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Abstract 
 
Background. An inappropriate mucosal immune response to the commensal bacterial flora may 
play a role in the pathogenesis of IBD. Here we determined the percentage of immunoglobulin 
coated bacteria in the stools of patients and controls. 
 
Methods. Fecal samples were obtained from: 18 patients with IBD (one sample during 
exacerbation and one shortly after remission was achieved), 15 healthy volunteers, 8 infectious 
colitis patients and 13 IBD patients in long term remission. Bacterial immunoglobulin coating 
was determined by flow cytometry analysis. Fecal alpha-1-antitrypsin concentrations were 
determined by radial immune diffusion. 
 
Results. IBD patients had 69±19% IgA, 56±32% IgG and 56±29% IgM coated bacteria in their 
feces. Healthy controls had less immunoglobulin coating: respectively 36±12%, 11±4% and 
11±7% (all: p < 0.00001). Infectious colitis patients had IgA: 57±14%, IgG: 31±13% (p<0.05, 
IBD) and IgM: 42±16%; however, they had higher fecal alpha-1-antitrypsin concentrations 
than IBD patients. Shortly after remission IBD patients had: IgA: 65±20%, IgG: 32±18%, IgM: 
40±21%. Long term remission IBD patients had normal IgG and IgM, though increased IgA 
(50±16%) coating. 
 
Conclusions. Compared to healthy controls, patients with IBD had an increased percentage of 
Ig coated fecal anaerobic bacteria, both in active disease, and shortly after remission. These 
results support the concept that there may be a breakdown of mucosal tolerance to the 
commensal gut flora in IBD. 
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Introduction 
 
The etiology and pathogenesis of ulcerative colitis and Crohn’s disease (Inflammatory Bowel 
Diseases, IBD) are not known. However, circumstantial evidence suggests that the commensal 
intestinal bacterial flora may play a crucial role in the disease process 1,2. This conclusion is 
based on the following arguments: (i) IBD occurs most frequently in intestinal regions 
colonised by the highest bacterial concentrations (colon and terminal ileum); (ii) Crohn’s 
disease (but not ulcerative colitis) may improve when luminal bacterial concentrations are 
reduced by elemental diets 3, split ileostomy 4, 5, intestinal lavage 6 or broad spectrum antibiotics 
7, 8; (iii) rechallenge of an excluded colon or neoterminal ileum with autologous intestinal 
contents results in mucosal inflammation 4, 9; (iv) mice with a targeted deletion for T cell 
receptor alpha, IL-2 or IL-10 and rats transgenic for HLA-B27 develop colitis when they are 
maintained under conventional conditions but not under germfree conditions 10-13. Collectively, 
these data suggest that the presence of indigenous bacteria is required for the induction of 
intestinal inflammation in IBD. How the intestinal microflora is involved in the pathogenesis 
remains, however, unclear. At present there are no convincing data supporting a crucial role for 
a particular bacterial strain in the pathogenesis of IBD. A decreased intestinal mucosal barrier 
function may lead to an influx of commensal bacteria and their antigens into the mucosa with 
subsequent development of inflammation. Findings by Duchmann et al. suggest that there 
exists some sort of mucosal tolerance for individuals own microflora, which is disrupted in 
patients with IBD. Their data show that mucosal T cells, isolated from the colon of healthy 
individuals, do not proliferate in response to commensal colonic bacteria derived from the 
same individual whereas these T cells proliferate in the presence of bacteria derived from 
another individual 14. In marked contrast, however, mucosal T cells from IBD patients with 
active disease proliferate intensely when incubated with commensal bacteria derived from the 
same patient. The authors speculate that the abrogated (oral) tolerance noted in IBD patients 
may lead to immune responses at these mucosal sites, resulting in inflammation and finally in 
IBD. In line with these observations we have shown recently, applying a newly developed 
flow-cytometrical method, that in healthy individuals only a fraction of the fecal bacteria are 
coated with IgA, IgG or IgM 15. This observation suggests that tolerance for the indigenous 
microflora is not only reflected by reduced cellular responses against bacteria in the gut lumen 
but also at the level of the humoral response, witnessed by the absence of coating of antibodies 
to a large proportion of fecal bacteria. In the present study we have tested this hypothesis 
further by determining the percentage of fecal bacteria coated with IgG, IgM and IgA in the 
stools of patients with IBD. 
 
