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CHAPTER ONE 

INTRODUCTION 

, , intestinal bacteria are not only the major source of infections 

but they could also be involved in auto-immune disorders
, ,  

van der Waaij , D.  
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Crohn's disease is a disease affecting the whole of the digestive tract including 
mouth and anus. Mostly the affected area are small and large intestine. In contrast, 
ulcerative colitis is a disease involving the rectum and extending for a variable length 
of the colon to affect the whole colon. 
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The diseases collectively known as inflammatory bowel diseases 
(IBDs) are ulcerative colitis (UC) and Crohn's disease (CD). Both are 
chronic inflammatory disorders of the digestive tract characterized by 
a tendency to remission and relapse. They occur in either sex and any 
age, with peak incidences in the 20- to 40-year age group. In Europe, 
their incidence amounts to 6 to 9 cases per 100,000 population per an
num. Their aetiopathogenesis is poorly understood, certain distressing 
local and systemic complications are common to the two diseases, and 
their morbidity and mortality have a severe socioeconomic impact . 

Clinically, the IBDs are marked by symptoms as abdominal pain, 
diarrhoea, fever and weight loss. Besides intestinal disorders, both 
diseases have in common extra-intestinal manifestations like arthritis, 
erythema nodosum, pyoderma gangrenosum, clubbing of fingers, 
ankylosing spondylitis, iritis, conjunctivitis etc. Anatomically, 

ulcerative colitis is essentially a disease which begins in the rectum; it 
spreads from the rectum in continuity to involve part or the whole of 
the large intestine. In contrast, Crohn's disease affects small and large 
intestine, either singly or in combination. Recently, Crohn's disease is 
recognized as a disease affecting the whole of the digestive tract, in
cluding mouth and anus (Figure 1 . 1 ) .  Histological/y, the lesion of 
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Crohn's disease is a transmural one which is predominantly a sub

mucosal inflammation. The hallmark of CD is the occurrence of 
epitheloid granulomata, but these (aspecific) markers are only present 
in about 60 O/o of patients. Crohn's disease typically affects discon
tinuous segments of intestine with apparently normal tissue between 
each 'skip' lesion. Histological abnormalities in apparently normal 

FIGURE 1 .2 

Cross-section of digestive tract sharing the layers of the wall of the tract. The lesion 
of Crohn's disease is a transmural one which is predominantly a submucosal inflam
mation (epitheloid granuloma), Ulcerative colitis is primarily a mucosa/ lesion 
(ulcer). (With permission of Blackwell, Oxford). 
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unaffected intestine have been reported. Therefore, it may be that the 
whole of the digestive tract is abnormal and that local factors (such as 

antigen concentration) determine the site of the overt disease. Unlike 

Crohn's disease, ulcerative colitis is primarily a mucosa/lesion (ulcer) 
which involves the rectum and extends for a variable length of the 
colon to affect the whole colon in some patients. Crypts abcesses are a 
typical feature but not a necessary finding (Figure 1 .2). Involvement 

of the terminal ileum can occur in total colitis in continuity with the 
disease in the colon. 

There is now strong view that ulcerative colitis and Crohn's 
disease may represent the ends of a spectrum with a varying tissue 
reactivity to a common aetiological agent. This view is supported by 

the occurrence of typical Crohn's disease and ulcerative colitis in close 
relatives; the difficulty in distinguishing between the two disorders, 
both clinically and pathologically, when the colon is affected, and the 
similar age, race, sex and geographical distribution of the diseases. 
They have also in common extraintestinal manifestations such as ar
thritis, iritis and skin lesions. However, there are certain striking dif

ferences, notably the frequent involvement of the small intestine and 
occasionally the upper digestive tract in Crohn's disease, the continui
ty of mucosal involvement in ulcerative colitis, maximal in the rectum, 

compared with the characteristic skip lesions in Crohn's disease and 
the rarity with which classic histological features of ulcerative colitis 
and Crohn's disease occur in the same individual1 • 

This study concerns some facets of the pathogenesis of inflam
matory bowel diseases. The investigation focuses on the digestive tract 
flora and on the role of the local and systemic immunity in transloca
tion of enterobacterial antigens. A series of inflammatory bowel 
disease patients is compared with a group of healthy individuals. A 
bacteriological recording of the digestive tract flora and an im
munological inventory of both local and systemic immunity (during 

relapse and remission) are made, in order to examine whether 

translocation of enterobacterial antigens may be of importance in the 

pathogenesis of inflammatory bowel diseases. Before formulating the 
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working hypothesis (Chapter two) we describe in this first chapter the 
normal (physiological) processes concerning: 

(i). bacterial flora of the digestive tract together with an account 
of control mechanisms (colonization resistance) 

(ii) . local immunity of the digestive tube controlling entry and in
vasion of bacterial substances (preventing a systemic immune 
response). 

(iii) . systemic immunity (regulation of immune response) . 

(I) 
COLONIZATION RESISTANCE OF THE DIGESTIVE TRACT 

Bacterial flora 

By far most numerous bacteria colonizing the digestive tract (DT) 
are the anaerobes. The aerobes to which belongs the family of the 
Enterobacteriaceae only accounts for < 1 OJo of all potentially 
pathogenic microorganisms (PPMs) inhabiting the digestive tract . The 
two sites of the digestive tract most easy to sample for culturing are 
the oropharyngeal cavity (swab or washing) and the intestinal tract 
(faecal specimen). 

1 .  Oropharyngeal cavity 
Besides an enormous quantity and number of anaerobic bacteria, 

the family of aerobic viridans streptococci colonizes the oropharynx 
in high growth densities. Healthy adults are in different percentages 
carriers of Staphylococcus aureus, Streptococcus pyogenes, Strep

tococcus pneumoniae, Haemophilus inf/uenzae and Candida 

a/bicans. Enterobacteriaceae (Escherichia coli, Klebsiella 

pneumoniae, Enterobacter spp etc.) can be present in the oral cavity in 
a small percentage. The oropharynx is only a transient or temporary 
residence for Enterobacteriaceae spp. 

2. Intestinal tract 
In the faeces more than 99 OJo of the bacterial population consist 

of anaerobes . The aerobic part includes Enterobacteriaceae, faecal 
streptococci and in cases of carriership Staphylococcus aureus and 
Candida albicans. Streptococcus pyogenes and Streptococcus 
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pneumoniae as well as Haemophilus influenzae colonizing the mouth 
are - after sw;llowing - not proof against bile and cannot be 
cultured from faeces .  In contrast to the oropharynx, the intestines 
normally harbour Escherichia coli or other members of the Entero

bacteriaceae family (Figure 1 .3) . 

11 10 

9 10 

OROPHARYNGEALFLORA 
(PPMs/ml of saliva) 

INTESTINAL FLORA 
(PPMs/g of faeces) 

ORAL OESOPH., STOM., DUOD., JEJUN., ILEUM 
CAVITY 

------··:1

011 

9 10 

COLON 

FIGURE 1.3 
Colonization pattern of digestive tract under normal circumstances. High concen

trations of (colonization resistance supporting) anaerobes in oropharynx and colon 
(black line) controlling the aerobic Enterobacteriaceae spp (red area). 
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Colonization resistance 

Colonization resistance or CR is defined as the resistance of an 
individual (or of one of the individuals tracts) against colonization by 
aerobic potentially pathogenic microorganims. CR is a defense con
cept and an individuals characteristic. An intact and normal CR 
results in the colonization pattern (qualitative and quantitative) 
represented as mentioned in Figure 1 -32• CR of the digestive tract in
cludes a complex of defense factors which limit or even prevent co
lonization of the digestive tract by aerobic PPMs. PPMs supplied by 
food and beverages entering the digestive tract via the oropharynx will 
meet eliminating forces which counteract their attempts to colonize. 
The aim of this CR mechanism is control and/ or elimination of these 
PPMs from the digestive tube. The CR of the DT depends on four 
basic eliminating forces: 
a. mechanical cleansing; 
b. production of saliva repectively mucin; 
c .  desquamation of mucosa! cells; 
d .  secretory immunoglobulin A (s-lgA) interfering with bacterial 

adherence. 
A fifth and very important factor in establishing CR of the DT is the 
anaerobic part of the digestive tract microflora. The anaerobes play a 
key role in the control of the concentration of the aerobic flora in 
oropharynx and intestines. A sufficient number of anaerobes of the 
kind which normely colonizes the digestive tract constitue - 'in con
cert' - with his host a good control of the aerobic potentially 
pathogenic microorganisms. This mathematically results into a 
number of 10s aerobes (Escherichia coli) to l0 10anaerobes. How the 
anaerobes do realize this controlling function is not yet fully 
understood. It is however certain that they do it in two ways : directly 

by means of production of certain substances such as volatile fatty 
acids and bacteriocines to interfere in a direct way with the entering 
aerobes trying to colonize the digestive tube. But more important is 
the indirect contribution of anaerobes to the CR by means of stimula
tion of certain CR related host activities such as intestinal peristalsis, 
production of mucin and epithelial desquamation. 
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1 .  CR of the oropharyngeal cavity 
Essential factors in the colonization resistance of the oro

pharynx are the integrity of the oral mucosa, mechanical cleansing 
by muscular actions of the tongue, cheeks and lips and by swallowing. 
This is greatly aided by saliva flow which in addition to lubricating the 
movements during chewing and swallowing makes it possible to 
swallow PPMs into the stomach. Desquamation of epithelial cells,  the 
antimicrobial components in saliva (lysozyme, peroxidase, lactofer
rin, complement etc.) as well as the indigenous oral flora (anaerobes, 
viridans streptococci) constitute a powerful defense system con
tributing to the oropharyngeal CR. The oral mucosa continuously 
bathing in saliva is covered by s-lgA the most important im
munoglobulin secreted with saliva. 

2. CR of the intestinal tract 
On the analogy of the oropharynx mechanical cleansing at in

testinal level is ensued by peristalsis and mucin has the same 
lubricating function as saliva in the oral cavity. Desquamation of 
mucosa! cells to which bacteria adhere, s-lgA interfering with 
bacterial adherence and the anaerobic part of the microflora by its 
direct and indirect action against aerobes, all are involved in the con
trol and/or elimination of aerobic PPMs (Enterobacteriaceae). 

The digestive tube stretching from the oropharynx to the anus 
forms one organ or entity also concerning the physiological CR fac
tor. The colonization pattern of the oropharynx seems also to be con
trolled indirectly by intestinal anaerobes in the colon. A greater deal 
of the control of Gram-negative colonization in the oral cavity is 
perhaps not the result of direct interference but more an enhancing in
fluence of colonic bacteria on the 'four major basic forces ' of the 
host. This could imply that the digestive tract with its complex 
microflora can be regarded as an organ in which bacteria do not only 
participate in digestion of proteins and carbohydrates or in decon
jugation of bile acids. 
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(II) 
LOCAL IMMUNITY OF THE DIGESTIVE TRACT 

The whole of the digestive tube stretching from mouth to anus is 
lined by epithelium in close contact with a strongly developed lym
phoid system. This 'lymphoid organ' controlling entry of food an 
microbial substances and preventing invasion is called gut associated 

lymphoid tissue (GAL TJ· 4• 

Villus 

FIGURE 1 .4 
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f 
Blood circulation 

l 
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! 
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Antigenic sensitization in gut associated lymphoid tissue (GALT) (Peyer's patches), 
traffic of lymphoid cells from Peyer's patches to mesenteric lymph nodes, circula
tion and homing. 
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Anatomy 

GALT consists of tonsils, Peyer's patches and appendix. The 
Peyer's patch is a nodule of lymphoid tissue consisting of a germinal 
centre lying in close apposition to a specialized epithelium containing 
a typical cell type, the microfold or M cell . These specialized M cells 
transport antigenic material from the intestinal lumen to underlying 
lymphoid cells (Figure 1 .4) . The antigen interacts with T- and B- small 
lymphocytes in what is essentially a traffic area. These cells are lgA 
precursor cells but do not produce lgA locally. The sensitized cells 
then migrate to the mesenteric lymph nodes undergoing a process of 
differentiation. Thereafter they enter the thoracic duct and to the gut 
mucosa where over 90 OJo of lymphoid cells in the lamina propria are 
lgA secreting plasma cells (Figure 1 .5). 

Mesenteric 
lymph node 

FIGURE 1 .5 

Blood vessel 

Lamina propria 

Intestine 

Selectively homing of lgA cells into salivary gland and intestines. 
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Synthesis, assembly and secretion of secretory immunoglobulin A. 
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Local immune response 

Two molecules of lgA are combined by means of a joining (J) 
chain which is also secreted by local plasma cells. Dimeric lgA is then 
complexed by the secretory component, synthesized by the epithelial 
cells of salivary acini and intestinal mucosa; and the assembled 
secretory lgA or s-lgA is then transported into the duct lumen and ex
creted into the mouth and into the intestinal lumen of the gut (Figure 
1 .6). The advantage of s-lgA is that it is more resistant to proteolytic 
degradation than other immunoglobulins. 

Function of s-IgA 

The function of s-lgA has been described as an 'antiseptic painC 
for mucosal surfaces. The current view of the mechanism of action of 
s-lgA is that the antibodies may combine with bacteria by 'coating

, 

the microorganisms and so prevent their adherence to the correspon
ding receptors on the mucosa! surface. This may prevent absorption 
of the vast array of food and bacterial antigens from the digestive 
tract and thereby prevent both overloading the systemic immune 
system and development of undesirable allergic responses . 

The anaerobic microflora not only constitutes colonization 
resistance in close cooperation with the host, but also the local im
mune appartus contributes in an important way to the CR. Animal 
work shows that the anaerobes are never coated by s-IgA resulting in 
extreme high concentrations of ;;;:i: l0 1 0anaerobes per gram of faeces. 
The aerobes (Enterobacteriaceae, Str. faecalis and yeasts) are selec
tively coated by the local immune system as parts of the control 
mechanisms. An intact CR (anaerobes + s-lgA) results in numbers of 
HY aerobes per gram of faeces. In this monograph the term coloniza
tion resistance comprehends colonization pattern of the digestive 
tract. The locale immune system (s-lgA) is treated separately. 
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immunoglobulin s 

FIGURE 1 .7 
T-cell circuit sustaining immune homeostasis.  
(T,: T-suppressor cell; Th: T-helper cell ; Tc: T-cytotoxic cell; B: B-cell pr,oducing im
munoglobulins). 
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(III) 
SYSTEMATIC IMMUNE SYSTEM 

(IMMUNE RESPONSE REGULATION) 

23 

In some circumstances when the local immune system is bypassed 
and overloaded some digestive tract-associated antigens enter into the 
circulation. This antigenic stimulation may result in the induction of 
systemic tolerance or systemic immunization (circulating antibodies)s. 

Systemic tolerance 

Many data indicate that the local immune response play an im
portant role in the induction of tolerance by oral route. A local im
mune response may result not only in a strong s-IgA response but also 
in the production of low titres of circulating IgA class antibody and 
the formation of IgA antibody-antigen complexes which, if formed in 
antigen excess, would be powerful tolerogens, i .e . ,  the formation of 
IgA-containing immune complexes may reduce the absorption of fur
ther antigen and block an ensuing (lgM, IgG) systemic response. 

The liver may also be important in the phenomenon of tolerance 
induction, although the mechanism by which it contributes is 
unknown. 

Systemic immunization 

Although the major emphasis has been on the protective role of 
the local immune system, in many cases a systemic response can be 
demonstrated. After intravenous immunization the majority of an
tibody production (lgM, IgG) occurs in the spleen. Digestive tract
associated antigens which have passed the mucosa! barrier and entered 
the blood circulation are functionally equivalent to an intravenous in
jection of antigens and thus the major site of antibody production will 
be the spleen. The outcome of antigen triggering is governed by the 
balance between helper (inducer) T-cells and suppressor T-cells 
(Figure 1 .7). These two discrete subsets of T-cells are critical for im
mune homeostasis . The inducer subset is central for the activation of 
B-cells (producing immunoglobulins as IgM or IgG), other T-cells, 
macrophages as well as for the hematopoietic differentiation. This 
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helper or inductive influence is regulated by the presence of sup
pressor T-cells that function to inactivate the inducer subset. The im
mune response on digestive tract-associated antigens is controlled by 
T-cell subpopulations with the aim of preventing sensitization against 
own digestive tract-associated antigens. 

The liver also plays an important role in preventing production of 
circulating (precipitating lgM) antibodies induced by digestive tract
associated antigens.  Intestinally derived antigens which have passed 
the local immune defences arrive via the portal circulation into the 
liver . The liver which is an important phagocytic organ renders the an
tigens non-immunogenic. 

These three major (physiological) factors, the colonization 
resistance, local immune system and systemic immune system con
stitue the homeostasis by which an individual is capable to control his 
own endogenous flora. 
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CHAPTER TWO 

OUTLINE 

OF THE INVESTIGATION 

INTO THE AETIOLOGY 

AND PATHOGENESIS 
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, , perhaps future studies should include also the concept 

of vulnerability of the host" 

Kirsner, J.B. 
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The aim of this investigation is to study which part of the coloni
sing (indigenous) flora (aerobes or anaerobes) can play a role in the 
aetiology and pathogenesis of inflammatory bowel diseases. Our in
vestigation is merely based on previous work of the group of 
Shorter1•2• Shorter developed a working hypothesis for the aetiology 
and pathogenesis of inflammatory bowel diseases. His speculation 
was that 'inflammatory bowel disease results from the establishment 
of a state of hypersensitivity to antigen(s) of bacteria normally present 
in the individual's gastrointestinal tract. This state of hypersensitivity 
could develop as a result of increased permeability of the gut mucosa, 
allowing passage of nonenteropathic Escherichia coli. This increased 
permeability could occur in genetically predisposed individuals' .  

Inflammatory bowel diseases consequently could be regarded as 
expression forms of immune reactivity ('hypersensitivity reaction') to 
endogenous intestinal bacterial antigens. In (genetically?) predisposed 
individuals with a decreased function of gut associated lymphoid 
tissue (GALT), translocation of bacterial antigens may occur and 
result in stimulation of the central immune apparatus (e.g. , mesenteric 
lymph nodes, spleen). Endogenous intestinal bacteria sharing antigens 
with host constituents may induce cross-reacting antibodies, i .e . , an-
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tibodies which also complex with host tissue components . Finally, 
such cross-reacting antibodies are known to mediate in immunological 
inflammation reactions (type 2 or 3) and/or granuloma. 

The intestinal antigens focused on in this investigation are 
selected on the basis of Shorter's hypothesis ,  i .e. , the aerobic Entero

bacteriaceae. Further support for this choice is provided by the 
following reasons : 

1 .  The most likely candidates for increased translocation from 
the digestive tract lumen into the lymphoid organs seem to be the 
aerobic Enterobacteriaceae spp (Escherichia coli, Klebsiella spp, etc.). 
The aerobic Enterobacteriaceae spp are more invasive than the 
anaerobes , although anaerobes outnumber the aerobes 104 times3.4. 
The anaerobes constantly present in high concentrations ( � 1010 per 
gram of faeces) form a kind of 'wall paper' of the intestinal mucosa; 
the aerobic Enterobacteriaceae normally found in lower concentra
tions ( < 106 per gram of faeces) may form only spots iii that general 
anaerobic 'wall paper'. Under colonization resistance lowering condi
tions, the anaerobic part of the microflora decreases . This is generally 
immediately followed by a subsequent increase of the intestinal con
centration(s) of aerobic Enterobacteriaceae spp. The latter then form 
no longer only small patches in the wall paper and may fill larger 
areas left open by the decimated anaerobic part. Under CR lowering 
conditions the aerobic Enterobacteriaceae spp are present in high 
numbers in the intestines; not only in its lumen but also in intimate 
relation with the intestinal mucosa resulting in an enhanced transloca
tion. 

