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ABSTRACT 

A HEp-2 cell culture model was used to investigate the invasive properties 

of Campylobacter species. Two of twenty-five Campylobacter isolates did not 

invade HEp-2 cells, and one of these isolates did not adhere to the epithelial 

cells. Penetration of HEp-2 epithelial cells by C. jejuni was significantly (P < 

0.05) inhibited with C. jejuni Iysates and a MAb (184) in competitive inhibition 

studies. Immunogold electron microscopic studies revealed that the 1 84 MAb 

bound to the flagella and cell surface of low passage (invasive) C. jejuni M 96, 

whereas only the flagella of high passage (non-invasive) C. jejuni were labelled. 

Western blot analysis revealed that the 184 MAb identified an epitope on 

antigens ranging in size from 66 to 44 kOa in invasive and non-invasive 

organisms. Antigens were also recognized in Iysates prepared only from invasive 

strains from 42 to 38 kOa. Sodium meta-period ate chemical treatment of C. 

jejuni Iysates significantly (P < 0.05) affected its inhibitory capacity. Additionally, 

proteinase K and sodium meta-periodate treatment of Iysates changed the 

mobility of antigens recognized by the 184 MAb. This suggests that the antigens 

required for epithelial cell penetration by C. jejuni may be glycoprotein in nature 

and that the functional binding site is dependent upon an intact carbohydrate 

moiety. 
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Co-infection of HEp-2 epithelial cells with coxsackievirus 83, echovirus 7, 

polio virus (LSc type 1), porcine enterovirus and Campy/obaete, isolates was 

performed to determine if a synergistic effect could be obtained. The 

invasiveness of C. jejuni was significantly increased for HEp-2 cells pre-infected 

with echovirus 7, coxsackievirus 83, and UV-inactivated (non-infectious) 

coxsackievirus 83 particles. Polio and porcine enterovirus had no effect on C. 

jejuni adherence and invasiveness. C. hyointestina/is and C. mueosalis, two non

invasive isolates, did not invade virus-infected HEp-2 cells. The increase of 

invasiveness of C. jejuni appears to be the result of specific interactions between 

the virus and the HEp-2 cell membrane. The data suggest that the invasiveness 

of Campy/obaete, is dependent upon the inherent properties of the organism. 

Virus-induced cell alterations can potentiate the invasiveness of virulent 

Campy/obaete, but are not sufficient to allow internalization by non-invasive 

bacteria. 
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INTRODUCTION 

The importance of Campy/obacter spp. as causative agents of human and 

animal disease worldwide did not become recognized until recently due to the 

development of methods to isolate the organism (Skirrow, 1977). Campy/obacter 

jejuni is the third most common cause of diarrhea in developing countries and 

the third most common cause of enteritis in children residing in these same 

regions (Blaser et aL, 1980; Bokkenheuser et aI., 1979; De Mol et aI., 1983; Glass 

et aL, 1983). The mechanisms of Campy/obacter pathogenesis are unclear. This 

lack of knowledge has confounded prevention an·d treatment of 

campylobacteriosis. Potential virulence factors that may play a role in 

pathogenesis include enterotoxin production, cytotoxin production, and 

invasiveness. 

No established animal model exists to study campylobacteriosis (Walker 

et aL, 1986). The absence of a simple animal model has hampered investigations 

to examine the virulence factors of C. jejuni. Cell culture model systems have 

been routinely used to study the pathogenic properties of many enteric 

pathogens, including Escherichia coli (Chart et aL, 1988; Knutton et aI., 1984), 

Sa/monella spp. (Jones et aL, 1981; Mintz et aL, 1983), Shigella spp. (Hale and 

Bonventre, 1979; Sansonetti et aL, 1986), and Yersinia spp. (Bolin et aL, 1982; 
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Lassen and Kapperud, 1986; Lee et aI., 1977}. Recently, investigators have 

applied cell culture models to examine the virulence factors of Campy/obaeter 

(Bukholm and Kapperud, 1987; Fauchere et aI., 1986; Manninen et aI., 1982; 

McSweegan et aI., 1987). Initial studies have found a good correlation between 

Campy/obaeters' pathogenic properties in vitro and the clinical status of the host. 

For instance, the ability of Campy/obaeter isolates to invade cells in culture is 

compatible with the presence of blood in the feces of an infected person 

(Klipstein et aI., 1985). A HEp-2 cell culture model system was used in this study 

to investigate the invasive properties of Campy/obaeter spp. for epithelial cells in 

vitro. 

The mechanism by which Campy/obaeter species invade epithelial cells is 

unknown. The focus of this investigation is to ascertain the mechanism by which 

Campy/obaeter organisms invade epithelial cells and to identify the antigens 

required for epithelial cell penetration by Campy/obaeter species. 

BACKGROUND 

Members of the genus Campy/obaeter are gram-negative, microaerophilic, 

curved-to-spiral rods that have one or more polar flagella. They usually grow best 

in a microaerophilic environment at 370e or 4~e in brucella broth or on brucella 
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and Mueller-Hinton agars (Walker et aI., 1986). Log-phase cultures are often 

described as pleomorphic. Organisms appear as curved or spiral rods, 0.2 -0.8 

micrometers wide and 0.5-5.0 micrometers long. Coccoid cells predominate in 

older cultures; the rounded cells represent degenerative forms and are not 

viable. One characteristic of Campy/obaeter spp. is the darting and corkscrew

like motion observed by phase-contrast microscopy and is due to one or more 

polar flagella. 

Infection with C. jejuni can be asymptomatic or result in a variety of 

symptoms. Symptomatic infections are usually self-limiting, lasting 2 to 7 days, 

but can persist for 3 months in immunocompromised individuals not treated with 

antibiotics. Patients with severe or protracted illness may be treated with 

erythromycin (Blaser et aI., 1979). In developed countries, the most common 

clinical presentation of infection is a dysentery-like syndrome which is 

characteristic of an invasive organism (Blaser et aI., 1979; Calva et aI., 1989). The 

infection is associated with the acute onset of diarrhea, abdominal pain, fever, 

and the presence of blood and leukocytes in stool specimens. In developing 

countries, infections with C. jejuni are frequently associated with a watery

secretory type of diarrhea. In a study in Mexico, 75% of the C. jejuni isolated 

from patients produced an enterotoxin (Ruiz-Palacios et aI., 1983). Campy/obaeter 

jejuni has also been isolated from asymptomatic individuals (Porter and Reid, 
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1980). Lack of expression of disease in these individuals may be due to an 

intrinsic immune response or to a modification of the virulence factors of C. 

jejuni. The broad clinical spectrum observed has been the basis for many 

scientists' questions regarding the mechanism of pathogenesis and the relation 

of clinical manifestations to possible virulence factors. 

Campy/obaeter infection occurs by ingestion of contaminated water, 

unpasteurized milk, or food such as raw or partially cooked poultry (Walker et aI., 

1986). Once past the gastric barrier, the organism must reach and colonize the 

intestinal mucosa. The effectiveness of Campy/obaeter spp. to colonize the 

intestinal mucosa is due to an interplay among motility, chemotaxis, and adhesive 

properties. Ferrero and Lee (1988) proposed that C. jejuni can alter its motility 

to provide it with a selective advantage. Four types of motility observed with C. 

jejuni in a mouse cecal model include: (1) random motility- in areas of the 

preparation where no tissue was present; (2) extremely rapid motility- in areas 

that were heavily packed with spiral bacteria; (3) oscillating motility- in areas of 

the tissue covered with mucus; and (4) slight motility- in crypts that were covered 

with mucus (Lee et aI., 1986). Hugdahl and Doyle (1985) found that C. jejuni was 

attracted to L-fucose (one of twenty carbohydrates tested) and L-aspartate, L

cysteine, L-glutamate, and L-serine (four of fifteen amino acids). A positive 

chemotactic response was also directed to pyruvate, succinate, fumarate, citrate, 
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malate, and alpha-ketoglutarate. 

McSweegan and Walker (1986) suggested that Campy/obaeter spp. 

possess multiple adhesins. This would explain contradictory reports. Flagella have 

been implicated as possible adhesins. Isolated flagella from C. jejuni have been 

shown to specifically bind to INT 407 cells at a concentration of 0.6 mg of 

protein/ml (McSweegan and Walker, 1986). However, purified flagella did not 

inhibit the adherence of C. jejuni to INT 407 cells in competitive inhibition assays. 

Morooka et al. (1985) demonstrated the importance of motile C. jejuni in 

facilitating the colonization of the intestinal tract of suckling mice; nonmotile and 

aflagellated organisms were cleared from the intestinal tract 2 days after 

challenge. However, Field et al. (1986) found no correlation between motility and 

virulence (embryo death) of C. jejuni and C. coli in a chick embryo model 

system. Cinco et al. (1984) found that L-fucose (6-deoxy-L-galactopyranose) 

inhibited the adherence of Campy/obaeter to INT 407 cells and that heat 

treatment (100DC for 30 min) did not affect the organism's ability to adhere to the 

cells. These data suggest the involvement of a surface structure other than the 

flagellar protein (a heat-labile protein). McSweegan and Walker (1986) found that 

250 to 1000 /lg/ml of phenol/water-extracted LPS from C. jejuni completely 

abolished the adherence of C. jejuni to INT 407 cells. However, they did not 

examine the viability of cells after subjection to such a high level of LPS. We have 
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found that concentrations of LPS in excess of 50 "g/ml cause cell rounding, 

detachment from the well of the plate, and death. Naess et al. (1988) found that 

pretreatment of C. eo/i with trypsin, pronase, periodate, or boiling reduced the 

adhesion of bacteria by 45%. However, the bacteria were immobilized by these 

treatments. The investigators also made bacterial extracts with heat, pronase, 

trypsin, and phenol/water-extracted LPS. These extracts either did not 

competitively inhibit the adherence of C. jejuni to porcine intestinal brush border 

cells or led to deterioration of the cultured cells. 

Campy/obaeter jejuni has not been found to be invasive by the Sereny

Anton test, a standard reference for bacterial invasion (Manninen et aI., 1982). 

