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Abstract 
BACKGROUD AND AIMS:  Early endoscopic recurrence is frequent after intestinal 
resection for Crohn’s disease. Bacteria are involved, and probiotics might modulate immune 
responses to the intestinal flora. Here we tested the probiotic strain Lactobacillus johnsonii 
LA1 in this setting.  
PATIENTS AND METHODS: This was a randomized double-blind, placebo-controlled 
study. Patients were eligible if they had undergone surgical resection <1 m removing all 
macroscopic lesions within the past 21 days. Patients were randomized to receive two packets 
per day of lyophilized LA1 (2 x 109 cfu) or placebo for 6 months; no other treatment was 
allowed. The primary endpoint was endoscopic recurrence at 6 months, with grade >1 in 
Rutgeerts' classification or an adapted classification for colonic lesions. Endoscopic score was 
the maximal grade of ileal and colonic lesions. Analyses were performed primarily on an 
intent-to-treat basis.  
RESULTS:Ninety-eight patients were enrolled (48 in the LA1 group). At 6 months, 
endoscopic recurrence was observed in 30/47 patients (64%) in the placebo group, and 21/43 
(49%) in the LA1 group (p=0.15). Per protocol analysis confirmed this result. Endoscopic 
score distribution did not differ significantly between the LA1 and placebo groups. There 
were four clinical recurrences in the LA1 group and three in the placebo group. 
CONCLUSION: L. johnsonii LA1 (4 x 109 cfu/day) did not have a sufficient effect, if any, to 
prevent endoscopic recurrence of Crohn’s disease. 
 
 
 
Key words:  Crohn’s disease, randomized controlled trial, probiotics, lactobacillus.  
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INTRODUCTION 
More than 70% of patients with Crohn's disease (CD) undergo surgical treatment during their 
lifetime.1 New lesions usually appear shortly after ileocolonic resection, followed by clinical 
recurrence and, eventually, new complications and further surgery.1 There is strong clinical 
evidence that luminal bacteria are involved in the occurrence of new lesions.2 Nitro-imidazole 
antibiotics can prevent postoperative recurrence, but their adverse effects limit their long-term 
use.3,4 One attractive alternative is to manipulate the bacterial flora with probiotics,5 which 
can compete with the commensal and pathogenic flora and may influence local immune 
responses.5,6 Only two small clinical trials have tested probiotic prophylaxis of postoperative 
CD recurrence.7,8 VSL #3 was claimed to be effective, but the results have not been reported 
in detail.7 Lactobacillus rhamnosus GG was ineffective.8 
Lactobacillus johnsonii LA1 (LA1) is a probiotic strain present in commercial fermented 
milks (LC1- Nestlé, Switzerland). Previous studies have shown that ingested LA1 survives 
during intestinal transit, generating ileal and fecal concentrations of about 106 colony-forming 
units (cfu)/g.9 In vitro studies with CaCo2 cells, alone or co-cultured with peripheral blood 
mononuclear cells, have shown that LA1 has lower pro-inflammatory properties than many 
other bacteria, and that it stimulates the production of transforming growth factor β.10  
Here we report the results of a randomized placebo-controlled trial designed to determine if 
LA1, given by mouth for a period of 6 months, could prevent or attenuate recurrent CD 
lesions after curative surgery.  
 
PATIENTS AND METHODS 
Objective and hypotheses 
The objective of the trial was to demonstrate the efficacy of the LA1 strain to decrease endoscopic 
recurrence rate 6 months after surgery by 30%, as compared to a 50% rate on placebo, when given 
at a concentration of 2x109 cfu twice a day for six months. 
 
