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Abstract 
 
Background. The intestinal microflora plays a role in inflammatory bowel disease. In these 
patients there is an increase of faecal bacteria coated with immunoglobulins. However, it is not 
known which bacteria are coated. To investigate this, we developed a flow cytometric method 
that combines fluorescent in situ hybridisation (FISH) and immunofluorescence.  
 
Methods. Faecal suspensions were subjected to FISH with CY5 labeled 16S rRNA targeted 
oligonucleotide probes with specificity for four of the major faecal bacterial populations 
followed by staining with Rhodamine-Phycoerythrin labeled anti-Hu IgA and analysed by flow 
cytometry. SYBR Green I staining small particles were regarded as bacteria. Percentages 
hybridisation and staining were determined with ‘matched region subtraction’, a histogram 
subtraction method. Microscopic counting coupled to image analysis was used as a control.  
 
Results. With flow cytometry, bacteria of the Clostridium coccoides and Eubacterium rectale 
group could be identified in all samples and with higher sensitivity (52±19% vs 19±7%, 
p<0.005) than image analysis. Image analysis, however, was more sensitive for smaller 
populations: with flow cytometry bifidobacteria could be identified in 9, eubacteria low G+C 
#2 group in 8, and Atopobium group in 3 samples, whereas with image analysis these bacteria 
were identified in nearly all samples. At the expense of loss of sensitivity it was possible to 
combine FISH with immunofluorescence. Herewith, we found an increased IgA-coating of 
bifidobacteria (30±20% vs 13±5% (p<0.05)).  
 
Conclusions. We describe a new flow cytometric method to analyse bacterial populations 
within faeces with FISH and immunofluorescence. We show that bifidobacteria have an 
increased coating with IgA. 
 
 

 

58



Flow cytometric analysis 

Introduction 
 
The human colon harbors a complex microbial ecosystem consisting of as many as 400 
different species, usually referred to as the normal commensal microflora. This microflora 
mainly (>99.9 %) consists of obligatory anaerobic bacteria. Each individual has a 
characteristic commensal microflora in the colon that is relatively stable over time 1. Despite 
this large amount of bacteria, the normal human colon is not inflamed. An intact barrier, 
consisting of the mucus layer and the epithelial lining, in combination with mucosal 
immunological tolerance for the commensal colon flora, are presumably responsible for the 
absence of colonic inflammation.  
The intestinal microflora plays a role in the pathogenesis of inflammatory bowel disease, 
especially in Crohn's disease. Modulation of the microflora with antibiotics, probiotics or diet 
may induce a remission in inflammatory bowel disease. Furthermore, there are many animal 
models that spontaneously develop colitis, unless they are kept germ free. Collectively, these 
data suggest that the presence of indigenous bacteria is required for the induction of intestinal 
inflammation in IBD 2, 3. How the intestinal microflora is involved in the pathogenesis remains 
unclear. At present there are no convincing data supporting a role for a particular bacterial 
strain in the pathogenesis of IBD. Recently, we have shown that in patients with active IBD 
there is an increase of faecal bacteria coated with IgA, IgG and IgM 4. This increase may either 
be caused by a general increase of immunoglobulin coating of all bacterial species or by an 
increased coating of certain bacterial groups. In the present study we describe a new flow 
cytometric method to determine within faecal suspensions the bacterial groups that are coated 
with immunoglobulins. 
Fluorescent in situ hybridisation (FISH) with fluorescent 16S rRNA-targeted oligonucleotide 
probes is well validated as a culture-independent method to investigate the composition of the 
faecal bacterial flora 5. The specificity of rRNA-targeted probes can be chosen in a way that 
they hybridise with nearly all bacteria (probe EUB338) or specific groups of bacteria (e.g. 
probe BIF164 which specifically hybridises with bifidobacteria). With FISH fluorescent 
bacteria can be quantified within faecal suspensions by microscopic visual counting, 
automated microscopic counting with image analysis 5, and flow cytometry 6. Flow cytometric 
analysis of bacteria with rRNA-targeted probes (FISH) has been described by several authors 
in artificial mixtures 7, activated sludge 8 and soil 9. Recently, a study has been published on the 
flow cytometric quantification of Ruminococcus obeum-like bacteria within faeces with FISH 
10. To distinguish bacteria from background noise, these studies set the threshold at forward 
scatter (a measure of bacterial size) or side scatter. However, within faecal suspensions many 
bacteria are so small that they are within the forward scatter and side scatter background noise 
11. Therefore, in the present study we used SYBR Green I 12 as an extra fluorochrome to stain all 
bacteria and the threshold was set on SYBR Green I fluorescence.  
Wallner et al 13 performed flow cytometric analysis of triple stained artificial bacterial mixtures 
with a fluorescein-labeled rRNA-targeted probe, a biotinylated bacteria specific antibody that 
could be detected by phycoerythrin (PE)-conjugated streptavidin, and the DNA-specific dye 
DAPI to stain all bacteria. They set the threshold at DAPI fluorescence. A second study 
describes the combination of TRITC-labeled rRNA-targeted probes, fluorescein-labeled 
bacteria specific antibody, and DAPI to study artificial bacterial mixtures with fluorescence 
microscopy 14.  
In the present study, faecal samples of healthy individuals were hybridised with CY5 labeled 
16S rRNA targeted oligonucleotide probes specific for four of the major faecal bacterial 
populations, followed by staining with R-PE labeled anti-Hu IgA and analysed by flow 
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cytometry. We show that flow cytometric analysis of FISH is more sensitive than image 
analysis, and that in faeces of healthy persons, bifidobacteria have an increased coating with 
IgA. 
 
