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Adherence of Actinobacillus pleuropneumoniae serotype 1 
to swine buccal epithelial cells involves fibronectin

Roberto Hamer-Barrera, Delfino Godínez, V. Idalia Enríquez, Sergio Vaca-Pacheco, 
Rodrigo Martínez-Zúñiga, Patricia Talamás-Rohana, Francisco Suárez-Güemez, Mireya de la Garza

A b s t r a c t
The swine pathogen Actinobacillus pleuropneumoniae serotype 1 was investigated for its ability to adhere to swine, rat, and human 
buccal epithelial cells (BEC). The highest number of bacteria adhered was to swine BEC. This binding ability was affected by 
heating, extreme pH, treatment with sodium dodecyl sulfate, ethylenediamine tetra-acetate, or periodate, and proteolysis, sug-
gesting that cell-surface glycoproteins participate in adherence and that adherence is based mostly on ionic interactions. Mannose 
and swine fibronectin may play a direct role in this interaction. Convalescent-phase serum from naturally infected pigs inhibited 
the adhesion. There was a correlation between bacterial pathogenicity as well as host specificity and the capacity for adherence 
to swine BEC. Adhesion to swine BEC provides a convenient method to study in vitro the adherence of A. pleuropneumoniae and 
other pathogens of the pig respiratory tract.

R é s u m é
Le potentiel d’adhérence du pathogène porcin Actinobacillus pleuropneumoniae sérotype 1 aux cellules épithéliales buccales (BEC) de 
porc, de rat et d’humain a été étudié. Le plus grand nombre de bactéries a été retrouvé sur les BEC de porc. Ce potentiel d’adhérence était 
affecté par la chaleur, les valeurs de pH extrêmes, un traitement au sulfate de dodecyl sodium, à l’éthylenediamine tétra-acétate, ou du 
périodate, et une protéolyse, ce qui suggère que les glycoprotéines de la surface cellulaire participent dans l’adhérence et que l’adhérence est 
fonction principalement des forces ioniques. Le mannose et la fibronectine d’origine porcine pourraient jouer un rôle direct dans cette 
interaction. Du sérum provenant de porcs convalescents infectés naturellement inhibait cette adhésion. Il y avait une corrélation entre la 
pathogénicité bactérienne de même que la spécificité d’hôte et la capacité à adhérer au BEC de porc. L’adhésion aux BEC porcines fournie 
une méthode pratique pour étudier l’adhérence in vitro d’A. pleuropneumoniae et des autres pathogènes du système respiratoire porcin.

(Traduit par Docteur Serge Messier)

I n t r o d u c t i o n
Mucosal pathogens initiate disease by adhering to and colonizing 

the epithelial cell surface (1,2). Adhesins possess typical binding 
characteristics that contribute to the pathogen’s host specificity and 
tropism. Some microbial surface components recognizing extracellular 
matrix (ECM) molecules adhere to substrates with a restricted tissue 
distribution. Microbial adhesion to these ECM ligands may correlate 
with the tissue tropism seen in infections (3,4). One of the ECM ligands 
is fibronectin, a multifunctional adhesive glycoprotein also found on 
cell surfaces and in body fluids such as plasma.

Actinobacillus pleuropneumoniae is the causative agent of porcine 
pleuropneumonia. Among its virulence factors are lipopolysaccharide 

(LPS), capsular polysaccharide, exotoxins, and proteases (5,6). Some 
virulence factors of this bacterium are released into membrane 
vesicles (7). Carrier pigs maintain the bacteria in their upper 
respiratory tract, which suggests that there is a mechanism to attach 
the bacteria to the nasopharyngeal epithelium. 

Oral and nasal cavities are anatomically related. Lymphoid 
tissues, such as palatine or lingual lymphoid tissue and tonsils, 
are strategically positioned at the beginning of the digestive and 
respiratory tracts; therefore, buccal epithelial cells (BEC) have 
been used to study the adhesion of bacteria, including those of 
the respiratory tract (8–11). Adherence of A. pleuropneumoniae 
to several pig respiratory-tract tissues has been reported (12–16), 
and, although it might be a first step in pleuropneumonia, 
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this adherence continues to be poorly understood. No study 
has been done on the adherence of this organism to swine BEC, 
and thus no putative adhesive factors or cell receptors have 
been characterized. 