2. A second reason why we focus our investigation on the aerobic 
Enterobacteriaceae spp is the evidence that the GALT system 
responds in general exclusively to the aerobic part of the digestive 
tract flora: potentially pathogenic bacteria such as aerobic Enterobac

teriaceae spp, when they colonize in sufficiently high concentrations 
( �  105 per gram of faeces) are coated with secretory immunoglobulin 
A (s-lgA)5•6• The outnumbering anaerobes, however, have been found 
uncoated with s-lgA in mice. This suggests that either there is an im
munological tolerance in the GALT for anaerobes or they do not 
penetrate the mucosa! lining. Local immunological tolerance may be 
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caused by T -suppressor cells in the GALT. The function of such 
tolerance could be prevention of the production of s-IgA. s-IgA to 
anaerobes may limit their adherence and therewith their protective 
'wall paper' function in the intestines. In addition, a state of tolerance 
may ensue prevention of development of inflammatory (tissue dama
ging) reactions to otherwise beneficial (CR constituting) bacteria or 
absorbed cell wall components of them7•8• 

3 .  The third reason why the scope of this investigation concerns 

the aerobic Enterobacteriaceae is the evidence of cross-antigenicity be
tween Enterobacteriaceae and host constituents9•10• However, there is 
also evidence for the presence of cross-reacting antigens between an
tigens on the anaerobes and host tissue or organ specific constituents. 
Cross-reacting antibodies induced by anaerobes have also been 
reported1 1•12• 

4. The fourth reason why we place the study of Enterobac

teriaceae colonization and host reactivity central, is formed by certain 
animal experiments. In mice, suggestive evidence has been described 
for a relation between the development of graft-versus-host disease 
and the absence of s-IgA secretion following conditioning for bone 
marrow engraftment and IgA-coated Enterobacteriaceae spp in 
faeces5• Furthermore, in guinea pigs, the development of ulcerative 

disease of the large intestine (induced by oral application with 5 OJo 
degraded carrageenan) largely correlates with the presence of Entero

bacteriaceae spp in the intestinal tract13• Because the ulcerative lesions 

in graft-versus-host disease are morphologically very similar to 

(chronic) IBD lesions, it seems indicated to investigate the incidence of 
s-IgA coated Enterobacteriaceae spp in IBD patients and compare it 
with the IgA coating incidence in normal healthy controls. Other in
vestigators, however, have found that antimicrobial agents against 
obligate anaerobic bacteria could prevent the development of car
rageenan induced caecal ulcerative lesions in hamsters. This suggests 
that the anaerobic part of the microflora may play a key role in the 
pathogenesis of experimental 'ulcerative colitis'1 4•15•16• 
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How does the state of hypersensitivity become established? 

A consequence of translocation of enterobacterial antigens? 

Translocation is defined as the passage of bacteria or bacterial 

antigens from the digestive tract through the epithelial mucosa into 
the lymphoid organs, e.g., mesenteric lymph nodes and spleen11• This 
penetration can result into stimulation of the systemic immune system 
with subsequent circulating antibodies18• Circulating (complement fix
ing) antibodies against endogenous digestive tract mucosa-associated 

flora may constitute a potentially harmful hypersensitivity state. Con

tinuously released antigens, when they pass the mucosa! lining may 
cause focal or more generalized inflammatory reactions in the sub
mucosa along that part of the intestinal lining colonized (wall paper) 
by microorganisms to which the antibodies are directed. Cross
antigenicity between bacterial and (sub) mucosal antigens if it exists, 
could also cause massive tissue destruction by means of complement 

fixing antibodies interacting with bacteria and/ or endogenous tissue 
antigens19• Prerequisites for translocation of indigenous bacteria from 
the digestive tract lumen into the lymphoid organs are: 

(i) High concentrations of (aerobic) intestinal bacteria per gram 

of faeces (;;;:d06
1 

bacteria per gram of faeces). If Enterobacteriaceae 

spp candidate for translocation, high concentrations are to be ex
pected in the faeces. This implies that the colonization resistance must 

be lowered. 

(ii) Gut associated lymphoid tissue (GALT) function -

associated with control of adherence of indigenous (aerobic) bacteria 

inside the lumen - should be decreased. 

(iii) Translocation of intestinal bacteria or their antigens can be 
investigated by measuring the response of the systemic immune system 

to translocation, i.e., detection of increased titres of circulating an
tibodies against (translocating) bacteria or bacterial antigens. 
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The colonization resistance (CR) of the digestive tract - as is 

discussed in Chapter one - is depending on eliminating forces of the 
host organism and on the anaerobic part of the microflora. A well 

functioning CR maintains the oropharyngeal flora 'normal', i.e., free 
of colonizing Enterobacteriaceae spp and into a faecal concentration 
of < 1 06 Enterobacteriaceae spp per gram of faeces. Many factors can 
interfere with this combined host and micro flora associated defense 

mechanisms of the CR, e.g., antimicrobial agents (AMAs), opera
tions, intubations, stress, etc. Antimicrobial drugs active against 
anaerobes (Clostridia ?) and excreted in the digestive tract (via saliva 
and/or bile) affect the CR. Well known AMAs such as penicillin G, 
ampicillin, cefalothin, kanamycin, tetracyclines, etc., may decrease 
the CR to an important degree20•21• The possible impact of this negative 
influence on the digestive tract CR is 'overgrowth' by Enterobac

teriaceae spp (resistant to the drugs used). Conditions of 'overgrowth' 
often involve an oropharyngeal concentration of � 1 06 resistant 
Enterobacteriaceae spp per ml of saliva and an intestinal concentra

tion of � 1 06 resistant Enterobacteriaceae bacteria per gram of faeces 

(Figure 2. 1 ) .  Similar shifts have been described following operations, 
intubations, stress, etc. these 'overgrowth' conditions are often found 
associated with translocation through the mucosa by those bacteria 
which are found in high concentrations. 

Only under circumstances of decreased CR high concentrations 

of Enterobacteriaceae spp may be present in the digestive tract poten
tially followed by translocation into the lymphoid organs. Particular
ly, antimicrobial treatment of individuals and experimental animals 
with strongly CR decreasing AMAs has been observed to promote 
overgrowth, translocation and as a result subsequent sensitization. If 
translocation/sensitization occurs in the digestive tract, the most pro
bable predeliction site for sensitization are the lymphatic organs 

associated with the oropharyngeal cavity. Although these lymph 

nodes may rapidly respond with the production of neutralizing an-
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FIGURE 2.1 

Colonization pattern of digestive tract in colonization resistance (CR) lowering con
ditions. A decrease of (CR constituting) anaerobes (black line) results in high con
centrations of Enterobacteriaceae spp in oropharynx and intestines (red area). 
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tibodies to antigens, the clearance of penetrating antigens from the 
circulation, may be more delayed than those from the gut. In the latter 
situation the liver PMN-system drains intestinal antigens perhaps 
faster and more efficiently. 

A classic example for demonstrating the oropharynx as possible 

site of translocation/sensitization are the post-streptococcal auto

immune diseases. Streptococcal angina is associated with high concen
trations of Streptococcus pyogenes in the oropharyngeal cavity 
leading to translocation and sensitization. If it concerns certain 
serotypes the resulting circulating antibodies may cause in some pa

tients ( < 5  OJo) immunological inflammatory reactions in the heart, 
joints or kidneys22•23• 

The first stage of this investigation concerns the colonization pat

tern of aerobic bacteria in the digestive tract (oropharynx + in

testines) in order to investigate the quantity of potentially pathogenic 
Enterobacteriaceae spp in the digestive tract and whether they are 
'candidating' for translocation through the epithelium. 
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A function of the gut associated lymphoid tissue may be limiting 
of the adherence of Enterobacteriaceae spp to the mucosal cells. This 
mucosal-associated immune system may represent an important bar
rier to translocating of bacteria and subsequent systemic sensitization. 

A mechanism of action of local immunity is coating of most aerobic 

bacteria with secretory immunoglobulin A (s-lgA). This would limit 
their adherence to the mucosa24•25• 

In the literature there is increasing evidence for the possibility 
that a (primary?) mucosal immunodeficiency in the digestive tract of 
patients with inflammatory bowel disease plays a key role in the 
pathogenesis of their disease26•21• A dysfunction of GALT may 
facilitate translocation and possible subsequent sensitization21 (Figure 
2.2). 

The second stage of this investigation includes the development 
of a technique for the evaluation of the function of the local immune 
system. The technique depends on the determination of the percentage 

of s-lgA coated aerobic Enterobacteriaceae spp in faeces. 
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tissue damage / 
FIGURE 2.3 

Scheme for possible defective immunoregulation in inflammatory bowel disease pa
tients. (T.: T-suppressor cell; Th: T-helper cell; Tc: T-cytotoxic cell; B: B-cell produ
cing immunoglobulins). 
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(III) 
DOES THE SYSTEMIC IMMUNE SYSTEM OF IBD PATIENTS 

REACT TO {TRANSLOCATED) ENTEROBACTERIAL 
ANTIGENS? 

The aim of this third stage of this investigation is the determina

tion of circulating antibody concentrations to potentially pathogenic 
aerobic (translocated) enterobacterial antigens. In combination with 

the observations from stage (i) and (ii), information could be obtai
ned, albeit in an indirect way, about the immunoregulatory 

homeostasis and perhaps more in general about the T-cell function. 
For, the outcome of translocation of bacteria and possible subsequent 
sensitization is - as discussed in Chapter one - governed by the 

balance between helper (inducer) T-cells and suppressor T-cells. The 

inducer subset activates B-cells producing IgM (IgG) antibodies. This 
helper or inductive influence is regulated by the presence of sup
pressor T-cells that function to inactivate the inducer subset. Recent

ly, observations about a dysbalance between helper and suppressor 

T-cells in IBD patients are reported (Figure 2.3)29•30 • A combination of 
a (primary?) mucosa! immunodeficiency with a decrease or loss of 
T-suppressor cells probably provides a persistent production of cir
culating (complement fixing) antibodies to mucosa associated flora, 
maintaining in this way the state of hypersensitivity to these bacteria 

or components of these bacteria. 

Patient selection. IBD patients who were admitted to the 
gastroenterology department and who had not been treated by AMAs 
and immunosuppressive therapy were selected. As controls acted 
healthy coworkers under identical conditions. 
Oropharyngeal swabs and faecal portions were collected twice weekly; 
serum once a week. 

In conclusion: to examine whether translocation of intestinal 
bacterial antigens from the digestive tract into the lymphoid organs is 

established by a combination of abnormalities, e.g., a mucosal im

munodeficiency with a dysfunction of T-regulatory cells, we decided 
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Diagram of a hypothetical model for the pathogenesis of inflammatory bowel 
diseases (IBDs). 
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to investigate: (i) the colonization pattern of aerobic Enterobac
teriaceae spp (Chapter three), (ii) the local immunity (Chapter four) 
and (iii) the systemic immune system response to enterobacteria 

(Chapter five) in IBD patients and healthy control subjects. Whether 
Enterobacteriaceae spp are only good indices for these three study 
aims or whether they are involved in the pathogenesis of IBDs is 
discussed in Chapter six and Chapter seven. 

Enterobacterial antigen translocation with subsequent hyper

sensitivity in mucosa/ immunodeficiency 

Figure 2.4 shows the hypothetical model of this investigation into 
the aetiology and pathogenesis of inflammatory bowel diseases. This 

study includes three moments: 

(i) Digestive tract associated antigens. As a consequence of 
decreased colonization resistance, high concentrations of aerobic 
Enterobacteriaceae spp can be present in the digestive tract lumen 

(oropharynx + intestines). 

(ii) Translocation: f aci/itated by a deficient gut associated lym

phoid tissue. Besides high concentrations of enterobacterial antigens a 
second condition necessary for translocation has to be fullfilled, i.e., a 
decreased function of GALT (green lining is broken). The most pro

bable site of translocation may be the oropharyngeal cavity. 

(iii) State of hypersensitivity depending on the presence of cir

culating antibodies. After translocation with subsequent sensitization 
at oropharyngeal level (red arrows), circulating antibodies (lgM class) 
may arise. These complement fixing antibodies mediate immune in

flammatory reactions at intestinal level, i.e., the sites of high 

enterobacterial antigen supply. Two types of hypersensitivity reac

tions may be possible: type 2 reaction includes a cytotoxic (antibody
assisted lymphocyte mediated) mechanism, or, type 3 the (complex 
mediated) hypersensitivity reaction. 
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The oral flora of 25 inflammatory bowel disease patients (13 with 

Crohn 's disease and 12 with ulcerative colitis) was compared with a 

control group of 25 healthy individuals. No significant differences 

were observed. The colonization resistance of the oropharynx of in

flammatory bowel disease patients - which remains unimpaired - is 

discussed. 

INTRODUCTION 

The diseases known collectively as inflammatory bowel diseases 

(IBDs) are ulcerative colitis (UC) and Crohn's disease (CD). Their 

aetiopathogenesis is poorly understood. There is considerable 
evidence for the involvement of an auto-immunological proces1• One 
possibility is an altered immune reactivity to digestive tract-associated 
antigens, including enterobacterial antigens2• The site of sensitization 
could be the oropharynx similar to post-streptococcal auto

immunization which �s observed only after infection of the throat and 
never following skin infection3• Once hypersensitivity is established, 

hyperimmune reactions (inflammation) can develop in the intestines. 

If the oral cavity is the 'porte d'entree' for enterobacterial antigens 
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and if this oropharyngeal leakage leads to a state of hypersensitivity 
for these antigens, at least one condition should be present: (i) an ab
normally high concentration of Enterobacteriaceae in the 
oropharynx, (ii) a constitutionally decreased colonization resistance 
(CR). The colonization resistance of the oropharynx is dependant on a 
multitude of factors such as integrity of mucosa, saliva flow, in
digenous flora (viridans streptococci, anaerobes) together with 
secretory immunoglobulin A (s-lgA) in saliva4•5• An intact resistance 
to colonization results in an oral cavity free from Enterobacteriaceae 

as only a transient stay of Gram-negative bacilli in small numbers is 
tolerated by a well functioning oropharyngeal CR6• Many factors can 
interfere with the CR: Antimicrobial agents (AMAs) like penicillin, 
tetracyclin and chloramphenicol are known to induce a lowering of 
CR by affecting indigenous flora leading to emergence of (resistant) 
Enterobacteriaceae in the oropharynx7•8•9• Anaesthesia, operations, in
tubations etc. also lower CR by means of interfering with host 
organism factors like intact mucosa, saliva flow etc. 10• 1 1 • In all cir
cumstances Enterobacteriaceae can be detected in the oropharynx in 
high concentrations.  

It is  in the light of these considerations that we focus here on the 
oropharynx as possible site of sensitization. 

SUBJECTS AND METHODS 

Subjects 

The subjects included in this study were 25 in-patients with a 
clinical diagnosis of IBD in the gastroenterology department of the 
University Hospital. They were selected when a prolonged hospital 
stay seemed likely and if they had not had AMAs for at least one 
month before hospitalization. When AMAs were used during the 
study, the patient was dropped from the study. 

A group of 25 healthy volunteers, 10 laboratory co-workers 
(hospital-associated group) and 1 5  friends and neighbours of them 
(non-hospital associated group) served as a control group. No 
member of the control group had experienced any acute illness or 
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received any antimicrobial therapy in the preceding month nor during 
the 6 weeks of culturing. 

Microbiological evaluation 

The posterior pharynx of each subject was streaked with a 
cotton-tipped swab. Three agar plates were then corner streaked im
mediately with the swab, and its tip was broken off into broth. 
Cultures were done on sheep blood agar (Oxoid), MacConkey agar 
(Oxoid), yeast isolation agar (Merck) and in brain heart infusion 
(BHI) broth (Oxoid). All agar plates were incubated at 37° C; Mac 
Conkey agar plates were examined after one night, yeast isolation and 
sheep blood agar plates after two nights . The aerobic bacteria in all 
cultures were qualitatively and semi-quantitatively estimated. The 
normal indigenous oropharyngeal flora (viridans streptococci) were 
identified by colonial morphology and type of haemolysis on blood 
agar . The other bacteria (St. aureus, Enterobacteriaceae, Pseudomo

nadaceae and yeasts) were identified by means of standard 
bacteriological techniques1 1 •  Semi-quantitative estimation of all these 
bacteria was made on a scale of + 1 to + 5 according to their presence 
in broth ( + 1 )  and growth density in the four quadrants of the agar 
plates ( + 2 to + 5). In this study oropharyngeal carriership was defi
ned as the condition in which an identical bacterium was isolated from 
more than 60 OJo of throat swab samples during the sample period. 
Survey of the number of subjects and cultures is presented in Table 1 .  