 
 
 

Materials and methods 
 
Patients 
Crohn’s disease: Fecal samples from patients with Crohn’s disease (CD) (6 males and 7 
females, mean (SD) age 37.2 (13.8) years) were obtained, one sample during exacerbation and 
one during remission (in three patients only a single sample during exacerbation was obtained 
and in one patient only a sample in remission). The patients received an elemental diet 3 but no 
immunosuppressive drugs or 5-aminosalicylic acid. Disease activity was defined by the Harvey 
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& Bradshaw Index (HBI) 16, colonoscopy and serum levels of C-Reactive Protein and alpha-1-
anti chymotrypsin. Patients with CD were considered to be in remission when the HBI was less 
than 3.  
Ulcerative colitis: Fecal samples were also obtained from patients with ulcerative colitis (UC) 
(4 males and 1 female, mean (SD) age 46.6 (9.1) years), one during exacerbation and one 
during remission. One UC patient donated only a sample during remission and the percentage 
of IgA coated bacteria could not be determined in one sample. In contrast to CD patients, all 
UC patients were treated with 5-aminosalicylic acid preparations together with either systemic 
or local steroids. Disease activity was based on a clinical symptom score and sigmoidoscopy. 
Patients with UC were considered to be in remission when healing of the mucosa was observed 
at sigmoidoscopy.  
Long term remission: Stool samples were collected from 13 other IBD patients (10 UC patients 
and 3 with Crohn’s disease: 6 males and 7 females, mean (SD) age 46 (17) years) with long 
term quiescent disease (at least two years in clinical remission and with normal erythrocyte 
sedimentation rate (ESR) and C-reactive protein). 
Healthy controls: As controls, stools were obtained from 8 healthy volunteers and 7 patients 
attending our out-patient clinic because of Irritable Bowel Syndrome (8 males and 7 females, 
mean (SD) age 32.5 (8.1) years). Since both control groups had similar percentages of Ig 
coated bacteria, they together were regarded as healthy controls in this study (n=15).  
Acute infectious colitis: Stool samples were also obtained from 20 non-IBD patients presenting 
with acute bloody diarrhoea (samples were obtained within 10 days of onset of the diarrhoea). 
Eight patients (1 male and 7 females, mean (SD) age 39.6 (24.7) years) had positive fecal 
cultures (5 with Campylobacter spp. and 3 with Salmonella spp.) and a macroscopic colitis on 
sigmoidoscopy and were thus diagnosed as acute infectious colitis.  
Patients and controls had not used antibiotics within two weeks of sampling. All fecal samples 
were divided into portions of 0.5 gram, frozen within five hours after voiding and stored until 
use at -20°C. 
 