We evaluated the adherence of A. pleuropneumoniae serotype 1 to 
BEC of different origins and compared the adherence properties with 
those of closely related bacteria. We also explored the nature of the 
factors involved in the adhesion.

M a t e r i a l s  a n d  m e t h o d s

Bacterial strains and growth conditions 
We used the following bacterial strains: A. pleuropneumoniae 

S4074 reference strain of serotype 1 (donated by E.M. Kamp, 
ID-DLO, Department of Bacteriology, Lelystad, The Netherlands); 
A. pleuropneumoniae serotype 1, strains 1a, 1b, and 1c (recent isolates 
from slaughterhouse pigs); A. minor, strain Amy 2B, and A. porcinus 
(donated by M. Gottschalk, GREMIP, Faculté de médecine 
vétérinaire, Université de Montréal, Montreal, Quebec); A. suis, 
A. seminis ATCC 15768, Haemophilus parasuis serotype 5, and 
Escherichia coli K12 AB1157 (from our collection) (17); Pasteurella 
multocida (2 isolates from field pigs that had died of bronchopneu-
monia) (18); and Mannheimia (Pasteurella) haemolytica M16 
(microbiota) and OV20 (pathogen) (2 isolates from field ovine). All 
strains were grown at 37°C in brain–heart infusion broth. In 
addition, A. pleuropneumoniae, A. porcinus, A. minor, and H. parasuis 
were supplemented with 10 g/mL of -nicotinamide adenine 
dinucleotide (NAD), and H. parasuis was supplemented with 10% 
bovine serum as well. 

Animals 
All animals were kept according to the standard rules for animal 

care at the Centro de Investigación y de Estudios Avanzados del IPN 
animal house, in Mexico City. To obtain BEC, we used 14 conven-
tional Yorkshire swine from different litters that were 4 to 8 wk old 
and, to obtain BEC for some experiments and antibodies, 2 adult 
pigs. All the pigs were free of A. pleuropneumoniae, Mycoplasma hyo-
pneumoniae, and H. parasuis. We also used 20 male Wistar rats from 
different litters, weighing between 180 and 200 g, to obtain BEC, and 
we used 4 female New Zealand rabbits 2 mo old to obtain polyclonal 
antisera. All the animals were fed ad libitum a commercial, antibiotic-
free, appropriate diet.

Enzymes and reagents
Proteinase K, trypsin, buffers, detergents, NAD, pig plasma 

fibrinogen, and other reagents were obtained from Sigma Chemical 
Company, St. Louis, Missouri, USA.

Adherence assays 
Bacteria from overnight cultures were incubated at 37°C under 

agitation (37.5  g) until a concentration of 108 colony-forming 
units (CFU)/mL was reached. Epithelial cells from the cheek 
internal mucosa of healthy adult humans, rats, swine, and the 
piglets were obtained as described (10), except the cells were not 
treated with trypsin and were suspended in 0.1 M Tris-HCl, pH 7.2. 

Cell viability was checked by trypan-blue exclusion staining at the 
beginning and at the end of the experiments; it was found to be 
95% and 75%, respectively.

For adhesion assays, 5  104 cells were incubated with 2  108 CFU 
in a total volume of 1.2 mL for 1 h at 37°C on a rotary shaker 
(37.5  g). Then they were washed 3 times with Tris-HCl, pH 7.2, by 
centrifugation (150  g for 10 min) to free the cells of nonspecifically 
attached bacteria. After the first washing, 2 drops of 0.4% erythrosine B 
were added. An aliquot of the final suspension was air-dried on a 
glass slide and stained with 0.4% methylene blue. The slide was rinsed 
in water and examined with a light microscope (Nikon Eclipse E600; 
Nihon Kohden, Tokyo, Japan). The number of bacteria bound to each 
of 50 BEC was recorded. At least triplicate measurements were made 
for each determination, and all counts were done by the same person 
and verified by 4 other workers. To confirm our results with direct 
counts, we used the public-domain software program Scion Image-
release, beta 3b; the number of bacteria adhered was determined from 
particle size and density counting.

