
Crohn’s Disease Patients Have More IgG-Binding Fecal Bacteria
than Controls

Hermie J. M. Harmsen,a Simon D. Pouwels,a Anouk Funke,a Nicolaas A. Bos,b and Gerard Dijkstrac

Department of Medical Microbiology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlandsa; Department of Cell Biology,
Immunology Section, University Medical Center Groningen, University of Groningen, Groningen, The Netherlandsb; and Department of Gastroenterology and
Hepatology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlandsc

In Crohn’s disease (CD), chronic gut inflammation leads to loss of mucosal barrier integrity. Subsequent leakage of IgG to the
gut could produce an increase of IgG coating of intestinal bacteria. We investigated if there is more IgG coating in patients than
in volunteers and whether this is dependent on the host IgG response or on the gut bacteria. Fecal and serum samples were ob-
tained from 23 CD patients and 11 healthy volunteers. Both the in vivo IgG-coated fecal bacteria and in vitro IgG coating after
serum addition were measured by flow cytometry and related to disease activity. The bacterial composition in feces was deter-
mined using fluorescence in situ hybridization. The IgG-binding capacities of Escherichia coli strains isolated from feces of pa-
tients and volunteers were assessed. The results showed that the in vivo IgG-coated fraction of fecal bacteria of patients was
slightly larger than that of volunteers but significantly larger after incubation with either autologous or heterologous serum.
This was dependent on the bacteria and independent of disease activity or the serum used. The presence of more Enterobacteria-
ceae and fewer faecalibacteria in patient feces was confirmed. E. coli isolates from patients bound more IgG than isolates from
volunteers (P < 0.05) after the addition of autologous serum. Together, these results indicate that CD patients have more IgG-
binding gut bacteria than healthy volunteers. We showed that the level of IgG coating depends on the bacteria and not on the
serum used. Furthermore, CD patients have a strong specific immune response to their own E. coli bacteria.

Ulcerative colitis (UC) and Crohn’s disease (CD) are charac-
terized by chronic gut inflammation caused by an abnormal

immune response against normal intestinal bacteria (13). Espe-
cially in CD, this loss of tolerance for the normal intestinal micro-
biota becomes apparent (36). Immune reactions are targeted
against pathobionts (13), which are commensal bacteria that have
the potential to become pathogenic when they are not sufficiently
suppressed by beneficial commensal bacteria, the so-called sym-
bionts (25). Pathobionts like adherent Escherichia coli, Salmonella,
Campylobacter, Mycobacterium, and Helicobacter may induce
strong immune responses and may increase the risk for inflamma-
tory bowel disease (IBD) (5). Protective properties of polysaccha-
ride A-producing Bacteroides fragilis and Faecalibacterium praus-
nitzii as symbionts in most humans have been reported (13, 24).
The current dogma is that there is an imbalance between the
pathobionts and the symbionts that may cause chronic inflamma-
tion in a genetically susceptible host (28, 36). Normally, there are
only limited amounts of bacteria in the mucus layer, but in pa-
tients with IBD, an increased number of bacteria are found in the
mucus (10, 22, 27, 30). A temporary loss of mucosal barrier func-
tion, which results in an influx of commensal bacteria and their
antigens into the mucosa, can be due to bacterial or viral enteric
infections (4) or hypersensitivity to food antigens (8, 19), and this
may precipitate exacerbation of CD in susceptible patients. This
inflammation destroys the integrity of the gut mucosa, resulting in
an impaired barrier function, which may facilitate an open pas-
sage for bacteria into the surrounding tissues and bloodstream.
The resulting immune reactions against these bacteria aggravate
the illness. Although CD is associated with a Th1 T cell-mediated
response, (14), there is also a humoral immune response against
the invading bacteria. Therefore, more IgG against gut bacteria
will circulate in the bloodstream, and combined with the ulcerated
gut mucosa, more IgG may leak into the lumen of the gut. This

