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Selective adhesion to only certain epithelia is particularly common among the bacterial members of the
indigenous microflora of mammals. We have found that the stratified squamous epithelium of the nonsecreting
area of horse stomach is colonized by gram-positive rods. The microscopic features of a dense layer of these
bacteria on the epithelium were found to be similar to those reported in mice, rats, and swine. Adhering
microorganisms were isolated and identified as Lactobacillus salivarius, L. crispatus, L. reuteri, and L. agilis by
DNA-DNA hybridization and 16S rRNA gene sequencing techniques. These lactobacilli associated with the
horse, except for L. reuteri, were found to adhere to horse epithelial cells in vitro but not to those of rats. A
symbiotic relationship of these lactobacilli with the horse is suggested.

In a series of studies on the relationships between intestinal
microflora and host animals, we have demonstrated that lac-
tobacilli indigenous to and dominant in the upper digestive
tract control the population levels of other bacterial species in
the stomach and the upper small intestine (13, 25). We have
also shown that indigenous lactobacilli can attach host specif-
ically to keratinized epithelial cells of the rat stomach in vitro
(20).

In our recent study examining microbial colonization of the
intestinal tract in newborn foals (15), we noticed a dense layer
of gram-positive rods on the stratified squamous epithelium in
the nonsecreting area of the stomach of the horse. This is the
first report on the isolation and identification of indigenous
Lactobacillus species adhering to the horse stomach.

MATERIALS AND METHODS

Preparation of specimens for isolation of bacteria and histology. Samples of
the nonsecreting area of the stomach, obtained from a healthy 7-year-old female
thoroughbred immediately after euthanasia, were washed three times with vig-
orous agitation in buffered saline (BS; 0.8% NaCl, 0.121% K,HPO,, 0.034%
KH,PO,; pH 7.2). A schematic drawing of the sampling locations of the horse
stomach is shown in Fig. 1. After washing the specimen, some parts of the tissue
were fixed with formalin and then embedded in paraffin, processed for histology,
and stained with hematoxylin and eosin and the Gram stain. Epithelial cells were
recovered from the remaining portion of fresh tissue by scraping and then
homogenized in a Teflon grinder. The homogenates were plated at appropriate
dilutions on MRS agar (Difco Laboratories, Detroit, Mich.). The plates were
incubated anaerobically (AnaeroPack; Mitsubishi Gas Chemical Co., Inc., To-
kyo, Japan) at 37°C for 72 to 96 h. Before homogenization, a portion of epithelial
cells were placed on slides, stained with Giemsa stain, and examined for the
detection of adherent bacteria by microscope.

DNA preparation. Bacteria were grown in MRS broth overnight at 37°C.
Chromosomal DNA to be used as the template for RAPD [random(ly) amplified
polymorphic DNA] PCR and 16S rRNA gene amplification was prepared from
bacterial strains by the method of Zhu et al. (27). Intact DNA suitable for use in
DNA-DNA hybridization was isolated by the method of Marmur (11) with slight
modification, in that the bacterial cells were treated with 100 pg of the pepti-
doglycan N-acetylmuramoylhydrolase (N-acetylmuramidase SG; Seikagaku
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Corp., Tokyo, Japan) per ml at 50°C for 30 min after lysozyme treatment by the
original method.

Determination of G+C content. The guanine-plus-cytosine (G+C) content
was determined by hydrolyzing the DNA enzymatically and then quantifying the
nucleosides by high-performance liquid chromatography by the method of Ezaki
et al. (4).

RAPD fingerprinting. PCR-based RAPD fingerprinting was carried out by the
method of Akopyanz et al. (1) using two primers (GAGGACAAAG and GGC
GTCGGTT). The PCR products were electrophoresed in 2% agarose gels and
photographed under UV light.