TABLE 1 

Number of subjects and cultures 

Number of Number of Number of 

subjects cultures cultures/subjects 
Normal subjects 25 250 10 

- non-hospital associated 15  150 10 

- hospital associated 10 100 10 

IBD patients 25 295 1 1 .8 

- Crohn's Disease (CD) 13  154 1 1 .8 

- Colitis Ulcerosa (CU) 12  141  1 1 .8 
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RESULTS 

The prevalence of St. aureus, Enterobacteriaceae, Pseudomona

daceae, yeasts and viridans streptococci in oropharyngeal cultures on 
single-culture surveys is shown in Table 2. No significant differences 
were observed between the normal group and the IBD patients . With 
the exception of viridans streptococci, the total number of colonies of 

TABLE 2 
Pe�centage of oropharyngeal cultures containing 

Gram + cocci Gram-bacilli Yeasts Str. 
St. aureus Enterobact. / Pseudom. C. albicans viridans 

Normal subjects 8.8  10.0 0.8 29.2 100 
- non-hospital 

associated 6.0 6.0 0.6 32.6 100 
- hospital associated 13 .0 16.0 1 .0 24.0 100 

IBD patients 22.7 12.8 17.3 100 
- Crohn's Disease 

(CD) 18 .8  12.3 18 .8  100 
- Colitis Ulcerosa 

(CU) 26.9 13 .5  15 .6 100 

TABLE 3 
Mean growth densities 

Gram + cocci Gram-bacilli Yeasts Str. 
St. aureus Enterobact. I Pseudom. C. albicans viridans 

Normal subjects + 1 .7 + 1 .3 + 1 .6 + 3 .9 
- non-hospital 

associated + 1 .2 + 1 .3 + 1 .9 + 4.0 
- hospital associated + 2.0 + 1 .4 + I . I  + 3.6 

IBD patients + 1 .7 + 1 .5 + 1 .8 + 4. 1  
- Crohn' s Disease 

(CD) + 2. 1  + 1 .7 + 2.0 + 4.0 
- Colitis Ulcerosa 

(CU) + 1 .3 + 1 .2 + 1 .6 + 4.3 
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all species observed on the agar plates was small. The mean growth 
densities varied from + 1 .3 to + 1 .8 ,  i.e. , potentially pathogenic 
microorganisms (PPMs) were grown only in broth medium and in the 
first quadrant (Table 3). The Gram-negative bacilli isolated are listed 
in Table 4. The absence of oropharyngeal cultures positive for Proteus 

spp and Pseudomonas spp in the hospitalized IBD group is notewor
thy. One healthy subject turned out to be an E.coli carrier, and three 
of the IBD patients were carriers of Klebsiella spp and Citrobacter 

spp. The carriage rate of St. aureus however, differed:  4 0Jo (1/25) in 
the control group and 16 OJo (4/25) in the patient group. C. albicans 

TABLE 4 
Gram-bacilli prevalence in oropharynx of 

ENTEROBACTERIACEAE: 

Escherichia coli 

Klebsiella spp 

- Klebsiella pneumoniae 

- Klebsiella oxytoca 

Enterobacter spp 

- Enterobacter aerogenes 

- Enterobacter cloacae 

- Enterobacter agglomerans 

Serratia liquefaciens 

Hafnia alvei" 

Citrobacter freundii 

PSEUDOMONADACEAE: 

Pseudomonas aeruginosa 

Normal subjects 

1 1  

4 

I 
3 

3 

2 

I 
25/250 ( lOOJo) 

IBD patients 

2 

6 
8 

I 
10  

2 

8 

38/295 (12.8 %) 
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carriership on the other hand was found to be more or less equal in 
both groups: 28 OJo (7 /25) in the healthy subjects and 12 % (3/25) in 
the IBD group. The results of multiple-culture surveys are presented 
in Table 5 .  

TABLE 5 

Oropharyngeal carriership 

Normal subjects IBD patients 

Gram + cocci 

St. aureus 5 

Gram-bacilli 

Escherichia coli (5 144552) 

Klebsiel/a oxytoca (5245773) 

Klebsiella pneumoniae (521 5773) 

Citrobacter freundii (1204572) 

Yeasts 

Candida albicans 7 3 

Str. viridans 25 25 
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DISCUSSION 

Essential factors in the colonization resistance (CR) of the 
oropharynx are the integrity of the oral mucosa, mechanical cleansing 
by muscular actions of the tongue, cheeks and lips and by swallowing. 
This is greatly aided by the saliva flow which, in additions to 
lubricating the movements during chewing and swallowing, makes it 
possible to clear the area and to swallow ingested PPMs into the 
stomach. The antimicrobial components in saliva (lysozyme, perox
idase, lactoferrin, complement etc.) as well as the indigenous oral 
flora (viridans streptococci) constitute a powerful defense system con
tributing to the oropharyngeal CR. The oral mucosa, continuously 
bathing in saliva, is covered by secretory immunoglobulin A (s-IgA) 
the most important immunoglobulin secreted with saliva. Secretory 
IgA may prevent absorption of bacterial antigens from the 
oropharynx and thereby prevent both overloading the local immune 
system and development of undesirable hypersensitive immune 
responses13• A mechanism of action of s-IgA which may be common 
to many PPMs is to prevent their adherence to (corresponding) recep
tors on the mucosa! surface14• 

In our study the CR of the oropharynx has been measured in two 
ways. (i) Directly by monitoring the viridans streptococci: in IBD pa
tients, viridans streptococci were constantly found in high numbers, 
indeed higher than in the healthy co�trol group. The indigenous flora 
of the mouth which may contribute to the prevention of colonization, 
appeared therefore unaltered in our patients15 •  (ii) Indirectly by 
measuring Enterobacteriaceae spp, St. aureus and C. albicans. In the 
literature, the prevalence of Gram-negative bacilli in normal 
oropharyngeal flora varies from 2 OJo to 1 8  0Jo6•16 • We found a rate of 
10 OJo in the control group. In the IBD group the prevalence was 13 OJo .  
In the healthy control group one Escherichia coli carrier was found 
while two IBD patients appeared colonized by Klebsiella and one pa
tient by Citrobacter. The healthy E. coli colonized volunteer caught 
cold during the sampling period resulting in this case to altered 
oropharyngeal mucosa to which Gram-negative bacilli may adhere 
more easily11 •  The three IBD patients who contributed to about the 



S4 COLONIZATION RESISTANCE OF THE DIGESTIVE TRACT 

half of the oropharyngeal cultures with Gram-negative bacilli in this 
group, were quite ill during the study period. Johanson found that the 
appearance of Gram-negative flora in hospitalized patients correlated 
well with the clinical estimate of their degree of illness . Furthermore, 
that in severely ill patients the oropharyngeal mucosa is modified by 
the critical nutrition state leading to enhanced adherence by Gram
negative bacilli18• The numbers of positive C. albicans throat cultures 
did not show much difference between the healthy and the patient 
group. In fact in the controls there was evidence for a higher degree of 
carriership. Where perhaps a difference was manifest was a non
significant higher incidence of St. aureus in the IBD group. In this in
vestigation only one control subject appeared carrier (4 OJo), in the IBD 
population 5 carriers were found (20 OJo ). But in healthy subjects an in
cidence varying between lO OJo and 40 0Jo has been reported19• 

The conclusion that no significant differences were demonstrated 
in the number and types of PPMs present in the two groups suggests 
- indirectly - that the oropharyngeal resistance to colonization in 
IBD patients by ingested PPMs is intact and normal. The hypothesis 
postulated in the introduction that the oropharynx may be the site of 
sensitization for bacterial antigens which are involved in the 
pathogenesis of IBDs is not supported by our findings. We found 
neither a high concentration of Enterobacteriaceae spp nor a constitu
tionally decreased CR, in subjects where the inflammatory bowel 
disease was already established and active. If our hypothesis is valid, 
then the conditions of decreased CR may have existed only temporari
ly, i .e . ,  only at the time of sensitization, e.g. a few weeks before the 
IBD onset. We note in this connection that Schachter and Kirsner20 
reported that upon careful questioning some patients recalled an 
earlier excessive intake of AMAs for respiratory tract or other inf ec
tions (often penicillin taken orally) . This suggests the possibility of an 
iatrogenic disturbance of digestive tract CR. In turn this may have 
permitted an anhanced 'take' and increased concentrations of (resis
tant) Enterobacteriaceae species in the oropharynx. Other patients 
reported operations (associated with intubations), emotional crises 
and periods of fatigue. In most instances no significant antecedent 
events were described. 
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and D.  van der Waaijs. 
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University Hospital, Groningen, The Netherlands. 

Longitudinal qualitative and quantitative cultures of the aerobic 

faecal flora of 25 inflammatory bowel disease patients (13 with 

Crohn 's disease and 12 with ulcerative colitis) and of 25 healthy adults 

(10 hospital-associated and 15 non-hospital-associated normal sub

jects) were carried out to compare the composition of the aerobic part 

of the intestinal microflora. As a measure of the anaerobic part of the 

intestinal flora, (3aspartylglycine, a dipeptide appearing in cases of 

disturbed anaerobic flora, was determined in both groups. No signifi

cant differences were found between the patient and the control 

group: for both groups normal aerobic flora remained approximately 

constant in time (J0'-107 microorganisms per gram of faeces) and in 

both groups no (3-aspartylglycine was detected indicating that also the 

anaerobic flora shows no major differences. The fact that the co

lonization resistance of the intestinal tract remains unimpaired in in

flammatory bowel disease patients and possible reasons for this are 

discussed. 
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INTRODUCTION 

Thirty years ago Seneca and Henderson reported normal in
testinal flora in inflammatory bowel disease (IBD) patients (Seneca 
and Henderson, 1 950) . They were the first among many investigators 
to study bacterial flora from various levels of the gastrointestinal tract 
of IBD patients (Weinstein, 1961 ; Cooke, 1967; Gorbach et al . ,  1968; 
Vince et al . ,  1972) . The most surprising finding in all these studies is 
the similarity between IBD patients and healthy controls :  aerobic as 
well as anaerobic flora are very similar in both groups.  Only slight in
creases of Escherichia coli and Streptococcus f aeca/is were noted (van 
der Wiel-Korstanje and Winkler, 1975; Keighley et al . ,  1978). 

Studies in animals and humans by the group of van der Waaij 
reveals a delicate 'balance' in activity of normal intestinal microflora: 
the outnumbering anaerobes have been shown to control colonization 
of the intestines by aerobes (van der Waaij , 1971) .  Normally different 
species keep contaminating the intestines by oral route, usually co
lonizing the gut for short periods and in low concentrations (transient 
bacteria) . Very few microorganisms can persist for several weeks or 
months (resident bacteria) . Certain species of the anaerobic intestinal 
microflora function as a natural barrier against newly acquired 
microorganisms by mechanism as yet only partially understood. This 
barrier has been called colonization resistance (van der Waaij , 1979) .  

This resistance to colonization - due to the anaerobic microflora 
- can be directly measured by qualitative and quantitative culturing 
of anaerobes. Because anaerobic culturing and identification techni
ques are difficult, time-consuming and expensive, a test was 
developed to detect the dipeptide (3-aspartylglycine, known to be an 
adequate indicator for the presence of the CR-responsible 
(physiologic) part of the anaerobic flora (Welling at al . ,  1980). En
dogenous proteins and proteins from the diet are continously degra
ded to amino-acids by proteolytic enzymes from the host and the 
bacteria in the intestinal tract. When the anaerobic microflora is af
fected, (3-aspartylglycine accumulates in the faeces. Its unusual pep
tide bond can only be cleaved by bacterial enzymes which would result 
in aspartic acid and glycine. (3-aspartylglycine is absent in stools of in-
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dividuals with a normal bowel flora. A second indirect way of in
vestigating the completeness of the anaerobic flora is monitoring the 
aerobic colonization pattern of the stools (van der Waaij and 
Berghuis-de Vries, 1974) . Low aerobic concentrations and short co
lonization periods of newly acquired aerobes imply that the anaerobic 
microflora are (remained) intact. 

In view of the above, we have examined the faecal flora of 25 
IBD patients ( 13  with Crohn's disease and 1 2  with ulcerative colitis) 
versus a control group of 25 normal adults in an attempt to assess the 
frequency and significance of differences arising. 

SUBJECTS AND METHODS 

Subjects 

The 25 patients studied were adults for which prolonged 
hospitalization seemed likely at the time of their admission to the 
gastroenterology department of the University Hospital. No patient 
selected for the study had been given antimicrobial agents (AMAs) in 
the month prior to hospitalization nor during the 6 weeks of 
bacteriological monitoring. 

A group of 25 healthy volunteers, 1 0  laboratory co-workers 
(hospital-associated group) and 1 5  of their friends and neighbours 
(non-hospital associated group) kindly served as a control group. 
None of the control people had experienced acute illness or received 
any antimicrobial therapy during the 6 weeks of study or in the month 
preceding it . 

Studies on faeces 

Specimens of faeces were obtained twice weekly for six con
secutive weeks. Each faecal specimen was processed within 30 minutes 
of being passed. 

Monitoring of aerobic flora 

Concentrations of the aerobic gram-negative bacilli , yeasts and 
enterococci were determined as follows: one gram of faeces was 
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homogenized in 9 ml of brain heart infusion broth (Oxoid), serially 
diluted (1 : 10) and incubated for 1 8  hours at 37° C; thereafter, all dilu
tions showing bacterial growth were inoculated onto MacConkey agar 
(Oxoid), yeast isolation agar (Merck) and kanamycin aesculin azide 
ager (Oxoid). Concentrations of staphylococci in faecal samples were 
measured by a serial dilution in a salt containing liquid medium (10 OJo 
NaCl, Oxoid). After incubation all dilutions were subcultured on 
sheep blood agar (Oxoid). Identification and typing were performed 
by means of standard bacteriological techniques. All results were ex
pressed as the log10 of the number of organisms per gram (wet weight) 
of faeces. 

In this study we defined a carrier as one where Staphylococcus 

aureus and Candida albicans was cultured in more than 60 OJo of the 
faecal samples during the study period. 

(J-aspartylglycine as measure of the anaerobic faecal flora 

The techniques for (J-aspartylglycine detection in faeces are 
previously described in detail (Welling and Groen, 1 978). In brief, a 
25 OJo w/v faecal suspension was centrifuged for 1 5  minutes at 1 5,000 
rpm. 80 µl of the super natant was subjected to highvoltage paper elec
trophoresis at pH 3 .5 .  After staining with ninhydrin and drying at 
1 50° C the paper was examined for the presence of a clear blue spot of 
(J-aspartylglycine. 
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RESULTS 

Composition of the aerobic f aeca/ microf/ora 

Longitudinal (minimum 6 weeks) qualitative and quantitative 
culturing on 573 samples (1 1 .4 samples per individual) was carried 
out. Figure 1 shows Enterobacteriaceae colonization patterns in nor
mal controls (a,b) and in IBD patients (c,d). The flora of the IBD pa
tients was similar to that of healthy subjects. The resident flora in 
both groups included Escherichia coli only. The transient flora con
sisted of Klebsiella spp, Citrobacter spp etc. Salmonella, Proteus or 
Pseudomonas spp were not detected. The four diagrams show that in 
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c. 

010581 0405 0705 - 1405 l805 2105 2 505  2805 0 108  0406 0908 1108 SAMP\.ING DATE 
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030181 0501 080 1  0901 K>0 1  1501 1801 2201 2501 29 01  0202 0802 0902 SAMP\.ING CATE 

FIGURE 1 
Digestive tract colonization by Enterobacteriaceae. Numbers in blocks give the con

centration of Enterobacteriaceae expressed as the log10 of bacteria per gram of 

faeces . Colonization pattern of digestive tract of a non-hospital associated volunteer 
(a), of a hospital-associated volunteer (b), of a Crohn's disease patient (c) and of a 

colitis ulcerosa patient (d). 
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each subject the colonization resistance apparently remained intact: 
all newly acquired Enterobacteriaceae were eliminated from the gut; 
they were only able to colonize the intestines in low concentrations for 
short periods. No significant differences were demonstrated in the 
number of aerobic Gram-positive as well as Gram-negative bacteria 
present in the two groups (Figure 2) . In both groups, IBD and control, 
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Aerobic faecal flora (•:  Enterobacteriaceae, t::,. : enterococci, o :  yeasts, • :  St. 

aureus): serial counts of stools of a normal subject (a) and of an IBD patient (b). 
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Enterobacteriaceae and enterococci remained approximately constant 
during the study period (1()4 - 1 07 bacteria per gram of faeces). 

The carriage rate of St. aureus however differed, being 8 OJo 
(2/25) in the control group and 24 OJo (6/25) in the patient group. By 
contrast, the rate for C. albicans was 32 OJo (8/25) in the healthy sub
jects, and 16  OJo (4/25) in the IBD group. The concentrations of these 
two microorganisms in the faeces were slightly lower than the 
numbers of Enterobacteriaceae and enterococci (Figure 2) . 

Detection of (3-aspartylg/ycine 

No (3-aspartylglycine could be found in the faecal specimens of 
the healthy group nor in those of the IBD group. 

DISCUSSION 

This study shows that the colonization resistance (CR) of the gut 
in inflammatory bowel disease (IBD) patients functions normally. It is 
well known that normal intestinal flora contributes significantly to a 
scale of physiologic processes (Gordon, 1 960; Abrams et al . ,  1 963 ; 
Donaldson, 1 964, Abrams and Bishop, 1 967). However, it is not 
generally appreciated that normal microbial flora of the intestines also 
constitutes one of the most important defence mechanisms to co
lonization and/or infection (Finger and Wood, 1955;  Dubos and 
Schaedler, 1 962; Bonhoff et al . ,  1 964; Rosenthal, 1969). The work of 
the group of van der Waaij has already established that the anaerobic 
microflora together with host factors collaborate in providing 
resistance to colonization and/ or infection (van der Waaij et al . ,  1 97 1 ,  
1 977). Precisely how anaerobic bacteria go about controlling the co
lonization pattern of aerobes remains an open question: competition 
for nutrients (Donaldson, 1 964), production of volatile fatty acids 
(Barnes et al . ,  1 979) and bacteriocines (Booth et al. ,  1 977) as well as 
stimulation of certain CR-related host activities such as peristalsis 
(Abrams and Bishop, 1 967), production of mucin (Sprinz, 1 962) and 
epithelial desquamation (Lesher et al . ,  1 964), all are involved. The 
mechanisms by which the anaerobic part of the intestinal flora exerts 
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its inhibiting influence on newly arriving aerobic microorganisms is, 
in all likelihood, much more complex. This study has focused on this 
aspect of the intestinal flora in IBD patients .  The CR has been 
measured in two ways. Firstly, by looking on the overall effect on 
aerobes : normal numbers of Enterobacteriaceae and enterococci were 
constantly found. Similarly the numbers of St. aureus and of C. 

albicans in the faeces were similar to that in normal adults as well as 
the carriage rate. Secondly, the /3-aspartylglycine concentration in the 
faeces, i .e . ,  the substance detecting disturbed anaerobic microflora 
was zero in all patients which also make likely that CR was intact in 
IBD patients . Some investigations report bacterial overgrowth (small 
bowel) in a small number of IBD patients, especially in Crohn pa
tients. However, those cases were usually accompanied by complica
tions like stasis, stenosed bowel or fistulae characteristic for Crohn's 
disease (Draser and Shiner, 1 969; Prizont et al . ,  1970; Beeken and 
Kanich, 1 973). These observations confirm that motility is un
doubtedly important in maintaining normal aerobic bacterial popula
tion and plays a decisive role on the CR. Our 25 patients studied had 
comparatively normal gut motility. Limited diseased bowel segments 
(terminal ileum and/or colon) do not influence the resistance to co
lonization. 

A normal CR implies a powerful barrier against single potentially 
pathogenic microorganisms trying to colonize the digestive tract. 
Given the fact that the CR function in IBD patients remains unim
paired when the disease is in relapse, it seems improbable that an ex
ogenous environmental aerobic microorganism is involved. This could 
support Seneca and Henderson who in 1 950 suggested that en
dogenous (resident) flora such as an autochtonous Escherichia coli 

strain, rather than any single 'as yet not discovered' microorganism, 
may play a key role in IBD. 
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The colonization resistance of the digestive tract - as measure 

for the defense against bacterial colonization - was evaluated in 66 

inflammatory bowel disease patients (36 with Crohn 's disease and 30 

with ulcerative colitis). This longitudinal qualitative and quantitative 

study of the aerobic flora indirectly revealed the intactness of the co

lonization resistance. The dipeptide (3-aspartylglycine - only present 

when the anaerobic flora is affected - was not detected indicating 

that also the anaerobic part of the microf/ora shows no major dif

ferences. The fact that the colonization resistance functions normally 

in inflammatory bowel disease patients and the possible implications 

concerning the aetiology and pathogenesis of these diseases were 

discussed. 

