.38 
Group 13 (n = 14) + 9  5.02_+0.39 7.27_+0.49 6.30±0.43 * 

+ 22 5.21 _+ 0.42 7.58 ± 0.38 5.97 + 0.47 

cfu g-1 faeces are expressed as mean loglo ±S.E.M. 
* P < 0.03 for change in bacterial counts comparing fermented milk intake period with initial counts. 

** P < 0.06 for change in bacterial counts comparing fermented milk intake period with initial counts. 
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Fig. 2. Specific serum antibody response to Salmonella typhi 
Ty21a after immunization with Ty21a. Antibody titres are 
expressed as geometric means_+S.E.M. Group A (n=16) 
consumed fermented milk: (111) IgA and (D)IgG. Group B 

(n = 14) were controls: ( [] ) IgA and ( [] ) IgG. 

were examined by the paired S tudent ' s  t-test or 
the paired Wilcoxon signed rank  test. Compar-  
isons be tween  groups were analysed by the Stu- 
dent ' s  t-test or the Wilcoxon or M a n n - W h i t n e y  
two-sample rank  test. 
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R e s u l t s  

Preliminary volunteer study 
Although the p re - immuniza t ion  titres of the 

two groups were not  homogeneous ,  an increase in 
specific IgA and  IgG titres to S. typhi Ty21a LPS 
was observed in both  groups on day 14 (t + 14) 
after adminis t ra t ion  of S. typhi Ty21a, which re- 
t u rned  to p re - immuniza t ion  levels by day 42 (Ta- 
ble 1). In  the f e rmen ted  milk group there was a 
3.75-fold rise in IgA titres at t + 14. Both groups 
showed > 2-fold rise in IgG titres at t + 14, and 
titres in the f e rmented  milk group r ema ined  high 
over a longer  period. Specific lgM titres de- 
creased at t + 14, showed a slight increase at t 
+ 24, and  re tu rned  to base- l ine levels at t + 42. 
Examina t ion  of the faecal flora showed that  after 
8 days of f e rmented  milk intake (t 0) Group  1 had 
> 1 log increases of both L. acidophilus La l  and 
a bif idobacter ia  counts  (Table  2), whereas  enter° 
obacter ia  counts  did not  change.  There  were no 
changes in faecal flora in the control  group. 

Main volunteer study: specific humoral response to 
S. typhi Ty21a 

The two groups A and B had homogeneous  
base line IgA and IgG serum anti-Ty21a LPS 
titres at the beg inn ing  of the study. Af ter  immu-  
nizat ion with the Vivotif vaccine the volunteers  
had peak specific ant i-Ty21a IgA and  IgG titres 
at t + 14 (Table  1). Specific serum IgA ant ibody 

Table 3 

Salivary anti-Salmonella typhi Ty21a LPS antibody titres and total IgA 

Group Sample Anti-Ty21a LPS Fold Total IgA 
time (t) titre (mg total IgA)-i rise mg 1-x 

A t - 10 218 (26-2301) 55.6 (19.7-154.0) 
(n = 16) t + 9 225 (21-992) 1.03 51.4 (28.7-91.5) 

t + 14 300 ( < 10-3254) 1.38 55.6 (39.0-107.5) 

B t - 10 137 (16-1126) 43.4 (18.0-81.5) 
(n = 14) t +9 234 * (37-1340) 1.71 47.4 (17.0-89.0) 

t + 14 334 * (45-5210) 2.44 45.3 (19.7-81.5) 

Titres are expressed as geometric means with titre range (minimum-maximum). 
* P < 0.01 for change in specific antibody titres comparing post-immunization with pre-immunization titers. 
The fold rise in titre compares post-immunization with pre-immunization titres. 
Total IgA is expressed as geometric mean with range (minimum-maximum). 
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Fig. 3. Fold rise in specific serum IgA anti-Ty21a LPS anti- 
body titres on day 14 after immunization. Group A (n = 16) 
consumed fermented milk (11) and Group B (n = 14) were 

controls ( [] ). 

titre increases between t + 14 with t - 1 0  were 
significant in both groups (P  < 0.001). The fer- 
mented milk group showed a 4.08-fold rise in 
specific IgA anti-Ty21a LPS antibody titres com- 
pared with a 2.48-fold rise (Wilcoxon P = 0.04) in 
the control group. Figure 2 shows anti-Ty21a LPS 
geometric mean titres + S.E.M. In the fermented 
milk group, 15/16 volunteers had > 2 fold rise in 
specific IgA titres compared with 6 /14  in the 
control group (Fig. 3). A small increase in specific 
salivary IgA anti-Ty21a LPS was observed at t 
+9  and t +14 ( P < 0 . 0 1 )  in the control group 
(Table 3). 

Table 4 

Total serum immunoglobulins 

Group Sample time IgA (g I 1) igG (g l - l )  

A t - 10 1.82 _+ 0.25 9.93 ± 0.55 
( n =  16) t +14 2.01±0.27" 10.29_+0.47 

t +24 1.56±0.19 8.54 ± 0.41 

B t - 1 0  1.82_+0.19 10.54+_0.57 
(n = 14) t +14 1.86±0.16 10.30 ± 0.46 

t + 24 1.61 ± 0.15 8.93 ± 0.48 

Values are expressed as means + S.E.M. 
* P = 0.014 for change in total IgA comparing t +  14 with 

t - 1 0 .  