leads to increased IgG coating of commensal bacteria in the feces
of IBD patients (31). It is not known what triggers this IgG coating
or if the serum-derived IgG response indicates a history of contact
with certain species. van der Waaij et al. (31) indicated that there
may be a relationship between the amount of IgG coating and
disease activity. Objective measurement of the disease activity is
difficult, even for specialized physicians using invasive techniques.
Fecal markers are a potentially useful noninvasive measure of gas-
trointestinal inflammation (16). Calprotectin is one of the most
reliable markers for the measurement of inflammation in CD pa-
tients (15). Calprotectin can be easily measured in stool samples
and can be correlated with the degree of mucosal inflammation (9,
20, 21).

Here, we want to investigate whether the humoral immune
response against commensal gut bacteria in CD patients is greater
than in healthy individuals. This is done by measuring the spon-
taneous in vivo IgG-coated fraction of fecal bacteria in patients
and healthy controls by flow cytometry analysis with fluorescent
anti-human IgG antibodies. In contrast to what was done previ-
ously (31), the percentage of in vitro IgG-coated bacteria was an-
alyzed by measuring the IgG coating of bacteria after incubation
with the person’s own serum (autologous serum) and with serum
of another patient or healthy volunteer (heterologous serum) to
see if the response is specific for that individual. Calprotectin levels
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were used to investigate the relationship between IgG coating and
disease activity. The microbial fecal composition was determined
using a set of 10 different 16S rRNA fluorescence in situ hybrid-
ization (FISH) probes for the quantification of 8 different bacterial
groups. Different E. coli strains were isolated from the fecal sam-
ples of the CD patients and healthy volunteers participating in this
study, and the IgG-binding capacities of these E. coli strains was
assessed to see whether the response was host specific.

MATERIALS AND METHODS
Patients and volunteers. Fresh fecal and blood samples from patients
with active and quiescent CD (9 males and 14 females; mean [range] age,
38 [19 to 69] years) were obtained. The exclusion criteria were use of
antibiotics 6 weeks prior to providing blood and fecal samples and/or an
enterostomy. Table 1 shows the characteristics of the patients and volun-
teers. Determination of whether patients were in remission or in an active
state of CD was based on a physician’s global assessment and fecal calpro-
tectin levels (see below). As controls, fresh fecal and blood samples from
healthy volunteers (7 males and 4 females; mean [range] age, 42 [22 to 61]
years) were obtained. The exclusion criterion was use of antibiotics 6
weeks prior to providing the samples. The study was approved by the local
medical ethical committee (number 2005.141).

Sample preparation. Blood samples were taken in a serum tube with
serum separation gel. After centrifugation (2 min; 3,000 rpm), the serum
was divided into aliquots and stored at �20°C until it was used.

Fresh stool samples were collected in a screw-cap container (50 ml),
cooled (4°C), transported to the laboratory, and processed within 8 h.
Samples for flow cytometry analysis were prepared as follows: 0.5 g feces
was homogenized in 24.5 ml of filtered (Millipore, Billerica, MA; 0.22
�m) phosphate-buffered saline (PBS) ([per liter] 8 g of NaCl, 0.2 g of KCl,
1.44 g of Na2HPO4, and 0.24 g of KH2PO4) on a vortex mixer and centri-
fuged at low speed (700 � g) for 5 min to separate larger fecal particles
from bacteria. The supernatant was stored in 1-ml aliquots at �20°C until
it was used.