However, both clinical and experimental evidence exist that demonstrate the 

invasiveness of C. jejuni. Examination of tissue biopsy specimens by histological, 

immunohistochemical, and electron microscopic methods has revealed 

intracellular organisms. Blaser et al. (1979) observed blood in 60%, and 

polymorphonuclear leukocytes in 78%, of patients' stool samples infected with C. 

jejuni. The presence of blood and leukocytes in stools suggests that 

pathogenesis of C. jejuni involves direct mucosal invasion (Black et aI., 1988; 

Duffy et aI., 1980). Direct tissue invasion is also supported by in vivo (Field et aI., 

1986; Humphrey et aI., 1985; Ruiz-Palacios et aI., 1981; Welkos, 1984) and in 

vitro models (Bukholm and Kapperud, 1987; Fauchere et aI., 1986; Manninen et 
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aI., 1982; McSweegan et aI., 1987}. Klipstein et al. (1985) reported that invasive 

C. jejuni could be differentiated from non-invasive C. jejuni by an enzyme-linked 

immunosorbent assay. This implies that invasive C. jejuni isolates share antigens 

which are required for epithelial cell penetration. The antigens required for 

internalization of epithelial cells by Shigella species have been shown using 

monoclonal antibodies to be conserved among serotypes (Mills et aI., 1988). 

The endocytic uptake of pathogenic microbes by nonprofessional 

phagocytic cells is a primary method of tissue invasion by a variety of 

microorganisms (8eachey, 1981). Cytochalasin 8 has been shown to inhibit the 

uptake of Sa/monella typhimurium and Shigella flexneri (8ukholm, 1984; Hale et 

aI., 1979; Kihlstrom, 1980; Kihlstrom and Nilsson, 1977). Cytochalasin 8 appears 

to act by disrupting subplasmalemma microfilaments which play a role in 

translocation of the plasma membrane during phagocytic uptake of the bacteria 

(Axline and Reaven, 1974). Cytochalasin 8 was used in this study to examine if 

HEp-2 host cells actively participate in the uptake of Campy/obaeter organisms. 

A heat-labile cytotoxin or enterotoxin and a cytotoxin are produced by 

some Campy/obaeter organisms. The role of these two exotoxins in pathogenesis 

is unclear. The ability of Campy/obaeter spp. to produce an enterotoxin was first 

reported by Ruiz-Palacios et al. (1983). They showed that C. jejuni enterotoxin 

induced fluid secretion in rat ileal loops and caused elongation of chinese 
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hamster ovary cells. Klipstein et al. (1985) speculated that enterotoxigenic C. 

jejuni strains causes watery diarrhea in infected patients. The enterotoxin 

produced by Campy/obacter strains is heat labile and completely inactivated at 

5sOC for 1 h or 96°C for 10 min. Additionally, the toxin in partially inactivated at 

pH 4.0 and completely destroyed at pH 2.0 and 8.0. The molecular weight 

ranges from 60,000 to 70,000 kDa. This toxin is also functionally and 

immunologically related to the heat-labile toxin of Escherichia coli (L T) and Vibrio 

cho/erae (CT). These toxins are heat-labile and raise intracellular cyclic AMP 

levels by stimulating host adenylate cyclase activity. Intracellular cyclic AMP levels 

are regulated by adenylate cyclase, which converts ATP to AMP, and 

phosphodiesterase, which inactivates cyclic AMP (Ruiz-Palacios et aI., 1983). 

Campy/obacter jejuni toxin also possesses a B subunit which binds specifically 

to the GM1 ganglioside in the same manner as the B subunit of L T and CT. 

Preincubation of Campy/obacter toxin with antisera against L T or CT inhibit its 

activity (Ruiz-Palacios et aI., 1983). 

Monkey kidney (Vero) , human cervical carcinoma (HeLa), human diploid 

lung (MRC-5), and human laryngeal carcinoma (HEp-2) cells have been used to 

demonstrate the cytotoxic response of some Campy/obacter isolates. This toxin 

is heat labile at 1000C for 30 min, but stable at 60°C for 30 min, and trypsin 

sensitive. However, little else is known about this cytotoxin. This cytotoxin cannot 
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be neutralized with antitoxins to either Clostridium diffie/e cytotoxin or Escherichia 

coli Vero cell cytotoxin. The role of this Campy/obaeter toxin as a virulence factor 

in diarrheal disease is unknown. 

A synergistic interaction has been postulated to exist between C. jejuni 

and other enteropathogens. Melamed et al. (1985) found a higher incidence of 

polymicrobial infections with C. jejuni in comparison to other enteric pathogens. 

Additionally, Bukholm and Kapperud (1987) demonstrated, using an in vitro 

model, that non-invasive C. jejuni was able to localize internally when cells were 

challenged with a mixture of Campylobaeter and enteroinvasive Salmonella 

typhimurium, Shigella flexneri, Shigella boydii, Shigella sonnei, and Escherichia 

coli. Little is known about the mechanism of synergistic infections. Furthermore, 

the effect of viruses on the ability of Campy/obaeter to adhere to and invade 

epithelial cells has not been examined. 

Cellular alterations induced by viral infection may have a significant effect 

on the ability of enteric pathogens to adhere to and invade epithelial cells. 

Investigations have demonstrated that adsorption of certain viruses to cells 

results in an increase in adherence (Davison and Sanford, 1981; Levanon et aI., 

1977; Sanford et aI., 1978) and invasiveness (Bukholm and Degre, 1984; 

Bukholm et aI., 1985; Bukholm et aI., 1986). The mechanisms by which viruses 

enhance bacterial adhesion and invasion are unclear. Adsorption of certain 
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viruses to cells has been shown to increase membrane fluidity and permeability 

(Carrasco, 1981; Impraim et aL, 1980; Lopez-Vancell et aL, 1984; Schaefer et aL, 

1982). These changes may have a significant effect on secondary bacterial 

infection. 

In this study, a HEp-2 cell culture model system was developed to 

investigate the invasive properties of Campy/obacter species. The HEp-2 cell 

culture model system was used to access the role of the host cell in the uptake 

of Campy/obacter organisms. Additionally, experiments were performed in an 

attempt to identify the antigens responsible for epithelial cell penetration by C. 

jejuni. Finally, studies were done to determine whether enteroviruses alter the 

ability of Campy/obaeter isolates to adhere to and invade HEp-2 cells. It is hoped 

that the findings of this study will increase our understanding of C. jejuni 

virulence factors and lead to more efficacious means to treat the disease. 
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MATERIALS AND METHODS 

Bacterial strains. 

Four C. jejuni strains (29428, 33560, 35919" and 35925), C. coli 33559, 

C. hyointestinalis 35217, and C. mucosalis 43264 were acquired from the 

American Type Culture Collection (ATCC, Bethesda, MD). Clinical isolates of C. 

jejuni (M 95, M 96, M 97, M 98, M 125, M 126, M 128, M 129, M 131, M 521, 

W 34789, F 38011, and X 19139) were kindly supplied by Dr. Kenneth Ryan, 

University Medical Center, University of Arizona, Tucson, AZ.. These strains were 

isolated from patients with clinical signs of campylobacteriosis. C. jejuni SJ was 

obtained from Dr. Pat Flynt, St. Joseph's Hospital, Tucson, AZ.. Experimental 

isolates, C. jejuni SLA, C. coli FBM, C. hyointestinalis Flan, and C. fetus Flan 

were isolated from pigs with clinical signs of bloody diarrhea, histological lesions 

of ileitis, and enterocytes with intracellular Campylobacter. Salmonella 

typhimurium was obtained from Dr. Harvey Olander, University of California at 

Davis. This strain was isolated from the gall bladder of an animal with clinical 

signs of diarrhea and vomiting. This organism was used as a positive control for 

invasiveness of HEp-2 cells. 
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Cultivation of bacteria. 

Upon receipt in our laboratory, strains were passed no more than twice 

on Mueller-Hinton (MH) agar plates containing 4% citrated bovine blood before 

being frozen at - 70DC in bovine blood for use as stock cultures. Campy/obacter 

isolates were cultured on MH agar plates and passed every 2 days. All isolates 

were incubated at 37oe, with the exception of C. jejuni SJ which was incubated 

at 4~e. Additionally, all Campy/obacter strains, with the exception of C. 

mucosalis, were incubated under microaerophilic conditions (10.2% hydrogen, 

10.2% carbon dioxide, and nitrogen balance). C. mucosa/is was incubated 

under anaerobic conditions (50% carbon dioxide and 50% hydrogen). The purity 

of bacterial strains was monitored by phase contrast microscopy and colony 

formation on culture plates. 

Epithelial cells. 

Human laryngeal carcinoma (HEp-2, ATCC CCl 23), Buffalo green monkey 

kidney (BGM, Microbiological Associates, Bethesda, MD), Chinese hamster ovary 

(CHO), and Vero cells were maintained in Eagle's minimal essential media (MEM) 

containing 10% fetal bovine serum (FBS) without the use of antibiotics in 75 cm2 

flasks. Cell cultures were incubated at 3]DC in a 5% CO2 incubator. Monolayers 

were trypsinized and split 1:2 upon reaching confluency. For experimental 
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assays, 24-well tissue culture trays were seeded with 5 X 104 cells/well. Seeded 

plates were incubated for 24 h at 3iJC in a humidified, CO2 incubator. Semi

confluent monolayers were washed one time with MEM containing 1 % FBS prior 

to the assays. 

Viruses. 

Coxsackievirus B3, echovirus type 7, polio (LSc type 1), and porcine 

enterovirus (serotype 8) were used in co-infection assays. Porcine enterovirus 

was previously isolated in our laboratory from a pig with porcine proliferative 

enteritis and purified by plaque purification (Finn, 1987). Coxsackievirus B3, 

echovirus 7, and polio viruses were grown in HEp-2 cell mono layers. Porcine 

enterovirus was grown in BGM cells. Viral stocks were prepared by infecting a 

75 cm2 tissue culture flask with a confluent sheet of the appropriate cell line with 

1.0 ml of virus. Inoculated cultures were agitated at 15 min intervals. After 1 h, 

the supernatant fluid was aspirated and 10 ml of MEM was added to each flask. 