Total serum and salivary immunoglobulins 
In Group A total serum IgA values increased 

significantly (P  = 0.014) between t - 1 0  and t 
+ 14 (Table 4), whereas there were no significant 
changes in total serum IgG. No changes in sali- 
vary total IgA were observed (Table 3). 

Specific serum titres to other bacterial antigens 
On day 14 after administration of the S. typhi 

Ty21a we observed similar increases in IgA and 
IgG antibody titres to S. enteritidis LPS in both 
Groups A and B (Table 5). There was a correla- 
tion (r = 0.8813 for 90 paired analyses) between 
serum IgA titres against S. typhi and S. enteri- 
tidis. The specific serum IgA titres to a pool of E. 
col± LPS antigens showed no titre increases be- 

Table 5 

Serum antibody titres to bacterial enteropathogens 

Group Sample Anti-Salmonella enteritidis LPS 
time IgA titre Fold IgG titre Fold IgA titre 
time rise rise 

Anti-E. col± LPS pool 

Fold IgG titre Fold 
rise rise 

A t - 10 50 ( < 10-373) 364 (28-2748) 216 (63-456) 
(n = 16) t + 14 145 * (20-658) 2.90 894 * (85-2821) 2.46 198 (55-415) 

t +24 69 ( < 10-251) 1.38 955 (91-4606) 2.62 164 (49-321) 

B t - 10 67 (13-414) 384 (49-2341) 191 (83-459) 
(n = 14) t + 14 152 * (36-909) 2.27 944 * (165-3950) 2.46 170 (88-367) 

t + 24 87 (26-773) 1.3 742 (93-3693) 1.93 136 (76-286) 

517 (170-2225) 
0.92 466 (266-3615) 0.90 
0.76 779 (243-2921) 1.51 

760 (234-2545) 
0.89 773 (258-2621) 1.02 
0.71 652 (277-1666) 0.86 

Antibody titres are expressed as geometric means with titre range (minimum-maximum). 
* P < 0.05 for change in specific antibody titres comparing t +  14 with t -  10. 
The fold rise in titre compares post-immunization with pre-immunization titres. 
The E. col± LPS pool was O111, 055, O127, O128. 
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tween t - 1 0  and t +14,  but a small IgG titre 
increase was observed in Group A at t +24  
compared with t - 1 0  (Table 5) giving a 1.5-fold 
rise in titre ( P  < 0.01). 

Faecal bacterial counts 
After  10 days of fermented food exclusion 

( t -  12) lactobacillus faecal counts were not ho- 
mogeneous in the two groups and Group A had 
total lactobacillus counts one log higher than 
Group B. L. acidophilus strains were isolated 
from 4 / 1 6  and 5 / 1 4  volunteers in Groups A and 
B respectively. None of these isolated strains had 
the sugar fermentat ion characteristics of the La l  
strain. Other  lactobacilli strains which were most 
frequently isolated in both groups at t - 12 were 
L. casei (5/30),  L. salivarius (5/30)  and L. brevis 
(3/30).  Bifidobacteria were isolated from all vol- 
unteers at mean levels of > 107 cfu g--1 faeces. 
On day 17 (t +9 )  of the fermented milk intake 
period there was almost a one log increase in 
both lactobacillus (P  = 0.057) and bifidobacteria 
( P  = 0.027) counts in Group A (Table 2). At this 
time 10 Group A volunteers showed high La l  
counts. Two volunteers who had > 1 × 10 s L. 
acidophilus at t - 1 2  retained their own strain 
and La l  was not detected in this high population. 
Nine days after the end of the fermented milk 
intake period (t +22)  bacterial counts had re- 
turned to base line levels and the Lal  strain was 
no longer isolated from faeces. In Group B the 
lactobacillus isolates from individual volunteers 
varied little at all three time points and there 
were no changes in bifidobacterial counts. A small 
decrease in enterobacter ia  was observed in Group 
A at t + 9. The streptococci which were included 
in the fermented milk to improve texture and 
organoleptic propert ies were not detected in fae- 
ces. 

Discussion 

When an at tenuated S. typhi was given to 
volunteers during a period of fermented milk 
intake, the specific humoral  serum IgA response 
to S. typhi was higher than that of the controls. 
As the mechanism of protection against S. typhi 

61 

has been shown to be an IgA antibody-dependant 
cytotoxicity [13] the observed > 4-fold rise in 
specific IgA antibody titres may be of clinical 
relevance.The enteric coated capsule of attenu- 
ated S. typhi Ty21a gives efficient protection 
against infection [14], but has been shown to 
induce a low humoral  response in man. The serum 
antibody titres which we obtained were similar to 
those previously reported [15]. As an indication 
of the secretory immune response salivary IgA 
titres were determined but only small titre in- 
creases, which were higher in the control group, 
were observed. However, it has previously been 
shown that the Vivotif vaccine does not induce a 
good secretory IgA response in jejunal fluid [15]. 