Effect of different treatments on bacterial 
adherence

The nature of A. pleuropneumoniae S4074 and swine BEC factors 
involved in adherence was determined through the following 
treatments of both types of cells: heating to 40°C, 50°C, and 60°C, for 
25 min, vigorous agitation (vortex, 5 min), different pHs (3 to 11, 1 h 
incubation at 37°C with 100 mM Tris, phosphate-buffered saline, or 
HEPES), and proteolytic enzymes (1 mg/mL of proteinase K and 
2.5 g/mL of trypsin, at 37°C for 10 min). The next treatments were 
done at pH 7.0 and 37°C with 1 h of incubation: detergents [0.01% 
(w/v) sodium dodecyl sulfate (SDS), 0.01% (v/v) Tween 20, and Triton 
X-100], other chemicals [100 mM ethylenediamine tetra-acetate 
(EDTA), 1M NaCl, and 100 mM sodium periodate], carbohydrates 
(1 mg/mL of heparin, 100 mM N-acetyl-D-galactosamine, N-acetyl-
D-glucosamine, glucose, galactose, and mannose), and proteins 
(30 g/mL of human and swine fibronectin and 8 g/mL of swine 
fibrinogen). All sera [from naturally infected pigs, from a pig 
vaccinated with a bacterin, and from a pig experimentally infected 
(all of them of serotype 1), rabbit anti-pig and anti-human fibronectin, 
and preimmune serum from rabbit and pig] were diluted 1:100. 

Fibronectin and antifibronectin antibodies 
Swine and human fibronectins from plasma were obtained as 

previously described (19) and compared with Sigma fibronectin by 
means of 5% SDS–polyacrylamide gel electrophoresis. Anti-swine and 
anti-human fibronectin antibodies were induced in rabbits by 
subcutaneous injection of 200 g of protein with complete Freund’s 
adjuvant and 2 boosts of 200 g each with incomplete Freund’s 
adjuvant. Antibodies were purified in a Sepharose 4B (Amersham-
Pharmacia Biotech, Piscataway, New Jersey, USA)–fibronectin column. 
Elution was done with 3 M KI. Cross-reaction between human and 
swine fibronectin was detected by Western blot testing with anti-
human and anti-pig fibronectin polyclonal serum, and the titre was 
obtained by enzyme-linked immunosorbent assay. To visualize 
fibronectin on the cell surface, we used rabbit anti-swine fibronectin 
serum as the primary antibody and anti-rabbit IgG labelled with 
fluorescein isothiocyanate (FITC) as the secondary antibody.
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Electron microscopy
Adhesion of A. pleuropneumoniae to fibronectin fibres and networks 

was done by adsorbing fibronectin onto carbon–Formvar-coated 
200-mesh copper grids for 10 min at 25°C and then adding 10 L of 
culture (106 CFU/mL). The grids were incubated for 1 h, washed, 
negatively stained with 1% uranyl acetate for 0.5 min, washed again, 
and examined with a JEM 1000 electron microscope (Japan Electron 
Optics Laboratory [JEOL]) at 80 kV. 

Statistical analysis
Adhesion assay data were expressed as means ± standard error. 

Student’s t-test was used to establish statistical significance among 
treatments. The assays were highly reproducible, the mean numbers 
of adhered bacteria per BEC for a given bacterial strain not differing 
significantly through all the experiments (P  0.05). 

R e s u l t s

Adherence of A. pleuropneumoniae serotype 1 
to BEC from various animals

As the results in pigs and piglets were very similar, all the 
reported experiments were done with piglets, which are easier to 
manipulate. The specificity of the adherence is shown in Figure 1. 
Bacterial cells adhered to swine, rat, and human BEC (Figures 1B, 
D, and F, respectively), swine BEC always showing the highest 
number of bound bacteria and human BEC the lowest; bacteria 
were dispersed on the cell surface (Figure 1B).

Trypsin effect on adherence to swine BEC and to 
fibronectin

Trypsin’s effect on swine BEC is displayed in Figures 2A and 
2B. Figure 2A1 shows the cell fibronectin verified with anti-swine 
fibronectin antibodies and then the FITC-labelled secondary 
antibody. The enzyme almost eliminated the fibronectin on the 
cell surface (Figure 2A2). Trypsin treatment prevented the 
A. pleuropneumoniae from binding to swine BEC (Figure 2B). 
Bacteria adhered instantly and strongly to fibronectin fibres, often 
through the organism’s longitudinal body (Figure 2C). In the 
fibronectin networks, bacteria were observed covered by the 
protein (Figure 2D).

Effect of various treatments on adherence 
to swine BEC

To characterize the A. pleuropneumoniae adhesion factor for swine 
BEC, the effect of physical and chemical treatments on BEC or on 
bacteria was tested. The main results are shown in Table I and 
Figure 3. 