Flow cytometry. The supernatant of the stool samples described
above, containing the bacteria, was centrifuged at 13,000 � g for 5 min.
The bacterial pellet was washed in 1 ml of PBS and centrifuged at 13,000 �
g for 5 min. The pellet was suspended either in 100 �l PBS or in 100 �l
autologous or heterologous serum (1:100 in PBS) and incubated for 30
min on ice. The suspensions were washed with 1 ml PBS and centrifuged
at 13,000 � g for 5 min. The bacterial pellet was suspended in 100 �l
�-chain-specific anti-human IgG-fluorescein isothiocyanate (FITC) con-

jugate (Sigma-Aldrich, Saint Louis, MO) that was diluted 1:100 in PBS.
After a 30-min incubation time, the suspensions were washed twice in 1
ml of PBS and centrifuged at 13,000 � g for 5 min. Finally, the bacterial
pellet was suspended in 500 �l PBS, mixed with 20 �l propidium iodine
(PI) (1 �g/ml; Sigma-Aldrich, Saint Louis, MO), stored on ice in the dark,
and analyzed within 1 h. Flow cytometry analysis of the fecal bacteria was
performed with a flow cytometry Calibur (Becton Dickinson). Measure-
ments were performed on 40,000 PI-positive events at a flow rate of 2,000
to 3,000 events/s. Analysis was done with FlowJo (Tree Star Inc., Ashland,
OR) to determine the numbers of IgG-coated bacteria and bacteria that
could be coated by serum IgG.

FISH. The fecal samples were diluted and fixed for FISH analysis as
described previously (6). Briefly, 2.5 g of feces was diluted 10-fold in
filtered phosphate-buffered saline (PBS), and after homogenizing, the
mixture was centrifuged at 700 � g. One milliliter of the supernatant was
mixed with 3 ml freshly prepared 4% paraformaldehyde in PBS and incu-
bated overnight at 4°C to fix the bacteria. These 40-fold-diluted fecal
samples were stored at �80°C until use. FISH analysis and 4=,6-
diamidino-2-phenylindole (DAPI) staining were performed as described
previously (6) on different fecal dilutions in PBS ranging from 40- to
1,600-fold, depending on the relative amount of targeted bacteria. The
analysis was performed on all 34 samples by DAPI staining and with a set
of probes for the most predominant groups of fecal bacteria described (see
Table 3).

Isolation, IgG coating, and flow cytometry of E. coli strains. Fecal
samples from patients and volunteers diluted in PBS were plated on
McConkey plates. This resulted in 25 different E. coli isolates. In addition,
two laboratory strains were used, namely, ATCC 25422 and O157:H7.
These laboratory strains were treated as nonpatient strains. Identification
of the strains was done with the API-20E test kit (bioMérieux Inc., Hazel-
wood, MO) following the manufacturer’s protocol. All isolates were tested
for IgG binding after addition of their own serum (autologous serum) or
the sera of patients or volunteers (heterologous serum). Reference strains
were tested with patient P1 serum.

For IgG coating, a colony was picked from a pure culture on McCon-
key agar and grown overnight in brain heart infusion (BHI) (Mediaprod-
ucts BV, Groningen, Netherlands) broth at 37°C. One milliliter of the
broth was centrifuged for 5 min at 8,000 � g. Then, the pellet was resus-
pended in 1 ml of PBS. This was centrifuged for 4.5 min at 8,000 � g and
resuspended in 985 �l of PBS and 15 �l of blood serum. The sample was
then incubated for 30 min and subsequently centrifuged for 5 min at
8,000 � g. The pellet was resuspended in 500 �l of PBS plus 1% bovine
serum albumin (BSA) and 100� diluted goat anti-human IgG-FITC con-
jugate (Sigma-Aldrich, Saint Louis, MO). The suspension was incubated
for 30 min and centrifuged for 5 min at 8,000 � g. The pellet was resus-
pended in 500 �l of PBS, mixed with 15 �l PI (1 �g/ml), and analyzed by
flow cytometry on an Accuri C6 cytometer (Accuri Europe Ltd., St. Ives,
United Kingdom). Measurements were performed, counting 30,000 PI-
positive events at a flow rate of 2,500 to 3,500 events/s, scoring the mean
FITC fluorescence of cells above the background threshold times the frac-
tion of cells that were positive. The background was determined as the
signal of bacteria without the addition of the anti-human IgG-FITC con-
jugate.