Patients 
Patients were recruited between November 2002 and January 2004 by 16 centers belonging to 
the GETAID Study Group (Groupe d’Etude Thérapeutique des Affections Inflammatoires 
Digestives). Crohn's disease was diagnosed on the basis of standard clinical, radiographic, 
endoscopic, and pathological criteria. Male and female patients aged at least 18 years of age 
were eligible to participate if they had: (a) undergone recent surgical resection for ileal, 
ileocolonic or colonic CD removing all macroscopic lesions, with an anastomosis which could 
be reached by ileocolonoscopy; (b) cumulative small bowel resection(s) < 1 meter; and (c) no 
other intestinal resection during the previous 5 years.  
Enrollment and treatment initiation had to occur within 21 days following resection. When a 
diverting stomy had been necessary at the time of intestinal resection, the patient could be 
included in the same conditions after its closure. A subgroup of patients participated in an 
ancillary substudy designed to assess the pharmacokinetics of LA1 and its effect on the local 
flora and cytokine production. The inclusion criteria were slightly more restrictive for this 
subgroup: the patients had to have undergone ileal or ileocolonic resection (and not pure 
colonic resection), and to have received no antibiotic treatment during the week before 
enrollment; finally, enrollment and treatment initiation had to occur 3 days before surgery in 
this subgroup. 
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Patients receiving antibiotics for more than 2 weeks and those treated with amino-salicylates 
or immunosuppressants more than 3 weeks after surgery were not eligible, and neither were 
patients with any other disease or condition that might interfere with the study assessments (as 
judged by the investigator); patients who had participated in another clinical study in the 
previous 30 days; women of child-bearing potential who were not using effective 
contraception; and pregnant or lactating women. Patients who underwent total or subtotal 
colectomy, intestinal bypass or stricturoplasty, stomy, carcinoma resection, or abscess 
drainage were also ineligible.  
 
Study design 

This was a double-blind, randomized, placebo-controlled, six-month clinical study with two 
parallel groups of outpatients. In order to guarantee the comparability of the LA1- and placebo-
treated patients in the pharmacokinetic substudy, the study population was stratified for substudy 
participation. At patient’s selection visit, a specific form allowing to verify inclusion and exclusion 
criteria was used by the investigator to request randomization at the GETAID biostatistic center. 
When all these criteria were satisfied, randomization was performed by this center within each 
stratum per center, using permutation tables of size 2 or 4, according to expected enrolment within 
each center, each center being blinded to the size of its blocks. Patient’s treatment assignment, 
LA1 or placebo, was the first free treatment (not yet allocated) on the randomization sheet 
corresponding to patient’s stratum and center. Treatment number was the first free number with the 
corresponding treatment in a randomized list with treatment numbers and their corresponding 
treatment prepared by the biostatistic center before trial initiation. Treatment number and patient 
identification (center, stratum, patient number within center and stratum, initials) were sent to the 
investigator. The same information and allocated treatment were sent to the service in charge of 
drug delivery, allowing the service to check that treatment was in agreement with the predefined 
list. Treatment was sent by this service to the pharmacy of the center with protocol identification 
and patient’s identification. Unblinding, if necessary, was requested to the biostatistic center 
through a specific form. Randomization sheets and list were regularly updated by the biostatistic 
center with treatment number, treatment, patient identification, randomization request date, and un-
blinding date, if any. 
The study was approved by the HEGP-Broussais ethics committee, and all the patients gave 
their written informed consent prior to enrollment.  
 
Treatments 
The patients were randomized to receive 2 packets per day of lyophilized LA1 (2 x 109 cfu 
per packet) or placebo (maltodextrin), for 6 months. The packets had to be dissolved in half a 
glass of water just before consumption. Compliance to treatment was evaluated, either by pill 
counts when patients brought back unused medications at each visit or by patient interview 
otherwise. Adequate compliance was considered if it was estimated that at least 75% of the 
study drug had been taken. Corticosteroids were allowed if used before surgery, but had to be 
withdrawn gradually within 6 weeks after surgery. Concomitant medication with the 
following drugs was disallowed: antibiotics for more than 15 days; aminosalicylates; 
glucocorticoids (after gradual withdrawal); non steroidal antiinflammatory drugs; 
immunosuppressive drugs; anti-TNF agents; thalidomide; and other probiotics. Loperamide 
and colestyramine were allowed.  
 
Data collection and follow-up 
The following data were obtained at the time of inclusion (or just after surgery for patients 
enrolled 3 days before surgery): age, gender, smoking status, disease location, disease 
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duration, previous surgery, type of resection and anastomosis, length of ileal resection, and 
disease behavior. Disease behavior was defined as penetrative or not according to the primary 
reason for surgery, based on clinical manifestations, preoperative explorations, and 
intraoperating findings. Penetrating disease included internal or external fistula formation, 
abscess, or acute free perforation. Study visits were planned at inclusion and 3 and 6 months 
after surgery, and if clinical signs of recurrence occurred. At each visit the CDAI score11 was 
calculated from the patients' symptom diary cards written during the previous week, and 
blood cell counts, C-reactive protein (CRP), ESR, ALT, γ-GT and serum creatinine were 
determined. Ileocolonoscopy was performed at 6 months and in case of clinical recurrence.   
 
