
Asian Pacific Journal of Allergy and Immunology (1993) 11 : 155·165 

•Localization of Vibrio cho/erae 01 In 
the Intestinal Tissue 

Rujipom Sincharoenkul, Wanpen Chalctmpa, Emsri Pongponratn1, 

Jirapom Umpananont2, Pramuan Tapchaisri, Thareerat Kalambaheti and Manas Cho~- nguan 


Pathways of antigen handling 
by the gut are still to be defined. 
Specific antigens, particulate vs 
soluble, are handled differently and 
depending upon the mode of entry 
would lead to the generation of dif
ferent immune responses. Mayer 1 

concluded that there are three possi
ble routes for antigen entry into the 
intestinal tissues and their possible 
immunologic outcomes. These are: 
I) through the M cells without anti
gen processing. The antigen is then 
taken up by macrophages in the 
lamina propria. The macro phages 
process the antigen and travel to the 
underlying Peyer's patch wherei 

i antigen priming occurs. This type 
of event would result in the induc
tion of a predominant helper T cell 
response. 2) Antigen is taken up 
by the enterocytes via pinocytosis,1 

I 
Degradation occurs by activation of 
lysosomal enzymes. Processed 
antigen binds to MHC class II mole
cules and is re-expressed on the cell 
surface, where the complex can 

I 	 activate suppressor T cells and dam
pens an immune response or possibly 
results in a tolerant state. 3) Anti
gen travels between absorptive epi

I 
J thelial cells despite tight cell junc

tions. No processing occurs until 

I 
} 
~ 

SUMMARY Colonization of V. cho/erae 01 in vivo Is known to be a non-Invasive 
type which the vlbrios are confined only to the intestinal tissues. The pathway by 
which the vibrio antigens reach the lymphoid cells and subsequently give rise to the 
immune responses is not entirely clear. Thus, experiments were performed In experi
mental rats by inoculating live V. cholerae 01 into the ligated Ileal loops. The fate of 
the vlbrios in the intestinal tissues was then studied by transmission electron micro
scopy at different times after the inoculation. It was concluded that live V, cholerae 
01 were Initially taken up by the M cells which overlay Peyer's patches and which 
subsequently. delivered the intact vibrios to phagocytic cells In the Peyer's patches. 
These phagocytic cells processed (digested) the vlbrlos while the lymphocytes and 
plasma cells infiltrated around them. During the late period of Infection (12 -15 hours 
after inoculation of the vibrios), vibrios were also found passing through the loose 
intercellular spaces between the absorptive epithelial cells Into the underlying Intestinal 
tissues. 

the intact antigen reaches the lamina 
propria where macrophages take' up 
the antigen, process and present it to 
the lymphocytes. This type of event 
would, most likely, result in helper 
T cell proliferation. 

Studies using fluorescent anti
body demonstrated that V. cholerae 
closely associated with the intestinal 
villi and intervillous spaces.2 Nelson 
et aJ3 showed that most of the bac
teria adhered horizontally to the 
epithelial surface, but some were 
attached in an end-on manner, 
while their flagella extending into 
the lumen. The bacteria adhered via 
their surface coats directly to the 

tips of the microvilli, except for few 
vibrios that were partly embedded 
into the brush border. Further 
studies showed that live V. cholerae 
were transported to Peyer's patches 
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At 3 hours after the inocula
tion, large numbers of vibrios were 
seen in the intestinal lumen (perhaps 
as a result of luminal prolieration). 
Adherence of the vibrios to the 
microvilli of the absorptive epithe
lial cells was found to be greater 
than at I hour after inoculation. 
However, entering of vibrios via 
these cells was not observed. En
tering was only through the M cells 
(Fig. 6a and 6b). Beneath the basal 
lamina of the columnar epithelial 
cells or in the dome of Peyer's 
paches, vibrios were found in cy.to
plasm of macrophages (Fig. 7a and 
7b). At this time point, numerous 
vibrios were also found aligned in 
the intervillous spaces. 