The cell cultures were frozen (-70°C) and thawed (4~C) when cytopathogenic 

effects were well developed. The supernatant fluids were then centrifuged at 600 

x g and filtered through 0.22 11m filters to remove cell debris. These filtrates were 

stored frozen at -70°C. 
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Viral Plaque assays. 

The titer of each viral stock was determined by plaque assay. Six-well 

tissue culture plates (Falcon) were seeded with 5.0 X 105 HEp-2 cells/well. The 

seeded plates were incubated for 2 days at 37°C in a humidified, CO2 incubator. 

Confluent monolayers were washed once with phosphate-buffered saline (PBS) 

and infected with 0.5 ml of the serially diluted, from 10-1 to 10-6, viral suspension. 

Inoculated cultures were agitated at 15 min intervals. After 1 h, the supernatant 

fluid was aspirated and the infected monolayers overlaid with 3 ml of an agar 

overlay. The agar overlay consisted of MEM supplemented with 2% FBS and 1 % 

bacto agar (Difco, Detroit, MI). Diethylaminoethyl (DEAE) dextran (Sigma 

Chemical Co., St. Louis, Mo.) was added at a final concentration of 100 /lg/ml to 

the agar overlay for both polio and porcine enterovirus. Plates were incubated 

inverted in a 37°C humidified incubator for 3 days. Following incubation, the 

overlay medium was removed and monolayers stained with crystal violet. Virus 

concentrations were recorded as the number of plaque-forming units (PFU)/ml 

of original suspension. 

Fluorescent-Antibody Test. 

Immunofluorescent techniques were used initially to determine the 

presence of intracellular and extracellular bacteria (Kihlstrom and Nilsson, 1977). 



28 

This test is based on the fact that immunoglobulins do not cross the intact 

plasma membrane but diffuse freely into permeabilized cells (Hale et aI., 1979). 

Duplicate wells containing semi-confluent monolayers of HEp-2 cells were infected 

with approximately 5 X 107 colony-forming units (cfu) of the desired organism. 

The infected monolayers were incubated at 37°C for 3 h in a 5% CO2 incubator 

and then fixed with formaldehyde. One well was extracted with cold acetone for 

the enumeration of intracellular bacteria. After washing with PBS, monolayers 

were incubated for 30 min at 37°C with a 1: 1 00 dilution of hyperimmunized rabbit 

sera against C. jejuni. Monolayers were then washed four times with PBS and 

incubated with a 1: 100 dilution of fluorescein isothiocyanate-Iabeled goat anti

rabbit IgG (H+L) (Kirkegaard and Perry Laboratories, Inc.). Infected monolayers 

were again rinsed four times with PBS and mounted in glycerol-PBS (1:1) under 

a glass cover slip. Cells were observed with an epi-fluorescence microscope. 

Adherence and Invasion Assay. 

Bacteria were harvested from agar plates with PBS and pelleted by 

centrifugation at 6000 x g for 10 min at 4°C. The pellets were suspended in 

MEM containing 1 % FBS. Duplicate wells containing semiconfluent monolayers 

of HEp-2 cells were inoculated with approximately 5 x 107 cfu. The titers of the 

bacterial suspensions were determined on MH agar plates. Infected monolayers 
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were incubated for 3 h at 37°C under a 5% CO2 atmosphere to allow the 

bacteria to adhere to the cells. The monolayers were then washed five times 

with 1 ml of MEM with 1 % FBS and reincubated for 3 h under the same 

conditions to allow bacterial invasion of the cells. Medium containing 250 "g/ml 

of gentamicin (Gibco Laboratories) was added to one of the wells for the 

enumeration of intracellular bacteria. In preliminary experiments, 250 "g/ml of 

gentamicin killed all Campy/obacter isolates after a 3 h exposure. To the other 

well, medium without any antibiotic was added to enumerate the number of 

intracellular and extracellular bacteria. Following incubation, monolayers were 

washed three times with PBS and lysed with 0.5% sodium deoxycholate (Difco 

Laboratories, Detroit Michigan)(Fauchere et aI., 1986). The suspensions were 

diluted and viable bacteria determined by counting colonies on MH agar plates. 

Treatment of HEp-2 Cells with Cytochalasln B. 

Cytochalasin B (CB) (Sigma Chemical Co., St. Louis, MO) was prepared 

as a 1 mg/ml stock solution in dimethyl sulfoxide (Sigma). This stock was diluted 

in MEM at concentrations ranging from 1 to 16 "g/ml and added to equal 

volumes of MEM containing approximately 1 X 108 cfu of C. jejuni strain 33560. 

One ml of the bacterial inoculum was suspended in graded concentrations of 
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cytochalasin B and applied to each well containing a semi-confluent monolayer 

of HEp-2 cells. Plates were incubated for the standard 3 h infection period and 

the number of intracellular and extracellular bacteria de~ermined as described 

previously. 

Fate of Intracellular C. /e/unl. 

HEp-2 cells were infected with 5 X 107 bacteria and incubated for 3 h in 

a 5% CO2 incubator. Following incubation, the monolayers were washed 5X with 

fresh MEM to remove non-adherent bacteria. One ml of media containing 250 "g 

of gentamicin was added to each well. Following an additional 3 h incubation 

period under the same conditions, infected monolayers were washed 3X with 

PBS. Then one ml of medium containing 50 "g of gentamicin was added to each 

well for 24 and 30 h of incubation. The concentration of gentamicin was reduced 

from 250 to 50 "g/ml to alleviate any potential problems due to excessively large 

concentrations of extracellular antibiotic. The number of viable internalized C. 

jejuni was determined at 6, 24, and 30 h of incubation as previously described. 

Changes in HEp-2 cell morphology, cell rounding or detachment, was also 

monitored throughout the experiment by light microscopy. Additionally, control 

experiments were performed without the use of antibiotic in the same manner. 
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Whole Cell Lysates. 

Bacteria were harvested from MH agar plates with PBS and pelleted by 

centrifugation at 6000 x g for 10 min at 4°C. The pellet was suspended in PBS 

and the bacteria disrupted by five passages through a french pressure cell 

(American Instrument Co., Inc.) at 16,000 Ib/in2. The preparation was then 

centrifuged at 6000 x g for 30 min at 4°C to remove whole cells. The 

supernatant fluid was harvested and dispensed into 1 ml fractions. Fractions 

were stored frozen at - 70°C. Protein concentrations were determined by the 

bicinchoninic (BCA) assay (Pierce Laboratories) (Smith et aI., 1985). 

Chemical Treatment of Bacteria and Lysates. 

All enzymes and chemicals used to pretreat C. jejuni 33560 and Iysates 

were obtained from Sigma. C. jejuni were incubated with varying amounts of 

trypsin (0.5 to 2.5 mg/ml) or proteinase K (10 to 100 /lg/ml) for 30 min at 37°C 

(Carrello et aI., 1988; Chugh et aI., 1989; Naess et aI., 1988). C. jejuni were also 

incubated with 1 0 /lg/ml of sodium meta-periodate for 15 min at 25°C in the dark. 

Pretreated bacteria were washed twice in PBS. 

Lysates were treated with 10 mM sodium meta-periodate in 0.1 M sodium 

acetate buffer at pH 4.5 for 15 min at room temperature in the dark (Izhar et aI., 

1982; Naess et aI., 1988). Free aldehyde groups were blocked with 1% glycine 
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(Woodward et aI., 1985). Once treated with glycine, the sample was extensively 

dialyzed in PBS. Lysates were also treated with 100 /lg/ml of proteinase K in 0.1 

M N-2 hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer for 30 min 

at 37°C (Perez-Perez et aI., 1986). A stock of phenylmethysulfonyl fluoride 

(PMSF) was made in 100% 2-propanol. PMSF was added to the sample at a 10 

to 1 molar ratio of inhibitor to enzyme (James, 1978). After a 5 min incubation, 

the sample was extensively dialyzed in PBS. Sodium meta-periodate and 

proteinase K treated Iysates were concentrated 10-fold by passage through a 

YM-10 ultrafiltration membrane (Amicon Corp., Danvers, Mass.). Additionally, 

Iysates were heat treated at both 60DC and 100DC in a water bath for 30 min. 

Samples were immediately placed in an ice bath after heat treatment (Hale and 

Bonventre, 1979). 

Pretreated Iysates were used in competitive inhibition studies in the 

following manner. One ml of each lysate (100 and 250 /lg of protein/ml) was 

adsorbed to HEp-2 cells for 1 h at 37DC in a humidified atmosphere. 

Monolayers were then washed with MEM, inoculated with a 1 ml suspension 

containing an equal volume of bacterial suspension and lysate (final 

concentrations: 5 x 107 cfu and 100 or 250 /lg of protein), and incubated for the 

standard 3 h infection period. 
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Antiserum Production. 

Hyperimmune serum against formalin killed C. jejuni was prepared in New 

Zealand White rabbits. Rabbits were inoculated in the rear foot pad with 0.5 ml 

of a 1:1 suspension of 109 formalinized C. jejuni in Freund's complete adjuvant 

(FCA). After 14 days, 1 ml bacterial suspensions in FCA were split and 

inoculated intramuscularly and subcutaneously. Rabbits were exsanguinated at 

28 days. The serum was collected, heat inactivated at 56°C for 30 min, and 

stored frozen at -200C. 

Hyperimmune serum was also produced in BAlB/c mice. Approximately 

109 bacteria harvested from MH agar plates were mixed with FCA (1 :1). Mice 

were inoculated subcutaneously with 0.5 ml of this suspension. After 14 days, the 

mice were inoculated subcutaneously with 1 ml of a 1:1 suspension of 109 

bacteria in Freund's incomplete adjuvant. Mice were bled and the serum 

collected at 28 days. The serum was heat inactivated at 56°C for 30 min and 

stored frozen at -20°C. 

The antisera produced in mice and rabbits were used in blocking studies 

in the following manner. Each antiserum was diluted 1 :25 or 1 :50 in MEM and 

mixed with an equal volume of MEM containing 1 X 10B cfu/ml. One ml of this 

suspension was used to inoculate duplicate wells containing semi-confluent 

monolayers of HEp-2 cells. Plates were incubated for the standard 3 h infection 
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period and the number of intracellular and extracellular bacteria determined as 

described above. 

Monoclonal Antibody Production. 