Study Endpoints 
The endpoints were defined in the initial study protocol. The primary endpoint was 
endoscopic recurrence at 6 months, defined as grade >1 macroscopic lesions in the ileum or 
colon, using Rutgeerts' classification for ileal lesions1 and an adapted classification for 
colonic lesions as no specific classification was available for colonic lesions (Table 1). 
Secondary endpoints included an endoscopic score (maximum of the ileum and colon grades) 
and clinical recurrence, defined by a CDAI score of 200 or more. Severe endoscopic 
recurrence, defined by an endoscopic score of more than 2, was chosen as an additional 
endpoint after study completion. Safety assessment was based on the reporting of adverse 
events and the recording of laboratory parameters. 
 
Table 1: Grade of endoscopic recurrence  

Ileal and ileocolonic anastomotic lesions 1  
i0: No macroscopic lesions  
i1: Less than 5 aphthous ulcers (< 5 mm) in the neoterminal ileum 
i2: More than 5 aphthous ulcers with normal mucosa between them, or ulceration(s) 
confined to the anastomosis 
i3: Diffuse aphthous ileitis with a diffusely inflamed ileum 
i4: Diffuse aphthous ileitis with larger ulcers, irregularity and narrowing 
 
Colonic lesions 
c0:  No macroscopic lesions 
c1: Less than 5 aphthous or superficial ulcerations per segmenta or frank erythema or 

edema without ulceration  
c2:  More than 5 aphthous or superficial ulcerations on at least one colonic segment1 
c3: Deep ulceration affecting less than 10% of the surface of the entire colon and less than 
5 deep ulcerations in each colonic segment 
c4:  Deep ulcerations affecting more than 10% of the surface of the colon, or more than 5 
deep ulcerations in a colonic segment, or presence of strictures. 
a caecum and ascending colon, transverse colon, descending and sigmoid colon, and rectum 
 
Statistical analysis 
The hypothesis for the sample size calculation was an endoscopic recurrence rate of 50% at 6 
months in the placebo group. In order to detect a 30% reduction in the endoscopic recurrence 
rate in the LA1 treatment arm, it was calculated that 48 patients per group had to be enrolled 
to guarantee a power of 80% in a two-sided test with a type I error of 5%. Patients belonging 
to the two strata were pooled for the analysis of all endpoints, as stratification was not planned 
to detect a difference in treatment efficacy across the strata but rather to ensure comparability 
of the treatment groups in the substudy population. 
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Distributions of continuous and qualitative characteristics were described by using the median 
and inter-quartile range (IQR), and frequencies and proportions, respectively. Distributions 
were compared between treatment groups by using the Mann-Whitney test, and the chi square 
test or Fischer's exact test (as appropriate), respectively.  
Patients were assigned to intent-to-treat (ITT), per-protocol (PP) and safety populations prior 
to breaking the randomization code. The primary efficacy analysis was based on the ITT 
population, which included all patients in whom the primary endpoint was assessable. Patients 
with major protocol deviations (use of corticosteroids; enrollment or treatment more than 27 
days after resection; ileocoloscopy performed more than 7 months after treatment initiation) 
or who consumed less than 75% of the assigned treatment were excluded from the PP 
population. The safety population was composed of all patients who received at least one dose 
of the study treatment. 
Differences in primary and secondary endpoints between treatment groups were analyzed with 
the chi square test and expressed as odds ratios (OR) and 95% confidence intervals (95%CI), as 
estimated with a logistic regression model. For the primary endpoint, multivariate logistic 
regression model was used to study treatment effect adjusted on potential prognostic factors, 
especially those whose distributions were not well balanced between treatment groups. For 
smoking habits (an established factor of increased recurrence risk), the same method allowed 
us to test a possible different treatment effect across smoking habits categories. Data were 
analyzed with SPSS Software for Windows Release 6.1 (SPSS Inc, Chicago, Illinois). 
 