INTRODUCTION 

Colonization resistance (CR) is defined as the resistance of an in
dividual (or of the individuals digestive tract) against colonization by 
aerobic potentially pathogenic microorganisms (PPMs)1 •  CR is a 
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defense concept and a characteristic of an individual. CR of the 
digestive tract (DT) aims to prevent colonization of aerobic PPMs dai
ly supplied by food and beverages . An aerobic PPM entering the DT 
by the oropharyngeal cavity tries to colonize the cavity, and after 
swallowing will try to adhere, to grow out and to colonize the in
testines . The CR of the DT will inhibit these colonization attempts in 
order to prevent high concentrations of aerobic PPMs like 
Enterobacteriaceae, St. aureus, enterococci and yeasts. High concen
trations of aerobic bacteria in the DT implies higher infection risks2 
and greater danger of translocation, i .e. , passage of endogenous 
bacteria from the digestive tract lumen through the epithelial mucosa 
into the systematic immune systems (e.g . ,  spleen). The concentration 
of aerobic Enterobacteriaceae determines whether or not e.g. E. coli 

will translocate3• 
Essential factors in the colonization resistance of the oropharynx 

are the integrity of the oral mucosa, mechanical cleansing by muscular 
actions of the tongue, cheeks and lips and by swallowing. This is 
greatly aided by saliva flow which in addition to lubricating the 
movements during chewing and swallowing makes it possible to 
swallow PPMs into the stomach4• Desquamation of epithelial cells, 
the antimicrobial components in saliva (lysozyme, peroxidase, lac
tof errin, complement etc.)5•6•7 as well as the indigenous oral flora 
(anaerobes, viridans streptococci)8•9 function as a powerful defense 
system contributing to the oropharyngeal CR. The oral mucosa con
tinuously bathing in saliva is covered by secretory immunoglobulin A 
(s-IgA) secreted with saliva. The current view of the mechanism of ac
tion of s-IgA is that the antibodies may combine with bacteria by 
'coating' the microorganisms and prevent their adherence and subse
quent colonization10• 

On the analogy of the oropharynx mechanical cleansing at in
testinal level is ensued by peristalsis and mucin has the same 
lubricating function as saliva in the oral cavity1 1 • 12 •  Desquamation of 
mucosa! cells to which bacteria adhere, s-IgA interfering with 
bacterial adherence and the anaerobic part of the microflora by its 
direct and indirect action against aerobes, all are involved in the con
trol and/or elimination of aerobic PPMs13•14• 
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This physiological CR factor can be measured in two ways: (i) by 
looking on the overall effect on aerobes. Normally, an oropharyngeal 
cavity is not colonized by aerobic Enterobacteriaceae. Only a transient 
stay in low concentrations is allowed. At intestinal level, low concen
trations of Enterobacteriaceae ( < 1 06 PPMs per gram of faeces) and 
short colonization periods of newly acquired aerobes imply an intact 
CR. (ii) The resistance to colonization - due to the anaerobic 
microflora - can be directly measured by a test detecting 
{3-aspartylglycine, a dipeptide appearing in cases of disturbed 
anaerobic flora15• Endogenous proteins and proteins from the diet are 
continously degraded to amino acids by proteolytic enzymes from the 
host and the bacteria in the intestinal tract. When the anaerobic 
microflora is affected {3-aspartylglycine accumulates in the faeces. Its 
unusual peptide bond can only be cleaved by bacterial enzymes which 
will result in aspartic acid and glycine. {3-aspartylglycine is absent in 
stools of individuals with a normal bowel flora. 

It is in the light of these considerations that we focus in this study 
on the oropharyngeal and faecal flora of 66 patients with inflam
matory bowel disease (IBD) (36 with Crohn's disease and 30 with 
ulcerative colitis) . 

PATIENTS AND METHODS 

Patients 

Patients included in this study were all in-patients of the 
gastroenterology department of the University Hospital . The 66 pa
tients were all adults with a clinical diagnosis of inflammatory bowel 
disease (36 with Crohn's disease and 30 with ulcerative colitis) . They 
entered the study only if they were likely to have a prolonged hospital 
stay and if they had not had antimicrobial agents for at least one 
month before hospitalization. The necessity to use antimicrobial 
agents during the study led to the exclusion from this study. 
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Colonization resistance 

Oropharyngeal swabs and faecal specimens were obtained twice 
weekly for six consecutive weeks. Each specimen was processed within 
30 minutes of sampling. 

1 .  oropharynx 
monitoring of aerobic flora 

The posterior pharynx of each subject was streaked with a 
cotton-tipped swab. Three agar plates were then corner streaked im
mediately with the swab, and its tip was broken off into broth. 
Cultures were done on sheep blood agar (Oxoid), MacConkey agar 
(Oxoid), yeast isolation agar (Merck) and in brain heart infusion 
(BHI) broth (Oxoid). All agar plates were incubated at 37° C; Mac 
Conkey agar plates were examined after one night, yeast isolation and 
sheep blood agar plates after two nights. The aerobic bacteria in all 
cultures were qualitatively and semi-quantitatively estimated. The 
normal indigenous oropharyngeal flora (viridans streptococci) were 
identified by colonial morphology and type of haemolysis on blood 
agar . The other bacteria (St. aureus, Enterobacteriaceae, Pseu

domonadaceae and yeasts) were identified by means of standard 
bacteriological techniques16• Semi-quantitative estimation of all these 
bacteria was made on a scale of + 1 to + 5 according to their presence 
in broth ( + 1 )  and growth density in the four quadrants of the agar 
plates ( + 2 to + 5). 

2 .  intestinal tract 
- monitoring of aerobic flora 

Concentrations of aerobic gram-negative bacilli , yeasts and 
enterococci were determined as follows: one gram of faeces was 
homogenized in 9 ml of BHI, serially diluted (1 : 10) and incubated for 
1 8  hours at 37° C; thereafter, all dilutions showing bacterial growth 
were inoculated onto MacConkey agar, yeast isolation agar and 
kanamycin aesculin azide agar (Oxoid). Concentrations of 
staphylococci in faecal samples were measured by a serial dilution in a 
salt containing liquid medium (10 OJo NaCl, Oxoid). After incubation 
all dilutions were subcultured on sheep blood agar. Identification and 
typing was performed by means of standard bacteriological techni
ques. All results were expressed as the log10 of the number of 
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organisms per gram (wet weight) of faeces . 
- {J-aspartylglycine 
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The techniques for {3-aspartylglycine detection in faeces are 
previously described. In brief, a 25 OJo w/v faecal suspension was cen: 
trifuged for 1 5  minutes at 1 5 ,000 rpm. 80 µl of the supernatant was 
subjected to high voltage paper electroforesis at pH 3 .5 .  After staining 
with ninhydrin and drying at 1 50° C the paper was examined for the 
presence of a clear blue spot of {3-aspartylglycine. 

Definitions 

- resident and transient E. coli strains: 
'The E. coli flora of the human bowel is made up of two kinds of 

strains, those which establish themselves firmly and continue to 
multiply over extended periods of time and those which are found on
ly in a single or a few successive specimens . It is convenient to speak of 
these two kinds of strains as residents and transients respectively. '  1 1 •  

- carrier : 
in this study we defined a carrier as a patient where an identical 

PPM was cultured in more than 60 OJo of the samples during the six 
week study. 
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RESULTS 

Normal colonization resistance (for comparison) 

Figure 1 shows a colonization pattern of the digestive tract of 
Enterobacteriaceae in a normal subject. All newly acquired 
Enterobacteriaceae are eliminated from the oropharynx and the gut ; 
they are able to colonize the digestive tract in low concentrations for 
short periods . 

{3-aspartylglycine is absent in stools of individuals with a normal 
bowel flora. 
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Normal colonization pattern of Enterobacteriaceae of digestive tract . Numbers in 

blocks give the semi-quantitative estimation of oropharyngeal concentrations of 

Enterobacteriaceae and the concentration of Enterobacteriaceae expressed as the 

log10 of bacteria per gram of faeces. 
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Composition of the aerobic flora in IBD patients 

Longitudinal (minimum 6 weeks) qualitative and quantitative 
culturing of 767 digestive tract samples (767 oropharyngeal as well as 
faecal samples) (1 1 .6 samples per individual) was carried out. Figure 2 

. shows Enterobacteriaceae colonization pattern of the digestive tract 
of a patient with Crohn's disease (a) and of a patient with ulcerative 
colitis (b). 
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a. Colonization pattern of Enterobacteriaceae of digestive tract in a Crohn 's disease 

patient. 
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b. Colonization pattern of Enterobacteriaceae of digestive tract in an ulcerative co

litis patient, who was oropharyngeal carrier. 

1 .  Oropharynx 
The prevalence of aerobic PPMs in the oropharyngeal cultures of 

IBD patients is shown in Table 1 .  The percentages found were within 
the normal limits. The Gram-negative bacilli isolated from the 
oropharynx all belonged to the Enterobacteriaceae spp. Pseudo

monadaceae could be never detected. With the exception of viridans 
streptococci, the total number of colonies of all species observed on 
the agar plates was small . The mean growth densities varied from 
+ 1 .3 to + 1 .8 ,  i .e . ,  only in broth medium and in the first quadrant 
PPMs were grown. 
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TABLE 1 

Percentage of oropharyngeal and faecal cultures containing potentially pathogenic 

microorganisms. 

Potentially pathogenic 

microorganisms 

St. aureus 

En terobacteriaceae 

Pseudomonadaceae 

C. albicans 

oral streptococci 

faecal streptococci 

2. Intestines 

Digestive tract 

Oro pharynx Intestinal tract 

27 32 

14 100 

1 8  1 7  

100 

100 

The intestinal flora in IBD patients was similar to that in normal 
individuals. The resident flora included E. coli only (two bioprofiles). 
The transient flora consisted of all representatives of the 
Enterobacteriaceae family, with the exception of Salmonella spp. 
Pseudomonas spp were again not detected. The concentrations of 
aerobic PPMs remained approximately constant during the study 
period (1()4 - 101 bacteria per gram of faeces). Out of the 66 inflam
matory bowel disease patients twenty patients (33 Ofo) ( 10 with Crohn's 
disease and 1 0  with ulcerative colitis) showed a faecal concentration of 
� 106 Enterobacteriaceae per gram of faeces . This percentage of 33 Ofo 
was the same as the percentage found in normal individuals. 

{3-aspartylg/ycine as measure of the anaerobic f aeca/ flora 

No P-aspartylglycine could be found in the faecal specimens of 
the 66 patients . 
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Carriership 

The carriage rate of St. aureus (1 2/66 in the oropharynx and 
16/66 in the intestines) was relatively high but within normal limits. 
The rate for Candida albicans and Enterobacteriaceae (E. coli, Kleb

siella spp, Citrobacter spp and Enterobacter spp) was within normal 
range (Table 2). An oropharyngeal carrier of Citrobacter freundii is 
represented in Figure 2-b-. 

TABLE 2 

Percentage of patients with inflammatory bowel disease who were carriers of poten

tially pathogenic microorganisms. Figures between brackets indicate normal values 

of carriership. 

Potentially pathogenic Digestive tract 

microorganisms 
Oropharynx Intestinal tract 

St. aureus 18  ( 10-40) 24 ( 10-40) 

Enterobacteriaceae 8 ( � 10) 100 ( �  100) 
Pseudomonadaceae ( �  1 )  ( � 1) 

C. albicans 15  (10-40) 14 ( 10-40) 

oral streptococci 100 ( �  100) 

faecal streptococci 100 ( �  100) 

Colonization resistance 

Colonization pattern, absence of (J-aspartylglycine and carriage 
rate show that in both groups (Crohn's disease and ulcerative colitis) 
the colonization resistance as measured remained intact. 
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DISCUSSION 

The essential factor contributing to the colonization resistance of 
the digestive tract is the presence of the anaerobes . Precisely how 
anaerobic bacteria go about controlling the colonization pattern of 
aero bes remains an open question: competition for nutrients18, pro
duction of volatile fatty acids19 and bacteriocines20 as well as stimula
tion of certain CR-related host activities such as peristalsis, produc
tion of mucin and epithelial desquamation, all are involved. The 
mechanisms by which the anaerobic part of the digestive tract flora 
exerts inhibiting influence on newly arriving aerobic microorganisms 
is , in all likelihood, much more complex. This study has focused on 
the CR supporting activity of the anaerobic part of the microflora in 
the digestive tract. It is very likely that not all anaerobic species are as 
important concerning their contribution to the CR of the DT21 • Some 
investigators found that the prevalence of some anaerobic species 
(Peptostreptococcus and Eubacterium) was higher in Crohn's disease 
patients as compared with controls22• In the same study the aerobic 
colonization pattern was completely normal . We found that the CR of 
the DT in IBD patients functions normally. The aerobic digestive tract 
flora qualitatively and quantitatively does not differ from normal 
flora. Also the CR supporting activity of the anaerobic flora remains 
intact, indicating that also the anaerobic flora shows no major dif
ferences . The carriage rates of Enterobacteriaceae, St. aureus and C. 

albicans were similar to that found in normal subjects23•24•25 • Figure 2.b 
shows the colonization pattern of an ulcerative colitis patient who was 
also an oropharyngeal carrier of Enterobacteriaceae. This patient was 
severely ill and her oropharyngeal mucosa may have been modified 
probably due to her severly catabolic state resulting in an enhanced 
adherence by Gram-negative bacilli26• 

Because of the intactness of the CR resulting in normal concen
trations of aerobic PPMs, IBD patients rarely develop infections. 
Post-operative wound healing problems can arise sporadically: St. 

aureus is then practically always the microorganism involved. Also the 
adherence of St. aureus is probably increased in this type of patient as 
a consequence of the modified mucosa. A second consequence of an 
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intact CR concerns the aetiopathogenesis of IBDs. There is con
siderable evidence for the involvement of an auto-immunological pro
cess21. A possibility is an altered immune reactivity to digestive tract
associated antigens, including enterobacterial antigens28 . In other 
words, the patient could be hypersensitized (circulating antibodies) to 
his endogenous Enterobacteriaceae following bacterial translocation. 
Two mechanisms inhibit translocation of indigenous Escherichia coli: 

bacterial antagonism29 and local immunity30 . Bacterial antagonism is 
an important component of the colonization resistance. For, the 
anaerobic part of the microflora controls the colonization pattern of 
indigenous E. coli and possible subsequent translocation31 .  The con
tribution of local immunity to translocation of endogenous E. coli is 
studied in athymic mice which do not produce secretory im
munoglobulin A. Restoration of local immunity inhibited transloca
tion. If translocation plays a role in the pathogenesis of IBDs by in
ducing of circulating anti E. coli antibodies , a dysfunction of local im
munity seems more °likely than a disturbance of CR to explain elevated 
anti E. coli titres. 

A normal CR implies a powerful barrier against single potentially 
pathogenic microorganisms trying to colonize the digestive tract. 
Given the fact that the CR function in IBD patients remains unim
paired when the disease is in relapse, it seems also improbable that an 
exogenous environmental aerobic microorganism is involved . This 
supports Seneca and Henderson who in 1950 suggested that en
dogenous (resident) flora such as an autochtonous Escherichia coli 

strain, rather than any single 'as yet not discovered' microorganism 
may play a key role in IBD32. It is of interest also to recall the state
ment of Kirsner and Palmer that not a specific potentially pathogenic 
microorganism (Mycobacterium, virus etc.) may be involved, but 
rather the concept of the vulnerability of the host must be focused 
upon33. Evidence in the literature suggests that this vulnerability may 
include a dysfunction of local immunity resulting in a translocation of 
the endogenous E. coli leading to circulating antibodies with which 
the hypersensitized IBD patients breaks down his own digestive 
tract34,Js,36,37,Js,39. 
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A NOVEL TECHNIQUE FOR DETECTING 
IgA COATED POTENTIALLY 

PATHOGENIC MICROORGANISMS 
IN THE HUMAN INTESTINE 

H.K.F. van Saene and D. van der Waaij . 
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University Hospital, Groningen, The Netherlands. 

This paper describes a novel method for detecting im

munoglobulin A (lgA) coated potentially pathogenic microorganisms 

(PP Ms) in the human intestine. Essentially, the technique consists of 2 

phases: one in which lgA coated bacteria are detected by im

munofluorescence and a second in which these bacteria are sub

cultured in situ and subsequently identified. In this way transient 

bacteria are differentiated from resident bacteria. These results show 

that the resident bacteria are coated with IgA. Resident 

microorganisms are always highly concentrated in the digestive tract. 

These results strengthen the hypothesis that only the high antigen con

centrations achieved by a large number of resident bacteria are 

capable of lgA induction. 

INTRODUCTION 

The functions of the immunoglobulin A (IgA) system of the in
testine are discussed by Heremans (1 975). One of these is presumably 
prevention of colonization of the digestive tract (DT) by certain 
potentially pathogenic microorganisms (PPMs). PPMs attempting to 
colonize the DT are assumed to attach or adhere to DT epithelium. 
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The anticolonization function of the lgA system of the . DT possibly 
involves inhibition of this adherence or attachment by surrounding or 
coating the PPMs with lgA molecules (Gibbons, 1 974) . In ex
periments in mice, Van der Waaij and Heidt (1 977) showed that only 
resident aerobic bacteria are capable of lgA induction. A resident 
bacterium is a PPM remaining in the tract for more than one week. A 
transient organism is a PPM which occurs only sporadically in the 
tract, e.g. , once in 2 months . Resident bacteria tend to colonize; tran
sient ones never do. Only aerobic PPMs (Enterobacteriaeceae, yeasts, 
etc.) possess immunogenic IgA inducing properties . 

This report describes the relationship between IgA production 
and the colonization pattern of Enterobacteriaceae species in the 
human intestine. The colonization pattern reflects differentiation be
tween transient and resident PPMs. As representatives of the group of 
potentially pathogenic microorganisms, only the Enterobacteriaceae 

species are included in this study. Other PP Ms such as staphylococci, 
streptococci, yeasts and fungi are not considered because they often 
give false positive staining with immunofluorescent anti-lgA. Typing 
is necessary in order to differentiate resident from transient bacteria. 
This novel technique for detecting IgA coated bacteria is illustrated by 
the results obtained with a group of healthy volunteers . 

MATERIALS AND METHODS 

Preparation of homogeneous f aeca/ suspension 

One gram of faeces together with 9 ml of phosphate buffered 
saline (PBS) was suspended in a mortar. After centrifugation (450 x g 

for 30 min at 4° C), the supernatant representing a 1 : 1 0  diluted faecal 
suspension was retained. 

Direct fluorescence staining in suspension 

This 10-1 faecal suspension included lgA coated (lgA + )  and 
non-lgA coated (lgA-) Enterobacteriaceae. With a fluorescent an
tiserum, goat antihuman (OAHU) lgA labelled with fluorescein 
isothiocyanate (FITC) (Nordic Immunological Laboratories, Tilburg, 
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The Netherlands), lgA + Enterobacteriaceae were detected. A 0. 10  ml 
sample of the 10-1 faecal suspension was incubated together with 
0. 10  ml of conjugate for 45 min at 4° C. Optimal conjugate dilution 
was between 1 : 4 and 1 : 16.  After incubation, the 0.2 ml fluorescent 
faecal suspension was mixed with 9.8 ml of PBS, resulting in a 1 : 1000 
faecal suspension. 