 
 
 

Materials and methods 
 
Volunteers and sample preparation 
Faeces was collected from ten healthy volunteers, 6 males and 4 females, aged 18-65 years 
(median 41 years). Exclusion criteria were: immunocompromised conditions (corticosteroids, 
diabetes, etc.), significant comorbidity, antibiotic use less than two weeks before sampling, 
diarrhoea and pregnancy. Each faecal sample was frozen within three hours after defaecation 
and stored until use at -20°C. For analysis half a gram of faeces was thawed, suspended in 4.5 
ml phosphate buffered saline (PBS, pH=7.2), homogenized on a Vortex mixer during 1 min 
and centrifuged at low speed (700g, 20 min) to separate large faecal particles from bacteria. 
One ml of supernatant was centrifuged at 8000g for 10 minute to remove non-bound faecal 
immunoglobulins. The pellet was resuspended in 1 ml PBS and 100 µl of this suspension 
(nonfixed bacteria) was stored until use at -20°C. The rest of the bacteria was fixed and 
permeabilised with fresh paraformaldehyde (PFA) at a final concentration of 3% (w/v) at 4°C 
for 16 hours. The fixed bacteria were washed twice with 1 ml PBS and the final pellet was 
resuspended in 1 ml of a cold mixture (50:50, v/v) of ethanol 96% and PBS and kept at least 
one hour at -20°C. For image analysis, these ethanol / PFA fixed bacteria were further diluted 
in PBS (1:10 v/v) and then 10 µl was put on a microscopic slide and air dried 1. 
 
Study design 
For fluorescent in situ hybridisation (FISH), all 10 PFA/ethanol fixed faecal samples were 
analysed by flow cytometry and image analysis (the 'gold standard'). For flow cytometry all 
analyses of each sample were carried out simultaneously in which a maximum of 36 samples 
were analysed. For determination of the bacterial immunoglobulin coating, fixed and nonfixed 
(the 'gold standard' 11) samples were analysed by flow cytometry. All solutions used in this 
study were filtered (0.22 µm Millepore, Molsheim, France). In order to determine the variation 
of flow cytometry analysis between assays, replicate analyses of one single faecal sample were 
included in each series of measurements (n=25). Furthermore, in one series of experiments, a 
faecal sample was hybridised 6 times and analysed to estimate the intratest variability.  
 
