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Light and electron microscopy showed lactobacilli and, to a lesser degree,
streptococci to be closely associated with the squamous area of the pig stomach
known as the pars esophagea. Several different types of extracellular layers were
seen on bacteria attached to the epithelial surface. The total number of bacteria
per square centimeter did not change with age up to 10 days, and there was no
effect of weaning at 2 days. Lactobacillus fermentum, L. salivarius, and Strep-
tococcus salivarius were isolated more frequently from sucking pigs than from
those that were early weaned, whereas the reverse was true of L. acidophilus and
S. bovis. All isolates recovered from washed macerated pars esophagea adhered
to pig esophageal epithelial cells when tested in vitro.

Bacteria attached to epithelial surfaces have
been demonstrated in the gut of a variety of
different vertebrate animals (5, 8, 13, 14), includ-
ing the pig (20), and it has been suggested that
this attachment is an important factor in deter-
mining whether a particular organism colonizes
the intestinal tract (11, 14). It, therefore, seemed
likely that the presence of consistently high
numbers of lactobacilli and streptococci in the
stomach of baby pigs (2) was dependent on their
ability to colonize the gastric surface. This paper
presents cultural and microscopic evidence for
the existence of such a microflora of lactobacilli
and streptococci intimately associated with the
squamous epithelium (pars esophagea) of the
pig stomach.

MATERIALS AND METHODS

Pigs. Samples were obtained from the two groups
of pigs (sucking and weaned at 2 days of age) described
in a previous paper (2). Of the 21 early weaned pigs, 9
were scouring on the day they were killed. None of
the sow-reared pigs scoured at any time during the
experimental period.

Sampling procedure. Pigs were killed by an intra-
cardiac overdose of pentobarbitone. They were dis-
sected to expose the stomach, which after clamping at
either end was removed. The stomach was slit along
the line of greater curvature, the contents were re-
moved, and the stomach wall was washed by gentle
agitation in 100 ml of phosphate-buffered saline at pH
7.2. A circular sample (1 cm?) was stamped out from
the pars esophagea in the position shown in Fig. 1 and
transferred to 10 ml of phosphate-buffered saline and
shaken up and down manually ten times. This washing
procedure was repeated twice. The washed disk was
then transferred to a further 12 ml of phosphate-
buffered saline and macerated with either a Griffith
tube or a pestle and mortar. Decimal dilutions were

made of the third wash and the macerate. These
dilutions were surface inoculated onto reinforced clos-
tridial medium containing horse blood (5%, vol/vol)
and menadione (0.5 ug/ml). The plates were poured
the day before and stored overnight in an atmosphere
of 10% CO: in H.. After inoculation, anaerobiosis was
established by evacuating anaerobic jars containing
cold catalysts, filling with 10% CO; in Hy, and repeating
the procedure. The plates were incubated for 2 days
at 37°C. On the basis of cell morphology and colony
characteristics, representative colonies were selected
and picked off into reinforced clostridial medium
broth. One of each colony type of streptococcus and
lactobacillus from each pig was subjected to a range of
physiological tests for species identification.

Identification of isolates. Isolates were identified
with miniaturized tests (16).

Microscopy. Transverse sections of the stomach
fundus, duodenum, jejunum, and ileum were prepared
for light microscopy as described below.

Samples of the pars esophagea were either taken
from the area adjacent to the disk used for culture or
from the disk area of pigs not used for culture. These
samples were treated in three ways. (i) Samples were
transferred to Shaudinn fluid, with transverse sections
prepared and stained by the method of Gram (13) for
examination by light microscopy. (ii) Samples were
transferred to cacodylate-buffered glutaraldehyde fix-
ative and processed as previously described (4) for
conventional-transmission electron microscopy. Acro-
lein (5%, vol./vol) in the same buffer vehicle was used
in place of glutaraldehyde on some occasions. Other
samples were treated with the primary fixative de-
scribed above but supplemented with 0.1% HgCl, for
rapid fixation. These three methods of fixation were
used in an effort to ensure adequate fixation by at
least one. (iii) Samples were pinned to a sheet of dental
wax, fixed by immersion in buffered 2.5% glutaralde-
hyde containing 0.5% Alcian blue 8GX for 2 h, and
processed as described previously (4) for scanning
electron microscopy.
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Fig. 1. Pig stomach opened to show squamous epithelial surface of pars esophagea (arrows) (xX2.2).