Preparation of the slides 

(a) Fat-free slides (76 x 26 mm, Menzel Glazer, F.R.G.) were 
covered with a thin layer of 5 ml liquid sterilized MacConkey agar 
(MC agar) (Merck, Art 5465 , Darmstadt, F.R.G.) .  A stabilisation 
period of 1 h at room temperature on a horizontal surface yielded a 
smooth and dry surface. 

(b) Two droplets of 0.05 ml each of the fluorescent lQ-3 faecal 
suspension were placed on this medium. When the two droplets had 
soaked into the agar, the preparation was covered with a large 
coverslip (24 x 60 mm, Menzel Glazer, F.R.G.) and placed in a glass 
petri dish with moistened filter paper. Until examined, the IF slides 
were kept in a refrigerator at 4 ° C.  

Microscopic equipment 

Immunofluorescence (IF) and phase contrast microscopy (Carl 
Zeiss Type IV F, F.R.G.) were employed. The filter system was stan
dard, with an excitation (455-190 nm) and an emission (520-560 
nm) filter, and CPLW lOx were chosen as eyepieces . The objectives 
were a Planapo PL 3 40x (with immersion oil) and a l Ox Planapo 
(without immersion oil). 

Microscopic detection and localization of lgA coated bacteria 

The microscope was first focused by phase contrast : rod shaped 
bacteria situated on the surface of the agar were clearly detected at the 
level of the drop areas, the circular agar areas originating from the ap
plication of the fluorescent faecal sample. When the microscope was 
focused, the two drop areas (two faecal droplets) were screened for 
lgA + (fluorescence + )  bacteria by IF. lgA + rods detected were 
registered on a special form and recorded by means of a coordinate 
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Vertical coordinates of the microscopic stage 

1 5  16 20 21 

1"2 

Slide range 2 

Drop area 

FIGURE 1 

2 5 26 

3 

4g so 

4 

55 56 

5 
2 

60 61 

6 

Sketch representing coordinate grating, consisting of 72 microscopic fields (points 
on intersection). A slide comprises 2 drop areas and 6 slide ranges. Slide range 3 is 
shaded. Black lines represent lgA coated rods; circled areas represent Enterobacte

riaceae colonies. 
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grating consisting of 6 horizontal and 12 vertical lines. The millimeter 
scale of the microscope stage provided lines at right angles to each 
other, in this way constructing the precise network of the grating. A 
point of intersection determined a particular microscopic field, and 
6 x 12  (i .e .  72) microscopic fields evenly distributed over the slide 
allowed uniform screening of the two faecal droplets. 

Figure 1 is a sketch of the coordinate grating. To facilitate inter
pretation an adjustment procedure was found to be necessary before 
completing the form. On exceptional occasions when an IgA + rod 
was detected in the middle of a microscopic field, it was registered at 
the appropriate point of intersection. Rods were normally non
centrally localized, and the microscopic field was then carefully ad
justed to bring the fluorescent rod to the centre of the field. This 
modified position was registered on the form. In Figure 1 (drop area 
1 )  in microscopic field 109, 1 6, an eccentric IgA + rod is shown, lower 
left . Several IgA + bacteria were observed in this way in each field; all 
were recorded. It generally required about 20 min to examine an IF 
slide containing a large number of coated bacteria. 

In situ subculturing 

After the IF examination, the slide (with cover slip) was placed in 
a petri dish with moistened filter paper and incubated at 37° C for 
1 8  h .  

Microscopic localization of the colonies 

Colonies were seen under the cover slip after incubation and were 
small because of the restraining influence of the cover slip. The pro
bability that these colonies were Enterobacteriaceae was very high, 
because of the selective medium (MC agar). Both IgA + and IgA
bacteria formed colonies since coating neutralizes but does not kill a 
bacterium (Heremans, 1 974). 

After removal of the cover slip, the in situ subcultured faecal 
slide was again examined microscopically. This stage of the technique 
required only phase contrast (eyepieces, CPL lOx; objective, lx 
without immersion oil). Compared with the IF stage, the lens com
bination now gave 4 times less magnification. To localize all 
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Enterobacteriaceae colonies, the coordinate grating of 72 fields was 
again used. The adjusting procedure described above was again used 
for phase contrast examination: before recording a colony, it was 
localized in the middle of the field. To illustrate this, Figure 1 (drop 
area 1 ,  in field 1 09, 1 6) shows two colonies detected by this 10  x 1 0  
combination (lower left and upper right o f  the point o f  intersection). 
These two colonies were recorded - after adjustment - on the form 
used for IgA + bacteria on the previous day. 

Interpreting the microscopy results 

The registration form thus consists of the findings at the two 
stages of the technique, namely, localization of IgA + bacteria, and of 
all colonies originating from IgA + as well as IgA- bacteria. These 
data permitted determination of which colonies were the progeny of 
IgA + bacteria. In the same example (Figure 1), the colony localized 
lower left to the point of intersection had originated from an IgA + 

bacterium detected by fluorescence at that level on the previous day. 
This· conclusion was indicated by a special mark, e .g . ,  a cross. The 
colony observed at the upper right was registered where no fluorescent 
rod had been seen. As the first microscopic examination involved 
screening by IF only, an IgA- bacterium must have been located at 
that site. 

Identification of Enterobacteriaceae colonies 

All colonies originating from IgA + and IgA- Enterobac

teriaceae were identified and biotyped. The typing system used was 
the API system (La Balme, France) . Before starting the API pro
cedure, all colonies were coded and cultured to obtain purity. 

a. Coding colonies 
For practical reasons, the colonies were numbered. To achieve 

this, the concept of slide range was introduced. A slide range - a nar
row ship - covers 12  microscopic fields vertically. Thus, a faecal 
sample consists of 6 vertical bandlike slide ranges, 3 per drop area. In 
Figure 1 ,  slide range, the Enterobacteriaceae colonies were numbered 
from the top downwards . In slide range 1 of drop area 1 ,  five colonies 
were recorded after 1 8  h of incubation. More colonies were present in 
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each slide range, but only those which were examined in relation to the 
72 microscopic fields were considered. Interpretation led to the fin
ding that 4 of the 5 colonies shown in Figure 1 have originated from 
IgA- bacteria, the other would have been the progeny of an IgA + 
bacterium. Numbering from the top downwards, this colony became 
number 5 and is indicated in the figure by a cross . 

b .  Pure-culturing of coded colonies . 
All numbered colonies were carefully picked from the MC agar 

and pure-cultured by standard bacteriological techniques . 
c .  Identification and typing of coded colonies. 

. The procedure consisted of inoculating an API strip with a 
suspension prepared from a pure culture colony. After incubation, the 
reactions were recorded to give a bionumber. Finally, the API index 
transformed the bionumber into genus and species (Myerowitz, 1977) . 

Controls 

a. Controls for the fluorescence part of the technique 
Three possibilities of nonspecific fluorescence arise. In the con

jugate, there may be IgG molecules not only against IgA but also 
against lgM and IgG, i .e . ,  the conjugate is heterospecific. Secondly, 
the presence of antibodies against Enterobacteriaceae could lead to 
nonspecific fluorescence. Thirdly, Enterobacteriaceae possibly 
possess Fe receptors to which the specific AHU IgA, lgG molecules 
adhere by their Fe part ('sticky' effect) instead of binding with the Fab 
part of the molecule. Testing for monospecificity was carried out with 
myeloma cells , lgA, IgG and IgM. Three conjugate dilutions were 
tested: 1 : 5 ,  1 : 10  and 1 : 20. The other two possibilities were tested in 
the following way. In situ subculturing indicated that an IgA + 
bacterium had formed a colony of 1 09 uncoated bacteria. After pure 
culturing and preparation of a suspension, two droplets of 0.05 ml of 
the suspension were incubated together with two droplets of 0.05 ml 
of conjugate. 

b. Controls for Enterobacteriaceae survival during the procedure 
Incubation with conjugate, and the microscopic examination, 

possibly impaired Enterobacteriaceae survival . For this reason, an un
treated fraction of the same sample was used as control and was in-
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cubated with PBS instead of conjugate, while the microscopic pro
cedure was replaced by leaving the slide for 20 min at room 
temperature. The suspension was monitored by inoculating an MC 
agar plate with 0.05 ml. Control plates were also incubated for 1 8  h.  
The next day, the colonies on the control plates and on the slides with 
MC agar were counted and compared. 

c .  Controls for the faecal sample inventory 
Only after the typing stage was control possible to determine how 

'complete' the inventory of Enterobacteriaceae biotypes had been. 
The number of codified pure cultured and identified colonies had to 
be sufficient to ensure that no biotype was missing. For this purpose, 
an 'inventory curve' (Van der Waaij , 1 974) was utilized. 

E nterobacte riaceae 
b i o t ypes 

5104 572 E. coli 
5044 542 E. coli 
5044 552 E. coli 
5144 7 72 E. coli 
5144 5 7 2  E. coli 
5144 7 5 2  E. coli 
5144 5 5 2  E. coli 

FIGURE 2 

:=:::;;:<<::<·' 

·: ::::::;:::: ·=<·:·:·:·: 

2 3 4 s 6 S l ide  ranges 

Inventory of faecal sample taken 24/3 (Figure 4). Number of different 
Enterobacteriaceae biotypes detected in the 6 slide ranges. The fraction of IgA + 
bacteria is proportionally represented by shading. 
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Samples 

Four laboratory co-workers were sampled twice a week for ap
proximately 2 months.  Faecal samples were investigated within 1 h 
after defaecation. If immediate examination was not possible, the 
samples were frozen in liquid nitrogen. 

RESULTS 

Figures 2-4 show how results were recorded. Figures 2 and 3 are 
the inventory results of the same faecal sample of volunteer 1 .  Figure 
4 combines all of the samples of volunteer 1 .  In the same way, data of 
the faecal samples from volunteers 2, 3 and 4 were registered. 

Figure 5 represents the resident bacterial biotypes detected in this 
study with four volunteers. This diagram shows the correlation be
tween the number of a resident Enterobacteriaceae biotype and the 

Enterobacteriaceae 
b 1 o t ypes 

5104 572 E colt 
5044 54 2 E coli 
5044 552 
5144 7 72  
5144 5 7 2  
514 4 7 5 2  
5144 5 5 2  

FIGURE 3 

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
N u m ber of colon ies 

Inventory of faecal sample taken 24/3 (Figure 4). Number of different 
Enterobacteriaceae biotypes as a function of the number of colonies isolated in the 
slide. Number of lgA + bacteria is indicated by shading on the abscissa. 
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number of lgA + representatives of the same biotype. The slope of the 
line is estimated by the mean of the fractions of coated 
Enterobacteriaceae calculated for all biotypes. The other line 
represents the 95 OJo confidence limit for the coated fractions . A total 
of 1388 Enterobacteriaceae colonies were isolated and identified; 1284 
were considered as resident and 104 were recorded as transient. Seven
teen resident biotypes were found, with an average of 75 .5  colonies 
per resident biotype. The number of transient biotypes was 35, 
representing an average number of 2.9. Of the 1284 residents, 459 
were lgA + ; 42 of the 104 transients were coated by lgA. This means a 
coating percentage of 34.9 OJo for the residents and 40.3 OJo for the tran
sients . 

Enteroboc:: ter1ac::•a• 
b1oty�s 

1 044572 

S004 1L2 Kl o z a•nae 

51 .. 542 

5144 5 1 2  

1 1 44552 

1044552 

�'� 
5044572 

51 0,572 

5144550 

5144772 

514,572 

5144752 

5044552 

5144552 

FIGURE 4 

E3 

1&·03·1977 22-0J 21.-03 31-03 1 2  04 1'-04 21-0t. 2 5-04 02-05 tl-05 13-05 

Sampling date 

Colonization pattern of Enterobacteriaceae species of volunteer 1 .  All biotypes 
found during the entire sampling period are represented. The fraction of lgA + 
bacteria is again proportionally indicated by shading. 
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The fluorescence specificity was tested in two ways. After incuba
tion of the conjugate with monoclonal lgA, lgM and lgG myeloma 
cells, there was fluorescence only with the lgA. Three cells were 
positive in the lgM system and one cell was fluorescent in the lgG 
system. Such results can be considered as normal . The conjugate dilu
tion in which the fluorescence was optimal was 1 : 10.  Several controls 
showed that, after culturing and reincubating with conjugate, the 
Enterobacteriaceae did not possess Fe receptors and that no an
tibacterial antibodies were present in the conjugate. 

Repeated tests indicated that there was no difference between the 
number of Enterobacteriaceae colonies counted on the control plates 
of a treated fraction and the number of colonies of an untreated frac
tion of the same faecal sample. An optimal inventory of a faecal sam
ple was usually obtained by picking 1 6-20 colonies from the slide . 
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•• 
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•• 

50 

40 
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,. 

ID 

1 0  20 JO 40 50 60 70 110 90 too 110 120 tlO 140 150 t&D 170 180 190 200 210 220 

FIGURE 5 
Diagram showing the resident Enterobacteriaceae biotypes detected in faeces of the 
four volunteers (O , volunteer 1 ;  •, volunteer 2; 0 ,  volunteer 3 ;  • ,  volunteer 4). 
Correlation between number of representatives of a particular resident biotype and 

number of lgA + organisms of that biotype. Triangles indicate 95 % confidence 
limit. 
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DISCUSSION 

These experiments show that resident (colonizing) intestinal 
bacteria reaching high concentrations in the digestive tract are coated 
with IgA. This strengthens the hypothesis of Van der Waaij and Heidt 
( 1977) . In mice, resident bacteria at peak concentration were capable 
of penetrating the intestinal mucosa and these PPMs were subsequent
ly cultured from the regional lymph nodes. This mechanism could ex
plain stimulation of lgA producing cells. 

The techniques used in these experiments only permitted detec
tion and screening of bacterial biotypes and screening of bacterial 
biotypes at concentrations of � 105 bacteria per gram of faeces. All 
biotypes detected and examined were lgA coated. This 1 05 concentra
tion is possibly also the threshold level which the intestinal bacteria 
have to exceed in order to penetrate the mucosa and to induce IgA 
production. 

This selective effect explains the high incidence of resident 
bacteria (92 O'/o ). The threshold value could also explain the finding 
that there is no significant difference between the coating percentage 
of transient ( 40 OJo) and of resident (34 OJo) Enterobacteriaceae. 

It is improbable that Enterobacteriaceae in the faeces are coated 
with IgM or lgG, since these two immunoglobulins are not protected 
against faecal proteolytic enzymes . IgA, however, is protected by a 
secretory fragment (Heremans, 1 974). The presence of antibacterial 
antibodies in the conjugate suggests that the immunized animal, the 
goat, must have been infected by the corresponding bacterium, which 
seems improbable. Tests failed to demonstrate Enterobacteriaceae Fe 
receptors, which are reported only on gram-positive bacteria (Myhre 
and Kronvall , 1 977) . 

In the present work, the API E 20 system, based on biochemical 
reactions, was used. Enterobacteriaceae species may also be typed 
serologically. There are two reasons why the biotyping system was 
pref erred - its technical practicability and the relatively low cost. 
Moreover, the literature date indicate that biotypes run parallel to 
serotypes (Van der Waaij et al . ,  1 975) . 



LOCAL IMMUNE SYSTEM 99 

ACKNOWLEDGEMENTS 

We are grateful to Dr. V. Fidler for statistical advice and to Mrs. M .  Sikkens
De Zwaan for technical assistance. We wish to thank Prof. Dr. H. The for advice on 
immunological methods and for testing the conjugates. 

REFERENCES 

1 HEREMANS, J.F. (1975). The secretory immune system. A critical appraisal. In: 
The immune system and infectious diseases. Karger, Basel, 376-385. 

2 GIBBONS, R.J. (1974). Bacterial adherence to mucosal surfaces and its inhibition 
by secretory antibiodies. In: The immunoglobulin A system. Eds. Mestecky, J . ,  
Lawton, A.R. Plenum Press, New York, 3 15-325. 

3 VAN DER WAAIJ, D. ,  HEIDT, P. (1977). Intestinal bacterial ecology in relation 
to immunological factors and other defence mechanisms. In: Food and Im

munology. Eds. Hambraeus, L. , Hanson, L.A. Almqvist & Wiksell, Uppsala, 
133-140. 

4 HEREMANS, J.F. (1974). Immunoglobulin A. In: The Antigens. Ed. Sela, M. 
Academic Press, London, 365-522. 

s MYEROWITZ, R.L. , ALBERS, A.C., YEE, R.B.,  ORSKOV, F. (1977). Relation
ship of Kl antigen to biotype in clinical isolates of Escherichia coli. 

J. Clin.Microbiol., 2: 124-127. 
6 VAN DER WAAIJ, D . ,  COHEN, B.J . ,  ANVER, M.R. (1974). Mitigation of ex

perimental inflammatory bowel disease in guinea pigs by selective elimination of the 
aerobic Gram-negative intestinal microflora. Gastroenterology, 67:640-472. 

7 MYHRE, E.B. ,  KRONV ALL, G. (1 977). Heterogeneity of nonimmune im
munoglobulin Fe reactivity among Gram-positive cocci: description of three major 
types of receptors for human immunoglobulin G. Infect.Immun., 11:415-482. 

8 VAN DER WAAIJ, D. ,  SPELTIE, T.M. ,  GUINEE, P.A.M. ,  AGTERBERG, C. 
(1975). Serotyping and biotyping of 160 Escherichia coli strains: comparative study. 
J. Clin.Microbio/. , 1 :231-238. 





LOCAL IMMUNE SYSTEM 

II 

IN VIVO BINDING OF SECRETORY 
IMMUNOGLOBULIN A TO NORMAL 

GASTROINTESTINAL FLORA 

H.K.F. van Saene and D. van der Waaij . 

Laboratory for Medical Microbiology, 
University Hospital, Groningen, The Netherlands. 

IOI 

We find that on average, 40 % of the aerobic bacilli in the normal 

faeces are coated with secretory immunoglobulin A.  This is presented 

as evidence for the role of gut associated lymphoid tissue in control

ling normal gut flora by preventing adherence and colonization. Bas

ed on these findings for normal individuals, a case is made for 

decreased gut associated lymphoid tissue activity in those cases where 

less than 12.5 % of aerobes are coated. 