Fluorescence in situ hybridisation (FISH) 
Flow cytometry: 2 µl PFA/ethanol fixed bacterial suspension (containing approximately 108 
bacteria) was hybridised at 50°C for 16 hours in 100 µl hybridisation buffer (20 mM Tris-HCl, 
pH=7.2, 0.1% sodium dodecyl sulfate, 0.9 M NaCl) and 1-5 ng oligonucleotide Cy5 labelled 
probe/µl. In serial dilution experiments the optimal probe concentration was found to be: 1 
ng/µl for EUB338 (a probe with specificity for nearly all bacteria) 6 and ELGC01 (for the 
eubacteria low G+C #2 group (ELGC-group)) 15, 2 ng/µl for ATO291 (Atopobium-group) 16 and 
5 ng/µl for EREC482 (Clostridium coccoides and Eubacterium rectale group (EREC-group)) 1 
and BIF164 (bifidobacteria ) 17. The concentration of the nonspecific probe nonEUB338 (does 
not hybridise with any known bacterium) was 1 ng/µl for EUB338 and ELGC01, 2 ng/µl for 
ATO291 and 5 ng/µl for EREC482. After hybridisation, 1 ml washing buffer (50°C, 
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hybridisation buffer without sodium dodecyl sulfate) was added and after centrifugation (10 
min 14,000g) the pellet was resuspended in 1 ml of washing buffer (50°C) and incubated for 
20 min at 50°C. This suspension was then centrifugated and the pellet was resuspended in 200 
µl cold (4°C) SYBR Green I / PBS (1:60,000 w/v), stored on ice in the dark and analysed 
within two hours. 
Microscopic slides: Air-dried PFA/ethanol fixed (see above) faecal suspensions were mounted 
on a microscopic glass and incubated with 5 ng oligonucleotide probe (the same probes as used 
for flow cytometry) /µl hybridisation buffer at 50°C for 16 hours. The slides were then 
incubated in washing buffer for 20 min at 50°C, dipped in distilled water and rapidly dried 
with a flow of compressed air. The sections were mounted with Vectashield (Vector 
Laboratories, Burlingame, Calif.) 1. The instrumentation has been described in detail elsewhere 
1, 5. Briefly, a microscope was used equipped with phase-contrast, a mercury vapor lamp, a CCD 
camera, and an application image analysis software program. Per sample at least 1000 bacteria 
were analysed. 
 
Immunofluorescence combined with FISH 
To determine the percentage of specific bacteria coated with IgA, the hybridised bacteria (see 
above) were resuspended in 60 µl of affinity-purified Rhodamine-Phycoerythrin- F(ab)2 anti-
Hu IgA (1% in BSA / PBS (1% (w/v)) (Southern Biotechnology Associates, Birmingham, AL) 
as well as BSA / PBS (1% (w/v)) as a control. After a 30 min incubation period (20°C), 
suspensions were washed twice with cold (4°C) PBS. Finally, the bacterial pellet was 
resuspended in 200 µl cold SYBR Green I / PBS (1:60,000 w/v), stored on ice in the dark and 
analysed within two hours. To determine the influence of fixation and the FISH procedure, 
nonfixed faecal bacterial suspensions were stained with R-PE- F(ab)2 anti-Hu IgA (1% in BSA 
/ PBS (1% (w/v)) and PBS / BSA (1% (w/v)) according to the protocol above. 
 