Adult BALB/c mice were immunized intraperitoneally with 0.1 mg of C. 

jejuni whole cell lysate in FCA. Booster immunizations were given with FCA at 

day 9 and without adjuvant at days 13, 14, and 15. Booster immunizations were 

given intraperitoneally with the exception of the one at day 15, which was 

administered intravenously. Mice were sacrificed after 16 days. Spleen cells from 

immunized mice were hybridized with P3X63-Ag 8.653 mouse myeloma cells 

(Kohler and Milstein, 1975). Culture supernatants were screened for activity 

against C. jejuni by the enzyme-linked immunosorbant assay (ELISA) and 

western blot technique. Antibody-secreting cells were cloned three or more times. 

Monoclonal antibody isotypes were determined by the ELISA technique with 

peroxidase-labelled anti-mouse IgG1, IgG28, IgG2b, IgG3, and IgM (Bioproducts 

for Science Inc., Indianapolis, Indiana). 

Ascites Fluid Production. 

Adult BALB/c mice were injected intraperitoneally with 0.5 ml of Pristane 

(Sigma). At 10 days, the mice were injected intraperitoneally with 2 X 106 
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hybridoma cells in 0.5 ml of PBS. The ascites fluid produced was collected and 

either used immediately or stored at -70°C. For experimental assays, the ascites 

fluid was incubated at SOoC for 30 min in a water bath. The ascites fluid was 

then diluted 1:10 in MEM supplemented with 1% FBS and mixed with an equa"1 

volume of MEM containing 1 X 108 cfu/ml. One milliliter of this suspension was 

used to inoculate duplicate wells containing semiconfluent monolayers of HEp-

2 cells. 

ELISA. 

Enzyme linked immunosorbant assays (ELISAs) were performed in 

Immunlon 1 microtiter plates (Dynatech Ltd). The working volume of each well 

was 200 III. Microtiter plates were incubated overnight at 4°C with a 1 :50 dilution 

of C. jejuni Iysates in carbonate buffer (pH 9.S). Antigen-coated plates were 

washed three times, 5 min each wash, with washing buffer (1 % Tween 20, 0.5% 

bovine serum albumin, PBS) at 20°C and incubated with hybridoma supernatant 

fluids for 2 h at 37°C. After adsorption, wells were washed three times with PBS, 

5 min each wash, and incubated with a 1 :400 dilution of peroxidase-labelled goat 

anti-mouse IgG + IgA + IgM (Kirkgaard and Perry Laboratories, Inc.) for 90 min 

at 370C. Bound antibody was detected with 2,2'-azinobis-3-ethylbenzthiazoline 

sulfonic acid:H202. Plates were read after 10 min at 410 nm with a Microplate 
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reader (Oynatech Ltd). 

Gel Electrophoresis. 

Samples containing 40.0 /lg of total protein were heated for 4 min at 

100°C in a solution containing 40% dH20-20% glycerol-20% sodium dodecyl 

sulfate (SOS; 10% [wt/vol]; Sigma Chemical Co.)-2.5% 2-mercaptoethanol 

(Fischer Scientific Co.)-2.5% bromophenol blue (0.05% [wt/vol]; Fischer Scientific 

Co.) in a final volume of 50 /ll. Polyacrylamide gel electrophoresis (PAGE) was 

performed with 4% stacking and 10 to 20% exponential gradient separating gels. 

The acrylamide (Bio-Rad Laboratories) was cross linked with 0.8% N,N'

methylene-bis-acrylamide (Bio-Rad). Slabs were electrophoresed at a constant 

current of 35 rnA per slab at 12°C. Gels were fixed overnight with 8% acetic 

acid in 50% methanol. They were visualized by staining with Coomassie Brilliant 

Blue dye (LKB Instruments, Rockville, Maryland). 

Western Blots. 

C. jejuni Iysates separated by SOS-PAGE were transblotted at 4°C onto 

Immobilon paper at 20 V overnight and at 30 V for 2 h in the morning in transfer 

buffer (25 mM Tris, 192 mM glycine [pH 8.3], 20% methanol) (Towbin et aI., 

1979). Non-specific protein binding was eliminated by incubation with 5% non-
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fat milk in PBS for 30 min. Immobilon strips were then incubated with hybridoma 

cell supernatant fluids diluted in milk (1 :2) or ascites fluid diluted in milk (1: 100) 

for 1 h at 20°C. The strips were washed four times, 20 min each wash, with 

washing buffer (0.5% Tween 20 in PBS) and incubated with goat-anti-mouse IgM 

antibody coupled to peroxidase (1 to 400 dilution) for 1 h at 20°C (Kirkgaard and 

Perry Laboratories, Inc.). Bound monoclonal antibody was visualized with 4-

chloro-1-naphthol: H202 (1: 1). 

Electron Microscopy Methods. 

Bacteria were harvested from MH agar plates with PBS and pelleted at 

6,000 x g for 10 min at 4°C. The pellets were suspended in 0.1 % (v/v) 

glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) and incubated for 15 min at 

20°C. Bacteria were washed with phosphate buffer by centrifugation and 

resuspended in buffer. A drop of the bacterial suspension (20 "I) was placed on 

a sheet of Parafilm. A carbon coated copper grid was placed on one drop of the 

bacterial suspension for 1 min. Excess fluid was drawn off with filter paper and 

the grids set aside to air dry. 

Prepared grids were subjected to indirect immunogold labeling at 20°C. 

Grids were placed onto a drop of 0.1 % Tris buffer (20mM Tris-base, 150 mM 

sodium chloride, 20 mM sodium azide, 0.1 % BSA, pH 8.2) containing 5% non-
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fat milk for 15 min. The grids were then placed on a drop of hybridoma 

supernatant fluid containing the desired MAb for 1 h and rinsed 10 times, 1 min 

each wash, with Tris buffer. After washing, the grids were placed on a drop of 

goat anti-mouse IgM antibody (1: 1 0 dilution in Tris buffer) conjugated with 10 nm 

colloidal gold beads for 1 h (Janssen Pharmaceutica, Beerse, Belgium). Grids 

were washed 10 times, 1 min each wash, and set aside to air dry. The grids 

were negatively stained with 1 % (w/v) phosphotungstic acid (pH 8.2) containing 

0.1 % BSA in distilled water. Excess stain was removed with filter paper. 

Specimens were examined with a Hitachi H-500 electron microscope at 75 kV. 

Enterotoxin and Cytotoxin Production. 

Campy/obaeter isolates were grown on MH agar plates as previously 

described. Bacteria were harvested from each MH plate with 5 ml of PBS and 0.1 

ml was used to inoculate 10 ml of brucella broth supplemented with 0.25% L

asparagine, L-serine, and L-glutamic acid (Klipstein and Engert, 1984). Liquid 

cultures were grown at 370C for 24 h with the caps tight. The cultures were then 

treated with 2 mg of polymyxin B sulfate/ml for an additional 10 min incubation 

period at 370C with agitation. Cell-free broth filtrates were obtained by 

centrifugation at 13,000 x g for 10 min at 4oC. The supernatant fluids were then 

passed through a 0.22 11m filter and stored at 4oC. Filtrates were tested within 2 
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weeks. 

Chinese hamster ovary (CHO) cells were used to test broth filtrates for 

toxin activity (Ruiz-Palacios et aI., 1983). CHO cell monolayers were prepared by 

seeding 24-well tissue culture trays with 5 X 104 CHO cells/ml for 24 h at 37°C 

in a 5% CO2 atmosphere. Two-fold serial dilutions (1/4 to 1132) of supernatant 

fluids were made in Eagle's MEM supplemented with 1 % FBS and 0.5 ml used 

to inoculate a semi-confluent monolayer of CHO cells. Samples were tested in 

duplicate. The plates were incubated for 18 h at 37°C in a 5% CO2 atmosphere. 

Following incubation, 100 cells were counted and the percentage of elongated 

cells determined. Elongation of more than 50% of the cells in a well was 

considered a positive response, i.e., the presence of enterotoxin (Klipstein et aI., 

1985). Escherichia coli, strain C600 with an LT plasmid, was used as a positive 

control. A 1/4 dilution of brucella broth with MEM containing 1% FBS was used 

as a negative control. 

Vero cells were used to test broth filtrates for the presence of cytotoxin. 

Assay conditions used were similar to those described for detection of 

enterotoxin. Cytotoxicity was assessed morphologically by the presence of 

cytopathogenic effects (Le., cell rounding) and failure to exclude trypan blue dye. 

An Escherichia coli isolate that produces a shiga-like toxin (SL T) was used as 

a positive control. A 1/4 dilution of brucella broth in MEM supplemented with 1% 
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FBS was used as a negative control. 

Co-Infection Assays. 

Duplicate wells of semi-confluent HEp-2 cell monolayers were infected with 

1000 PFU of virus or MEM (control) and incubated for 2 h at 3]DC in 5% CO2 

incubator. Monolayers were then washed one time with MEM containing 1 % FBS 

and each well was inoculated with 5 X 107 cfu of the desired organism. 

Intracellular and HEp-2 cell-associated (intracellular + extracellular) 

Campy/obaeter titers were determined using the adherence and invasion assay 

previously described. 

UV-Inactivation of Virus. 

A virus suspension was inactivated by UV irradiation using the method of 

Bukholm et aI., 1985. Briefly, five ml of coxsackievirus B3 containing 2 X 107 

PFU/ml was poured into a 60 mm petri dish (Falcon). The virus was inactivated 

by ultraviolet irradiation with a UV lamp (0.67 mW/cm2) for 3 min at a distance 

of 140 mm. Virus infectivity was reduced to < 1 PFUlml. For co-infection assays, 

the suspension was diluted 10,000 fold and 0.5 ml was used to infect 

monolayers. 
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Statistical Analysis. 

Results are expressed as the mean + standard deviation of bacteria 

adhering to and invading HEp-2 cells for three or more determinations. 

Significance between sample and control groups was calculated by transforming 

the data with the function log(x). Values were then subjected to analysis of 

variance. P values exceeding 0.05 were not considered significant. 
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RESULTS 

The ability of C. jejuni 33560 to adhere to and invade HEp-2 tissue culture 

cells was studied initially using indirect immunofluorescent techniques. 