Calprotectin. Calprotectin was measured in stool samples from pa-
tients and volunteers. Calprotectin was quantified using the Calprest
ELISA kit (NovaTec Immundiagnostica, Germany) according to the man-
ufacturer’s instructions. The cutoff level for CD is 60 mg/kg. The optical
density (OD) of the samples was measured at 405 nm with a microtiter
plate reader and then plotted as the log value.

Statistics. Differences in the percentages of bacterial IgG coating and
differences in the calprotectin levels were evaluated with the nonparamet-
ric Kruskal-Wallis test (P � 0.05). Differences in microbiota composition
were tested for significance using the Mann-Whitney U test, with a Bon-
ferroni correction for the number of tests performed. Relationships be-
tween different parameters were tested with the nonparametric Spear-

TABLE 1 Characteristics of patients with CD and healthy volunteers

Characteristic

Value

CD patients Volunteers

n 23 11
Mean age (range) (yr) 38 (19–69) 42 (22–61)
Sex ratio (male/female) 9/14 7/4
No. active/in remission 9/14

Medical therapy (no. receiving)
Corticosteroids 4
Immunosuppressive drugs

(thiopurine/methotrexate)
12

Anti-tumor necrosis factor alpha 3
Mesalazines 7

Location of the disease (no.)
Ileal 9
Colonic 3
Ileocolonic 11

Harmsen et al.

516 cvi.asm.org Clinical and Vaccine Immunology

http://cvi.asm.org


man’s rho test. The P value for significance was set at 0.05. For the analysis
of IgG binding to E. coli, the Mann-Whitney U test (P � 0.05) or the
Wilcoxon signed-rank test (P � 0.05) was used depending on the com-
parison, as indicated in the text.

RESULTS
CD patients show high autologous IgG coating against their
own bacteria. To see if there is an immune response against a
person’s own gut bacteria, a first series of flow cytometry analyses
was performed on the fecal bacteria from CD patients and the
volunteers with or without incubation with autologous serum.
Table 2 shows the percentages of IgG-coated microbial cells de-
rived from the patients and volunteers and the calprotectin levels.
Figure 1 shows the percentages of IgG-coated fecal bacteria in the
4 incubation groups. The median of the percentage of in vivo IgG
coating of bacteria was 1.2 times higher in patients than in volun-

teers, although a nonparametric Kruskal-Wallis test showed only
a trend (P � 0.089), due to the large range (0.7 to 19.8 in patients
versus 0.4 to 2.6 in volunteers). In contrast to the patients, almost
all volunteers showed a low percentage of in vivo IgG-coated fecal
bacteria, except volunteer 10, who had a relatively high percentage
of IgG coating. When autologous serum was added to feces, the
level of IgG-coated bacteria increased 4.3-fold in patients (range,
1.7- to 43.5-fold) and 2.4-fold in volunteers (range, 1.5- to 19.8-
fold). This increase, compared to in vivo coating, was significant in
both patients (P � 0.001) and volunteers (P � 0.001). Comparing
the two groups after autologous-serum incubations showed that
the patient group had significantly higher coating (P � 0.019), 2.4
times higher than the volunteer group. Spearman’s rho test
showed a significant correlation of 0.7 (P � 0.001) between the in
vivo coating and the coating after autologous-serum incubations.