Heat, vortex agitation, or extreme pH considerably diminished 
bacterial adherence (approximately 80%). The only detergent that 
significantly decreased binding (P  0.001) was SDS. Bacteria 
exposed to heparin conserved their adherence, but BEC were affected 
(P  0.001) (data not shown). 

Proteolytic enzymes, such as proteinase K and trypsin, applied to 
swine BEC reduced adhesion by more than 80% and applied to 

bacteria reduced adhesion by about 55% to 60%, indicating that 
cell-surface proteins of both types of cells are crucial for adherence. 
The addition of trypsin plus periodate to bacteria or swine BEC 
practically abolished adhesion, reducing it by more than 90%; thus, 
glycoproteins are involved as recognizing molecules. Because a 
mannose concentration-dependent effect was found for bacteria and 
swine BEC (Figure 3B), this carbohydrate could be part of the 
A. pleuropneumoniae adhesin and BEC receptor structures. Glucose 
and galactose showed similar behaviour for bacteria and BEC, 
inhibiting less than 30%. However, N-acetyl-D-galactosamine and 
N-acetyl-D-glucosamine inhibited more than 80% of BEC.

When A. pleuropneumoniae cells were incubated with pig or human 
fibronectin or with pig fibrinogen before being exposed to the BEC, 
these proteins inhibited adhesion 77%, 76%, and 67%, respectively, 
suggesting a strong interaction with the bacterial surface. Fibrinogen 
also prevented bacterial binding when the BEC were treated. 
Furthermore, incubating the swine BEC with either anti-pig or anti-
human fibronectin before interaction with the bacteria led to an 
important decrease in bacterial adherence, suggesting that both 
fibronectins possess conserved domains that A. pleuropneumoniae 
recognizes. To test the antibodies’ effect in blocking bacteria–
fibronectin binding, an inhibition experiment was performed in 
which the swine BEC were treated with dilutions of the anti-swine 
fibronectin serum before interaction with the bacteria; there was a 
dilution-dependent effect on adhesion to BEC (Figure 3A), confirm-
ing the important role of this ECM glycoprotein in adhesion.

Rabbit anti-A. pleuropneumoniae serum or pleuropneumonia 
convalescent-phase pig serum applied to bacteria decreased 
attachment significantly (P  0.001), indicating the importance of 
the immune system in avoiding the microbial attack. Application of 
these types of serum to BEC also reduced adherence. Preimmune 
serum also diminished adherence, but not significantly.

Adhesion of related gram-negative bacteria 
Figure 4 shows the adherence values of human, rat, and swine 

BEC for 3 A. pleuropneumoniae isolates from slaughterhouse pigs and 
for different gram-negative species, most in the Pasteurellaceae family. 
For swine BEC, surprisingly, we found that A. porcinus adherence 
was 3 times that of the A. pleuropneumoniae reference strain and the 
3 isolates. However, A. minor adhered approximately half as much 
as A. pleuropneumoniae did. With rat BEC, the adherence of 
A. pleuropneumoniae was approximately 60% of that seen with swine 
BEC; the adherence of A. porcinus and A. minor to rat BEC was even 
lower. These 3 Actinobacillus species adhered poorly to human cells. 
However, A. suis, A. seminis, H. parasuis, and E. coli did not 
discriminate among the 3 types of cells and in all cases adhered in 
very low numbers. Both M. haemolytica and P. multocida adhered in 
low and similar numbers (30% to 40%) to swine and rat BEC and in 
even lower numbers to human cells, although P. multocida adhered 
slightly more to human cells than did M. haemolytica.

D i s c u s s i o n
We examined the ability of A. pleuropneumoniae to adhere to BEC. 

This assay is easy to perform and has reproducible results; thus, it 
could be used to study the factors involved in adhesion of swine 
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respiratory bacteria. Although A. pleuropneumoniae is species specific, 
rats and mice can be infected with a high dose (20). We found a 
higher A. pleuropneumoniae adhesion value for swine BEC than for 
rat or human cells. Under iron-restricted conditions, this pathogen 
is able to use porcine but not bovine or human transferrin as an iron 
source, which suggests that this porcine molecule gives the host 
specificity to A. pleuropneumoniae (21). Our results indicate that 
perhaps other host components, such as pig cell receptors, 
are contributing to the specificity. Probably rat and human BEC do 
not have receptors for A. pleuropneumoniae recognition. The 
3 A. pleuropneumoniae isolates from slaughterhouse pigs of serotype 1, 
the most virulent and commonly reported in field cases in Mexico, 

were as adhesive as the reference strain, suggesting that the pigs 
could have been chronically infected. 