INTRODUCTION 

The gut associated lymphoid tissue (GALT) plays a key role in in
fection control and in preventing absorption of intestinal antigens 
(immune exclusion)1 •  Secretory immunoglobulin A (s-IgA) on the 
mucous membranes may be involved in this protective GALT activity 
by interfering with bacterial adherence. Attachment to mucosal sur
faces via fimbriae is believed to be a prerequisite facilitating coloniza
tion and penetration of the digestive tract . Adherence of fimbriated 
bacteria is apparently inhibited by s-lgA shielding the fimbriae by 
coating bacteria2• s-lgA concentrations in serum and in external secre-
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tions may less directly reflect GALT activity and this quantitative 
evidence may appear less important as a measure for the functional 
characteristics of s-lgA1• Therefore we studied the functional quality 
of GALT activity by determining its coating capacity. An in vivo test 
system incorporating a fluorescence immuno assay (FIA) technique, is 
used to evaluate the number of faecal bacteria coated with s-lgA4• 

SUBJECTS AND METHODS 

GAL T-FIA assay 

In the present report GALT activity on faecal flora in normal 
man was studied by means of the GALT-FIA technique previously 
described4• 

1 .  Faecal flora 
The faecal bacteria that we focused on in this assay were the 

aerobic Enterobacteriaceae. Other microorganisms such as staphylo
cocci, streptococci and yeasts were not considered because they often 
give false positive staining with immunofluorescent anti-lgA. For, 
Gram-positive bacteria possess Fe receptors to which immuno
fluorescent anti human s-lgA molecules can adhere by their Fe part in
stead of binding with the Fab part of the molecule ('sticky' effect). Fe 
receptors are not detected on Enterobacteriacea�. Secondly, 
Enterobacteriaceae can be typed in different ways. Typing is necessary 
in order to differentiate resident bacteria from transient ones . Bioty
ping system was preferred in this assay to serotyping, because of its 
technical practicability and the relative low costs. Moreover, the 
literature data indicate that biotypes run parallel to serotypes6 • Com
paring the total microscopic count with the numbers of 
Enterobacteriaceae that subsequently grew on the agar slide differen
tiation between the anaerobes and the aerobic Enterobacteriaceae 

could be made. 
2. Techniques 
In brief, a faecal suspension was stained by a conjugate, an

tihuman s-lgA labelled with FITC. This fluorescent suspension was 
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then placed on a MacConkey agar slide and examined by phase con
trast and by immunofluorescence microscopy. The phase contrast ex
amination showed anaerobes outnumbering aerobes by a factor of 
1 Q4. When this field was then screened by immunofluorescence only 
s-lgA + (fluorescence + ) bacteria were seen. The locations of s-lgA + 
bacteria which showed up as green citrons were then recorded. After 
microscopy the agar slide and its suspension cover was incubated at 
37° C for 1 8  hours. Because s-lgA was not bactericidal colonies were 
obtained. Finally, the localization of the colonies was registered and 
the colonies identified and typed. By thus combining microscopic, 
culture and identification techniques we were able to establish which 
colonies were the progeny of s-lgA + bacteria. In typing we 
distinghuished between organisms which remained in the tract for 
more than one week (resident bacteria) from bacteria which appeared 
only sporadically in the duration of the eight week study (transient 
ones). 

3 .  Controls 
The fluorescence specificity was tested in two ways. After incuba

tion of the conjugate with monoclonal lgA, lgM and lgG myeloma 
cells, there was fluorescence only with the lgA. After culturing and 
reincubating with conjugate, Enterobacteriaceae did not possess Fe 
receptors and controls showed that no antibacterial antibodies were 
present in the conjugate. 

Concerning reproducibility, repeated tests indicated that there 
was no difference between the number of Enterobacteriaceae colonies 
of a treated fraction and the number of colonies of an untreated frac
tion of the same faecal sample. 

Volunteers 

Normal values for the percentage of s-lgA coated bacteria were 
determined, using the GALT-FIA technique, on stool specimens ob
tained from ten healthy volunteers. Specimens were collected thrice 
weekly for approximately 8 weeks. 
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From the 1 16 stool samples (an average of 1 1 .6 per volunteer), a 
total of 2003 Enterobacteriaceae colonies were isolated, identified and 
typed; 1 522 were found to be resident (76 o/o) and 481 were recorded as 
transient (24 o/o). From the 1 522 resident Escherichia coli bacteria, 581  
were s-lgA coated (38.5  o/o). One hundred seventy two of the 481 tran
sients were coated with s-lgA, corresponding to a coating percentage 
of 37 . 7 OJo.  Figure 2 represents the 25 resident Escherichia coli types 
detected in the 1 16 stool samples, and shows the correlation between 
the number of isolated colonies of a particular resident Escherichia 

coli and the number of s-lgA coated representatives of that same resi
dent Escherichia coli. The slope of the line is estimated by the mean of 
the fractions of coated bacteria calculated for all resident resident 
Escherichia coli types. The dotted line represents the 95 OJo confidence 
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FIGURE 2 
Enterobacteriaceae resident types detected in 1 16 stool samples from 10 volunteers 
(O : volunteer I ,  • : volunteer 2 etc.). Correlation between the number of represen
tatives of a particular resident E. coli type and the number of s-lgA positive 
organisms of that resident E. coli strain. Dotted line indicates 95 % confidence limit. 
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lower limit for the s-IgA coated Escherichia coli fractions. According 
to these statistics a percentage of about 40 can be considered as 'nor
mal' , while less than 12.5 OJo can be interpreted as a significant reduc
tion. 

In contrast to the aerobic Enterobacteriaceae, the far more 
numerous anaerobes were not s-IgA coated. All s-IgA + (fluo
rescence + )  bacteria gave rise to (aerobic) colonies after incubation. 

DISCUSSION 

There is a considerable body of evidence for local response to 
normal endogenous flora7•8 • This study shows that in faeces of healthy 
individuals, only aerobic bacteria are coated with s-IgA. The en
dogenous anaerobes are apparently not able to stimulate the secretory 
immune system even though they colonize the intestines in very high 
numbers . This may be due to their low degree of immunogenicity9•10• 
The present study on humans confirm earlier work on mice by van der 
Waaij who found that under normal conditions aerobic bacteria could 
invade the mucosa and be recovered in the lymphatic organs when 
they colonize the gut in concentrations normally observed for 
anaerobes1 1 •  This mechanism could explain stimulation of s-IgA
producing cells by aerobic bacteria. 

That only a few E. coli types predominate as residents in normal 
stools is a well known phenomenon12• 1 3 •  The GALT - by interacting 
only with the aerobic part of the endogenous microflora - seems to 
function as a regulating (s-IgA coating) apparatus preventing 
adherence, excessive growth and possible subsequent invasion by 
E. coli and other Enterobacteriaceae. The coating phenomenon of 
aerobic flora (both resident and transient) might also be related to 
stimulation of GALT by antigens supplied by food1 1 • 13• 

A coating percentage of 40 could be considered as 'normal' . 
The fact that s-IgA is present mainly on the mucous layer covering the 
gut mucosa may explain our finding that not all cells of an aerobic 
bacterium are coated with s-IgA. Bacteria passing near the mucous 
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membranes (mucosal-associated flora) have a greater chance of being 
coated than organisms confined to the centre of the gut lumen 
(luminal-associated flora) where the concentration of s-IgA molecules 
is not as high14• In addition, s-IgA is not bactericidal so that bacteria 
still capable of multiplying during intestinal passage may lose their 
s-IgA coat as a result of cell division15 •  

Our findings that the GALT activity is 'reduced' when the 
number of s-IgA coated endogenous E. coli is lower than 12.5 OJo sug
gests clinical relevance. Reduced s-IgA coating might be related to an 
increased permeability of the intestinal tract leading to formation of 
antibodies. In this regard GALT-FIA technique - as a functional test 
for local immunity - could be of value in the diagnosis of important 
clinical disorders such as selective IgA deficiency, auto-immunity and 
graft-versus-host disease16•17•18 • 
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GUT ASSOCIATED LYMPHOID TISSUE 
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and Department of Gastroenterology2•4• 
University Hospital, Groningen, The Netherlands. 

The activity of gut associated lymphoid tissue (GAL T) in 20 pa

tients with inflammatory bowel disease (IBD) (10 with Crohn 's disease 

and 10 with ulcerative colitis) was compared with a control group of 

healthy individuals. The GAL T  function measured in this study was 

the coating of intestinal bacteria with secretory immunoglobulin A 

(s-lgA). In all patients a statistically significant reduction of the 

percentage of bacteria coated with s-lgA was found. These findings 

indicate a dysfunction of GAL T  suggesting a mucosa/ immunodefi

ciency. Whether these observations imply a secretory component 

disorder or whether they are due to abnormalities of T-cell function, is 

discussed. 

INTRODUCTION 

The gut associated lymphoid tissue (GALT) plays a key role in 
controlling normal gut flora by preventing adherence and coloniza
tion• . Secretory immunoglobulin A (s-IgA) on the mucous membranes 
may be involved in this controlling GALT activity by interfering with 
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bacterial adherence. Attachment to mucosal surfaces via fimbriae is 
believed to be a prerequisite facilitating colonization (and subsequent 

translocation) of intestinal bacteria (or antigens). Adherence of fim
briated bacteria is apparently inhibited by s-IgA shielding the fimbriae 

by coating bacteria2 • s-lgA concentrations in serum and in external 
secretions may less directly reflect GALT activity and this quantitative 

evidence may appear less important as a measure for the functional 
characteristics of s-lgA3 • Therefore we studied the functional quality 

of GALT activity by determining its coating capacity. An in vivo test 
system incorporating a fluorescence immuno assay (FIA) technique, is 
used to evaluate the number of faecal bacteria coated with s-lgA4• 

The diseases known collectively as inflammatory bowel diseases 

(IBDs) are ulcerative colitis (UC) and Crohn's disease (CD). Their 
aetiopathogenesis remains unknown. There is considerable evidence 

for the involvement of an auto-immunological process5• One possibili
ty is an altered immune reactivity to digestive tract-associated an
tigens, including enterobacterial antigens6• This hypothesis implies a 

state of hypersensitivity to intestinal antigens. Development of 
hypersensitivity is depending on translocation of bacteria (or bacterial 

antigens) from the digestive tract into the lymphoid organs (e.g. ,  

mesenteric lymph nodes, spleen)7. High intestinal concentrations of 

bacteria are - at least in experimental animals - associated with 
translocation8• Increased translocation is very likely to be followed by 

increased titres of circulating immunoglobulins9• Translocation is 

possibly facilitated by a deficiency of GALT as has been found in 
nude mice10• 

It is in the light of these considerations that we decided to study 
the incidence of lgA coated bacteria, i .e . ,  the coating capacity of the 

gut associated lymphoid tissue in inflammatory bowel disease patients 

and in healthy controls . 

SUBJECTS AND METHODS 

GAL T-FIA assay 

In the present report GALT activity on faecal flora in twenty pa-
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tients with inflammatory bowel disease and in normal individuals was 
studied by means of the GALT-FIA technique previously described4• 

1 .  Faecal flora 
The faecal bacteria that we focused on in this assay were the 

aerobic Enterobacteriaceae. Other microorganisms such as 
staphylococci, streptococci and yeasts were not considered because 

they often give false positive staining with immunofluorescent anti

IgA. For, Gram-positive bacteria possess Fe receptors to which im
munofluorescent anti human s-IgA molecules can adhere by their Fe 

part instead of binding with the Fab part of the molecule ( 'sticky' ef

fect). Fe receptors are not detected on Enterobacteriaceae1 1 • Secondly, 

Enterobacteriaceae can be typed in different ways. Typing of bacteria 

isolated from a subject involved in this study was necessary in order to 

differentiate resident bacteria from transient ones. Biotyping12 was 

pref erred in this assay to serotyping, because of its technical prac
ticability and the relative low costs. Moreover, the literature date in

dicate that biotypes often run parallel to serotypes13•14• Comparing the 
total microscopic count with the numbers of Enterobacteriaceae that 

subsequently grew on the agar slide differentiation between the 
anaerobes and the aerobic Enterobacteriaceae could be made. 

2. Techniques 
In brief, a faecal suspension was stained by a conjugate, anti 

human s-IgA labelled with FITC. This fluorescent suspension was 
then placed on a MacConkey agar slide and examined by phase con

trast and by immunofluorescence microscopy. The count under phase 
contrast outnumbered the microorganisms growing on MacConkey 

agar by a factor of 104• When this field was then screened by im
munofluorescence only s-IgA + (fluorescence + )  bacteria were seen. 

The locations of s-IgA + bacteria which showed up as rods with a 
dense green lining were then recorded. After microscopy the agar slide 

and its suspension cover was incubated at 37° C for 1 8  hours. Because 
s-IgA is not bactericidal colonies were obtained.  Finally, the localiza

tion of the colonies was registered and the colonies identified and 
typed. By thus combining microscopic, culture and identification 

techniques we were able to establish which colonies were very likely 

the progeny of s-IgA coated bacteria. In typing we could distinguish 
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between organisms which remained in the tract for more than one 
week, e .g . ,  which were found in several subsequent samples (resident 
bacteria) from bacteria which were only sporadically isolated during 

the eight weeks of study (transient ones)15• 
3. Controls 

The fluorescence specificity was tested in two ways. After incuba
tion of the conjugate with monoclonal lgA, lgM and lgG myeloma 
cells, there was fluorescence only with the lgA. After culturing and 

reincubating with conjugate, Enterobacteriaceae did not possess Fe 
receptors. 

A possible impairment of Enterobacteriaceae survival by the 
assay procedures was repeatedly controlled. No difference was found 
between the number of Enterobacteriaceae colonies of a fraction pro
cessed for the assay and the number of colonies of an unprocessed 
fraction of the same faecal sample. 

Patients 

The patients included in this study were twenty in-patients (ten 
with ulcerative colitis and ten with Crohn's disease) in the 

gastroenterology department of the University Hospital. All received 

sulfasalazine; none of the patients was treated with steroids, im

munosuppressive or anti-diarrhoeal drugs and no member of the pa

tient group underwent surgery before or during the period of study. 
Out of these 20 patients, fourteen were involved in a follow-up study 
when their disease was in complete remission. This remission group 

served as their own controls . For, in the relapse phase diarrhoea was a 

prominent characteristic causing a dilution effect possibly resulting in 

a lower s-lgA coating incidence. To avoid this possible artefact, the 
same patients - but now in remission phase - producing faeces of 

normal consistence were followed up . 

Volunteers 

A group of ten healthy laboratory co-workers served as control 

group. No member of the control group had experienced any in
testinal illness. 
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Specimens 

Faecal samples were collected thrice a week and investigated 
within one hour after defaecation. If immediate examination was not 

possible, the samples were frozen in liquid nitrogen. 

Statistics 

Statistical analysis was done by Fishers exact test. 

Faecal flora 

1 .  Volunteers 

RESULTS 

From the 1 16 stool samples (an average of 1 1 .6 per volunteer) a 
total of 2003 Enterobacteriaceae colonies were isolated, identified and 

typed. The resident flora included E. coli only. Although 25 types 

were isolated, only two types of E. coli were predominant: bioprofiles 
5 144572 and 5044552. The transient flora however consisted not only 
of Escherichia coli but also of Klebsiella spp, Enterobacter spp, 

Citrobacter spp etc. Practically all representatives of the Enterobac

teriaceae family were isolated as transients on single occasions in the 
stools of these healthy individuals. The number of transient strains 
was large: 1 02.  

2 .  Patients 

Relapse phase. From 202 stool samples (10. 1 sample per patient) 
a total of 1 685 Enterobacteriaceae colonies were isolated, identified 
and typed. No significant difference between the patient and the con
trol group was found. A manifest but not significant difference was 
perhaps seen in the lower number of different resident E. coli strains 
in the patient group. In the ten healthy individuals there were 25 resi

dent strains (2. 5  strain per individual). A lower number of only 27 
resident E. coli strains were detected in the faeces of the 20 IBD pa
tients (1 .3 strain per patient). The predominant bioprofiles however 
were identical. The number of transient strains was also relatively 

smaller (1 1 1) in the IBD group than in the control subjects . 
Remission phase. A total of 74 samples (3 . 1  sample per patient) 

could be evaluated. In these samples an identical colonization pattern 

showing no major differences was observed. 
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Coating incidence 

1 .  Volunteers 
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We found that on average, 40 0Jo of the resident E. coli strains in 

the normal faeces were coated with s-lgA. Based on these findings in 

normal individuals, a case was made for decreased GALT activity in 

those patients in whom less than 12.5 OJo of aerobic resident E. coli 

were found to be coated16 (Figure 1) .  
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FIGURE 1 

Twenty five resident E. coli strains isolated from faeces in healthy individuals. Cor
relation between the number of bacteria of a resident E. coli strain and the number 
of s-lgA positive microorganisms of that resident E. coli strain. On an average, 
40 OJo is coated. Dotted line indicates 95 OJo confidence limit representing significant 
decreased GALT activity under this 12.5 % limit. 
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2. Patients 

Relapse phase: from the 1 193 resident E. coli strains no more 
than 69 were coated with s-lgA (6 OJo). In all twenty IBD patients the 
coating incidence for all strains was found to be below the 95 OJo con
fidence underlimit of 12.5 OJo (Fishers exact test, P < 0.0001) (Figure 

2). No differences were observed between the patients with ulcerative 
colitis and the patients with Crohn's disease. 

Remission phase: from the 1 50 resident E. coli strains isolated 
from the 74 samples only 1 1  were s-lgA coated (7 OJo). 
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Twenty seven resident E. coli strains detected in stool samples from IBD patients 
(O : Crohn's disease, • : ulcerative colitis). Ratio between the number of bacteria of 
a particular resident E. coli strain and the number of s-IgA + ones of that E. coli 

strain. In all patients the coating incidence was found to be underneath the 95 OJo 
confidence underlimit of 1 2.5 OJo .  
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DISCUSSION 

In this study we made two important observations. (i) The faecal 
flora of IBD patients does not qualitatively and quantitatively differ 
from healthy controls as far as aerobic bacteria are concerned, neither 
when the disease is in relapse nor in remission. These results confirm 

earlier studies11•18• The low number of different Enterobacteriaceae spp 
in the patient group could be explained by the fact that all patients 
receive identical hospital food representing only a few different 
strains. (ii) Both in relapse as well as in remission phase IBD patients 
demonstrate a significant decreased IgA-coating incidence in Gram

negative aerobic bacteria. These observations indicate a decreased 
function of GALT: in both phases of the disease all patients show a 
mucosa! immunodeficiency. 

A deficiency of gut associated lymphoid tissue in IBD patients 
has earlier been described by others19•20•21 • In one recent study the free 
secretory component of salivary s-IgA was absent or markedly 

diminished in several members of a family who had ulcerative colitis 
and in some unrelated patients with ulcerative colitis, suggesting a 

possible compromise in mucosa! defences in IBD patients22• In an 

other study in patients with IBD peripheral-blood mononuclear cells 
showed increased synthesis and secretion of lgM, IgG and lgA, 
however intestinal mononuclear cells showed decreased antibody 
secretion23 • These observations made in different centers with dif
ferent methods fit very well with the impaired coating function of 

GALT found in the present study. All these findings reveal one com
mon denominator: an immunodeficiency at mucosa! site. 