TABLE 2 Global physician’s assessment of disease status, disease location, and calprotectin levels of patients and volunteers and the percentage of
IgG-coated bacteria with or without incubation with autologous serum

Identifiera

Global physician’s assessment
(in remission/active) Disease location

Calprotectin
amt (mg/kg)

% IgG-coated bacteria

In vivo
coating

In vivo �
serum

P1 Active Ileal/colonic 2,357 3.1 10.1
P2 Active Ileal/colonic 2,140 19.8 17.0
P3 Active Ileal/colonic 1,604 3.4 3.8
P4 Active Ileal 1,091 0.7 1.7
P5 Active Ileal/colonic 841 2.4 4.5
P6 Active Ileal 273 2.0 4.4
P7 Active Ileal 227 2.2 7.6
P8 Active Ileal 215 1.5 12.2
P9 Active Ileal/colonic 89 0.9 2.3
P10 Remission Ileal/colonic 465 1.9 5.1
P11 Remission Ileal 323 2.3 12.4
P12 Remission Colonic 322 2.7 9.6
P13 Remission Ileal 249 1.6 8.0
P14 Remission Colonic 246 1.4 7.3
P15 Remission Ileal 229 1.5 3.2
P16 Remission Colonic 229 1.3 3.4
P17 Remission Ileal 197 0.8 2.9
P18 Remission Ileal/colonic 133 1.3 10.2
P19 Remission Ileal 124 0.6 2.0
P20 Remission Ileal/colonic 106 1.7 2.5
P21 Remission Ileal/colonic 97 4.0 43.5
P22 Remission Ileal/colonic 72 1.3 10.0
P23 Remission Ileal/colonic �20 3.0 10.1

Median (23 patients) 229 1.7 7.3
V1 NAb NA 31 1.6 3.4
V2 NA NA 24 0.7 1.6
V3 NA NA �20 0.4 1.7
V4 NA NA �20 1.8 3.3
V5 NA NA �20 1.4 3.9
V6 NA NA �20 1.7 3.1
V7 NA NA �20 1.3 3.5
V8 NA NA �20 1.3 2.6
V9 NA NA �20 1.1 2.6
V10 NA NA �20 2.6 19.8
V11 NA NA �20 1.3 1.5

Median (11 volunteers) �20 1.3 3.1
a P, patient; V, volunteer.
b NA, not assessed.
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The calprotectin levels (Table 2) of the patient group were
significantly higher (P � 0.000) than those of the volunteers, using
the nonparametric Kruskal-Wallis test. The patient group can be
divided into active CD and remission CD, based on a physician’s
global assessment. Comparing active CD to remission showed
that the calprotectin levels were significantly higher in the ac-
tive-CD group (P � 0.032). The calprotectin levels of both the
active and remission groups were also significantly higher than
those of the volunteers (both P � 0.001). There was no correlation
between calprotectin levels and in vivo IgG coating or with coating
after autologous-serum incubation in the patient group.

In contrast, patients in remission with no signs of disease showed
higher in vivo coating (P � 0.035) than volunteers. The total amount
of IgG in the serum samples was not different between the patients
and volunteers and was not correlated with the in vivo coating or
coating after serum incubation (data not shown).

The composition of the fecal flora is important for IgG coat-
ing. In addition to the responses against autologous gut bacteria,

we investigated whether the bacterial composition of the patients’
and volunteers’ microbiota or the composition of the serum im-
munoglobulins was responsible for the differences in IgG coating
of autologous gut bacteria. Fecal bacteria from patients P1, P8,
and P11, with high IgG coating after incubation with autologous
serum, so-called autologous-IgG coating, also showed high IgG
coating after incubation with heterologous serum. There was no
difference in coating by the serum from volunteer V3 with low
autologous-IgG coating (on average, 1.02-fold increase) or with
that from V10 with high autologous coating (on average, 0.95-fold
decrease). Patients P4, P9, and P19 from the group with low au-
tologous IgG coating were also tested with heterologous sera of V3
and V10. P4 and P19 also showed low heterologous IgG coating
(on average, 1.6-fold increase with V3 and 1.1-fold increase with
V10). The exception was P9, who had more IgG-coated bacteria
with heterologous serum (an increase of 3.1-fold for V3 and 2.7-
fold for V10) than with autologous serum.