Laboratory analysis 
Reagents: Affinity-purified polyclonal fluorescein isothiocyanate (FITC)-labeled goat F(ab’)2 
anti-human IgA, IgG, IgM (F/P ratios 2.0, Kallestad, Austin, TX), Bovine serum albumin 
(BSA, fraction V, Boehringer Mannheim, Mannheim, Germany), and propidium iodide 
(Sigma, St Louis, MO). 
Flow cytometry: Half a gram of feces was suspended in 4.5 ml filtered (Millipore 0.22 µm ) 
PBS, homogenized on a Vortex mixer and centrifuged at low speed to separate larger fecal 
particles from bacteria. Twenty µl of the supernatant (containing approximately 108 bacteria) 
was washed and centrifuged at 8000g for 10 min. The pellet was resuspended in 60 µl BSA / 
PBS (1% (w/v)) containing 1% (v/v) FITC-labeled F(ab)2 anti-Hu IgA, IgG or IgM. As a 
control a pellet was resuspended in 60 µl BSA / PBS (1% (w/v)). After a 30 min incubation 
period, suspensions were washed twice with PBS. Finally, the bacterial pellet was resuspended 
(Vortex) in 500 µl PBS, mixed with 20 µl PI (100 mg / l), stored on ice in the dark and 
analysed within two hours. Flow cytometry analysis was performed with an EPICS - ELITE 
(Coulter - Electronics, Hialeah, Fl) equipped with an Argon laser operating at 15 mW and 488 
nm  as described previously 17. Calibrations were done with Fluoresbrite plain microspheres 
(Polysciences, Inc., Warrington, PA) 0.72 µm in diameter, on forward scatter (FSC) and side 
scatter. Measurements were performed on 20,000 events, at a flow rate of 1000 - 2000 events / 
sec. The FITC - fluorescence was recorded logarithmically. All particles that stained with 
propidium iodide (PI) were regarded as bacteria and therefore, the discriminator was set on PI - 
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fluorescence. An additional gate was set to exclude events with very large FSC (particles larger 
than single bacteria). Analysis was done with standard ELITE software comprising the 
Immuno-4 program to determine the percentage of stained events by match region subtraction 
17. The matched region ranged 10 - 80 units (of a total region of 1024) for all samples. 
Fecal alpha-1-anti trypsin (α1-AT) concentration: In most samples, the fecal α1-AT 
concentration was determined by radial immunediffusion with commercially available partigen 
plates (LC-partigen, Behring AG, FRG). An aliquot of lyophilised stool (250 mg) was 
extracted according to the method of Crossley and Elliott with 5 ml of distilled water by gently 
mixing over 30 minutes at 22° C 18. After centrifugation (12000 g for 30 minutes at 4° C) 5 µl 
of the supernatant were placed into the wells of partigen plates. The diameter of the 
precipitating rings was measured after 72 hours. Fecal α1-AT concentration was expressed in 
mg α1-AT/g dry stool weight. The upper limit of the normal values is 2.6 mg / gram dry feces. 
 
Statistics 
Differences in the percentage of bacterial Ig coating were evaluated with the unpaired t-test. 
Differences between samples of the same patient at different time points were evaluated with 
the paired t-test. All data were normally distributed.  
 
 
 
 

Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Percentages of fecal bacteria coated with IgA, IgG, and IgM from: patients with infectous 
colitis (inf-col, ■), active IBD colitis (● Crohn’s disease, ▲ Ulcerative Colitis) and controls (□).  
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Ig coating of fecal bacteria in IBD patients and controls  
The percentage of bacteria coated with Ig was determined by flow cytometry analysis and 
subsequent match region subtraction. The fecal flora of IBD patients with active disease 
contained 69±19% IgA coated bacteria, 56±32% IgG coated bacteria and 56±29% IgM coated 
bacteria. These percentages are significantly higher than found in healthy controls which were 
36±12%, 11±4% and 11±7% respectively (all: p < 0.001). There was no difference in the 
number of Ig coated bacteria between Crohn’s disease and ulcerative colitis (figure 1).  
Analysis of feces of patients with infectious colitis also revealed an elevation of Ig coating 
(figure 1): 57±14% was coated with IgA, 31±13% with IgG and 42±16% with IgM. These 
percentages are significantly higher than found in healthy controls (IgA: p<0.005, IgG and 
IgM: p<0.001) but lower than in patients with active IBD (IgG: p<0.05). 
 
Disease activity 
For most patients two fecal samples were analysed: one at presentation with active colitis and 
one shortly after remission. Clinical remission was associated with a decrease in Ig coating: 
IgG from 56±32% to 32±18% (p < 0.01) and IgM from 56±29% to 40±21% (p < 0.05). 
However, the percentage of IgA coating remained unaltered (65±20%, figure 2). Despite this 
decrease in Ig coating, the percentages were still higher than in healthy controls (IgG, IgM: 
p<0.001). Patients with long term quiescent disease (at least two years in clinical remission and 
with normal erythrocyte sedimentation rate (ESR) and C-reactive protein) had normal 
percentages of IgG and IgM coating (respectively 13±4% and 16±9%), though an elevated 
percentage of IgA coated bacteria (50±16%: p<0.05, figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Percentages of fecal bacteria coated with IgA, IgG, and IgM. Paired fecal samples were 
collected from patients with active colitis (black symbols) and recent remission (open symbols) with 
Crohn’s disease (●○) or Ulcerative Colitis (▲∆). Samples from the same patient are connected with a 

line. 
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Figure 3. Percentages of fecal bacteria coated with IgA, IgG, and IgM from IBD patients who are in 
clinical remission for more than 2 years. (○ Crohn’s disease, ∆ Ulcerative Colitis). 
 