Flow cytometry 
Flow cytometry was performed with an EPICS - ELITE (Coulter - Electronics, Hialeah, Fl) 
equipped with an Argon ion laser and a Helium-Neon laser. The 488-nm emission line of the 
first laser, with an output of 15 mW, was used for forward-angle light scatter (FSC) and right-
angle light scatter (SSC) as well as SYBR Green I and Rhodamine-Phycoerythrin (R-PE). The 
Helium Neon laser was used for CY5. Filtersettings were 525 BP for SYBR Green I, 675 BP 
for Cy5, and 575 BP for R-PE.  
Since a considerable fraction of the faecal bacteria is smaller than 1 µm 11, FSC or SSC cannot 
be used as a discriminator 11. Previously we used propidium iodide (PI) to stain all bacteria. To 
avoid quenching we now used three fluorochromes with minimal overlap in emission and 
excitation spectra: the nucleic acid stain SYBR Green I (Molecular Probes, Eugene, OR) to 
stain all bacteria, Cy5 as a label for the oligonucleotide probes and R-PE as a label for the 
antibodies. The discriminator was set on SYBR Green I fluorescence as a specific stain for 
bacteria. The discriminator value was determined by a bacteria-free solution of SYBR Green I 
in PBS (1:60,000 w/v) and set at a level with minimal background noise. Analysis was 
performed with 20,000 events, at a flow rate of 1000 events / sec. The fluorescence was 
recorded logarithmically, FSC linearly. Acquisition and data analysis were done with standard 
ELITE software comprising the Immuno-4 program to determine the percentage of stained 
events. An additional gate was set to exclude events with very large FSC (agglutinated 
bacteria). 
To determine the percentage of hybridised bacteria the CY5-fluorescence histograms of the ten 
faecal suspensions that were hybridised with a specific probe were subtracted by the CY5-
fluorescence histograms of the same faecal suspensions hybridised with non-EUB338 (in the 
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identical concentration as the specific probe) by matched region subtraction 18. 
To determine the percentage of IgA-coated bacteria within each of the bacterial populations, 
each fixed faecal suspension was divided into 8 portions. These were hybridised with four 
(EUB338, EREC482, ATO291, BIF164) CY5-labeled rRNA targeted probes (2 portions each). 
Four portions (one with each probe) were additionally stained with R-PE-anti-Hu-IgA, and as a 
control the other 4 were only incubated with PBS/BSA (1%). After flow cytometry analysis, 
the bacterial population that hybridised with the probe was selected by a life gate and R-PE-
fluorescence (=IgA) histograms of this selected population were made. To determine the 
percentage of IgA-coated bacteria of this bacterial population, the R-PE-histogram of the IgA-
stained portion was subtracted by the R-PE-histogram of the control (non-IgA stained) portion 
of the faecal suspension. The percentage of IgA-stained bacteria of each population was 
determined by ‘matched region subtraction’ 18. As a control the 10 faecal suspensions were 
stained with R-PE-anti-Hu-IgA without the FISH procedure. 
 
Statistical analysis 
Since a normal distribution of the data could not be proven, the Wilcoxon signed rank test was 
used to test differences. Simple regression was used to test possible correlation between data 
obtained with flow cytometry and image analysis. 
 
 
 
 

Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow cytometric analysis of a faecal suspension hybridised with EUB338-Cy5 (1b) and non-
EUB338-CY 5 (1c). As shown in a forward scatter (FSC) - side scatter (SSC) scatterplot (1a), a gate was 
set to exclude events with very large FSC (large aggregates of bacteria). The discriminator was set on 
SY BR Green I fluorescence as a specific stain for bacteria (1bc). EUB338-CY 5 hybridisation resulted 
in a diffuse staining pattern of a large population of bacteria that could be separated from bacteria that 
did not hybridise (along the y-axis) (1b). Nonspecific fluorescence (autofluorescence in combination 
with nonspecific probe binding as determined with nonEUB338-CY 5) was minimal (1c). 
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Flow cytometric analysis and image analysis 
EUB338 is a rRNA probe with specificity for almost all bacteria 6. Thus, it hybridises with a 
very heterogeneous population of small and large, well-hybridising and not-well-hybridising 
bacteria. This was reflected in a diffuse staining pattern and less than 100% hybridisation 
efficiency (fig 1b). Though, hybridised bacteria could be distinguished from bacteria that did 
not hybridise (fig 1b). To determine the percentage of bacteria that hybridised with EUB338, 
the CY5-fluorescence histograms of the ten faecal suspensions were matched with the 
histograms of the same suspensions that hybridised with nonEUB338 and subtracted by 
matched region subtraction 18 (fig 2). Herewith, 71.9% (±13.2%) of the SYBR Green I stained 
bacteria hybridised with EUB338.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. CY 5-fluorescence histogram of a faecal suspension hybridised with CY 5-EUB338 (2a, dotted 
line) was matched with the histogram of the same suspension hybridised with CY 5-nonEUB338 (2a, 
continuous line) and subtracted by matched region subtraction 18. The matched region (A), the region in 
which the percentage of stained bacteria is calculated (C) and the resulting fluorescence histogram (2b) 
are shown. 
 