Fecal bacteria from volunteers were also incubated with heter-
ologous sera from 6 patients and subsequently analyzed by flow
cytometry. Fecal samples V3 and V11, with low autologous-IgG
coating, and V5 and V10, with high(er) IgG coating, were incu-
bated with sera of patients P2, P8, and P21, with high autologous-
IgG coating, and P9, P19, and P20, with low autologous-IgG coat-
ing. The heterologous coating of bacteria with low autologous
coating increased slightly, on average 1.3-fold for V11 and 2.5-fold
for V3. For V5, the coating decreased 1.8-fold, and for V10, almost
the same level of high IgG coating was observed (1.1 times lower).
All these slight changes were similar for patient sera with high and
low autologous coating. These experiments indicate that the bac-
terial compositions of both the CD patients and the volunteers
were more important for IgG coating than the composition of the
serum immunoglobulin.

Composition of the microbiota. The bacterial compositions
of the feces of the 23 CD patients and 11 healthy volunteers were
analyzed using FISH. After visual counting and extrapolation to
the number of bacteria per gram feces, the median composition
was calculated (Table 3). In addition, the median percentage of
total bacteria counted by DAPI staining was calculated. The me-
dian numbers of Enterobacteriaceae and ruminococci were higher
in patients with CD (both P � 0.001), and the number of F. praus-
nitzii bacteria was lower (P � 0.001). After correction for multiple

FIG 1 Flow cytometry analysis of fecal samples from CD patients and healthy
volunteers. Each symbol represents a patient or volunteer. The percentages of
IgG-coated fecal bacteria for the four different groups (solid circles, in vivo IgG
coating patients; open circles, in vivo IgG coating volunteers; solid triangles,
patient samples after autologous-serum incubation; open triangles, volunteer
samples after autologous-serum incubation). The lines represent the medians
of the groups.

TABLE 3 Numbers and percentages of fecal microorganisms from 11 volunteers and 23 CD patients as determined by DAPI staining (total cells)
and FISH with group-specific probes

Population
Stain or probe
(reference)

Mean no. of cells/g fecesa % of total cells (DAPI)

Volunteers Patients Volunteers Patients

Total cells DAPI 6.0 � 1010 3.0 � 1010

Total bacteria Eub338 (1) 4.2 � 1010 2.0 � 1010 70.4 62.2
Enterobacteriaceae E.coli153 (17) 1.3 � 107b 2.0 � 108b 0.03b 0.97b

Faecalibacterium Fprau645 (26) 2.3 � 109b 4.1 � 109b 2.89 1.51
Bacteroides Bac303 (12) 2.4 � 109 6.7 � 109 3.33 31.2
Ruminococci Rfla729/Rbro730 (6) 2.2 � 108 3.6 � 108 0.48b 1.26b

Enterococcus faecalis Enfl3 (32) 3.8 � 106 4.0 � 106 0.01 0.02
Clostridium sp. strain XIVa Erec482 (3) 6.8 � 109 3.4 � 109 13.1 12.0
Streptococci/lactococci Strc493 (3) 2.1 � 108 1.5 � 108 0.35 0.55
Atopobia Ato291 (7) 8.8 � 108 6.8 � 108 1.79 2.34
a Median numbers from fecal samples were calculated per gram (wet weight) feces, assuming that the numbers below the detection limit were zero.
b Significant differences (P � 0.005) between patients and volunteers as tested by the Mann-Whitney U test.
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testing, no significant differences were detected for all the other
bacterial groups.