Test for adhesion of bacteria to epithelial cells.
Lactobacilli were grown overnight at 37°C in MRS
medium (7), and streptococci were grown in yeastrel
glucose broth. All isolates were tested in vitro for
attachment to squamous epithelial cells from the
esophagus of 16-week-old pigs. The test culture was
centrifuged and resuspended in phosphate-buffered
saline and the total count was adjusted by using a
counting chamber to ca. 10° cells per ml. The epithelial
cell suspension was prepared by gently brushing the
esophageal surface and suspending the dislodged cells
in phosphate-buffered saline. After washing once in
phosphate-buffered saline, the concentration was ad-
justed by using a counting chamber to 10° cells per ml.
A 1-volume amount of each suspension was mixed
together to give a ratio of 1,000 bacteria to 1 epithelial
cell. The mixture was incubated on a rotating platform
(25 rpm) at 37°C for 30 min and then examined for
adhesion by phase-contrast microscopy. Adhesive

strains showed a concentration of organisms on the
epithelial cells, whereas nonadhesive strains formed a
uniform layer on and around the cells.

RESULTS

Light microscopy. No epithelium-associated
bacteria were seen in the Gram-stained sections
of the stomach fundus, duodenum, jejunum, and
ileum. In the squamous area of the stomach
(pars esophagea), gram-positive bacteria were
seen on the surface of the epithelium. Under
high magnification, these bacteria were seen to
be rod shaped. The extent of the lining varied,
but where it was most dense it had a palisaded
appearance (Fig. 2) due to the attachment of the
organisms at right angles to the epithelial sur-
face.
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Phase-contrast examination of epithelial cells
scraped from the surface of the pars esophagea
showed rod-shaped and coccal forms.

Electron microscopy. Scanning electron
microscopy confirmed the presence of both rods
and cocci. Figure 3 shows a piece of tissue com-
pletely covered with rods. The end-on attach-
ment of some of these organisms can be seen. In
Fig. 4 the surface is incompletely covered, and
cocci are present as well as rods.

Transmission electron microscopy also dem-
onstrated the end-on type of attachment (Fig.
5). Microcapsules can be seen associated with
many of these bacteria. Micrographs of other
regions showed several different microorganisms
with gram-positive- and occasionally gram-neg-
ative-type cell walls (15). Extracellular layers
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FiG. 2. Transverse section through pars esophagea of pig stomach. Gram stain (X 1,500).
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were visible on these bacteria (Fig. 6-11), but
there was often a gap between the bacterial
surface and the plasma membrane of the epithe-
lial cell that was bridged by fibrils extending
from the bacterial capsule. Figures 6 through 9
show four examples of gram-positive-type rods
with different types of capsule. In the first (Fig.
6) the extracellular layer is narrow and compact
and gives rise to fibrils that run from the bacte-
rium to the epithelial surface. The organism
shown in Fig. 7 has a wide, solid capsule. Figure
8 shows an organism that could be a coccus or a
transverse section through a rod. The capsule
consists of a dense mat of fibers. Figure 9 shows
a gram-positive-type coccus with a system of
coarse fibers connecting bacterial cell to epithe-
lium and also bacterial cell to bacterial cell.

& Cc @ S

FiG. 3. Scanning electron micrograph of surface of pars esophagea with rod-shaped bacteria attached

(%2,000).

FIG. 4. Scanning electron micrograph of surface of pars esophagea with rod-shaped bacteria and cocci

attached (%5,300).
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FiG. 5. Bacteria attached to desquamating epithelial cell of pars esophagea. Many bacteria are attached
at right angles to the epithelial surface and have fibrillar extracellular layer. Primary fixation with acrolein

(x12,500).

F1G. 6. Gram-positive type bacterium with compact microcapsule. Primary fixation with acrolein (X37,500).

The two morphological types seen in Fig. 10
and 11 both have a gram-negative type of cell
wall. They were seen less frequently than the
gram-positive organisms. The rod-shaped cell

has a definite extracellular layer organized in the
form of coarse fibers that appear to attach it to
the epithelium. In the case of the coccus, there
is no pronounced extracellular layer, although



Fi1G. 7. Gram-positive-type bacterium with thick microcapsule. Primary fixation with 6% glutaraldehyde
containing 0.1% HgCl, (X51,500).