 
 
Clostridium coccoides Eubacterium rectale group (EREC-group) comprises a very 
heterogeneous population of bacteria which is reflected in a diffuse staining pattern 
comparable to EUB338 (fig 3ab). In contrast, the three other bacterial groups had distinct 
homogenous populations in SYBR Green I - probe-CY5 scattergrams (fig 3ac, 4a, 5a).  
Flow cytometric analysis and image analysis of identical faecal samples gave different results: 
with image analysis eubacteria low G+C #2 group could be identified in 9/10 samples 
compared to 3/10 with flow cytometry (Table 1). On the other hand, flow cytometric analysis 
resulted in significantly higher percentages of bifidobacteria and bacteria of the Clostridium 
coccoides and Eubacterium rectale group (Table 1). Despite these differences, there was a 
significant correlation between both methods concerning the BIF164-probe (Table 1). 
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Figure 3. Typical probe-SY BR Green I scatterplots of the same faecal suspension hybridised with 
EREC482-CY 5, nonEUB338-CY 5 or BIF164-CY 5. Hybridisation with EREC482-Cy5 revealed a 
relatively large population of bacteria of the Clostridium coccoides and Eubacterium rectale group (3a). 
This population was not well separated from nonspecific fluorescence (nonEUB338-CY 5, 3b) 
presumably due to the heterogeneity of the Clostridium coccoides and Eubacterium rectale group. In 
contrast, BIF164-CY 5 hybridisation resulted in a more homogenous bacterial population that was more 
distinct (3c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Probe-SY BR Green I scatterplots of a faecal suspension hybridised with ATO291-CY 5 (4a) 
or nonEUB338-CY 5 (4b). A  small distinct population of bacteria of the Atopobium-group could be 
identified. 
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Figure 5. Probe-SY BR Green I scatterplots of a faecal suspension hybridised with ELGC01-CY 5 (5a) 
and nonEUB338-CY 5 (5b). A  small distinct population of eubacteria low G+C #2 group could be 
identified. 
 
 
 
Table 1.  Percentages (±sd) of bacteria that hybridised with 4 group -specific probes as determined with 
flow cytometry and image analysis. Flow cytometry data are expressed as a percentage of S YBR Green 
I staining bacteria, and as a computed percentage of EUB338 hybridising bacteria. Data obtained with 
image analysis are expressed as a percentage of EUB338 hybridising bacteria.  

 
 

probe EREC482 1 BIF164 2 ATO291 3 ELGC01 4  
 

Flow cytometry 
samples with population * 10/10 8 /10 9 /10 3 /10 
% of SYBR Green I 36.0±9.3% 6.2±5.6% 5.0±3.7% 3.4±0.5% 
% of EUB338 52.3±18.9% 9.0±7.3% 6.7±4.6% 5.1±1.2% 
  
Image analysis 
samples with population 10/10 10/10 10/10 9 /10 
% of EUB338 19.3±7.1% ** 3.6±4.3% ** 5.5±2.9% 9.6±8.9% 
  
correlation (R2)*** p=0.11 (26%) p=0.001 (76%) p=0.06 (37%) - 

 
 

1 Clostridium coccoides and Eubacterium rectale group, 2  bifidobacteria,  3  Atopobium-group,   
4  eubacteria low G+C #2 group  
* Number of samples in which a specific bacterial population could be identified.  
** Significantly lower than flow cytometry 
*** Simple regression analysis was used to test possible correlations between data obtained with flow 