 
Fecal alpha 1 anti trypsin concentration 
To obtain an estimate of the serum leakage through the mucosa into the intestinal lumen the 
concentration of fecal α1 anti trypsin (α1-AT) was determined. Only 2 out of 10 fecal samples 
from patients with active IBD showed elevated α1-AT concentrations (median of all 10 
samples: 0.7 mg α1-AT /gr dry feces). In contrast, 5 out of 7 fecal samples from patients with 
acute infectious colitis had increased α1-AT concentrations (median concentration: 4.4 mg α1-
AT /gr dry feces) (p<0.005) whereas this occurred in none of the 13 healthy control samples 
(median: 0.1 mg α1-AT /gr dry feces).  
 
 
 
 

Discussion 
 
IBD patients with active disease have an increased percentage of IgA, IgG and IgM coated 
fecal anaerobic bacteria compared to healthy controls. Clinical and experimental evidence 
indicates that the normal gut flora is involved in the pathogenesis of IBD 1, 2, 4, 5, 7-13. Our findings 
support this concept. How can this increase in Ig coating of fecal bacteria in patients with IBD 
be explained ? Little is known about the interaction of intestinal bacteria and the antibodies 
produced in the intestinal mucosa. The normal indigenous flora is a major stimulus for mucosal 
IgA production, as evidenced by the absence of Ig secreting plasma cells in the gut lamina 
propria of germfree and antigen free mice 19. Studies with monoassociated germfree mice show 
that autochtonous bacteria such as segmented filamentous bacteria do indeed induce mucosal 
IgA production, although only a minor fraction (1-2%) of this IgA appears to be specific 20. 
Despite the ability of at least some commensal bacteria to induce (polyclonal) IgA responses, 
these bacteria persist in the gut lumen. Furthermore, we have shown that in healthy humans 
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only 24-74% of the fecal anaerobic bacteria are coated with IgA, and much less with IgM and 
IgG 15. Likewise in mice only a small percentage of fecal bacteria are coated with IgA 21. The 
low level of immunoglobulin coating of fecal indigenous bacteria in healthy humans may well 
be explained by the existence of some kind of tolerance (or unresponsiveness) of the (mucosal) 
immune system for indigenous fecal bacteria 1, 14, 15. Our findings that in patients with IBD higher 
percentages of fecal bacteria are coated with IgA, IgM and IgG support the concept that in this 
disease there is breakdown of mucosal tolerance to the intestinal flora 1, 2, 14. Mucosal T cells 
from IBD patients with active disease proliferate intensely when incubated with commensal 
bacteria derived from the same patient, whereas mucosal T cells from healthy controls do not 
respond 14. With regard to the humoral immune response, we show here that this postulated 
breakdown of tolerance also may result in increased coating of the cell surface of intestinal 
bacteria. Breakdown of tolerance may thus lead to a cellular and humoral immune response to 
the bacterial flora finally resulting in inflammation.  
How tolerance at mucosal sites is regulated is still not exactly known, but it is clear that many 
different cells, cytokines and other factors are involved. Any perturbation in this complex 
system may lead to an immune response to enteric bacteria of the indigenous flora. For 
example, mice deficient in either IL-2 or IL-10 production both develop colitis when they are 
maintained under conventional conditions but not under germfree conditions 10-13. Current 
theories suggest a role for the so called mucosal regulatory Tr1 cells in maintaining tolerance. 
Tr1 cells are antigen specific mucosal CD4+ T cells that produce large amounts of Il-10 in 
response to antigen recognition. Il-10 may suppress activation of other T cells in the local 
environment hereby inducing a more general mucosal tolerance including the humoral immune 
response 22. 
Although breakdown of tolerance might well explain the increased Ig coating of fecal bacteria 
in IBD patients, other explanations should also be considered. Firstly, serum Ig may potentially 
contribute to the Ig coating of bacteria. Apperloo et al., have shown that the serum of healthy 
individuals contains Ig that can bind to fecal anaerobic bacteria 23, 24. Thus, in theory, leakage of 