IgG binding of E. coli isolates. To investigate whether the
higher numbers of Enterobacteriaceae in the patient samples also
lead to more in vitro IgG coating with patient sera, we tried to
culture them from feces that was stored for over a year at �20°C.
Out of all 23 patient samples, 14 E. coli isolates were obtained from
8 samples. From the remaining 15 samples, E. coli could no longer
be retrieved. In addition, 11 E. coli strains isolated from 7 volun-
teer samples and two laboratory strains, O157:H7 and ATCC
25422, were analyzed. First, the isolates were identified using the
API-20E test kit (bioMérieux Inc., Hazelwood, MO) (data not
shown). After the addition of autologous blood serum and incu-
bation with anti-human IgG antibodies, the mean fluorescence
above the threshold per cell times the fraction of positive bacteria
that bind IgG on their cell surfaces was determined by flow cytom-
etry. A significant difference in fluorescence, and thus the amount
of coating per E. coli cell, was seen between CD patient isolates and
those from healthy volunteers (Fig. 2). This difference was signif-
icant (P � 0.029) despite the small group of isolates and the ob-
servation that there were two patient isolates that bound almost
no IgG, less than the two reference strains incubated with patient
serum (data not shown). To test coating with heterologous sera,
the sera were chosen from volunteer 8 and from a CD patient who
was not in the study group. No E. coli isolates were obtained from
the feces corresponding to these sera. When these heterologous
sera were added to the E. coli cells, no differences were found
between CD patient and volunteer isolates (Fig. 2). In order to test
the differences between all strains treated with either autologous,

volunteer, or patient serum, a Wilcoxon signed-rank test was used.
All strains treated with autologous serum had 2.5 times greater
amounts of IgG binding than with heterologous volunteer serum
(P � 0.001) or patient serum (P � 0.015). The same was true when,
for only the patient strains, autologous-serum incubations were com-
pared with volunteer serum (P � 0.002) or patient serum (P � 0.013)
incubation. In addition, volunteer isolates also bound more IgG from
autologous serum than from volunteer serum (P � 0.041), but no
difference was detected between volunteer isolates incubated with
autologous and patient serum (Fig. 2).

No correlation could be found between API-20E types and the
IgG-binding properties of the E. coli strains (data not shown) or
between the calprotectin levels in the fecal samples and the
amount of IgG coating. In summary, the E. coli strains in the feces
of CD patients bound more IgG from autologous serum than the
strains from healthy volunteers. This indicates that there is a spe-
cific immune reaction to fecal E. coli strains that is stronger in
patients with CD than in healthy volunteers.

DISCUSSION

The humoral immune responses against autologous gut bacteria
were studied in CD patients and healthy volunteers, and E. coli
isolates were screened for the variation in the humoral immune
response they provoke. IgG-coated bacteria were found in feces of
both patients and volunteers, but this coating was significantly
greater in patients, indicating a stronger humoral immune re-
sponse against intestinal bacteria in CD patients. Furthermore,
serum incubations with autologous serum showed binding of
blood IgG to the fecal bacteria in both patients and volunteers.
Therefore, both patients and volunteers have serum IgG that is
able to bind to bacterial antigens. These IgG levels are probably
caused by earlier exposure to these antigens, perhaps during a
period when the barrier function was impaired.

In eight patients, the percentage of IgG-coated fecal bacteria
increased to more than 10% after incubation with autologous se-
rum. Volunteers also showed increased IgG coating after autolo-
gous-serum incubation, but only to a range of 1.5 to 3.9%, with
one exception, i.e., to 19.8%. This volunteer had high IgG coating
of his fecal bacteria after autologous-serum incubation, which
may be explained by a current immune reaction, perhaps due to
inflammation. Cross-incubations with heterologous sera and fecal
bacteria from a selection of patients and volunteers with high and
low in vivo IgG coating showed that there was no large difference
in IgG coating of fecal bacteria compared to their own serum. This
was the case for the selected patient feces with volunteer’s serum
or vice versa. These data indicate that the bacterial composition of
the feces is more important for IgG coating than the composition
of the serum. It also indicates that patients have more bacteria that
can be coated with serum IgG than healthy volunteers and that
this is independent of the type of serum IgG. This finding suggests
that the composition of the bacterial microbiota of CD patients is
different from that of healthy volunteers, which was also found by
others (18, 25, 35).