FiGc. 8. Gram-positive type bacterium with fibrillar extracellular layer. Primary fixation with 6% glutar-
aldehyde (X 70,100).
FiGc. 9. Gram-positive-type coccus with coarse fibrils. Primary fixation with 6% glutaraldehyde (X 78,750).
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F1G. 10. Gram-negative-type bacterium with coarse fibrils. Primary fixation with 6% glutaraldehyde
containing 0.1% HgCl, (x58,500).

F1G. 11. Gram-negative-type coccus with poorly defined fibrils. Primary fixation with 6% glutaraldehyde
containing 0.1% HgCl,; (x58,500).
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some faint strands of electron-dense material
can be seen running between the bacterial cell
and the epithelium.

Bacterial counts. Microscopical examina-
tion of the macerates showed that neither
method (Griffith tube or pestle and mortar) was
completely effective in releasing all the bacteria
attached to epithelial cells. The counts of bac-
teria in the macerates, therefore, should be re-
garded as minimum values. We considered or-
ganisms to be attached if the macerate count
was equal to or exceeded the count of the third
wash. By using this criterion, the proportion of
pigs with bacteria attached to the pars esopha-
gea was for sucking pigs, healthy weaned pigs,
and scouring weaned pigs (15 of 20 [75%], 11 of
19 [92%], and 5 of 8 [63%], respectively). The
mean logio counts are shown in Table 1. Al-
though the count is depressed in the scouring
pigs, it was not significantly different from the
count in the other two groups, and, therefore, in
subsequent comparisons the results from
healthy and scouring pigs were combined. A
summary of the total viable count per square
centimeter of the pars esophagea tissue is shown
in Table 2. There was no significant difference
between pigs on the two feeding regimens, and
there was no change with age during the exper-
imental period.

In vitro attachment to epithelial cells. All
isolates were tested for attachment to pig esoph-
ageal cells. Of the 76 lactobacilli and 21 strep-
tococci tested, 63 and 17, respectively, attached.

Characterization of isolates. Tables 3 and
4 show the physiological characteristics of the
isolates from the pars esophagea macerate that
attached in vitro. All isolates were either lacto-
bacilli or streptococci. Lactobacillus fermentum
was the commonest organism found attached to
the pars esophagea epithelium. L. acidophilus,
L. salivarius var. salicinius, L. leichmannii, L.
delbrueckii, and two unclassified types were also
isolated. Streptococcus bouvis and S. salivarius
were the only two species of streptococci iso-
lated. L. acidophilus and its biotypes were iso-

TABLE 1. Pooled mean values of numbers of
bacteria from the pars esophagea of pigs 4 to 10

days of age
. Logio viable
Pi No. of Unbiased count per
igs . mean age 2
pigs (days) cm? (mean
+ SEM)°
Healthy, sucking 20 6.40 6.00 £ 0.23
Healthy, early 12 6.50 7.00 + 0.29
weaned
Scouring, early 9 6.89 5.32 + 0.41
weaned

“ SEM, Standard error of the mean.
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TABLE 2. Effects of weaning and age on the
numbers of bacteria adhering to the pars esophagea

Logo viable count per cm? of:

Age of pig
(days) Suc}{}e}i pigs Early weaned pig§ B
2 (6)° 6.87 £ 0.21°
4 (6) 6.48 +£0.38 (6) 6.30 £ 0.38
6 (6) 6.89 +0.49 (6) 6.44 + 0.49
8 (6) 6.27 £0.21 (5) 6.36 + 0.38
10 (4) 6.18 +£0.37 (4) 6.15 = 0.62

2 Numbers in parentheses indicate number of pigs.
® Mean + standard error of the mean.

lated more frequently from early weaned pigs.
All other species were more commonly found in
suckled pigs. S. salivarius was isolated more
frequently from sow-reared pigs, and S. bovis
was isolated more frequently from weaned pigs.