DNA-DNA hybridization. Fluorometric DNA-DNA hybridization in microdi-
lution wells was carried out by the method of Ezaki et al. (5), using 16 type strains
of Lactobacillus species as standards. These were L. acidophilus YIT 0070
(ATCC 4356"), L. amylovorus YIT 0211 (JCM 1126%), L. brevis YIT 0076
(ATCC 14869"), L. buchneri YIT 0077 (ATCC 40057), L. casei YIT 0180 (ATCC
3347), L. coryniformis subsp. coryniformis YIT 0237 (JCM 1164™), L. crispatus
YIT 0212 (JCM 1185"), L. fermentum YIT 0081 (ATCC 149317), L. gasseri YIT
0192 (DSM 20243™), L. graminis YIT 0260 (NRIC 1775V), L. johnsonii YIT 0219
(JCM 20127, L. plantarum YIT 0102 (ATCC 149177), L. reuteri YIT 0197 (JCM
1112Y), L. rhamnosus YIT 0105 (ATCC 74697), L. salivarius subsp. salicinius YIT
0089 (ATCC 117427, and L. salivarius subsp. salivarius YIT 0104 (ATCC
117417).

16S rRNA gene sequencing. In vitro PCR amplification of 16S rRNA genes
and direct sequencing of the amplified DNA fragments were performed. Details
of the procedures, except for the sequence of primer 8F (5'-AGAGTTTGATC
MTGGCTCAG), have been described previously (12). Primers 8F and 15R were
used for PCR, and primers 8F, 520F, 930F, 1100F, 15R, 520R, 800R, and 1100R
were used for 16S rRNA gene sequencing.

In vitro test for adhesion. The in vitro test for adhesion was performed by the
method described previously (20) with slight modifications. A 16-h culture of
each of the test strains in MRS broth was centrifuged, and the cells were
resuspended in BS at a cell density corresponding to an optical density of 1 unit
at 660 nm (ODyg; ca. 3 X 108 microorganisms/ml). To 3 ml of this bacterial cell
suspension, a piece (ca. 1 by 1 cm) of bacterium-free tissue from the nonsecreting
area of the stomach wall was added. The mixture was shaken at 60 rpm for 30
min at 37°C. At the end of this period, the piece of stomach tissue was washed
three times with BS, and epithelial cells were scraped off with a surgical knife.
The cells were placed on slides, stained with Giemsa stain, and examined mi-
croscopically. Bacterium-free stomach was obtained from a newborn foal eutha-
nized because of bone fracture at delivery. Bacterium-free rat stomachs were
obtained from germfree Fischer 344 rats.

Coaggregation assay. The coaggregation test was performed according to
Vandevoorde et al. (24) with slight modifications. Overnight cultures in MRS
broth were harvested by centrifugation and washed twice with phosphate-buff-
ered saline. They were resuspended in the same buffer at an ODgqy, of 0.6.
Mixtures (1:1; total, 1 ml) of the cell suspension of both strains (28 pairs of eight
strains) were shaken for 30 min at 150 rpm and left to stand at room temperature
for 1 h before measuring the OD. The coaggregation was expressed according to
the equation of Handley et al. (10).
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FIG. 1. Schematic drawing of the nonsecreting area of the horse stomach. The mucosal surface of this area is lined by a keratinized squamous epithelium. X,

sampling location; U, ulcer.

RESULTS

Histological observation. In preparations from the nonse-
creting portion of the stomach, dense layers of short rods could
be seen on the keratinized stratified squamous epithelium (Fig.
2a). Examination of the epithelial cells obtained in scrapings
indicated that the number of bacteria naturally attached per
cell was more than 100 (Fig. 2b). Most frequently seen were
short rods with rounded ends. These bacteria were gram pos-
itive. Although there were no signs of gastrointestinal prob-
lems in this horse, we found a small ulcer in the stratified
squamous epithelial mucosa adjacent to the margo plicatus.
Interestingly, no layers of gram-positive rods were observed in
this area, whereas sporadic microcolonies of gram-positive
cocci surrounded by neutrophilic inflammatory cell infiltrates
were observed (Fig. 3).