Intracellular and extracellular C. jejuni were easily identified (Figure 1). In some 

cells the cytoplasm was packed with C. jejuni. However, no bacteria were visible 

in any of the nuclei of HEp-2 cells, even in those cells in which the cytoplasm 

was packed with intracellular bacteria. Approximately 60 to 70% of the HEp-2 

cells appeared to contain intracellular C. jejuni. Although this method was useful 

in identifying the percentage of HEp-2 cells infected with Campy/obacter, it was 

inconvenient for screening a large number of isolates because of the time spent 

trying to count internalized bacteria. Thus, an assay was developed in which the 

number of adherent and internalized bacteria could be determined with ease and 

greater accuracy. 

Adherence and Invasion Assay. 

Eleven Campy/obaeter strains were tested for their ability to invade HEp-

2 cells (Table 1). Four of five C. jejuni strains, two C. eoli strains, one C. 

hyointestinalis strain, and one C. fetus strain were invasive for HEp-2 cells. 

However, only three of the four invasive C. jejuni strains and one C. coli 33559 
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Figure 1. Immunofluorescent stain of C. jejuni infected (top) and non-infected (bottom) HEp-2 

cell monolayers. Intracellular and extracellular bacteria are visible in the infected HEp-2 cell 

monolayer. 
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strain were considered to be highly invasive, with at least 1 x 102 intracellular 

bacteria. The ability of C. jejuni clinical isolates to adhere to and invade HEp-2 

cells was also addressed (Table 2). In general, the clinical isolates were found 

to be more invasive than ATCC and experimental Campy/obacter isolates. Each 

C. jejuni clinical isolate was considered to be highly invasive. C. jejuni M 125 

was clearly the most invasive Campy/obacter strain tested. 

The total number of HEp-2 cell-associated bacteria (intracellular + 

extracellular) for each Campy/obacter strain was also determined (Table 1 and 

Table 2). Significant variation in bacterial attachment to HEp-2 cells was 

observed. This occurred despite the source of the strain. C. mucosa/is was the 

only isolate tested that did not adhere to the HEp-2 cells. 

Experiments were done to determine if a lack of adherence or 

invasiveness of isolates was related to a failure of bacteria to become associated 

with HEp-2 cells (Table 3). Isolates, in which less than 1 x 101 internalized 

bacteria had previously been found, were centrifuged onto the HEp-2 cells 

following infection and prior to the first incubation (Fauchere et aI., 1986). The 

invasiveness of C. coli FBM and C. fetus Flan increased more than ten-fold. C. 

jejuni 29428, which was initially determined to be non-invasive, was found to be 

invasive. C. hyointestina/is 35217 and C. mucosalis did not invade HEp-2 cells, 

and C. mucosalis did not adhere to the cells despite being 
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Table 1. Adhesion to and Invasion of HEp-2 Cells with Campylobacter spp. 

Strain Inoculuma Intracellularb Intracellular + 

Extracellular: 

S. typhimurium (7.8 ± 2.8) X 107 (6.8 ± 3.0) X 105 (5.1 ± 1.9) X 106 

C. jejuni SLA (9.3 + 1.2) X 107 (2.7 ± 2.1) X 101 (1.2 + 1.0) X 105 

C. jejuni 29428 (1.4 ± 1.2) X 107 0 (5.1 ± 4.9) X 103 

C. jejuni 33560 (8.9 ± 6.7) X 107 (2.7 ± 1.7) X 103 (1.5 + 0.8) X 104 

C. jejuni 35919 (1.2 ± 1.1) X 108 (1.1 ± 0.9) X 102 (6.8 ± 5.6) X 104 

C. jejuni 35925 (7.2 ± 6.9) X 107 (1.4 ± 1.3) X 102 (2.2 ± 0.9) X 104 

C. coli 33559 (4.3 + 0.6) X 107 (5.1 ± 4.4) X 102 (5.7 + 4.7) X 105 

C. coli FBM (1.1 ± 0.7) X 108 3.3 ± 5.8 (2.2 ± 1.2) X 102 

C. hyointestinalis 35217 (1.4 ± 1.0) X 108 0 (1.4 ± 1.3) X 102 

C. hyointestinalis Flan (8.8 ± 5.4) X 107 6.6 ± 11.5 (4.3 + 4.9) X 101 

C. fetus Flan (1.7 ± 0.3) X 108 6.6 ± 5.8 (7.6 ± 5.8) X 102 

C. mucosalis 43264 (5.0 ± 1.3) X 107 0 0 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 
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Table 2. Adhesion to and Invasion of HEp-2 Cells with C. jejuni Clinical Isolates 

Strain Inoculuma Intracellularb Intracellular + 

Extracellular: 

C. jejuni SJ (2.2 ± 1.2) X 107 (2.5 ± 0.6) X 102 (3.2 + 3.0) X 103 

C. jejuni M 95 (1.3 ± 1.2) X 108 (5.7 ± 5.4) X 103 (1.3 + 1.0) X 105 

C. jejuni M 96 (5.5 ± 1.3) X 107 (2.4 ± 1.8) X 104 (4.9 + 2.1) X 105 

C. jejuni M 97 (9.0 ± 3.1) X 107 (3.3 ± 3.0) X 103 (3.4 + 2.5) X 104 

C. jejuni M 98 (4.5 ± 1.0) X 107 (7.9 + 0.2) X 103 (1.8 + 0.5) X 104 

C. jejuni M 125 (1.5 + 0.4) X 108 (2.9 ± 1.6) X 105 (3.7 + 3.4) X 105 

C. jejuni M 126 (9.7 + 6.5) X 107 (1.9 ± 1.3) X 104 (1.1 ± 1.0) X 105 

C. jejuni M 128 (1.0 + 0.6) X 108 (7.3 ± 1.3) X 103 (3.4 ± 1.4) X 104 

C. jejuni M 129 (6.0 + 0.5) X 107 (6.3 ± 2.7) X 104 (1.1 + 0.9) X 105 

C. jejuni M 131 (3.3 + 2.1) X 107 (2.3 ± 1.4) X 102 (5.2 + 4.3) X 103 

C. jejuni M 521 (1.0 + 0.0) X 108 (1.6 + 0.5) X 103 (2.8 ± 0.6) X 103 

C. jejuni W 34789 (2.1 + 0.6) X 108 (5.0 ± 2.6) X 101 (2.6 ± 2.0) X 103 

C. jejuni F 38011 (5.0 + 0.0) X 108 (1.3 ± 0.1) X 105 (2.5 ± 0.5) X 105 

C. jejuni X 19139 (2.0 + 0.1) X 108 (1.2 ± 0.2) X 103 (9.3 + 2.9) X 103 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 
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Table 3. Adhesion to and Invasion of HEp-2 cells with Campylobacter spp. following 

Centrifugation onto HEp-2 Cell Monolayers 

Strain Centrifugationa Inoculumb Intracellular: Intracellular + 

Extracellular! 

C. jejuni 29428 Yes (1.4 ± 0.4) X 107 (4.2 + 0.7) X 102 (2.8 + 0.8) X 105 

C. jejuni 29428 No (1.4 ± 1.2) X 107 0 (5.1 ± 4.9) X 103 

C. coli FBM Yes (1.0 ± 0.7) X 108 (2.3 ± 0.7) X 102 (7.0 + 4.0) X 104 

C. coli FBM No (1.1 + 0.7) X 10B 3.3 ± 5.8 (2.2± 1.2) X 102 

C. hyointestinalis 35217 Yes (1.0 ± 0.2) X 10B 0 (1.0 + 0.4) X 102 

C. hyointestinalis 35217 No (1.4 ± 1.0) X 10B 0 (1.4 ± 1.3) X 102 

C. hyointestinalis Flan Yes (2.1 ± 0.9) X lOB (8.0 ± 4.0) X 101 (3.0 + 2.0) X 104 

C. hyolntestinalis Flan No (8.8 ± 5.4) X 107 6.6 ± 11.5 (4.3 ± 4.9) X 101 

C. fetus Flan Yes (3.0 ± 0.5) X 10B (2.0 ± 1.7) X 102 (2.0 ± 1.2) X 104 

C. fetus Flan No (1.7 ± 0.3) X 10B 6.6 ± 5.8 (7.6 ± 5.8) X 102 

C. mucosalis 43264 Yes (1.1 ± 0.6) X lOB 0 0 

C. mucosalis 43264 No (5.0 ± 1.3) X 107 0 0 

UBacteria centrifuged at 600 X g for 30 min onto the cells prior to incubation. 

bViable bacteria inoculated/well of a 24-well plate. 

cViable bacteria invading cells/well of a 24-well plate. 

dViable bacteria invading cells and adhering to cells/well of a 24-well plate. 
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centrifuged onto the HEp-2 monolayer surface. 

Effect of Cytochalasin B· on Infection of HEp-2 Cells. 

Cytochalasin B (CB) has been shown to inhibit particle engulfment by 

professional and nonprofessional phagocytic cells (Axline and Reaven, 1974). 

CB inhibited the invasion of C. jejuni 33560. The effect was dose dependent, as 

the concentration of CB increased the number of internalized bacteria decreased 

(Table 4). In addition, the total number of HEp-2 cell-associated bacteria 

increased as the concentration of CB increased. 

Fate of Internalized C. jejunl. 