cytometry and image analysis 
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Flow cytometric analysis of FISH of faecal samples  
Since many faecal bacteria are smaller than 1 µm, FSC or SSC cannot be used as a 
discriminator. In the present study, three fluorochromes with minimal overlap in emission and 
excitation spectra were chosen: the nucleic acid stain SYBR Green I to stain all bacteria, Cy5 
as a label for the oligonucleotide probes and R-PE as a label for the antibodies. By serial 
dilutions the optimal SYBR Green I concentration was found to be 1:60,000 w/v in PBS. The 
discriminator was set on SYBR Green I fluorescence to detect bacteria. Herewith, bacteria 
could be clearly discriminated from background noise (fig 1b). All events with a large forward 
scatter (FSC), i.e. large aggregates 11 were excluded from final analysis (fig 1a).  
Nonspecific fluorescence of bacteria can be due to both autofluorescence and nonspecific 
binding of fluorescent probes or antibodies. All bacteria contain molecules with 
autofluorescent properties characterised by a broad spectrum of wavelengths with low 
amplitude. As a control for nonspecific probe-binding all samples were hybridised with CY5-
nonEUB338 (a nonsense probe that does not hybridise with any known bacteria). Compared to 
autofluorescence hybridisation with CY5-nonEUB338 resulted in minimal extra CY5 
fluorescence and, thus, nonspecific binding of the probes was not an important phenomenon 
(fig 6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Nonspecific CY 5-fluorescence as determined with flow cytometry analysis of a faecal 
suspension without probe (i.e. autofluorescence) (6a) and hybridised with a nonsense probe 
(nonEUB338-CY 5) (6b). Most bacteria had low levels of autofluorescence (6a). Nonspecific -
hybridisation as determined with CY 5-nonEUB338 resulted in minimal extra CY 5-fluorescence (6b). 
 
 
 
To determine the intertest variability the same faecal sample was analysed for the presence of 
bifidobacteria in 25 different experiments. In all analyses a discrete population of 
bifidobacteria could be identified (fig 1ab). The mean (± sd) percentage of bifidobacteria was 
5.45 ± 0.60 and, thus, the coefficient of variation of the intertest variability was 11 %. In one 
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series of experiments this faecal suspension was hybridised 6 times. The mean (± sd) 
percentage of bifidobacteria was 5.12% (±0.32%) and, thus, the coefficient of variation of the 
intratest variability was 6.3 %. 
During the staining procedure for flow cytometry 6 washing steps were needed: 2 for fixation, 
2 for FISH and 2 for immunofluorescence. To determine the possible loss of bacteria due to the 
washing procedure and FISH procedure, two samples were divided into two fractions. One 
fraction was fixed and washed twice, the other underwent the complete FISH procedure. The 
resulting bacterial suspensions were then coated onto a slide, stained with DAPI, and counted 
for the number of bacteria present in 10 microscopic fields. Herewith, we found that the total 
number of bacteria decreased with 28% due to the FISH procedure and the 4 additional wash 
steps. 
 
Flow cytometric analysis of FISH combined with IF of faecal bacteria  
To test whether there is a preference IgA-coating of certain bacterial populations in faeces we 
developed a flow cytometric method that combines FISH with immunofluorescence. To 
compare our method with former studies in which another set of fluorochromes were used 19, 
and to determine the influence of the procedure, we first analysed nonfixed bacteria stained 
with R-PE-labeled anti-Hu IgA that were not subjected to the FISH procedure. With this new 
combination of fluorochromes, the percentage of IgA-coated faecal bacteria present in faecal 
suspensions of 10 healthy individuals was 32.6 % (±8.5%). 
The combination of FISH with immunofluorescence resulted in a significant decrease of the 
percentage bacteria coated with IgA from 32.6 % (±8.5%) to 12.6 % (±4.7%) (p< 0.005). 
Reversing the order of both techniques (i.e. IgA staining prior to FISH) had no influence (data 
not shown). The addition of the immunofluorescence staining procedure did not influence the 
probe hybridisation (data not shown). 
In conclusion, FISH can be combined with immunofluorescence, however, at the expense of a 
considerable loss in sensitivity of the immunofluorescence. 
 