Identification of bacteria by DNA-DNA hybridization.
Among the colonies of gram-positive rods isolated, eight dif-
ferent strains distinguished by RAPD DNA fingerprinting, des-
ignated as H-2, H-3, H-5, H-8, H-9, H-10, H-12, and H-14
(Table 1), were selected. The DNA-DNA relatedness of these
strains to 16 standard type strains was then examined. Three
heterofermentative strains, H-3, H-12, and H-14, were identi-
fied (>70% reassociation) as L. reuteri. Strains H-8 and H-9
were identified as L. salivarius and L. crispatus, respectively.
DNA from strain H-5 did not hybridize to the DNA from any
of the 16 type strains. Two strains, H-2 and H-10, were ex-
cluded from the DNA-DNA hybridization test because sam-
ples of chromosomal DNA could not be isolated from these
strains due to their resistance to lysis by lysozyme, N-acetyl-
muramidase, and sodium dodecyl sulfate.

Identification by 16S rRNA gene sequencing. The amplified
fragments (ca. 1,500 bp) encoding the 16S rRNA gene se-
quences of the strains H-2, H-5, and H-10 were sequenced.
When compared with other rRNA gene sequences available in
the DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/), the
sequence of strain H-5 was found to be identical (100% simi-
larity) to the 16S rRNA gene sequence of the type strain of
Lactobacillus agilis (accession no. M58803). Although strains
H-2 and H-10 showed different RAPD profiles (data not

shown), their 16S rRNA gene sequences were identical. These
strains were tentatively identified as L. salivarius because the
sequence of the 16S rRNA gene of these strains was found to
share more than 99.6% similarity with the corresponding gene
sequences of the type strains of L. salivarius subsp. salivarius
(accession no. AF089108) and L. salivarius subsp. salicinius
(accession no. M59054).

In vitro test for adhesion. The finding that epithelial cells
from the stomach of a newborn foal that had died immediately
after birth did not have bacteria attached to them allowed us to
use them to examine the cell adherence properties of bacterial
isolates. Cells from germfree rats were also used to examine
the host specificity of adhesion. L. salivarius H-2 and H-10
adhered well to the horse epithelial cells (Fig. 4a), and L. agilis
H-5, L. crispatus H-8, and L. salivarius H-9 showed moderate
adhesion (Table 1). Although these strains adhered to the host
cells, none of these strains isolated from the horse adhered to
the keratinized epithelial cells of germ-free rat stomach (Table
1). Three strains of L. reuteri did not adhere to either the horse
epithelial cells (Fig. 4b) or the cells of the rat stomach (Table 1).

Coaggregation test. Because strains of L. reuteri did not
adhere to the horse epithelial cells in vitro, interbacterial ad-
herence (coaggregation) of the isolated strains was tested.
None of 28 combinations involving 2 strong adhering strains
(Table 1) were shown to be coaggregative under the experi-
mental conditions used.

DISCUSSION

It is well known that indigenous microorganisms of many
types associate closely with the mucosal epithelia in the gas-
trointestinal tract of the host (for a review, see reference 17).
One of the types of surface cells involved in this interaction is
keratinized stratified squamous epithelial cells found in parts
of the stomach and esophagus of some monogastric animals
such as rats, mice, and pigs and in the crops of chickens (2, 3,
6-8, 16-19, 21-23). We found a layer of lactobacilli lining the
nonsecreting area of horse stomach. Although the isolation
and identification of the bacteria reported here is a case report
of specimens from a 7-year-old female thoroughbred horse,
such bacterial layers were observed in specimens from four out
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FIG. 2. Dense layer of bacteria on the keratinized stratified squamous epithelium of the nonsecreting portion of the stomach (a; hematoxylin and eosin stained;
X780) and adherent bacteria on epithelial cells obtained in scrapings (b; Giemsa stained; X1,040).

of four other horses (data not shown). These specimens were
from two 1-year-old foals euthanized because of dysstasia and
fracture of ribs, respectively; a 21-year-old female that died
due to uterus rupture; and a 23-year-old female sacrificed.
These data, together with the results of our previous study on
the development of the intestinal microflora in newborn foals
(15) indicate that the lactobacillus flora become established
soon after birth and adhere to the stomach epithelium
throughout the life of the horse.