Studies were done to determine whether Campylobacter isolates remain 

viable once internalized (Table 5). Intracellular bacteria were quantitated as 

previously described, except that the concentration of gentamicin was reduced 

from 250 to 50 /lg after 6 h. This was done to alleviate potential problems due 

to excessively large concentrations of the antibiotic. Viable intracellular bacteria 

were measured at 6, 24, and 30 h post-infection of HEp-2 cell monolayers with 

two C. jejuni strains, M 96 and F 38011. Both strains showed similar behaviors 

after prolonged periods of incubation. The greatest number of internalized 

bacteria was measured after 6 h of incubation. After 24 and 30 h of incubation, 
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Table 4. Effect of Cytochalasin B on Adhesion to and Invasion of C. jejuni 33560 for HEp-2 

Cells 

Cytochalasin B Inoculuma Intracellularb Intracellular + 

Concentration Extracellular: 

0.5 "g/ml (1.0 + 0.8) X 108 (3.6 ± 2.7) X 103 (1.3 ± 0.3) X 105 

1.0 "g/ml (1.0 + 0.8) X 108 (2.4 ± 1.4) X 103 (1.4 ± 0.7) X 105 

2.0 "g/ml (1.0 ± 0.8) X 108 (1.9 ± 1.4) X 103 (2.5 ± 2.1) X 105 

4.0 "g/ml ("1.0 + 0.8) X 108 (1.1 + 0.9) X 103 (3.1 ± 3.0) X 105 

8.0 "g/ml (1.0 + 0.8) X 108 (9.8 ± 6.7) X 102 (4.3 ± 3.1) X 105 

o "g/ml (Control) (1.0 + 0.8) X 108 (4.4 ± 3.8) X 103 (8.0 ± 5.1) X 104 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

CViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

----,---_._-_.-.---- . 
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Table 5. Intracellular Survival of C. lelunl and S. typhimurlum within HEp-2 Cells after Prolonged 

Periods of Incubation 

Organism Inoculuma Intracellularb 

Time (h) 

6 24 30 

C.leluni M 96 (1.0 ± 0.5) X 108 (6.0 ± 1.5) X 103 (1.9 + 0.1) X 102 (1.4 ± 0.1) X 102 

C. leluni F 38011 (1.9 ± 0.0) X 108 (1.8 ± 1.3) X 103 (1.2 + 0.7) X 102 0.0 

S. typhimurium (1.0 ± 0.0) X 108 (1.2 ± 0.2) X 105 (2.0 ± 0.4) X 105 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading HEp-2 cells/well of a 24-well plate. 
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there was a considerable decrease in bacterial viability. In fact, no viable bacteria 

were recovered from HEp-2 cell monolayers infected with C. jejuni F 38011 after 

30 h of incubation. Similar experiments were also performed with Salmonella 

typhimurium. Intracellular S. typhimurium titers were determined at 6 and 30 h 

post-infection. The number of cfu at 6 h was compared to the number of cfu 

present after 30 h of incubation. The number of cfu was greater after 30 h of 

incubation, demonstrating that S. typhimurium survive and multiply within HEp-2 

cells. Neither C. jejuni strain or S. typhimurium destroyed the HEp-2 cell 

monolayers after the 30 h incubation period. 

Expression of C. jejunl Antigens Responsible for Invasiveness. 

Campylobacter organisms were subcultured in the laboratory to examine 

the effect of passage on adhesion and invasion (Table 6). Organisms subcultured 

fewer than twelve times in the laboratory were considered to be of low passage, 

between twelve and thirty times of intermediate passage, and those subcultured 

more than thirty times were labeled as high passage. As C. jejuni was 

subcultured in the laboratory, a decrease in the number of internalized and HEp-

2 cell-associated bacteria was noted. C. jejuni subcultured more than thirty 

times no longer invaded HEp-2 cells. 



Table 6. Effect of Passage on Adhesion to and Invasion of HEp-2 Cells by C. jejunl M 96 

C. jejuni (M 96) Inoculuma 

low passaged (5.5 ± 1.3) X 107 

intermediate passagee (5.9 + 4.4) X 107 

high passagef (2.5 + 2.4) X 107 

Intracellularb 

(2.4 ± 1.8) X 104 

(8.7 ± 3.5) X 102 

0.0 

aViable bacteria inoculated/well of a 24-well plate. 

hViable bacteria invading cells/well of a 24-well plate. 

Extracellular + 

IntracellularC 

(4.9 ± 2.1) X 105 

(2.0 ± 0.1) X 104 

(3.5 + 1.3) X 102 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dBacteria subcultured fewer than twelve times in the laboratory. 

eBacteria subcultured between twelve and thirty times in the laboratory. 

fBacteria subcultured more than thirty times in the laboratory. 

52 
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Inhibition of HEp-2 Cell Invasion by C. /e/un/. 

An attempt was made to block the invasion of HEp-2 cells C. jejuni and 

S. typhimurium. Monolayers were incubated with C. jejuni whole cell Iysates (100 

and 250 /lg/ml of protein) in competitive inhibition assays by the addition of 

Iysates 1 h prior to and simultaneously at the time of bacterial infection (Table 7). 

Control infection levels were established by infecting HEp-2 cell monolayers in the 

absence of Iysates; bacterial Iysates were not absorbed to cell monolayers prior 

to bacterial infection or included in the media at the time of infection. The 

invasiveness of C. jejuni was significantly inhibited in competitive inhibition assays 

with lysate in comparison to the control. C. jejuni Iysates had no effect on the 

invasiveness of S. typhimurium for HEp-2 cells. 

Whole cell bacterial Iysates were also prepared from cultures of low 

(invasive) and high (non-invasive) passage C. jejuni M 96 and used in 

competitive inhibition assays (Table 8). Lysates prepared from low passage C. 

jejuni M 96 Significantly inhibited (P < 0.05) the invasiveness of the homologous, 

as shown above, and a heterologous strain of C. jejuni (ATCC 33560) for HEp-

2 cells. In contrast, bacterial Iysates prepared from high passage C. jejuni M 96 

did not competitively inhibit the invasiveness of either the homologous or a 

heterologous strain of C. jejuni for HEp-2 cells. Neither low nor high passage 

Iysates had an effect on the total number of cell-associated bacteria (intracellular 
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Table 7. Affect of Campylobacter Lysates on the Invasion of HEp-2 Cells with C. jejuni 33560 

and S. typhimurium 

Treatment 

Lysates 

100 "g/mld 

250 "g/mld 

o "g/ml (Control)d 

100 "g/mle 

250 "g/mle 

o "g/ml (Control)e 

Inoculuma Intracellularb 

(8.0 + 0.3) X 107 (9.0 ± 1.0) X 102f 

(8.0 + 0.3) X 107 (2.0 + 0.5) X 102f 

(8.0 + 0.3) X 107 (1.6 ± 0.4) X 103 

(1.1 + 0.3) X 108 (2.0 ± 0.8) X 105 

(1.1 + 0.3) X 108 (2.5 ± 2.0) X 105 

(1.1 + 0.3) X 108 (2.0 ± 1.4) X 105 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellular + 

ExtraceliularC 

(4.1 + 2.3) X 104 

(3.0 ± 1.2) X 104 

(5.3 ± 0.7) X 104 

(5.0 ± 1.2) X 106 

(6.0 ± 1.6) X 106 

(5.0 ± 3.0) X 106 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dHEp-2 cells inoculated with Q. jejuni strain 33560. 

eHEp-2 cells inoculated with §.. tvphimurium. 

fSignificant inhibition of infection relative to the control, P < 0.05. 
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Table 8. Effect of C. jejuni M 96 Cell Lysates on Adhesion and Invasion of HEp-2 Cells by 

Homologous and Heterologous Strains 

C. jejuni Lysate Inoculuma 

strain (250 "g/ml) 

M 96 low passaged (8.3 ± 2.9) X 107 

M 96 high pass agee (8.3 ± 2.9) X 107 

M 96 controlf (8.3 ± 2.9) X 107 

ATCC 33560 low passaged (6.5 ± 0.6) X 107 

ATCC 33560 high passagee (6.5 ± 0.6) X 107 

ATCC 33560 controrf (6.5 ± 0.6) X 107 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellularb 

(4.7 + 1.5) X 102g 

(1.2 + 0.3) X 103 

(1.2 + 0.5) X 103 

(2.5 + 1.2) X 102g 

(7.4 ± 2.5) X 102 

(7.5 + 2.9) X 102 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

Extracellular + 

Intracellular: 

(8.5 ± 4.3) X 103 

(8.1 ± 3.3) X 103 

(9.7 ± 4.2) X 103 

(1.2± 0.6) X 104 

(9.8 ± 4.2) X 103 

(1.4 ± 0.8) X 104 

dLysate harvested from low passage, subcultured fewer than twelve times, Q. jejuni M 96. 

eLysate harvested from high passage, subcultured more than thirty times, Q. jejuni M 96. 

fHep-2 cell monolayer infected with Q. jejuni in the absence of celllysates. 

CSignificant inhibition of infection relative to the control, P < 0.05. 
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and extracellular) for HEp-2 epithelial cells. 

Chemical Treatment of Bacteria and Lysates. 

An attempt was made to determine the chemical nature, protein or 

carbohydrate, of Campy/obaeter surface antigens responsible for the adherence 

and invasiveness of C. jejuni to HEp-2 cells. C. jejuni were pretreated with 

trypsin, proteinase K, and sodium meta-periodate prior to infection of HEp-2 

mono layers. Pretreating C. fejuni 33560 with various concentrations of trypsin 

(0.5 to 2.5 "g/ml) and proteinase K (10 to 100 "g/ml) had no effect on the ability 

of the bacteria to adhere to or invade HEp-2 cells (data not shown). Trypsin and 

proteinase K-treatment had no effect on the viability of C. jejuni. Sodium meta

periodate (10"g/ml) was found to be toxic to the bacteria. 

An attempt was then made to determine the functional sites of the 

antigens involved in adherence and invasiveness by treating C. jejuni Iysates with 

proteinase K or sodium meta-periodate or by denaturation with heat at both 60De 

and 100De for 30 min. Table 9 shows competitive inhibition of C. jejuni with 

treated and untreated Campy/obaeter Iysates and the non-competitive (no lysate) 

control. The activity of proteinase K and sodium meta-periodate was confirmed 

by SOS-PAGE (Figure 2). 
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Table 9. Effect of Chemical Treatment of lysates on its Inhibitory Capacity 

Treatment of lysatea Intracellular Bacteriab Inhibition of Internalized Bacteria (%)C 

600C, 30 min (3.2 + 1.0) X 103 

1000C, 30 min (1.6 + 0.5) X 103f 

Proteinase Kd (1.2 + 0.2) X 103f 

Sodium Periodatee (7.0 + 2.4) X 103 

250 "g/ml (1.9 ± 0.0) X 103f 
No Pretreatment 

Control (7.8 ± 1.4) X 103 

(0 "g/ml of lysate) 

59.0 ± 18.4 

79.5 ± 24.af 

84.6 + 14.1 f 

10.3 ± 3.5 

75.6 ± o.of 

aCompetitive inhibition of Q.. jejuni 33560 invasion with treated and untreated Iysates. 

bViable bacteria invading cells/well of a 24-well plate. 