Pathogens are likely to have more than 1 adhesin and are therefore 
able to interact with several receptors and their attendant signal-
transduction systems; thus, the attachment of A. pleuropneumoniae to 
BEC may be mediated by several products. Our finding of inhibition 
by bacterial agitation in a vortex, which removes and damages fimbriae, 
outer membrane proteins, membrane vesicles, and capsular 
polysaccharide, seems to indicate that some or all these structures may 
be implicated in this phenomenon. Although fimbriae have been 
demonstrated in A. pleuropneumoniae (22), their role in adhesion has not 
yet been elucidated. Our demonstration of mannose-dependent 

Figure 1. Actinobacillus pleuropneumoniae serotype 1 adherence to buccal epithelial cells (BEC) after incubation of 5  104 BEC from swine, rats, and 
humans (B, D, and F, respectively) with 2  108 colony-forming units of bacteria. A, C, and E are controls from indigenous flora on swine, rat, and human 
BEC, respectively. Cells were visualized by light microscopy (original magnification, X400). 
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adhesion suggests that this carbohydrate could be part of the bacterium 
adhesin and also of the swine BEC receptor.

Woods and colleagues (23) described the effect of trypsin on the ECM 
of human BEC, fibronectin being the major component altered. They 
reported that fibronectin prevented the adherence of Pseudomonas 
aeruginosa to human BEC and that trypsin treatment promoted 
attachment. In contrast, Fröman and associates (24) reported that 
enterotoxigenic strains of E. coli adhered to purified fibronectin and to 
fibroblast fibronectin fibres of the pericellular matrix (24). Our results 
with proteolytic enzymes demonstrate that the binding of 
A. pleuropneumoniae drastically diminishes when swine BEC lose the 
fibronectin. The 90% inhibition of adherence obtained by treating BEC 
with periodate plus trypsin confirms that the binding component can 
be a glycoconjugate, such as fibronectin. In addition, when swine BEC 
were treated with serum against human or pig fibronectin, the adhesion 
was also reduced. Fibronectin is a protein found as a component of 

ECM covered by epithelial or endothelial cells and on tissue cells, such 
as epithelial cells. In pig lung tissue, fibronectin is widely distributed 
in both adult and young animals (25). Thus, it must play a significant 
role in the adherence of many respiratory-tract pathogenic bacteria. 
When A. pleuropneumoniae was treated with swine or human fibronec-
tin, its adherence to swine BEC decreased, confirming the binding of 
fibronectin to bacteria and the prevention of further attachment to the 
BEC. As the inhibition was similar with both fibronectins, probably 
A. pleuropneumoniae is interacting with shared regions in both proteins, 
and fibronectin is not the molecule that gives specificity to the binding. 
Fibronectin could be a ligand connecting BEC receptors to A. pleuro-
pneumoniae. Fibronectin is often bound to integrins, which are cellular 
receptors (26).

On the other hand, fibrinogen is an abundant plasma protein, and 
its amounts increase in lung tissues during the pneumonic process. 
We recently reported the ability of 13 A. pleuropneumoniae serotypes 

Figure 2. A1: Swine buccal epithelial cells (BEC) incubated with rabbit anti-swine fibronectin polyclonal antibody and then with anti-rabbit immunoglobulin (Ig)G 
labelled with fluorescein isothiocyanate (FITC). A2: Effect of trypsin on swine BEC surface; cells were incubated with trypsin (2.5 g/mL) for 10 min, washed 
with 0.1 M Tris-HCl, pH 7.2, and treated with the same serum as in A1. B: Numbers of bacteria adhering to swine BEC and to trypsin-treated cells. Assay was 
performed as in Figure 1. None — indigenous flora; A. pleuro 1 — A. pleuropneumoniae serotype 1. C: Electron micrograph of A. pleuropneumoniae incubated 
for 5 min with fibronectin and stained with uranyl acetate (bar = 500 nm); bacteria are in close interaction with fibronectin networks, covered by the protein. 
D: Similar interaction of A. pleuropneumoniae with a fibronectin fibre (bar = 500 nm).
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to adhere to this pig protein and the involvement of an outer-
membrane 60-kDa adhesin in this adherence (27). Thus, fibrinogen 
could also be participating in the attachment of A. pleuropneumoniae 
to swine BEC. Divalent ions were also found to be involved in the 
adherence, as judged by the sensitivity to EDTA, and LPS have 
been implicated in adherence to other swine cells (28); therefore, 
the interaction between A. pleuropneumoniae and swine BEC is 
complex.