Increased IgA-coating of bifidobacteria 
To determine the percentage of IgA-coated bacteria within the various FISH-defined bacterial 
populations, each fixed faecal suspension was divided in 8 portions: 4 portions were hybridised 
with one of the four (EUB338, EREC482, ATO291, BIF164) CY5-labeled rRNA targeted 
probes and additionally stained with R-PE-anti-Hu-IgA. As a control, the other four portions 
were also hybridised with one of the four probes and additionally incubated with PBS/BSA 
(1%). After flow cytometry analysis, the bacterial population that hybridised with the probe 
was selected by a gate within a CY5-fluorescence-SYBR Green I scatterplot (fig 7a) and R-PE-
fluorescence (=IgA) histograms of this selected population were made. To determine the 
percentage of IgA-coated bacteria of this bacterial population, the R-PE-histogram of the IgA 
stained portion was subtracted by the R-PE-histogram of the control (PBS/BSA incubated) 
portion of the faecal suspension (fig 7b). The percentage of IgA-stained bacteria, as determined 
by matched region subtraction, of most bacterial populations were identical: 12.6 % (±4.7) of 
the SYBR Green I stained bacteria, 11.9% (±6.8) of the EUB338, 9.2% (±4.9) of the 
Clostridium coccoides and Eubacterium rectale group, and 13.3% (±6.7) of the Atopobium-
group were coated with IgA. In contrast, 29.5% (±19.8) of the bifidobacteria (p<0.05 with all 
bacterial populations) were coated with IgA. These data show that there is an increased IgA-
coating of bifidobacteria. 
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Figure 7. The percentage of IgA-coated bifidobacteria as determined by three color flow cytometry: two 
portions of each faecal suspension were hybridised with BIF164-CY 5 and additionally stained with R-
PE-anti-Hu-IgA or PBS/BSA (control). A fter flow cytometry analysis bifdobacteria (BIF164) were 
selected by a life gate within a CY 5-fluorescence - SY BR Green I scatterplot (7a), and R-PE-
fluorescence (=IgA) histograms of this selected population were made. To determine the percentage of 
IgA-coated bacteria of the bifidobacteria, the R-PE-histogram of the IgA stained portion (7b, Overlay, 
dotted line) was subtracted by the R-PE-histogram of the control (PBS/BSA) portion (7b, Overlay, 
continuous line). The percentage of IgA stained bifidobacteria was determined by matched region 
subtraction (7c, positives). 