CMean percent inhibition + standard deviation relative to the control, no lysate. 

dLysate treated with 100 "g/ml of proteinase K for 30 min at 3.,oC (pH=7.5). 

eLysate treated with 10 mM sodium meta-periodate for 10 min at RT in the dark (pH=4.5). One 
percent glycine added after treatment. 

fSignificant inhibition of infection versus the control, no lysate (P < 0.05). 
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1 2 3 

97K-

Figure 2. Coommasie-stained 50S-PAGE of C. jejuni untreated and treated Iysates. Lanes: 1, 

untreated lysate; 2, proteinase K treated lysate; 3, sodium meta-periodate treated lysate. 

Pretreatment of lysate with proteinase K or heat had no effect on the reduction of invasion of 

C. jejuni in HEp-2 cells. However, subjection of the lysate preparation to periodate oxidation 

significantly affected its inhibitory capacity. 
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Effect of Polyclonal Sera on C. jejun/lnfectlon of HEp-2 Cells. 

Antibodies present in mice and rabbit polyclonal antisera against C. jejuni 

did not inhibit either the adhesion to or invasion of HEp-2 cells by C. jejuni 

33560 versus the control (Table 10). Control adhesion and invasion levels were 

established by infecting HEp-2 cell monolayers with virulent C. jejuni organisms 

in the absence of polyclonal sera. The polyclonal antisera did react strongly 

against the bacteria as observed by immunofluorescence observations (data not 

shown). 

Effect of the 184 Monoclonal Antibody on C.jejunl Infection of HEp-2 Cells. 

A monoclonal antibody was derived from a spleen of a mouse 

hyperimmunized with C. jejuni and determined to be of the IgM isotype by the 

ELISA technique. The 1 B4 MAb was used in an attempt to inhibit the 

invasiveness of C. jejuni for HEp-2 cells. Control levels for internalized and cell

associated bacteria were established by infecting HEp-2 cell monolayers in the 

absence of the antibody. To examine whether the ascites fluid containing the 1 B4 

MAb had a non-specific effect on attachment or internalization processes, HEp-

2 cell monolayers were infected with a suspension of S. typhimurium in the 

absence and presence of the ascites fluid. The results are presented in Table 11. 

The invasiveness of C. jejuni (strains M 96 and 33560) was significantly (P <0.05) 
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Table 10. Effect of Heat-Inactivated Antisera Prepared Against C. jejuni on Adhesion and 

Invasion of HEp-2 Cells with C. jejuni 33560. 

Source of Antibody Inoculuma 

Immune Sera dilution 

BALB/c mice 1:25 (5.0 + 2.0) X 107 

BALB/c mice 1:50 (5.0 + 2.0) X 107 

controid (5.0 ± 2.0) X 107 

N.Z. White rabbit 1:25 (4.5 ± 1.5) X 107 

N.Z. White rabbit 1:50 (4.5 ± 1.5) X 107 

controld (4.5 ± 1.5) X 107 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellularb 

(4.8 + 0.3) X 102 

(4.9 ± 0.5) X 102 

(4.1 ± 0.4) X 102 

(2.6 ± 0.1) X 102 

(4.0 ± 0.9) X 102 

(3.2 ± 0.5) X 102 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

Extracellular + 

IntracellularC 

(1.5 ± 0.6) X 104 

(1.3 + 0.6) X 104 

(1.4 ± 0.6) X 104 

(1.4 ± 0.5) X 104 

(1.1±0.1)X104 

(1.7 ± 0.7) X 104 

dHEp-2 cell monolayer infected with Q. jejuni 33560 in the absence of hyperimmune sera. 
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Table 11. Effect of the 184 Monoclonal Antibody on C. jejuni Infection of HEp-2 

Cells 

Isolate Antibody Inoculuma 

C. jejunl M 96 ascites fluid (4.0 + 2.4) X 107 

C. jejuni M 96 controld (4.0 ± 2.4) X 107 

C. jejuni 33560 ascites fluid (3.0 + 1.0) X 107 

C. jejuni 33560 controld (3.0 ± 1.0) X 107 

S. typhimurium ascites fluid (1.6 + 0.1) X 108 

S. typhimurium controld (1.6 ± 0.1) X 108 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellularb 

(5.0 ± 3.2) X 102e 

(1.6 ± 1.2) X 103 

(6.4 + 1.4) X 102e 

(1.3 ± 0.4) X 103 

(6.2 ± 1.1) X 106 

(6.3 ± 1.0) X 106 

Extracellular + 

Intracellular: 

(2.9 ± 1.3) X 104 

(3.4 ± 1.9) X 104 

(2.0 ± 0.6) X 104 

(1.8 ± 0.3) X 104 

(2.0 + 1.0) X 107 

(2.1 + 1.0) X 107 

CViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dHEp-2 cells infected with Q. jejuni or S. typhimurium in the absence of antibody. 

eSignificant inhibition of infection relative to the contro', P < 0.05. 
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reduced with ascites fluid (diluted 1: 10) containing the 1 84 monoclonal antibody. 

The total number of HEp-2 cell-associated C. jejuni, intracellular and extracellular, 

was not affected by the addition of the ascites fluid. The 184 Mab had no effect 

on the ability of S. typhimurium to adhere to and invade HEp-2 cells. 

Western Blot Analysis of Campy/obaeter Lysates with the 1 B4 Monoclonal 

Antibody. 

The 1 84 MAb was reacted with Campy/obaeter-whole cell Iysates that had 

been separated by SDS-polyacrylamide gel electrophoresis and electroblotted to 

Immobilon paper (Fig. 3). Lysates were prepared from two invasive isolates, C. 

jejuni strains M 125 and low passage M 96, and three non-invasive isolates, C. 

jejuni M 96 (high passage), C. hyointestinalis 35217, and C. mucosa/is 43264. 

The 184 rvlAb recognized epitopes on antigens ranging from 64 to 44 kDa from 

both invasive and non-invasive isolates. In addition, the 184 MAb identified 

antigens ranging from 42 to 38 kDa in Iysates prepared only from invasive 

isolates. 

Chemical Treatment of C. lelunl M 96 Iysates. 

C. jejuni M 96 whole cell Iysates were treated with 10 mM sodium meta

periodate and 100 "g of proteinase K. This as done in an attempt to identify the 
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chemical nature of antigens responsible for the invasiveness of C. jejuni for HEp-

2 cells (Fig. 4). C. jejuni epitopes recognized by the 1 B4 MAb had increased in 

mobility after treatment with sodium meta-periodate and proteinase K. The 

increase in mobility reflects a decrease in size of antigens. This suggests that the 

monoclonal antibody reacts with an epitope on antigens that are composed of 

both carbohydrate and protein molecules. 

Localization of the Anti-Campy/obaeter 184 Monoclonal Antibody using 

Immunogold Labelling and Electron Microscopy. 

Campy/obaeter organisms reacted with the 1 B4 MAb were subjected to 

immunogold labelling to identify the antigenic sites which bound the monoclonal 

antibody. Specimens consisted of one invasive isolate, C. jejuni M 96 subcultured 

fewer than twelve times, and two non-invasive isolates, high passage C. jejuni M 

96 and C. mucosalis. The 1 B4 MAb labelled the flagella of all three organisms. 

However, the extent of binding of the immunogold beads to the flagella of low 

and high passage C. jejuni differed from that of C. mucosalis. The flagella of low 

(Fig. 5) and high (Fig. 6) passage C. jejuni M 96 were labelled heavily, but only 

a few beads were observed bound to the flagellum of C. mucosalis (Fig. 7). In 

addition to labelling the flagella, immunogold beads were observed bound to the 

surface of only the invasive isolate, low passage C. jejuni M 96. The gold beads 
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Figure 3. Antigenic recognition of Campy/obaeter whole cell Iysates with the 164 monoclonal 

antibody. Lanes: 1, invasive C. jejuni M 125; 2, invasive (low passage) C. jejuni M 96; 3, non

invasive (high passage) C. jejuni M 96; 4, non-invasive C. mueosalis; 5, non-invasive C. 

hyointestinalis 35217. K indicates molecular weights in thousands. 
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Figure 4. Chemical treatment of Campy/obaeter whole cell Iysates. Lysates were separated by 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis, electroblotted to Immobilon paper, 

and bands visualized by the western blot technique using the 184 monoclonal antibody. Lanes: 

1, untreated lysate; 2, sodium meta-period ate treated lysate; 3, proteinase K treated lysate. K 

Indicates molecular weights in thousands. 



, 
I, ~ •• 

!r~",1~ .0 

, 

66 

.. ~ 

Figure 5. Low passage-invasive Campy/obaeter jejuni M 96 immunogold labelled with the 1 B4 

monoclonal antibody. This organism was subcultured fewer than twelve times in the laboratory. 

Note the labelling of the bacterial surface and the flagella (arrowheads). Immunogold beads are 

also visible bound to the detached capsular material (arrow). Bar = 1 /lm. 
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Figure 6. High passage-Campy/obaeter jejuni strain M 96, a non-invasive isolate, immunogold 

labelled with monoclonal antibody 184. This organism was subcultured more than thirty times 

in the laboratory. Note the labelling of the flagella (arrowhead) but not the bacterial cell surface. 

Bar = 1 I'm. 
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Figure 7. Campy/obaeter mueosalis, a non-invasive isolate, immunogold labelled with monoclonal 

antibody 1 B4. Only a few beads bound to the flagellum are visible (arrowhead). Bar = 1 /lm. 

--------------,----_.- --'---'." -
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were not dispersed evenly over the bacterial surface of low passage organisms, 

but were deposited randomly. The immunogold beads appeared to be 

associated with a capsular material present on the cell surface and flagella of 

the bacterium. Additionally, detached capsular material labelled with the 

immunogold beads was observed in the micrograph. The capsular material was 

not visible on the surface or the flagella of either high passage C. jejuni M 96 or 

C. mueosalis, the two non-invasive isolates. 

Detection of Enterotoxin and Cytotoxin. 