To investigate if there is a correlation between virulence and adhe-
sion to swine BEC, we studied some pig commensal and pathogenic 
bacterial species. Actinobacillus pleuropneumoniae produces acute 
pleuropneumonia, and in our experiments the reference strain S4074 

as well as 3 isolates obtained from slaughterhouse pigs adhered 
avidly. In contrast, P. multocida, a swine opportunist (18,29), dis-
played medium adherence to swine BEC. It was also possible to 
differentiate among the binding abilities of A. pleuropneumoniae and 
closely related bacteria, some being highly homologous with 
A. pleuropneumoniae; for example, A. suis adhered 70% less to swine 
BEC than did A. pleuropneumoniae. Although A. suis can sporadically 
produce septicemia, endocarditis, and polyarthritis in pigs (30), 
maybe the oral epithelium is not a good substrate for its attachment; 
this bacterium adhered in the same numbers to swine and rat cells. 
Both A. minor and A. porcinus have been reported as part of the 
normal flora of the pig respiratory tract and oral cavity (31–33); 

Table I. Effect of various treatments on Actinobacillus pleuropneumoniae adhesion to swine buccal epithelial cells (BEC)

 Mean number of bacteria per cell ± standard error (and % inhibition of adherence)a

Treatment Bacteria treated BEC treated
Noneb 92.3 ± 5.8 (0) 92.3 ± 5.8 (0)

Detergentsb (0.01%)
 Sodium dodecyl sulfate 16.4 ± 3.6 (82.2) Cellular damage
 Tween 20 63.7 ± 3.8 (30.9) 30.2 ± 3.0 (67.5)
 Triton X-100 61.1 ± 2.9 (33.8) 60.7 ± 5.2 (34.2)

Chemicalsb

 Ethylenediamine tetra-acetate (100 mM) 42.3 ± 3.6 (54.1) 80.1 ± 3.7 (13.3)
 NaCl (1M) 21.3 ± 4.3 (76.9) 20.8 ± 3.0 (80.7)
 Sodium periodate (100 mM)  34.1 ± 5.4 (63.1)c 32.8 ± 6.1 (64.5)

Proteinsb 
 Swine fibronectin (30 g/mL) 21.2 ± 3.9 (76.8) 72.5 ± 6.2 (21.5)
 Swine fibrinogen (8 g/mL)  30 ± 5.3 (67.3) 24 ± 4.6 (74.0)

Enzymesd

 Proteinase K (1 mg/mL) 37.6 ± 5.2 (59.3) 15.7 ± 4.6 (82.9)
 Trypsin (2.5 g/mL) 42.6 ± 4.8 (53.8) 14.5 ± 5.7 (84.3)
 Trypsin  periodate (100 mM)   9.7 ± 4.9 (89.5) 8.4 ± 5.7 (90.9)

Carbohydratesb

 D-glucose (100 mM) 69.8 ± 4.6 (24.4) 64.9 ± 5.4 (29.7)
 D-mannose (100 mM) 12.9 ± 4.2 (86.0) 13.7 ± 3.6 (85.2)
 N-acetyl-D-glucosamine (100 mM) 60.3 ± 4.6 (39.7) 17.0 ± 5.2 (83.0)
 N-acetyl-D-galactosamine (100 mM) 49.3 ± 5.0 (50.7) 17.3 ± 4.3 (82.7)
 Heparin (1 mg/mL) 91.4 ± 6.5  (0.9) 21.3 ± 2.7 (76.9)