RESULTS 
Study population 
The demographic characteristics of the patients at baseline are shown in Table 2. The two 
treatment groups were well matched, except for a higher proportion of patients who 
underwent ileal and colonic resection in the placebo group, and a higher median CRP level in 
the LA1 group. 
 

Table 2: Characteristics of the patients at baseline according to the treatment group 
(Lactobacillus johnsonii LA1 or placebo) 
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 LA1 
(n=48) 

Placebo  
(n=50) 

Age (years)a 32 (27-42) 29 (27-34) 
 

Female genderb  22 (46) 29 (58) 
 

Smoking statusb 

Current smoker 
 Ex-smoker 

Non smoker 

 
14 
19 
15 

 
(29) 
(40) 
(31) 

 
13 
17 
20 

 
(26) 
(34) 
(40) 
 

Disease duration (months)a 33 (4-99) 24 (7-88) 
 

Disease locationb  
 Small bowel only 

Ileocolon 
Colon only 

  
29 
16 
3 
 

 
(60) 
(33) 
(6) 
 

 
25 
24 
1 
 

 
(50) 
(48) 
(2) 
  

Previous surgeryb 7 (15) 9 (18) 
 

Type of resectionb* 

 Ileal 
Ileocolonic 
Colonic (segmental) 

 
6 
40 
2 

 
(13) 
(83) 
(4) 

 
1 
49 
0 

 
(2) 
(98) 
(0) 
 

Steroid treatment 19 40 21 42 
Length of resection (cm)a 30 (21-47) 30 (20-50) 

 
Penetrating disease behaviorb 
 

20 
 

(42) 
 

25 
 

(50) 
 

Temporary diverting stomab 10 (21) 11 (22) 
 

Time between surgery and 
enrollment (days)a 

13 (7-20) 15 (8-19) 
 
 

CRP (mg/L)a* 16 (4-41) 8 (2-16) 
 

 
a median (interquartile range) 
b n (%) 
* p=0.04 
  
The trial profile is shown in Figure 1. A total of 98 patients were enrolled (48 in the LA1 
group and 50 in the placebo group). Forty-three patients in the LA1 group and 47 patients in 
the placebo group could be evaluated at 6 months, or earlier for clinical recurrences. 
Respectively four and two patients in the LA1 and placebo groups were lost to follow-up or 
withdrew their consent, and one patient in each group could not be evaluated as ileocoloscopy 
could not reach the anastomosis. One patient in the LA1 group was lost to follow-up after the 
3-month visit but was evaluated more than 7 months after resection.  
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The PP population consisted of 78 patients (35 in the LA1 group and 43 in the placebo 
group). The remaining patients were excluded from the PP analysis for the following reasons: 
consumption of less than 75% of the study treatment (4 patients in the LA1 group and 3 
patients in the placebo group), unauthorized corticosteroid use (2 patients in the LA1 group), 
inclusion more than 27 days after surgery (1 patient in the LA1 group), and ileocoloscopy 
performed more than 7 months after surgery (1 patient in each group). The safety population 
was composed of 47 and 49 patients in the LA1 and placebo groups, respectively. No 
unblinding was requested during the trial. 
 
Efficacy 
The recurrence, endoscopic score > 1, was observed in 30 out of 47 patients (64%) in the 
placebo group vs 21 out of 43 (49%) in the LA1 group (odds ratio 1.85, 95% CI 0.80-4.30, 
p=0.15). Endoscopic score distribution did not differ significantly between the LA1 and 
placebo groups (Figure 2). Severe endoscopic recurrence was observed in 12 out of 47 patients 
(26%) in the placebo group vs 9 out of 43 (21%) in the LA1 group (odds ratio 1.30, 95% CI 
0.48-3.47, p=0.61). Clinical recurrence was observed in four patients in the LA1 group (two of 
whom also had endoscopic recurrence) and in three patients receiving the placebo (all three of 
whom also had endoscopic recurrence). These results were confirmed on the PP population. 
Endoscopic recurrence was observed in 27 out of 43 patients (63%) in the placebo group vs 17 
out of 35 (49%) in the LA1 group (odds ratio 1.79, 95% CI 0.72-4.42, p=0.21), whereas severe 
endoscopic recurrence was observed in 10 out of 43 patients (23%) in the placebo group vs 7 
out of 35 (20%) in the LA1 group (odds ratio 1.21 95% CI 0.41-3.60, p=0.73). In the subgroup 
of patients who began LA1 before surgery, endoscopic recurrence was observed in 6/10 
patients in the placebo group vs 6/9 in the LA1 group (p=0.76). 
Treatment effect was not modified when adjusted on either smoking habits (p=0.12), CRP level 
relatively to 10 mg/L (p=0.15), type of resection (p=0.24), or stratum (p=0.15). None of these 
factors were predictive of endoscopic recurrence. Treatment effect did not appear to be 
different across smoking status categories  (p=0.84). 
 