DISCUSSION

Apart from a paper in 1965 that merely drew
attention to the existence of bacteria attached to
the pig stomach wall (7), the only previous work
on the association of bacteria with the pars
esophagea is that of Tannock and Smith (20).
Although they reported the isolation of small
numbers of various bacteria and yeasts, it was
not clear from their data whether these orga-
nisms were attached to epithelial cells or
whether they represented the residual contami-
nation of the stomach surface by the lumenal
population. One striking difference between
their results and ours is the absence of strepto-
cocci from the pars esophagea and stomach con-
tents of their pigs. However, their isolations were
made from 16-week-old pigs of unknown origin,
so that direct comparison is not possible.

Although gram-negative organisms were oc-
casionally seen in the electron micrographs, only
streptococci and lactobacilli were isolated from
the macerates of the pars esophagea. The reason
for this may be that gram-negative organisms
were present in small numbers and were sup-
pressed on the plates by the more numerous
organisms or the techniques used may not have
been sufficiently anaerobic to allow their recov-
ery. Certainly, the gram-negative coccus bears a
strong resemblance morphologically to those
cocci previously isolated from the pig gut (10)
and classified as Acidaminococcus fermentans
(18). They may be present in the stomach as a
result of ingesting milk contaminated with feces.
Alternatively, they may be Veillonella sp. or
Neisseria sp. washed down from the mouth;
small numbers of both of these species have
been found associated with the buccal mucosa
of humans (17).

The finding of both streptococci and lactoba-
cilli attached to pig epithelium contrasts
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TABLE 4. Physiological characteristics of adhering
streptococci isolated from the pars esophagea of
suckled and early weaned pigs

Determination Results

No. of isolates
Tolerance of 40% bile
Hydrolysis of aesculin
Hydrolysis of starch
Growth in 6.5% NaCl
NH; from arginine
Growth at pH 9.6 -
Hydrolysis of gelatin -
Reduction of TTC* -
Tolerance of  0.04% -
X KzTeO:;
Acid from:
Arabinose -
Lactose +
Melibiose -
Melezitose -
Raffinose +
Mannitol -
Glycerol - -
Identification S. salivarius 8. bouvis
% Incidence in pigs
Suckled (26)*
Early weaned (21)*

I ++

I
I+ ++ 1

o+

19.23
9.52

19.23
28.57

“2,3,5-Triphenyl tetrazolium chloride.
» Number of pigs in each group.

strongly with the chicken, in which only lacto-
bacilli attach (10), but is similar to the mouse
stomach squamous epithelium (19) and to hu-
man buccal mucosa, (14, 21) in which both gen-
era are found. Indeed, the similarity to human
oral flora goes further because in both habitats
S. salivarius and L. fermentum are commonly
found (21). The extracellular layers seen on the
organisms attached to the pig stomach are sim-
ilar to those described for bacteria adhering to
other surfaces, such as human buccal cells (6),
rat tongue (3), chicken crop (4), plant fragments
in the bovine rumen (1), and solid marine sur-
faces (9). The consistent presence of these mi-
crocapsules on attached organisms in these var-
ied habitats in itself argues strongly for their
having an essential role in the attachment proc-
ess.
If the whole of the pars esophagea was covered
with a confluent layer of bacteria with a cross
sectional area of 1 um? attached end on to the
epithelium, it would have about 108 bacteria per
cm? attached to it. The stratified squamous ep-
ithelium, of which the pars esophagea is com-
posed, is continuously desquamating releasing
cells with attached bacteria into the lumen to
inoculate the food. Thus, these attached bacteria
could prove to be an important mechanism for
regulating the composition of the stomach mi-
croflora by supplying a continuous inoculum of
specific lactobacilli and streptococci for the food
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as it enters the stomach, thus ensuring the dom-
inance of lactic acid bacteria in the gastric con-
tents. This situation is analogous to that in the
chicken, in which the crop is also lined with
stratified squamous epithelium and has large
numbers of lactobacilli attached to it (13), which
suppress the growth of Escherichia coli (11, 12).
If this is the role of lactobacilli in the stomach of
the sucking pig where numbers of E. coli are
low, the mechanism seems to have broken down
in the early weaned pig where the E. coli are
considerably increased (2). Although the break-
down of this regulating influence is not reflected
in the counts of bacteria per square centimeter
of pars esophagea, the observed qualitative dif-
ferences in the attached flora may be important
in this context.
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