 Antibodiese (1:100)
 Convalescent-phase pig serumf 17.2 ± 6.1 (81.4) 24.2 ± 5.7 (73.8)
 Pig anti-A. pleuropneumoniaeg 27.5 ± 8.2 (70.2) 31.4 ± 7.8 (65.9)
 Rabbit anti-A. pleuropneumoniae 16.4 ± 7.8 (82.3) 28.9 ± 7.9 (68.7)
 Rabbit anti-pig fibronectin 78.9 ± 6.8 (14.5) 21.2 ± 3.3 (76.8)
 Preimmune pig serum 61.3 ± 7.2 (33.5) 68.9 ± 8.5 (25.3)
 Preimmune rabbit serum 53.7 ± 5.9 (41.8) 66.7 ± 5.6 (27.7)
a Assays were performed as described in the legend of Figure 1, and the numbers of indigenous flora were subtracted
b At 37°C, pH 7.0, for 1 h
c Bacterial clumps
d At 37°C for 10 min
e Serum was heated at 56°C
f From naturally infected pigs
g Pigs were inoculated with a commercial bacterin
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however, Kielstein and coworkers (32) recently reported the isolation 
of these species from most pigs with pneumonic lesions. In our assay, 
A. minor attached to swine BEC 50% less and A. porcinus attached in 
3 times the numbers, compared with A. pleuropneumoniae. Our results 
with A. porcinus agree with those of Kielstein and coworkers (33) but 

contrast with the low pathogenicity reported when A. porcinus was 
inoculated intranasally and orally in gnotobiotic piglets, although 
in that experiment the bacterium was reisolated from the brain of 
an animal showing mild ataxia. This bacterium also has been 
occasionally isolated from pig brain (34,35). An explanation for the 

Figure 3. Concentration effect of anti-pig fibronectin antibodies (A) or mannose (B) on the adherence of A. pleuropneumonie serotype 1 to swine BEC. 
Assays were performed as in Figure 1. 

Figure 4. Adhesion of 3 A. pleuropneumoniae isolates and related gram-negative bacteria to human, rat, and swine BEC. Assays were done as in Figure 1. 
None — indigenous flora; A. pleuro 1, 1a, 1b, and 1c — A. pleuropneumoniae serotype 1 reference strain S4074 and 3 isolates; A. porcinus — Actinobacillus 
porcinus [* adhesion value of 350 ± 13 (standard error)]; A. minor — Actinobacillus minor Amy 2B; A. suis — Actinobacillus suis; A. seminis — Actinobacillus 
seminis ATCC 15768; H. parasuis — Haemophilus parasuis serotype 5; M. haemo — Mannheimia (Pasteurella) haemolytica M16 (microbiota) and OV20 
(pathogen) (2 isolates from field ovine); P. multocida 1 and 2 — Pasteurella multocida (pig pathogen isolates); E. coli — Escherichia coli K12 AB1157.
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high avidity of A. porcinus to swine BEC could be that the oral route 
is the preferred portal of entry for this species, although this must 
be demonstrated. Interestingly, A. porcinus bound in lower numbers 
than A. pleuropneumoniae to rat and human cells, indicating its high 
host specificity. Haemophilus parasuis is frequently found in the upper 
respiratory tract of healthy pigs and in low numbers in the oral 
cavity; it also showed a low adhesion value (80% lower than 
A. pleuropneumoniae). On the other hand, A. seminis and M. haemolytica 
that had not been isolated from pigs showed a very low adherence 
to swine BEC; 1 of the isolates of M. haemolytica had been obtained 
from microbiota and the other from a sheep with pneumonia. 
Escherichia coli is not part of the normal oral flora of swine, rats, and 
humans; this bacterium showed the same low affinity for the 3 types 
of cells. Together, these results indicate that adherence to host cells 
is crucial for both commensal and pathogenic bacteria for coloniza-
tion; however, pathogenic bacteria show stronger attachment and 
specificity. The adherence to swine BEC could be a model for 
studying swine respiratory-tract pathogens. 

We have provided evidence that A. pleuropneumoniae can be strongly 
associated with the epithelium of the swine oral cavity. Oral epithelium 
may be a vehicle for bacterial deposition in other sites. The attachment 
of A. pleuropneumoniae to tonsillar epithelial cells may contribute to the 
bacterium’s establishment in the tonsils (14), being in contact with 
mouth components and saliva. The binding of A. pleuropneumoniae to 
BEC may serve at least 2 functions: first, bacteria may attach to BEC as 
an early step in colonization of the host respiratory tract; second, this 
binding may be related to the carrier state in animals with chronic 
infection. It is evident that, in ecologic terms, the oral environment is a 
perfect niche for some bacteria. 
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