Secretory lgA-production appears to be T-cell dependent24•25 • 
There are T-cells specifically concerned with helping and suppressing 
antibody production. The gut associated lymphoid tissue contains IgA 

helper cells but it is also a haven for lgG and lgM suppressor cells26• 

Oral antigen exposure would be expected not only to stimulate a brisk 
lgA response but also simultaneously to suppress the appearance of 
antibody of other classes21•28 • The T-cell response to an oral antigen 

(e.g . ,  translocating bacterial antigens) seems to have two important 
functions. It aids the formation of s-lgA antibody which acts locally 
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to limit adherence, and therewith colonization and subsequent 
translocation from the digestive tract. And by suppressing the forma
tion of circulating antibody classes it ensures that the small quantities 

of antigen which are translocated across the mucosa do not provoke 
possible inflammation responses. A defect in the way that T-cells per

form these tasks may underlie the altered immune responsiveness 
characteristic of inflammatory bowel disease29• Whether decreased 
GALT function is due to a decreased T-helper cell function or 

decreased s-lgA coating of bacteria is due to a secretory component 
deficiency, remains an open question. However, decreased coating of 
Enterobacteriaceae spp could be associated with enhanced adherence 
of Enterobacteriaceae spp to digestive tract mucosa30• Enhanced 
adherence of intestinal bacteria in general leads into high concentra

tions in faeces ( � 106 per gram of faeces)11 • This was not found in our 

patients nor in those of others as mentioned above. The normal con
centrations of the aerobic Enterobacteriaceae spp make it very unlike

ly that increased translocation of Enterobacteriaceae spp has been of 
primary importance in the pathogenesis . 
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CHAPTER FIVE 

SYSTEMIC IMMUNE SYSTEM 

, , l'anaphylaxie signifie le contraire de la protection " 

Richet, C.  
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Sera from 20 patients with inflammatory bowel disease (/BD) (JO 

with Crohn 's disease and J 0 with ulcerative colitis) were assayed for 

the presence of circulating antibodies against endogenous Enterobac

teriaceae spp and were compared with sera from JO healthy control 

subjects. The findings indicate that the majority of IBD patients were 

more immunologically responsive to antigens of resident E. coli 

strains than did the healthy subjects. For, titres of lgG and of lgA 

class were significantly increased ( < 0. 025). The two possibilities -

circulating antibodies to endogenous resident E. coli are secondary to 

increased translocation or to a decrease of T-cell suppressor activity 

- are discussed. 

INTRODUCTION 

The diseases collectively known as inflammatory bowel diseases 

(IBDs) are ulcerative colitis (UC) and Crohn's disease (CD). The 

pathogenesis remains unknown. There is evidence that an autoim

munological process may be involved. In this respect an altered im

mune reactivity to digestive tract-associated antigens, including 
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enterobacterial antigens is to be considered1• 2 • In this investigation we 
focus on the Enterobacteriaceae microorganisms (or enterobacterial 

antigens) for the following reasons : (i) in normal circumstances 

aerobic Enterobacteriaceae are more invasive than the anaerobes, not
withstanding the fact that the anaerobic microflora outnumbers the 
aero bes more than 104 times3• 4• (ii) The local immunity of the digestive 
tract (s-lgA) only reacts with aerobic microorganisms by coating 

them. Anaerobes are never coated by s-lgA. The predominating en

dogenous anaerobes are not able to stimulate the secretory immune 
system even though they colonize the intestines in very high numbers5• 
6• If the hypothesis that IBDs are expression forms of immune reac

tivity against digestive tract-associated antigens is valid, we assume 
that the aerobic Enterobacteriaceae are the most likely candidates for 

translocation, i .e . ,  passage from the digestive tract lumen through the 

mucosa! barrier into the systemic immune system. In (genetically ?) 

predisposed individuals with a decreased function of gut associated 
lymphoid tissue (GALT), translocation of bacterial antigens may oc
cur and result in stimulation of lymphoid organs, e.g . ,  mesenteric 

lymph nodes, spleen. Enterobacteriaceae microorganisms sharing an

tigens with host constituents may induce cross-reacting antibodies, 

i .e. , antibodies which also complex with host tissue components7• 

Finally, these cross-reacting antibodies could mediate in the im

munological inflammation reactions (type 2 or 3) and/or granuloma

formation. 

In this investigation, we have adressed the issue of whether IBD 

patients are hypersensitized against their own digestive tract flora 
(enterobacterial antigens) versus healthy subjects without intestinal 

disease. We have investigated the prevalence of antibodies to en

dogenous Enterobacteriaceae (or antigens) recovered from the faeces 

of each individual by means of an indirect immunofluorescent assay 

(IFA). 
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SUBJECTS AND METHODS 

Subjects 

The 20 patients investigated (10 with Crohn's disease and 10  with 
ulcerative colitis) were adults for which prolonged hospitalization 
seemed likely at the time of their admission to the gastroenterology 

department of the University Hospital . No patient selected for the 

study had been given antimicrobial agents (AMAs) or immunosup
pressive drugs in the month prior to hospitalization nor during the 6 
weeks of bacteriological and serological monitoring. 

Ten laboratory co-workers served as a control group. None of the 
control individuals had experienced acute illness or received any an
timicrobial therapy during the study or in the month preceding it. 

Studies on f aeca/ flora (Enterobacteriaceae) 

Specimens of faeces were obtained twice weekly for six con
secutive weeks . Each faecal specimen was processed within 30 minutes 

of being passed. Concentrations of the aerobic Enterobacteriaceae 

were determined as follows : one gram of faeces was homogenized in 
9 ml of brain heart infusion broth (Oxoid), serially diluted ( 1 :  10) and 
incubated for 18  hours at 37° C; thereafter ,  all dilutions showing 
bacterial growth were inoculated onto MacConkey agar (Oxoid). 

Identification and typing were performed by means of standard 

bacteriological techniques8• All results were expressed as the log10 of 
the number of organisms per gram (wet weight) of faeces . In this 
study, we defined a 'resident' organism as an identical typed 
bacterium which remained in the intestinal tract for more than 4 
weeks. Enterobacteriaceae types appearing only sporadically in the 
duration of the 6 weeks study were defined as 'transient' ones9• 

Studies on serum antibodies (to endogenous Enterobacteriaceae) 

1 .  Sera 

Sera were obtained once during the study from the 30 subjects. 

Sera were heated at 56° C for 30 minutes to inactivate complement 

and were stored in small aliquots at -20° C. 
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2. Enterobacterial antigens 
All Enterobacteriaceae strains (residents as well as transients 

recovered from the 30 subjects own faeces were used. Suspensions of 

106 bacteria per ml of demineralized water were prepared. Fat-free 
slides were covered with 0.05 ml of suspension. The antigen-slides 

were dried, treated with 96 OJo of ethanol (fixing and killing of 

bacteria) and thrice washed. 
3 .  Fluorescent anti-immunoglobulin sera 

Fluoresceine-conjugated pig antisera specific for human lgM, 

lgG, lgA and lg total (lgT) were supplied by Dako Laboratories 
(Copenhagen, Denmark). These antisera were stored at -20° C, in 

small quantities, which were thawed and diluted in PBS (lgM 1 :80; 
lgG 1 :  100; lgA and lgT 1 :  120) just before each test. 

4. lmmunofluorescent staining procedure 
The slides with enterobacterial antigens were covered with the 

corresponding sera obtained from the same individual from whom the 

Enterobacteriaceae spp had been isolated (serially diluted, 1 :2), for 45 
minutes at room temperature and thrice washed in 0.01 M phosphate 
buffered saline (PBS) solution (ph 8 .5) for 10  minutes. Fluorescent 

antiglobulin was then applied for 1 hour at room temperature. The 

slides were washed and dried as before.  A drop of mounting fluid (1  
part of glycerol to 9 parts of carbonate buff er, ph 9) was placed over 

the area and a cover slip was added. The slides were then stored at 
4 ° C until they were examined by immunofluorescence (IF). Titres 

were read as the reciprocal of the highest dilution showing 

fluorescence that scored 2 + or greater (on a scale of 1 + to 4 + ) .  
Negative control slides that consisted of bacteria incubated first with 

PBS and then with the fluorescent reagents were included in each test. 

Statistics 

For comparison of the groups the Wilcoxon two sample test was 

applied to maximal titre values found within each subject. 
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RESULT 

Bacteriological findings 

Longitudinal (minimum 6 weeks) qualitative and quantitative 

culturing on 324 samples (10.8 samples per individual) was carried 
out. Figure 1 shows Enterobacteriaceae colonization patterns in nor

mal subjects (a), in Crohn's disease patients (b) and in ulcerative co
litis patients (c). The flora of the IBD patients was similar to that of 

healthy subjects. The resident flora in both groups included 

Escherichia coli only. The two most common resident E. coli strains 
(APl-profiles 5144572 and 5044552) were identical in both groups. 
Sixteen resident endogenous E. coli were isolated from the IBD- and 

control group, i .e . ,  on an average, 1 .4 resident E. coli per individual. 

The transient flora however, consisted not only of E. coli but also of 

Klebsiella spp, Enterobacter spp, Citrobacter spp etc. One hundred 

sixty one different transient bacteria were isolated from the 30 sub
jects (an average of 5 .3  strain per individual). 

Serological findings 

Sera from the 20 patients were assayed for the presence of cir
culating antibodies against all endogenous (resident/transient) 
Enterobacteriaceae and compared with sera from the 10 control sub

jects. The titres of circulating antibodies (immunoglobulin classes 
lgM, lgG and lgA) to all endogenous Enterobacteriaceae strains are 
shown in Figure 2. lgM and lgG antibodies predominated quan

titatively over lgA antibodies . Antibody titres (lgG and lgA) to resi

dent endogenous bacteria were significantly higher in the patient 
groups than in the healthy controls (P < 0.025 , one-sided). Differences 
were not significant between the two groups in the lgM (and lgT) 

component (P > 0. 10) .  Between ulcerative colitis - and Crohn's disease 
patients no difference was found (P > 0. 10) .  Antibody titres to tran

sient endogenous microorganisms did not differ (P > 0. 10 in all classes 

of the immunoglobulins). These results indicate that both the 
ulcerative colitis patients and the Crohn's disease group are im

munologically more responsive to endogenous resident Entero

bacteriaceae bacteria (or antigens) compared with controls. 
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FIGURE 1 
Digestive tract colonization by Enterobacteriaceae. Numbers in blocks give the con
centration of Enterobacteriaceae expressed as the log10 of bacteria per gram of 
faeces. 
Colonization pattern of digestive tract of a healthy subject (a), of a Crohn's disease 
patient (b) and of a colitis ulcerosa patient (c). Each individual is colonized by one 
resident Escherichia coli strain and by an average of four transient Enterobac

teriaceae. 
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a. lgT 

b.  

FIGURE 2 
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(a) circulating antibodies to resident endogenous Enterobacteriaceae strains. 
(b) circulating antibodies to transient endogenous Enterobacteriaceae strains.  
CD: Crohn's disease: O 
CU: colitis ulcerosa: • 
CS: control subjects: b. 
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DISCUSSION 

Circulating antibodies to Enterobacteriaceae (or enterobacterial 
antigens) have been demonstrated in the serum of normal 

subjects10•1 1 •12•13 and of patients with inflammatory bowel disease14•15•16•17• 1 8 •  

In all these studies only one Enterobacteriaceae species, namely E. coli 

was investigated. Practically all internationally accepted E. coli 

serotypes ( 159 supplied from laboratory stock) have been tested. Also 
to the different E. coli antigens circulating antibodies have been 
demonstrated: O,K,H and enterobacterial common antigen have been 
used as antigens. 

In our investigation, sera were assayed for the presence of cir
culating antibodies not against laboratory strains but to the in
dividuals endogenous Enterobacteriaceae strains. The type of 

enterobacterial antigen to which antibodies were demonstrated in this 

study has probably been enterobacterial surface antigen (0-antigens) . 
That we did not investigate specific enterobacterial components but 
that we focused on the immunologic responsiveness of the host to his 
own endogenous strains, is noteworthy. Serological techniques such 

as indirect immunofluorescent assay (IF A) demonstrate serotypes 

providing 0-antigens . In the present study, the API method based on 

biochemical reactions was used. There were two reasons why the 
biotyping system was preferred: its technical practicability and its 
relatively low costs. Moreover, the literature data indicate that 

biotypes often run parallel to serotypes19•20• 

The findings of this study indicate that Crohn's disease patients 
and ulcerative colitis patients are immunologically more responsive to 

antigens of endogenous E. coli strains than was found in the healthy 
control group. The significantly increased titres of circulating an
tibodies of IgG and IgA class to colonizing Enterobacteriaceae spp 

found in our IBD patients imply a response of the central immune ap

paratus to T-cell dependent antigens associated with these bacterial 
cell walls. These titres for most part may have been due to a secondary 
response which could also explain the relative low lgM titres21 • 

Significantly increased circulating antibodies against endogenous 
(resident) E. coli strains can only arise following (i) increased 
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translocation22 (under normal circumstances translocation from the 

digestive tract into the lymphoid organs occurs at low scale) and/or 
abnormalities of immunoregulatory T -cells23 . 

Earlier studies of our group have shown that the activity of gut 
associated lymphoid tissue is decreased (in in vivo coating of en
dogenous E. coli with secretory immunoglobulin A) in IBD patients24. 

Decreased s-IgA coating of E. coli could involve an enhanced 

adherence of E. coli to digestive tract mucosa. Enhanced adherence is 
always associated with increased concentrations of Enterobac

teriaceae spp ( �  106 of E. coli per gram of faeces). This condition -
when it concerns potentially pathogenic microorganisms - is - at 

least in experimental animals - associated with translocation from 

the digestive tract into lymphoid organs25 • Increased translocation is 

very likely to be followed by increased titres of circulating im
munoglobulins26. 

The finding that the colonization resistance of the digestive tract 

of IBD patients to Enterobacteriaceae spp and other potentially 
pathogenic microorganisms appeared unaltered, implies a normal co

lonization pattern of the aerobic flora, i.e. , no colonizing E. coli in 
the oropharynx and intestinal E. coli concentrations of < 106 per gram 
of faeces.  In other words, Enterobacteriaceae exposition in IBD pa
tients did not differ from that in healthy subjects. Increased transloca
tion of Enterobacteriaceae as a reason to explain the high IgG and IgA 
serum antibodies seems to be very improbable. 

It seems more likely that our findings are due to a disorder of the 
immunoregulatory T-cells21. A decrease of T-suppressor cell activity as 

described by several authors28•29 may explain the significantly increased 
IgG and IgA titres to endogenous (colonizing) Enterobacteriaceae spp 

found in our patients . The decreased secretion of s-IgA into the 

digestive tract resulting into a decreased s-IgA coated intestinal 

bacteria, described elsewhere, could be due to either a decreased IgA 
secretion (as a consequence of a decreased number of T-helper cells)30 

or a decreased coupling of IgA to secretory component31·32. 
There is evidence suggesting that T-suppressor cells are not only 

involved in normal B-cell activity but also in tolerance33·34. In this 

regard T-suppressor cells may control the auto-antibody precursor 
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B-cells from becoming active. This makes likely that the spontaneous 
onset of any auto-immune disease is related to a decrease or loss of 

suppressor cell function35• It seems probable that inflammatory bowel 

disease has here a common denominator with auto-immunity. Both 

may result from a similar diathesis36• Whether this is genetically deter
mined or this is due to a viral infection (Herpes virus) of the lymphoid 
system is unknown. Perhaps both are involved. 

The decreased GALT function in association with the indirect 
evidence for a decrease of T-suppressor cell activity make likely that 
in IBD a T-cell disorder may play a role. The T-cell response to an in
testinal antigen has two important functions36• T-helper cells aid in the 

formation of lgA antibody production which acts locally to reduce 
adherence, colonization and subsequent translocation from the in
testines . T-suppressor cells act by suppressing the formation of other 

classes (lgG, lgM) of circulating antibody. This supports the function 

of locally excreted s-lgA and further ensures that the small quantities 
of antigen which are translocated across the mucosa do not provoke 
possibly damaging inflammation responses37•38 • A defect in that way 
that T-cells perform these tasks may underlie the altered immune 

responsiveness characteristic of inflammatory bowel disease. 

In conclusion: this investigation indicates that the aerobic 

Enterobacteriaceae spp are probably not pathogenetically involved in 
IBD.  However, they are good indices of altered immunologic respon
siveness of the host to his own digestive tract flora. 
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CHAPTER SIX 

GENERAL DISCUSSION 

, ,even if a specific agent could be found ininf/ammatory bowel diseases, 

host immune responses would be likely to be involved" 

Shorter, R.G. 
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The aim of this investigation was to study which part of the co
lonising (indigenous) flora (aerobes and anaerobes) can play a role in 
the aetiology and pathogenesis of inflammatory bowel diseases. This 
investigation was merely based on the working hypothesis of Shorter1 •2• 
Inflammatory bowel diseases could be regarded as expression forms of 

immune reactivity ( 'hypersensitivity reactions') to endogenous in
testinal bacterial antigens . In (genetically ?) predisposed individuals 
with a decreased function of gut associated lymphoid tissue (GALT), 

translocation of bacterial antigens may occur and result in circulating 
antibodies and according to Shorter into stimulation of T-cells .  En

dogenous Enterobacteriaceae spp sharing antigens with host consti
tuents thus may induce cross-reacting antibodies, i .e. , antibodies which 

also complex with host (organ or tissue specific) antigens. These cross
reacting antibodies could explain the immunological inflammation 
reactions (granuloma, ulcer) seen in IBD3•4• 

In this investigation we focused our research on three aspects 
possibly involved in the pathogenesis : 

(i) antigen. An inventory of the aerobic digestive tract flora is 
made. The colonization pattern of endogenous Enterobacteriaceae spp 

was determined, in order to evaluate the enterobacterial antigen load 
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inside the lumen of the digestive tract. 

(ii) local immune system. The function of the local immune 

system was measured by investigating the percentage of secretory im
munoglobulin A (s-lgA) coated Enterobacteriaceae spp. 

(iii) central immune system. The immunological responsiveness to 

endogenous Enterobacteriaceae spp was measured by determining 

titres of circulating antibodies to endogenous Enterobacteriaceae spp. 
The working hypothesis of this investigation was that aerobic 

Enterobacteriaceae spp may increasingly translocate in IBD patients . 

A hypersensitivity reaction to these bacterial antigens in the gut wall 
could result from the increased translocation of intestinal bacteria in
to lymphoid organs, i .e . ,  passage of bacteria from the digestive tract 

lumen through the epithelium into the systemic immune system (e.g. ,  
mesenteric lymph nodes, spleen) inducing an antibody response5•6•7•8• 

Three observations made in this study, however, make a central 
role of Gram-negative Enterobacteriaceae spp in the aetiology and 
pathogenesis of IBDs unlikely. (i) The aerobic flora was found 
qualitatively normal (Chapter three). (ii) The local immune system 
however appeared deficient both when the disease was in relapse as 
well as in remission (Chapter four). (iii) IBD patients were found im

munologically more responsive to endogenous Enterobacteriaceae spp 

than healthy subjects (Chapter five). 
ad i .  Our findings make an increased translocation of Enterobac

teriaceae spp unlikely. For, the most important condition necessary for 
enhanced translocation is the presence of high numbers of adhering 
bacteria reflected by the high concentrations of bacteria within the 
digestive tract lumen (faeces)9•10• In all 66 IBD patients studied the 
aerobic Enterobacteriaceae spp concentrations in the faeces were com
pletely normal in comparison with healthy controls. These observa
tions confirm earlier studies1 1 • 12•13 • 

ad ii. The findings in the immunological part of this study -
decreased GALT and increased circulating antibody titres - suggest 
that IBDs are associated with a T-cell disorder. lgA appears to be T-cell 

dependent14•15 •  A deficiency of local gut associated immunity has earlier 

also been described by others16•11•18•19•20• Our findings of decreased s-lgA 
coated intestinal Gram-negative bacteria fit very well with these earlier 
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observations. The low concentrations of secretory component in saliva 
however, may indicate that this low coating incidence could also be due 
to decreased secretion of secretory component. 

ad iii . The observation of increased antibody titres of IgG and IgA 
may imply a decreased number of (lgG and IgA) T-suppressor cells21·22• 

In this respect there could be a relation with auto-immune diseases in 
which also strong evidence exists of a decrease of T-suppressor cell ac

tivity23·24·25 . Recently, several authors have also reported a dysregulation 
of the delicate balance of immune homeostasis between T-helper and 
T-suppressor in IBD patients26•21•28•29•30. A decrease of T-suppressor cell 
activity in combination with a dysfunction of local gut immunity may 
be of key importance in the pathogenesis. 