serum into the bowel at sites of inflammation might result in a higher percentage of Ig coated 
bacteria in IBD patients. However, in active IBD the contribution of serum Ig to the luminal Ig 
in the colon is relatively small 25. Indeed, we have shown here that only 2 out of 10 fecal 
samples of IBD patients with active disease had elevated fecal α1-AT concentrations (a 
measure of transmucosal serum protein leakage 26). For this reason, we consider it unlikely that 
serum derived Ig contributes significantly to the Ig coating of fecal bacteria in IBD patients. By 
contrast, in infectious colitis the relative contribution of serum Ig to the bacterial Ig coating 
may be considerably higher as these patients were specifically chosen because of having 
bloody diarrhoea, and showed an increased leakage of α1-AT. Furthermore, in infectious 
colitis the mucosal IgG and IgM production may be normal. In contrast to IBD in which there 
is a tenfold increase in the number of IgM and IgG producing plasma cells within the diseased 
mucosa, in infectious colitis normal numbers of mucosal IgG and IgM plasma cells are found 
27,28. Thus, the observed coating of bacteria seen in infectious colitis might well be due to serum 
leakage rather than increased mucosal production. 
A second explanation for the increased Ig coating of fecal bacteria might be that there is a 
selective expansion or overgrowth of bacterial species to which the Ig is directed. Although the 
microflora is known to play a crucial role of in the pathogenesis of IBD, despite repeated 
investigations, there is at present no evidence that in IBD only one or a few specific bacterial 
species are involved in the pathogenesis. Such analysis might be hampered by the fact that 
anaerobic bacteria are difficult to culture and identify. Currently we address this issue with 
bacteria-specific 16S RNA probes to analyse the composition of the gut flora in IBD 29. 
When IBD patients achieve remission the Ig coating of the fecal bacteria decreases, although 
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levels of IgA, IgG and IgM coating are still elevated compared to healthy controls. However, 
when patients are in long term remission, the percentages of Ig coated bacteria return to control 
values. Thus, initial, clinical remission of IBD patients occurs before coating of bacteria 
returns to normal. It might be that these patients are at a stage of subclinical active IBD. 
Reimund et al. have demonstrated that in histologically normal intestinal biopsies from 
Crohn’s disease patients levels of Il-6, TNFα  and Il-1b are elevated and Louis et al. observed 
that high serum Il-6 concentrations were sometimes present in patients with quiescent Crohn’s 
disease 30, 31. Furthermore, in subclinical active disease microgranulomas may still be detectable 
in the rectal mucosa 32. This suggests that the apparent dysregulation of the mucosal immune 
system may persist for some time despite healing of the mucosa. Patients with subclinical 
active IBD may be at greater risk of an exacerbation 33.  
Our data do not provide a decisive answer to the question as to whether the proposed 
breakdown of mucosal tolerance is a primary or secondary event in the pathogenesis of IBD. 
The observation that IBD patients in long term remission have normal percentages of Ig coated 
bacteria may favor the hypothesis that the proposed breakdown of mucosal tolerance is a 
secondary phenomenon. It may be a consequence of exposure of the mucosal immune system 
to the intestinal flora as a result of damage to the colonic epithelial lining. However, it could 
also be a primary event in the pathogenesis of IBD. It may wax and wane in a similar fashion 
to changes in the activity of  systemic auto-immune diseases such as Wegener’s 
granulomatosis, rheumatoid arthritis and systemic lupus erythematosus (SLE). However, 
irrespective of cause, loss of mucosal immune tolerance for the luminal bacterial flora will 
contribute to mucosal inflammation. 
In conclusion, IBD patients with active disease have an increased percentage of IgA, IgG and 
IgM coated fecal anaerobic bacteria in comparison to healthy controls. These data support the 
concept that in IBD there is breakdown of mucosal immune tolerance to the intestinal flora. 
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