Tolerability  
Fifteen adverse events (AE) occurred in 12 patients (9 AE in 6 patients in the LA1 group and 
6 AE in 6 patients in the placebo group). All the AEs consisted of digestive disorders, except 
for one case of edema in the LA1 group and one cutaneous nevus in the placebo group. All 
AEs and biological abnormalities were considered unrelated to the study drug by the 
investigators. No treatment cessation was necessary because of AE.  
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DISCUSSION 
The probiotic strain L. johnsonii LA1 was well tolerated in this study, but failed to 
significantly reduce the 6-month risk of endoscopic recurrence after surgery for CD, at least 
to a clinically interesting level, as defined a priori in our protocol (the observed recurrence 
rate being 64% and 49% in the placebo and LA1 groups, respectively). 

The rationale for probiotic use in CD is based on convincing evidence of a pathogenic role of 
intestinal bacteria.2,5  L. johnsonii LA1 was selected on the basis of its anti-inflammatory 
effects in vitro10, and its ability to survive in the gastrointestinal tract.9 LA1 has been also 
shown to increase antibody responses to oral vaccination with Salmonella typhi Ty 21a12 and 
to stimulate the phagocytic activity of circulating granulocytes.9 LA1 does not increase 
intestinal permeability in healthy subjects.13  

We chose the endoscopic recurrence rate as the primary endpoint for this study, as the use of 
the clinical recurrence rate requires larger numbers of patients and longer observation periods. 
The 6 month duration was also chosen in order to have a sufficient statistical power. The 
endoscopic recurrence rate in the placebo group (64%) of our study is similar to that reported 
elsewhere: 1,3,4 endoscopic recurrence is observed in about 50% of patients 3 months after 
surgery and in 70% of patients after one year. 1,3,4 New lesions usually appear on the 
anastomosis and proximally, and the presence of severe lesions is predictive of more rapid 
clinical relapse. 1,4  The statistical power of our trial may not have been sufficient to rule out a 
slight benefit of LA1. Indeed, with 45 patients per group and a 60 to 70% 6-month endoscopic 
recurrence rate in the control group, the power to detect an actual 25 and 20% decrease in 
recurrence rate due to LA1 was about 67 and 48%, respectively, when using chi-square test 
and a type I error of 5%. But the clinical value of drugs with only slight efficacy on 
postoperative CD recurrence is questionable. 14 We started treatment as early as possible after 
surgery. As the inflammatory process leading to macroscopic recurrence begins early after 
surgery one may question whether starting probiotics earlier, even before surgery would be 
more effective (as a real preventive treatment). However this was not observed in the small 
subset of patients who began LA1 before surgery in our trial (in this subgroup a recurrence 
was observed in 6/10 patients in the placebo group vs 6/9 in the LA1 group). It is noteworthy 
that the similar results were obtained in the ITT and PP populations, showing that our 
negative results were not due to poor compliance or deviation to the protocol. Finally, we 
found no significant interaction between treatment efficacy and smoking status.  
 