The two immunological aberrations - found in this study by 
means of aerobic Enterobacteriaceae spp - make unlikely that the 

aerobic Enterobacteriaceae spp are involved in the pathogenesis .  This 

conclusion is based on the completely normal colonization pattern of 

the digestive tract in IBD patients. If bacteria are involved in the 

pathogenesis, the numerically most prominent anaerobes are the likely 
candidates . This part of the digestive tract micro flora consists of many 
mucosa adhering species, forming the 'wall paper' of the digestive 
tract. Consequently, the anaerobic part of the flora is characterised by 
constantly high concentrations ( � 1010  per gram of faeces }31·32·33. In con
trast to Enterobacteriaceae spp, anaerobic bacteria in faeces of healthy 

subjects are not coated with s-IgA34·35. Since anaerobic bacteria massive
ly adhere to the mucosa and may pass the M cell lining which covers the 
Peyer's patches to get into the patch itself, they are likely to induce 
s-IgA production, however they do not. This suggests that under nor
mal circumstances a form of immunological tolerance of the host 

organism against his adhering anaerobes exists. Tolerance could be due 

to (early) development of specific T-suppressor cells . The latter would 
suppress both local as well as systemic immune responses36·37. 

The results of our investigation provide - in an indirect way -
supportive evidence for the existence of a decreased T-suppressor cell 

activity; i .e . ,  increased serum titres of IgG and lgA against Enterobac

teriaceae spp (Chapter five). Increased circulating antibodies have also 
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been reported by several others38•39•40• 
A continuous translocation of one or more anaerobic bacterial strains 

or absorption of their cell wall components from the digestive tract into 
submucosa and lymphoid organs (mesenteric lymph nodes and spleen). 

This could result in complement fixing antibody formation which could 
explain the development of a state of hypersensitivity against 

(anaerobic) intestinal bacterial antigens41 '42•43 • As soon as complement 
fixing antibodies to these anaerobes are being produced and circulate, 
they may complex with the continuing anaerobic (antigenic) penetra
tion or absorption. Observations by Wensinck and van de Merwe make 
likely that the anaerobes are indeed propable candidates for transloca
tion and induction of antibodies in IBD patients44•45'46'47 • Their conclu

sion regarding the possible role of anaerobes in the pathogenesis of 
IBDs complements the observations made in this investigation. 

In conclusion: it is not likely that the Enterobacteriaceae spp are 
directly involved in the pathogenesis of inflammatory bowel diseases. 

However, they have served as good indices for the monitoring of the 

altered immunological responsiveness of the IBD patient. This study 

confirms the conclusion of others that a T-cell disorder may play a cen

tral role in the pathogenesis of IBD48•49•50•51•52• 

From our bacteriological point of view it seems conceivable that 
either the restoration of the immunne disorder(s) or the elimination of 

the anaerobic species to which the host could be hypersensitive from the 
digestive tract may cause longterm remission. Restoration of secretory 

component secretion is for the time being not possible. However, at
tempts could be made to eliminate the anaerobic species against which 

the patient may have titres of circulating antibodies. Selective elimina
tion of one or more anaerobic bacterial species (involved in the 

pathogenesis) is also impossible. A more radical approach, total decon
tamination of the digestive tract, is worth consideration51 •  By means of 

broad spectrum non-absorbable antimicrobial drugs the aerobic and 
anaerobic flora can be eliminated from the intestinal tract52• Total 
decontamination however requires strict isolation of the patient to pre-
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vent overgrowth by resistant strains. Once the lesions are healed the pa
tient could be recolohised stepwise with (colonization resistance sup

porting) intestinal 'wall paper' anaerobes. Those strains however, to 
which the IBD patient has circulating (complement fixing) antibodies 
so that he may respond with a hypersensitive inflammatory reaction, 

should be omittedS3. This condition should be continued until the 

specific antibodies have disappeared from the circulation. 
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CHAPTER SEVEN 

CONCLUDING REMARKS 

,, the combination of a decreased gut associated lymphoid tissue 

with a decrease of T-suppressor cell activity 

may be of primary importance in the pathogenesis 

of inflammatory bowel diseases" 

van Saene, H.K.F. 
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If intestinal bacteria (or intestinal bacterial antigens) play a role 

in the aetiology and pathogenesis of inflammatory bowel diseases, the 

most likely candidates are those species which live in great numbers in 
intimate relation with the mucosa, i .e . ,  the anaerobes . It is in an in
direct way that we came to this conclusion. Following arguments sup
port the conclusion of this investigation. 

1 .  Many anaerobic species are constantly present in high concen
trations ( �  10' 0  anaerobes per gram of faeces); many species adhere to 

the intestinal epithelium forming the 'wall paper' of the mucosa. 
Aerobic bacteria are normally found in much lower concentrations in 
the digestive tract ( < 106 aerobes per gram of faeces) both in healthy 

subjects and in IBD patients; aerobes, when they colonise, may form 
only small patches in the far most part anaerobic 'wall paper' .  

2. There i s  evidence for an immunologic tolerance for anaerobes . 
This may be caused by T-suppressor cells in the GALT. The function 

of this tolerance could be prevention of the production of lgA. IgA to 

anaerobes may limit their adherence and there with their protective 
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function. In addition they may ensue prevention of development of 

inflammatory (tissue damaging) reactions to otherweise beneficial 
(CR-constituting) bacteria or absorbed components of them. A 
T-helper cell response to an (aerobic bacterial) antigen has two impor

tant functions. It aids the formation of s-lgA which after excretion in
to the gut mucus acts locally to impair with adherence, colonization 
and subsequent translocation of antigen from the digestive tract. Sup
pression of the formation of other classes of circulating antibody may 
prevent that the small quantities of aerobic bacterial antigen which do 
translocate every now and then across the mucosa lining provoke un
necessary (damaging) inflammatory responses . 

3 .  This investigation provides, albeit indirectly, evidence for the 

existence of a decrease of T-suppressor cell activity in IBD patients. 
I .e . ,  the tolerance establishing an important barrier against an im
mune response to bacteria forming the 'wall paper' of the gut mucosa 

is broken at least to some anaerobic species (Eubacterium spp and 
Peptostreptococcus spp) in this type of patient. This break of systemic 
tolerance may be of key importance in the aetiology and pathogenesis 

of the inflammatory reactions seen in IBD. 

4. High numbers of adhering anaerobes are perhaps also normal

ly associated with translocation of these anaerobes or their antigenic 

components. In IBD patients anti-anaerobic antibodies may complex 
in the submucosa with corresponding antigens of anaerobic bacteria 

and ensue either a focal inflammatory reaction resulting in an ulcer or 
immune complexes which may deposit over larger areas to cause 
granuloma formation. 

5. The decreased excretion of functional s-lgA in IBD patients is 

perhaps another factor of great importance in the pathogenesis . If, in 
absence of tolerance to certain adhering anaerobic bacteria, those 
species would induce in IBD patients secretion of specific s-lgA, the 
latter may interfere with their 'wall paper' function so those species 
would come off the wall . This would virtually eliminate the chance 

that antigenic components of these bacteria would get into the sub-
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mucosa in sufficient amounts to cause clinical disease. At least some 
of these open places on the mucosa would rapidly be replaced by 
aerobic potentially pathogenic microorganisms. This is apparently not 
the case, since the numbers and concentrations of aerobic potentially 
pathogenic microorganisms were normal in our patient material . Con

sequently, not only a decreased T-suppressor cell function but also a 

decreased excretion of functional s-lgA may explain why the 

anaerobic 'wall paper' fraction to which antibodies may circulate in 
high titres do not come off the wall so that antigenic components are 
continuously formed in close vicinity to the mucosa. These anaerobes 

or their antigenic (cell wall) constituents may continuously translocate 
and cause inflammation and/or granuloma formation. 





SUMMARY 

This investigation concerns some facets of the aetiology of 

Crohn's disease and ulcerative colitis, two chronic inflammatory 
diseases of the alimentary canal. The working hypothesis assumes that 
both of these conditions are caused by immune allergic reactions to 

antigens normally present in the alimentary canal. These antigens, 
possibly of microbial (bacterial or viral) or dietary nature, could pro
duce antibodies which react with the patient 's own tissues, in this case 
the alimentary tract . Also because food probably is of an inconstant 
composition and that of the colonising bacteria is definably more con

sistant, we concentrated on the bacterial antigens to the endogenous 
flora. This antigen source is under normal circumstances held under 
control by the host defence mechanisms (both local and systemic). 
The local defence mechanism tries to keep the antigen inside the 
lumen of the digestive tract using secretory immunoglobulin A 
(s-lgA); the systemic immune mechanism (reacting to endogenous 

bacterial antigens with circulating antibodies) is depressed by 
T-suppressor cell activity. Should this immunoregulating homeostasis 
fail then increased translocation (i .e. , passage from the lumen to the 

lymphatic organs) could occur . This could induce circulating an

tibodies and possible allergic reactions (type 2 or 3). 
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In this investigation we studied this interaction between gut an

tigens and the defence mechanisms using the Enterobacteriaceae 

species, not only as possible allergens but also as useful indices for 
determining (i) the colonization pattern of the gut, (ii) the functioning 

of the local immune apparatus and (iii) the response of the systemic 
immune system. 

Three factors were distinguished: 
(i) antigen: by measuring the colonization pattern of bacteria in 

the digestive tract (oropharynx and intestines) we gained an impres

sion of the number of potentially pathogenic microorganisms in the 

alimentary canal together with the threshold value for translocation 
through the epithelium. 

(ii) local defence: by determining the percentage of s-lgA coated 
aerobic Gram-negative bacteria in the faeces we received information 
concerning the function of the local immunity. 

(iii) systemic defence: by determining circulating antibodies 
against potentially pathogenic (translocated) gut bacteria we received 
in combination with point (i) and (ii) information concerning the im

munoregulating homeostasis ,  i .e . ,  the T-cell function. 

Sixty six patients with inflammatory bowel disease (36 with 

Crohn's disease and 30 with ulcerative colitis) were compared with a 

healthy control group. Three observations resulted from this in
vestigation: 

(i) qualitatively and quantitatively there was no difference in the 
potential pathogenic population of the digestive tract between IBD 

patients and healthy people . 

(ii) in both the 'relapse' and 'remission' phases of the illnesses 
the patients showed a significantly lower function of the local immune 
mechanism compared with that of healthy controls . 

(iii) the systemic immune mechanism showed an increased 
response to aerobic Gram-negative (translocated) gut antigens in com
parison with the control group. 

From the observations and from the evidence in the literature we 
concluded that a combined defence deficiency may exist in this type of 
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patient: a deficient local immune system m combination with a 
decreased T-suppressor cell activity. 

If bacterial antigens play a role in the aetiology of these illnesses, 
then antigens from the anaerobic flora are probably important can

didates, as many of this type of bacteria are present in high concentra
tions in the gut lumen (104 times higher than the aerobic Enterobac

teriaceae species) . Probably due to the combination of a deficient 
local immune mechanism and a decreased control over the immune 
response, the uptake of these antigens (which are formed close to the 
bowel wall) or even the translocation of certain anaerobic strains lead 
to increased concentrations of circulating antibodies. This condition 
could lead to allergy and/or granuloma formation. 

At this moment, little perspective exists of treatment aiming at 
restoring or increasing the defence mechanisms. From our 
bacteriological point of view, it seems conceivable that both these 
chronic bowel diseases could probably best be treated by: 

1 .  antigen elimination. 
2. suppression of B-cell activity. 

As it is unknown which anaerobic strains are important for the 
aetiology (should they play a role), elimination of those strains to 

which the patient possesses circulating antibodies should be con
sidered. Practically this is difficult to achieve as the antigens must first 
be identified before undertaking this type of investigation. Therefore 
elimination of anaerobic antigens should mean: total decontamina
tion of the digestive tract. The B-cells should be simultaneously 
depressed in the expectation of radically reducing B-cell clones 
specifically involved with the pathogenesis. When antibodies against 
the gut bacteria (Eubacterium species and Peptostreptococcus species) 

have been eliminated from the circulation then reconventionalization 
with anaerobic bacteria which support the colonization resistance may 
be carefully commenced. This must include no species to which the 

patient had circulating antibodies. 





SAMENVATTING 

Dit onderzoek behandelt enkele facetten der ontstaanswijze van 
de ziekte van Crohn en colitis ulcerosa, twee chronische ontstekings
ziekten van het spijsverteringskanaal. De werkhypothese ging er van 
uit dat deze beide aandoeningen expressievormen van immuunreacti

viteit ('overgevoeligheidreacties') zijn op antigenen normaal aanwezig 
in het lumen van het spijsverteringskanaal. Deze antigenen, mogelijk 
van microbiele (bacteriele of virale) of dietische aard, zouden cir

culerende antistoff en doen kunnen ontstaan die kruisreageren met 

eigen weefsels; in <lit geval van het spijsverteringskanaal. Ondermeer 
omdat voedsel waarschijnlijk weinig constant is van samenstelling en 
de koloniserende flora duidelijk meer, ging onze aandacht naar 
bacteriele antigenen van de endogene flora. Deze antigeenbron wordt, 
onder normale omstandigheden, onder controle gehouden door de 
afweer van de gast (locale en systematische afweer).  De locale afweer 
poogt het antigeen binnen het lumen van de darm te houden door mid
del van het secretoir immuunglobuline A (s-IgA); het systematisch im
muunapparaat (reagerend op endogene bacteriele antigenen met cir

culerende antistoff en) wordt onderdrukt door T-suppressor eel 

aktiviteit. Faalt deze immuunregulerende homeostasis dan zou 

verhoogde translocatie (d.i. passage vanuit het lumen naar de lym-
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foide organen) kunnen optreden. Dit kan leiden tot circulerende an
tistoffen en mogelijk tot 'overgevoeligheidsreacties' (type 2 of 3). 

Deze interactie tussen darmantigenen en afweer bestudeerden we 

in dit onderzoek met behulp van de aerobe Enterobacteriaceae spp, 
niet alleen als mogelijke allergenen maar ook als bruikbare indices 
voor het bepalen van het kolonisatiepatroon, van het functioneren 
van het locaal immuunapparaat en van de systematische immuunreac
tie. Drie faktoren werden onderscheiden: 

(i) antigeen: door het kolonisatiepatroon van bacterien in het 

spijsverteringskanaal (oropharynx en darm) te meten, kregen we een 
indruk van de hoeveelheid potentieel pathogenen in het spijsverte
ringskanaal en daarmee van de kans dat ze zouden kunnen 
transloceren door het epitheel. 

(ii) locale afweer: door het percentage s-lgA gecoate aerobe 
Gram-negatieve bacterien in de faeces te bepalen, verkregen we infor

matie over de functie van het locale immuunapparaat. 
· (iii) systematische afweer: door circulerende antistoff en te 

bepalen tegen potentieel pathogene (translocerende) darmbacterien, 
verkregen we in samenhang met punten (i) en (ii) gegevens over de im
muunregulerende homeostase, d.i .  de T-cel funktie. 

Zesenzestig patienten (36 met de ziekte van Crohn en 30 met coli

tis ulcerosa) werden vergeleken met een gezonde controlegroep. Drie 
bevindingen kwamen uit dit onderzoek: 

(i) kwalitatief en kwantitatief was er geen verschil in de poten

tiee.l pathogene populatie van het spijsverteringskanaal tussen IBO 
patienten en gezonde personen. 

(ii) zowel in de 'relapse' als in de 'remission' fase van de ziekte 
vertoonden de patienten een significant verlaagde functie van het 

locaal immuunapparaat vergeleken met dat van de gezonde proefper

sonen. 

(iii) het systemisch immuunapparaat was verhoogd gesen
sibiliseerd tegenover aerobe Gram-negatieve (translocerende) darman

tigenen, in vergelijking met de controlegroep. 
Uit deze bevindingen en literatuurgegevens concludeerden we dat 

er een gecombineerde afweerstoornis zou kunnen bestaan in dit type 
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pa�ient: een deficient locaal immuunapparaat in combinatie met een 
verminderde T-suppressor eel aktiviteit . 

lndien een bacterieel antigeen een rol speelt in de ontstaanswijze 
van deze ziekten, dan zijn antigenen afkomstig uit de anaerobe flora 

waarschijnlijk belangrijke kandidaten. Immers, veel van deze 
bacteriesoorten zijn hoog geconcentreerd in het lumen van de darm 
aanwezig (104 hoger dan de Enterobacteriaceae spp). Waarschijnlijk 
dankzij de combinatie van een deficient locaal immuunapparaat en 
een verminderde controle over de immuunrespons kan opname van 
deze dichtbij de darmwand gevormde antigenen of zelfs translocatie 
van (bepaalde) anaerobe stammen leiden tot verhoogde concentraties 
van circulerende antistoffen. Dit zou tot 'overgevoeligheid' en/of 
granuloomvorming kunnen leiden. 

Daar er op dit ogenblik weinig perspektief bestaat op afweer 

herstellende en/of verhogende behandelingen, menen wij bacterio

logen dat, op grond van deze bevindingen, deze beide chronische 
darmziekten mogelijk het best behandeld kunnen worden door: 

1 .  antigeen eliminatie.  
2. suppressie van B-cel aktiviteit . 
Daar niet bekend is welke anaerobe stammen - zo ze een rol 

spelen in de ontstaanswijze - van belang zijn , zou eliminatie kunnen 
overwogen worden van die anaerobe stammen waartegen patient cir
culerende antistoffen bezit en waarvoor hij overgevoelig is. Practisch 
is dit moeilijk uitvoerbaar daar voor zo'n onderzoek men het antigeen 

in handen moet hebben. Daarom zou eliminatie van anaeroob an

tigeen inhouden: een totale darmdeconcentratie.  De B-cellen zouden 
gelijktijdig kunnen worden onderdrukt , in de hoop de specifiek bij de 
pathogenese betrokken B-cel kloon (klonen) sterk te decimeren. 
Zodra antilichamen tegen darmbacterien (Eubacterium spp en Pep

tostreptococcus spp) uit de circulatie zijn verdwenen, zou dan voor

zichtig met reconventionalisering met de voor de kolonisatie resisten
tie verantwoordelijke anaerobe flora kunnen worden begonnen. 

Hierin mogen dan geen species voorkomen waartegen patient cir

culerende antilichamen had. 
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