The low levels of autologous-IgG coating of the fecal bacteria in
healthy volunteers fits the idea of some kind of tolerance (or un-
responsiveness) of the mucosal immune system for indigenous
fecal bacteria. The higher levels of IgG coating in vivo or after
autologous-serum incubation in CD patients indicate a break-
down of mucosal tolerance for the intestinal bacteria, perhaps
caused by a leaky bowel (34).

FIG 2 Box plot showing flow cytometry analysis of the serum IgG-binding
capacities of 14 E. coli isolates from CD patients and 11 isolates from healthy
volunteers. The E. coli cells were incubated with autologous serum or heterol-
ogous serum from a volunteer or a CD patient, as indicated. The medians (the
bars in the boxes) of fluorescence per strain are shown. The boxes extend from
the 25th to the 75th percentile, and the whiskers indicate the minimum and
maximum. The brackets indicate significant differences (P � 0.05; *, Mann-
Whitney U test; #, Wilcoxon signed-rank test).
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Calprotectin levels were significantly higher in active-CD pa-
tients than in patients in remission, and both were significantly
higher than those of healthy volunteers. This confirms that calpro-
tectin is a useful serum marker for the activity of CD (23, 29), and
it shows that patients in remission still have low-grade inflamma-
tion, since the calprotectin levels remain above background levels.
The amount of IgG coating, however, is not correlated with cal-
protectin levels, which could indicate that patients in remission
still have a gut with an impaired barrier function. To compare the
calprotectin levels and the IgG coating as indicators of CD disease
activity, a longitudinal study needs to be performed.

The differences in microbial composition can be important for
the treatment of CD patients, since microbiota-modulating ther-
apy with, for instance, pro- or prebiotics may normalize this in
future and thereby reduce flare ups of CD. FISH analysis con-
firmed the reduced number of F. prausnitzii bacteria in the feces
that were found earlier (25, 35). Low numbers of F. prausnitzii
bacteria are counterbalanced by other bacteria, like E. coli, and
more specifically adhesive-invasive E. coli (2). These bacteria can
adhere to the mucosal layer, where they form biofilms, and they
can even penetrate into the epithelial cells of the gut. When they
have invaded the body, they can cause symptoms like diarrhea.

The last experiment of the study was focused on E. coli, since
the role of E. coli in CD was discussed previously, and it has been
shown that in genetically susceptible patients the clearance of E.
coli is impaired (11, 33, 35). Here, CD patient isolates showed
significantly more IgG binding with autologous serum than the
isolates obtained from healthy volunteers. This shows that CD
patients indeed have E. coli strains in their feces that are more
immunogenic. It is not known what the exact difference is be-
tween the E. coli strains found in the CD patients and those from
healthy volunteers. Their immune reactions are very strong, most
likely against a strain-specific antigen. Whether these high-IgG-
binding strains are more virulent needs to be investigated. It
would also be intriguing to determine if these strains would cause
a loss of barrier integrity by infection or even an invasion after a
barrier integrity incident. Animal infection models using our iso-
lates may resolve this. After invasion, the tolerance for E. coli may
be lost and a specific reaction against the person’s own E. coli
bacteria can be generated. This reaction could become chronic.

In conclusion, we showed that CD patients have bacteria in
their guts that are more reactive to IgG than those of volun-
teers, which may be the result of a period of impaired barrier
function of the gut. Furthermore, the bacteria from CD pa-
tients are more prone to be coated with serum IgG than those
from volunteers, regardless of the origin of the serum. This
study confirms that there are differences in the numbers of E.
coli and F. prausnitzii bacteria present in the feces of CD pa-
tients and those in volunteers. Finally, we showed that E. coli
strains from CD patients specifically bind autologous IgG,
which indicates a strong specific immune reaction against pa-
tients’ own E. coli strains. In summary, our results show that
CD patients have different and more immunogenic gut bacte-
ria than healthy volunteers.
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