Five small randomized trials have tested probiotics for maintenance of remission in 
CD.7,8,15,16,17 Malchow tested Escherichia coli Nissle 1917 in a double-blind, placebo-
controlled study involving 28 patients who had initially been treated with prednisolone.15 At 
one year the relapse rate was lower in the probiotic group than in the placebo group (30% vs 
64%), but the difference was not statistically significant.15 This pilot study has not been 
reproduced, but three other studies showed that the same strain prevented ulcerative colitis 
relapse. 16,18,19 Guslandi et al. examined the effect of Saccharomyces boulardii in 32 patients, 
who were randomized to receive either S. boulardii 1 g/d plus mesalamine 2 g/d, or 
mesalamine 3 g/d alone, for 6 months.20 Clinical relapse occurred in 6% of the patients in the 
probiotic group and 37% of patients in the control group (p=0.04), but this pilot study was not 
blinded, and the results need to be confirmed. Prantera et al. examined the preventive effect of 
L. rhamnosus GG on postoperative endoscopic recurrence at one year in 45 patients.8 No 
other IBD medications were permitted in this double-blind, placebo-controlled study. The 
endoscopic recurrence rates did not differ significantly between the two groups (60% and 
35% in the L. rhamnosus GG and placebo groups, respectively), and neither did the severe 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2005.076604 on 23 D

ecem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


 

 

11

endoscopic recurrence rate (40% and 18%) or the clinical recurrence rate (17% vs 11%). 
Another RCT with the same strain confirmed that it was ineffective as an add-on therapy to 
standard treatment to prevent relapse in 75 children with CD followed up for 2 years. 17  
Campieri et al. carried out a single-blind study to evaluate the post-operative preventive 
efficacy of a treatment combining rifaximin (a broad-spectrum antibiotic) for 3 months 
followed by the probiotic mixture VSL#3 for 9 months, by comparison to mesalazine 4 g/d 
for 12 months.7 Among the 40 patients enrolled in this study, the rate of severe endoscopic 
recurrence was lower in the antibiotic plus probiotic group (10% and 20% at 3 and 12 months, 
respectively) than in the mesalazine group (40% and 40%, p < 0.01). VSL#3 has been shown 
to prevent the occurrence and recurrence of pouchitis.21-23 The choice of a probiotic product, 
for a clinical trial and the dose to be tested is difficult. Our choice of LA1 was based on its 
biological properties described above.9,10 This probiotic is present in commercial dairy 
product; and we chose the dose usually present in these products in the hope to develop a 
nutritional strategy of prevention of recurrence of CD. No dose-response study was available.  
Another research team has tested a higher dose of LA1 and did not observe a significant effect 
to prevent postoperative recurrence of CD.24 Probiotic differ strongly between each other and 
it is not possible to extraoplate a positive or negative result obtained with one strain to another 
strain. The ineffectiveness of L. GG in the study by Prantera et al. could not therefore predict 
inefficacy of LA1 and cannot predict inefficacy of other single strains in future trials.8 
Extrapolation of doses between various strains or products is also not possible. Mixtures of 
various strains could theoretically have additiona or synergistic effects, however, they may 
also have antagonistic properties,  

LA1 was well tolerated in our study. Infections have been reported with other 
probiotic strains in other settings, especially in hospital patients with central catheters.25-27 
Rare cases of infection by endogenous lactobacilli have also been reported in IBD patients28, 
but no cases of probiotic-related infection have been observed, despite the presence of 
intestinal ulcerations and poor intestinal barrier function. The effect of intercurrent 
immunomodulatory therapy on this risk is unknown, and should be considered when 
developing probiotics for IBD. Likewise, the possibility that some probiotics may stimulate 
the immune response in patients with IBD cannot be ruled out. In the study by Prantera et al., 
the postoperative recurrence rate tended to be higher in the LGG group than in the placebo 
group.8  
We conclude that the LA1 probiotic at the daily dose of 4 x 109 cfu had not a sufficiently high 
enough beneficial effect, if any, on postoperative recurrence in patients with CD. As results 
obtained with one strain cannot be extrapolated to other strains or dosages, our negative 
results should not hinder the search for potential ecological treatments of CD. It remains to be 
determined whether combination therapy with probiotics plus antibiotics or synbiotics may be 
more effective than probiotic therapy alone. 
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Figure legends:  

Figure 1:  Study flow chart  

Figure 2. Grade of endoscopic lesions (G0 to 4) at follow-up (6 months, or earlier in case of 
clinical relapse) in patients receiving L. johnsonii LA1 or placebo after surgery for Crohn’s 
disease 
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