The mechanisms by which indigenous intestinal bacteria ad-

here to the gastrointestinal epithelial cells of host animals are
not fully understood. As we and others have reported previ-
ously (6, 20, 21), the Lactobacillus strains adhering to the
gastric epithelium of the horse also appear to be highly host
specific; these strains adhered aggressively to cells from horse
epithelium in vitro but not to cells from rats (Table 1). In the
present study, some strains isolated from the horse stomach
did not show the ability to adhere to horse epithelial cells in
vitro (Table 1). We then examined interbacterial adherence
(coaggregation) of all strains isolated because the bacterial
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FIG. 3. Hematoxylin-and-cosin-stained tissue section of an ulcer in the stratified squamous epithelial mucosa adjacent to the margo plicatus, showing invasion of
gram-positive cocci surrounded by neutrophilic inflammatory cell infiltrates (magnification, X520).

coaggregation has been demonstrated as highly specific part-
nerships between some strains of indigenous bacteria in the
oral cavity and gastrointestinal tracts (24, 26). Although
Vandevoorde et al. reported that the coaggregation reactions
were prevalent among chicken lactobacilli, no coaggregation of
the horse Lactobacillus strains (28 combinations of 8 strains
listed in Table 1) was detected. At present, the reason not all
strains isolated from the epithelial sample did not adhere to
the epithelial cells in vitro is unclear. It is reported that not all
gastrointestinal strains of lactobacilli are able to adhere to the
mucosal surfaces of the host, as some are inhabitants of the
gastrointestinal lumen (7, 23). Although the significance of the
adhering lactobacilli in the stomach is unclear, the ability to
adhere to host cells seems to be an important factor in deter-

TABLE 1. Identification of Lactobacillus species isolated from
horse stomach and adhesion of these bacteria to keratinized
epithelial cells of the stomach in vitro

Identification by: i g;l vltro 5
Strai Fermen- % GC adhesion
train -
tation content DNA-DNA 16S rRNA
e . . Horse Rat
hybridization sequencing
H-2 Homo 35 Not done L. salivarius +++ —
H-3 Hetero 43 L. reuteri Not done - -
H-5 Homo 40 Not identified L. agilis + -
H-8  Homo 37 L. crispatus Not done + -
H-9 Homo 33 L. salivarius Not done + —
H-10 Homo 35 Not done L. salivarius +++ —
H-12 Hetero 43 L. reuteri Not done - —
H-14 Hetero 42 L. reuteri Not done - -

“ Fermentation types were determined as homogeneous (Homo) or heteroge-
neous (Hetero) on the basis of gas production in 2% glucose broth (MRS broth).
® The number of bacteria attached per epithelial cell was obtained by direct
microscope count, examining 10 to 20 epithelial cells. Score: +++, >100; ++,
10 to 100; +, 1 to 10; —, 0. Details are as described in Materials and Methods.

mining whether a particular bacterial strain colonizes the in-
testinal tract of a specific host. Desquamation of the stratified
squamous epithelium of the stomach releases cells with at-
tached lactobacilli into the lumen as an inoculum. Therefore,
as suggested by Fuller et al. (7), these attached bacteria could
prove to be an important mechanism of regulating the micro-
flora of not only the stomach but also of the whole gastroin-
testinal tract by supplying a continuous inoculum of specific
lactobacilli.

Gastric ulcer is one of the most common diseases in horses
(14). We found a small ulcer, associated with which only gram-
positive cocci were observed (Fig. 3). We did not isolate and
identify these cocci because the focus of this study was to
examine the layer of bacteria on the stratified squamous epi-
thelial mucosa and to identify these members of the indigenous
microflora of the horse stomach. Loss of the superficial mucosa
with layers of indigenous lactobacilli may have allowed inva-
sion by these gram-positive cocci. The ability of indigenous
lactobacilli to inhibit the growth of potentially pathogenic bac-
teria is well documented and has been attributed to a number
of possible mechanisms, including competition for adhesion
sites (17). Further studies of the role of bacteria in the patho-
genesis of gastric ulcers in the horse are needed.

In conclusion, the selectivity of bacterial adhesion to sur-
faces is proposed as a critical ecological determinant affecting
bacterial colonization in environments with open surfaces ex-
posed to bathing fluids (9).
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