Since enterobacteria  have common antigenic 
epitopes, we determined serum antibody titres to 
other bacterial pathogens to confirm the speci- 
ficity of the observed antibody response to Ty21a. 
The increase in specific serum IgA and IgG titres 
to S. enteritidis can be explained by the O antigen 
12 which they have in common [16]. Antibody 
titres to the pool of E. coli showed a slight 
increase in IgG at t + 24 which may reflect a 
common epitope on the LPS core domain. 

During fermented milk consumption the vol- 
unteers had a daily intake of > 5 x 10 9 cfu of 
both La l  and Bbl2 and showed increased faecal 
lactobacillus and bifidobacteria counts. Whereas 
the La l  strain has distinct sugar fermentat ion 
characteristics which allowed us to recognise it in 
faecal counts, the Bbl2 could not be differenti- 
ated from other indigenous bifidobacteria. Once 
fermented milk administration had ceased, the 
La l  was eliminated from the intestinal flora and 
both lactobacillus and bifidobacteria counts re- 
turned to base line levels. The period of persis- 
tance of La l  in faeces may reflect a transient 
colonization of the small intestine. The Lal  strain 
was selected for this study because we have previ- 
ously observed that it was able to colonize gno- 
toxenic mice with an established human f l o r a  
(unpublished results). Furthermore,  in vitro stud- 
ies showed that La l  adhere to cultured Caco-2 
human intestinal epithelial cells and mucus se- 
creted by the goblet cell line HT-29-MTA [17] 
and that this adhesion may be mediated by a 
proteinaceous factor. With the same in vitro assay 
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Bb12 showed only low levels of adhesion com- 
pared to other bifidobacteria of human origin 
[18]. 

The mechanisms by which LAB modulate the 
immune response are poorly understood. Im- 
munomodulat ing activities of LAB can be at- 
tributed to the bacterial cell-wall peptidoglycans 
which are known to have adjuvant effects [19-21]. 
Oral administration of an enzymatic digest of B. 
longum cell walls to guinea pigs induced in- 
creased cellular and humoral immunity [22]. Oral 
administration of a L. bulgaricus lysozyme digest 
to mice increased the humoral immune response 
to an E. coli vaccine [23]. In addition, orally 
administered muramyl peptide can induce en- 
dogenous cytokines [24], and enhance non-specific 
immunity to Klebsiella infection [25]. Paneth cells 
in the small intestine secrete high levels of 
lysozyme [26], which participates in the intestinal 
anti-microbial defense system. Thus, LAB which 
are sensitive to lysozyme digestion may, if con- 
sumed in large quantities, liberate peptidoglycan 
fragments in situ, which can then induce adjuvant 
activities at the mucosal surface. The  indigenous 
intestinal flora LAB and bifidobacteria are resis- 
tant to lysozyme digestion [27] permitting them to 
survive in their ecosystem, and colonize the mu- 
cosal surface. In our study a transient intestinal 
colonization with La l  was observed indicating 
another mechanism of immunomodulation.  

It is recognised that the gut microbial flora 
may play an active role in the ontogeny of the 
neonate 's  immune response and studies per- 
formed in germ-free animals showed that colo- 
nization leads to the development of the G A L T  
[28]. Also, colonization of the germ-free mouse 
with La l  induced a transient translocation on 
day 4 post-colonization, and expansion of the 
Thyl .2  - ,  CD8 + ,  CD4 - intraepithelial lympho- 
cyte population [29]. The gastrointestinal mucosa 
acts as a barrier  against bacterial invasion al- 
though pathogens can gain access, usually through 
specific receptor-mediated mechanisms. In the 
healthy animal the indigenous intestinal flora does 
not usually cross the intestinal epithelial but if 
they succeed it is only in small numbers which are 
killed and eliminated [30,31]. During fermented 
milk consumption we found high faecal counts of 

La l  and bifidobacteria. This suggests that bacte- 
rial overload in the small intestine may lead to 
translocation of the LAB and bifidobacteria via 
the M cells to the Peyer's Patch and other GALT.  
Here  they are eliminated, but may concomitantly 
induce a non-specific activation of phagocytic 
cells. In support of this, in another  adult volun- 
teer study, an increase in the phagocytic activity 
of peripheral  blood leukocytes from volunteers 
consuming fermented milk containing either La l  
or Bbl2 (manuscript in preparat ion) was ob- 
served. 

The study described in this paper  shows that, 
during consumption of a fermented milk contain- 
ing L. acidophilus La l  and bifidobacteria, there 
were increased faecal counts of La l  and bifi- 
dobacteria which are indicative of a transient 
colonization of the intestine. In the small intes- 
tine these bacteria may, in small numbers, cross 
the intestinal epithelium and induce a non- 
specific activation of phagocytic cells which 
thereby leads to an increased humoral immune 
response during infection or active immunization 
with a Gram-negative enteropathogen.  
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