 
Discussion 
 
Flow cytometric analysis of FISH of faecal samples  
We describe a new flow cytometric method to analyse whether all bacteria are similarly coated 
with IgA. We used a combination of SYBR Green I (to stain all bacteria), FISH with CY5-
rRNA-targeted probes directed to either all bacteria (EUB338), or probes specific for certain 
groups of bacteria (Clostridium coccoides and Eubacterium rectale group, bifidobacteria, 
Atopobium-group, eubacteria low G+C #2 group), as well as a nonsense probe (nonEUB338) 
in combination with immunofluorescence (R-PE-anti-Hu IgA). With this new method we 
analysed ten faecal samples of healthy humans. In order to validate FISH as analysed with flow 
cytometry, all ten faecal samples also were subjected to FISH on a microscopic slide and were 
analysed with image analysis 1,5.  
Our flow cytometric method can specifically identify bacterial groups within faecal 
suspensions because: (a) the probes used are specific for certain bacterial groups, (b) 
autofluorescence and fluorescence due to nonspecific binding of the probe has been subtracted 
from the fluorescence signal of the hybridised bacteria, (c) the method is reproducible with a 
coefficient of variation of the intertest variability of 11 %, (d) the percentages of bifidobacteria 
and bacteria of the Atopobium-group within faeces as determined by flow cytometry correlated 
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with the data obtained with image analysis.  
The percentage of bifidobacteria as determined by flow cytometry was higher than with image 
analysis. Theoretically, this difference between both methods can be explained by a loss of 
EUB338 hybridising bacteria (but selectively not bifidobacteria) due to the flow cytometric 
sample preparation. Though some bacteria were lost during sample preparation, the mean 
forward scatter of the bacteria did not change suggesting that there was no bias towards 
bacteria with a certain size, and, thus, presumably no preferential loss of certain bacterial 
groups. A greater sensitivity of flow cytometry for the identification of bifidobacteria could 
theoretically also explain the higher percentage of bifidobacteria determined by flow cytometry 
analysis compared to image analysis. An argument for a greater sensitivity of FISH when 
analysed by flow cytometry may be that with flow cytometry we found higher percentages of 
the Clostridium coccoides and Eubacterium rectale group (52.3±18.9%) compared to image 
analysis in both the present study (19.3±7.1%) and a former study (22.7%) 5 and a higher 
percentage of EUB338 hybridising bacteria (71.9%±13.2%) compared to a former study with 
image analysis (60.9%) 5. This greater sensitivity of flow cytometry may be explained by the 
histogram subtraction method we used for our flow cytometry data 18. Due to the heterogeneity 
of the faecal bacterial population there is a considerable overlap in fluorescence levels between 
(a) bacteria with the strongest autofluorescence and no specific fluorescence and (b) bacteria 
with weak autofluorescence combined with weak specific fluorescence. With ‘matched region 
subtraction’ 18 bacteria with weak specific fluorescence can be identified. In contrast, for image 
analysis a threshold is arbitrarily set at a level above the level of strongest autofluorescence.  
In contrast, image analysis appeared more sensitive for the eubacteria low G+C #2 group. With 
flow cytometry in 3 out of 10 samples an eubacteria low G+C #2 group population could be 
recognised, compared to 9 out of 10 with image analysis. Most of these 9 populations were 
large enough (i.e. larger than approximately 2%) to be recognised by flow cytometry. An 
explanation may be that hybridisation with the ELGC01 probe is less stable than with the other 
probes tested and, thus, that hybridisation was lost during the washing steps with PBS.  
Compared to image analysis, flow cytometry has advantages as well as disadvantages. 
Advantages are the speed of analysis, the large number of bacteria that can be analysed 
(100,000 in 1 minute), the greater sensitivity due to histogram subtraction of nonspecific 
fluorescence, and the possibility to combine FISH with immunofluorescence. Disadvantages 
are the laborious sample preparation, the need of an extra fluorochrome, the inability to analyse 
small (i.e. smaller than approximately 2%) bacterial populations whereas with image analysis 
even populations smaller than 0.01% can be accurately analysed, and hybridisation with some 
probes may disappear during the sample preparation. 
 
Increased IgA-coating of bifidobacteria 
Our data show a higher percentage of IgA coating of bifidobacteria compared to the other 
bacterial groups tested. This may be the result of selective IgA coating of certain subtypes of 
bifidobacteria, or by a general increase in the number of IgA molecules coated to the 
bifidobacteria resulting in a higher percentage of bifidobacteria above the detection limit of this 
flow cytometric method. The increase in IgA coating can thus be caused by: (a) nonspecific 
IgA coating to bifidobacteria, for instance via carbohydrate side chains that are present on IgA 
20-22, or by (b) specific IgA coating of bifidobacteria. If this latter assumption is true, then this 
increased IgA-coating of bifidobacteria may be either explained by an increased interaction 
between the mucosal immune system of the gut and these bacteria or a loss of mucosal 
tolerance for these bacteria. What can be the consequence of an increased bacterial IgA-coating 
within the intestinal lumen ? Intestinal epithelial cells are covered by a mucus gel that contains 
large amounts of IgA 20. Within this mucus layer there are no bacteria 23. This is surprising in 
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view of the large amount of bacteria close to this mucus layer. Bacterial IgA-coating may 
hinder bacteria passing the viscous mucus layer by (a) increased binding of bacteria to the 
mucus layer 22 presumably via binding of the carbohydrate side chains of IgA to the mucus, (b) 
agglutination of bacteria within mucus, and (c) inhibition of bacterial motility by binding to 
their flagella 20. Thus, bacterial IgA-coating may prevent direct contact between bacteria and 
epithelial cells. 
 
Concluding remarks 
In conclusion, we describe a new flow cytometric method to analyse bacterial populations 
within faeces with a FISH technique that detects the IgA-coating of faecal bacterial 
populations. This technique may be more sensitive than image analysis for analysis of large 
bacterial populations with a stable hybridisation, but less sensitive for small bacterial 
populations or probes with instable hybridisation. With flow cytometry an increased IgA-
coating of bifidobacteria was found.  
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