At 6 and 9 hours after the ino
culation, the infected intestinal 
loops were distended by fluid accu
mulation while the control loops 
were not. However, the mucosal 
epithelium appeared normal. Numer
ous vibrios in the lumen were ingested 
and degraded by phagocytes predo
minantly neutrophils (Fig. 8a and 
8b). These neutrophils migrated 
to the intestinal lumen via absorp
tive epithelial cells or intercellular 
spaces (Fig. 9a and 9b). In addition, 
there was an infiltration of neutro
phils, eosinophiis and macrophages 
in the areas beneath the M cells and 
the absorptive epithelial cells. Large 
numbers of vibrios were found in 
the cytoplasm of these cells (Fig. 10) 
or about to be phagocytosed by 
them (Figs. 11 and 12). Numerous 
vibrios were also seen in the intes
tinal crypts (Fig. 13a and 13b). 

At 12 and 15 hours after the 
inoculation, the infected loops were 
more distended with fluid. The 
intercellular spaces were larger and 
the epithelial cells contained vac
cuoles. The vibrios were found 
coming along the intercellular spaces 
(Fig. 14). Large numbers of vibrios 
in the intestinal lumen were found 
attached to the desquamated colum
nar epithelial cells or in discharged 
secretion (Fig. 15). Macrophages 

infiltrated more into the subepithelial 
zone of Peyer's patches and they 
were active in phagocytosis. High 
magnification of the phagolyso
somes revealed degenerated vibrios 
(Fig. 16). Some vibrios were freed 
in the extracellular spaces in the 
lamina propria where plasma cells 
and lymphocytes were seen nearby 
(Fig. 17). 

DISCUSSION 

From this study, although 
vibrios were able to attach to both 
the M cells and the columnar absorp
tive epithelial cells, only the M cells 
were able to take up and transport 
the vibrios to the underlying lym
phoid tissue. M cells extended their 
pseudopodia to enclose the vibrios 
in the intestinal lumen and actively 
engulfed them. However, these 
cells, though with phagocytic acti
vity, are not macrophages. 4 The 
phagocytic activity of the M cells 
was well established previously by 
the work of Owen et af7who showed 
that horseradish peroxidase as well 
as vibrios was engulfed by these 
cells. However, as shown in Fig. 5, 
the engulfed vibrios within the M 
cells were intact. Thus it appears 
that M cells transport the vibrios 
to the lymphoid cells in the Peyer's 
patches without processing antigens. 

During the late period of infec
tion (> 6 hours), phagocytosis of 
the vibrios by neutrophils, macro
phages and eosinophils was found 
in the area beneath the M cells and 
absorptive epithelial cells. During 
9-15 hours of infection, the vibrios 
were also found in the intercellular 
spaces and in the crypts. This finding 
was different from the invasion of 
Yersinia enterocolitica which only 
attached to the M cells, being pha
gocytosed and transported from the 
lumen into the lamina propria. 8 

Furthermore, pathogenic strain of 
Y. enterocolitica proliferated in 
the lamina propria within 19 hours 
of the infection but multiplication 
of vibrios was seen only in the intes

tinal lumen (started at 1 hour after 
infection). 

Desquamated epithelial cells 
and intestinal secretion (mucus 
from goblet cells) seem to play 
natural resistance role in V. cholerae 
infection. 

During late infection (9-15 
hours), phagocytic cells in the lamina 
propria were loaded with degraded 
vibrios in their phagolysosomes 
where and when lymphocytes and 
plasma cells are at the immediate 
vicinity. Thus, it appears that M 
cells and the intercellular spaces 
are main portals of entry of the vi
brios. The virios were then pro
cessed by the antigen presenting 
cells which presented the epitopes 
to the lymphoid cells and eventually 
lead to the immune response. 

Different forms of antigens, 
though delivered via the same route 
result in different outcomes of the 
efficiency of the immune response. 
For cholera immunization, it is 
known that live attenuated strains 
given orally conferred high immu
nogenicity while an oral vaccine 
prepared from killed vibrios or 
refined antigen had low immuno
genicity and multiple~ spaced-doses 
were required to enhance the 
immune response. In this study as 
well as the study conducted by Owen 
et af4, it is evident that live V. cho
ferae 01 were actively transported 
into the Peyer's patches through the 
M cells. In contrast, killed V. cho
loerae 01 were shown to be poorly 
absorbed to and transported by the 
cells if at all, hence the low immuno
genicity. These findings emphasize 
the reqiJirement of a special delivery 
vehicle, an oral adjuvant and/or a 
modification of the nature of the 
antigen so that the antigen uptake 
of a vaccine by the M cells would be 
facilitated. 
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