To determine the optimal growth media for Campy/obaeter isolates, the 

organisms were grown under microaerophilic conditions (10.2% hydrogen, 10.2 

% carbon dioxide, and nitrogen balance) with agitation in brucella broth with or 

without amino acids and 1 % FBS for 24 or 48 h. Growth was monitored by 

measuring optical density at 540 nm. Maximum growth occurred in brucella broth 

containing amino acids and 1 % FBS after 24 h. Following the 24 h growth 

period, the broth cultures were centrifuged and the supernatants harvested and 

passed through 0.22 I'm filters. To determine the lowest dilution at which the 

supernatants could be tested for enterotoxin or cytotoxin activity, the 

supplemented brucella broth was diluted in MEM and incubated with the cultured 

cells. Dilutions of less than 1/4 were toxic for both CHO and Vero cells. 
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Therefore, all experiments were done by making two-fold serial dilutions, from 1/4 

to 1/32, of the supernatants in MEM. 

Campy/obaeter isolates were tested for their ability to produce two 

exotoxins, a heat-labile enterotoxin (60°C, 30 min) and a heat stable cytotoxin 

(60°C, 30 min). Enterotoxin production was measured in supernatant fluids by 

the CHO assay. Production of the toxin was detected only at the lowest dilution 

tested (1/4) in filtrates from which C. jejuni strains 35925 and F 38011 were 

grown (Fig. 8). The supernatant fluid of each of these two isolates induced 

elongation in more than 50% of the CHO cells. Enterotoxin activity was 

completely abolished by incubating the supernatant at (56°C, 30 min). 

Supernatants of Escherichia coli C600 induced elongation of more than 50% of 

CHO cells at every dilution tested. 

Production of cytotoxic activity was measured in filtrates by the rounding 

and death of Vero cells. Cytotoxic activity was not detected in any of the filtrates 

in which Campy/obaeter were grown. However, rounding and death of Vero cells 

was observed with E. coli SL T filtrates at each dilution (tWO-fold serial dilutions 

from 1/4 to 1/32) tested. 

In this study, eleven non-clinical and fourteen clinical Campy/obaeter 

isolates were tested for their ability to invade HEp-2 cells and to produce an 

enterotoxin and an exotoxin. The results of these experiments are presented in 



71 

Figure 8. Elongation of chinese hamster ovary cells induced by enterotoxin activity in 0.2 I'm 

filtrates of brucella broth in which C. jejuni F 38011 was grown (top). C. jejuni F 38011 was 

isolated from a patient with watery diarrhea. As a control. chinese hamster cells were also 

inoculated with brucella broth diluted in MEM (bottom). 
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Table 12. Source and Virulence Factors of Non-Clinical Campy/obacter spp. 

Isolate Source Invasivea Enterotoxinb CytotoxinC 

C. jejuni SLA porcine + 

C. jejuni 29428 human + 

C. jejunl 33560 bovine + 

C. jejuni 35919 human + 

C. jejuni 35925 pigeon + + 

C. coli 33559 porcine + 

C. coli FBM porcine + 

C. hyointestinalis 35217 porcine 

C. hyointestinalis Flan porcine + 

C. (etus Flan porcine + 

C. mucosalis 43264 porcine 

Escherichia coli G600 NOd + NOd 

Escherichia coli SLT NOd NOd + 

a/nvasiveness of isolates (or HEp-2 cel/s. 

bEnterotoxin production in CHO cel/s. 

cCytotoxin production in Vera cel/s. 

dND, not done. 
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Table 13. Virulence Factors of C. jejunl Clinical Isolates 

Isolate Clinical signs Invasive Enterotoxin Cytotoxin 

C. jejuni SJ bloody diarrhea + 

C. jejuni M 95 NAd + 

C. jejunl M 96 bloody diarrhea + 

C. jejuni M 97 diarrhea, wbc + 

C. jejuni M 98 NAd + 

C. jejuni M 125 bloody diarrhea + 

C. jejuni M 126 NAd + 

C. jejuni M 128 NAd + 

C. jejuni M 129 NAd + 

C. jejuni M 131 NAd + 

C. jejuni M 521 NAd + 

C. jejuni W 34789 loose stools + 

C. jejuni F 38011 watery diarrhea, wbc + + 

C. jejuni X 19139 normal stools + 

Escherichia coli C600 NDe + NDe 

Escherichia coli SL T NDe NDe + 

a'nvasiveness of isolates for HEp-2 cells. 

bEnterotoxin production in CHO cells. 

cCytotoxin production in Vera cells. 

dNA, not available. 

~ND, not done. 

----------------- ---- ---------------
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Tables 12 and 13. Additionally, the host (ATCC and infected animals only) or 

patients symptoms (clinical isolates only) are also presented in each table. 

Effect of Enteric Viruses on Adhesion to and Invasion of HEp-2 Cells by C. 

/e/unl 33560. 

In preliminary studies, HEp-2 cell monolayers were seeded with 1 X 106 

PFU of virus at 1, 2, 3, and 6 h prior to infection with invasive C. jejuni 33560 

(data not shown). The greatest number of adherent and internalized bacteria 

were observed in cultures infected 2 h prior to bacterial inoculation. The number 

of internalized bacteria did not continue to increase 3 h post-infection with virus. 

Additionally, the invasiveness of C. jejuni for HEp-2 cells was essentially the same 

whether cells were incubated with 1 X 103 or 1 X 106 PFU of virus. Therefore, 

subsequent experiments were preformed by infecting cultures with 1 x 103 PFU 

of each virus 2 h prior to bacterial inoculation. 

HEp-2 cell monolayers were co-infected with 1 x 103 PFU of either 

coxsackievirus B3, echovirus 7, polio, or porcine enterovirus and C. jejuni 33560 

to determine if a synergistic effect could be observed (Table 14). Coxsackievirus 

and echovirus significantly increased (P < 0.05) the number of intracellular C. 

jejuni but did not significantly increase the number of adherent C. jejuni relative 

to the controls. The number of adherent and internalized C. jejuni did not 
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significantly increase for HEp-2 cells pre-infected with porcine enterovirus. A 

slight reduction in the number of internalized organisms and insignificant increase 

in cell-associated (intracellular and extracellular) bacteria was noted for HEp-2 cell 

monolayers co-infected with polio virus and C. jejuni relative to the control. 

To ascertain if the results obtained above with C. jejuni 33560 was a strain 

specific event, HEp-2 cell monolayers were co-infected with either coxsackievirus 

83 or polio viruses and C. jejuni M 96 (Table 15). Co-infection of HEp-2 cells 

with coxsackievirus 83 and C. jejuni M 96 significantly increased (P < 0.05) the 

number of internalized bacteria, but not cell-associated organisms with respect 

to the control. In contrast, HEp-2 cells co-infected with polio virus and C. jejuni 

M 96 resulted in a slight reduction in the number of internalized bacteria and a 

slight increase in the number of cell-associated organisms relative to the control. 

Effect of Coxsackievirus 83 on the Adhesion to and Invasion of HEp-2 Cells 

by C. hyolntestinalis and C. mucosalis. 

We attempted to determine whether cells infected with virus would alter the 

ability of two non-invasive isolates, C. hyointestinalis 35217 and C. mucosa/is 

43264, to invade HEp-2 cells (Table 16). Coxsackievirus 83 was used in the 

following assays because it was found to enhance the invasiveness of C. jejuni 

relative to the control. Infection of HEp-2 monolayers with coxsackievirus 83 
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did not significantly increase the ability of C. hyointestinalis to adhere to the 

epithelial cells and had no effect on the ability of C. hyointestinalis to invade 

celis. C. mucosa/is did not adhere to or invade either coxsackievirus-infected or 

non-infected (control) HEp-2 epithelial cells. 

Effect of UV-Inactlvated (Non-Infectious) Coxsackievirus 83 on the 

Invasiveness of C. jejun; for HEp-2 Cells. 

U. V. inactivated (non-infectious) viruses have been reported to enhance 

the invasiveness of bacteria to the same extent as infectious virus particles 

(Bukholm et ai, 1986). Therefore, experiments were performed to determine if 

HEp-2 cell monolayers infected with non-infectious virus particles would increase 

the number of adherent and internalized C. jejuni to the same extent as 

infectious particles. A significant increase (P < 0.05) in internalized C. jejuni for 

HEp-2 cells was observed with cells infected with the same number of both UV

inactivated and non-inactivated coxsackievirus particles relative to the control 

(Table 17). Additionally, infection of HEp-2 cells with UV-inactivated virus 

particles significantly increased the number of adherent C. jejuni for HEp-2 cells. 
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TABLE 14. Effect of Enteroviruses on Adhesion to and Invasion of HEp-2 Cells by C. jejuni 

Enterovirus Inoculuma 

Coxsackievirus B3d (6.8 ± 3.2) X 107 

Controle (6.8 ± 3.2) X 107 

Echovirus 7d (4.0 ± 2.5) X 107 

Controle (4.0 ± 2.5) X 107 

Polio LSc type1 d (1.9 ± 0.2) X 108 

Controle (1.9 ± 0.2) X 108 

Porcine enterovirusd (4.5 ± 1.3) X 107 

Controle (4.5 ± 1.3) X 107 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellularb 

(6.9 ± 0.8) X 102f 

(2.3 ± 0.6) X 102 

(7.0 ± 2.4) X 102f 

(2.9 ± 0.3) X 102 

(6.7 ± 0.2) X 102 

(6.9 ± 1.0) X 102 

(3.5 ± 1.6) X 102 

(2.7 ± 2.0) X 102 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dHEp-2 cell monolayer infected with 1 X 103 PFU of the appropriate virus. 

eHEp-2 cell monolayers were not infected with virus. 

fSignificant, P < 0.05. 

Intracellular + 

Extracellular: 

(3.9 ± 3.8) X 104 

(1.6 ± 0.8) X 104 

(2.8 + 1.9) X 104 

(1.2 + 0.9) X 104 

(5.5 ± 2.6) X 104 

(4.7 + 2.5) X 104 

(1.9 + 1.8) X 104 

(1.3 ± 0.4) X 104 
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TABLE 15. Effect of Coxsackievirus B3 and Polio Virus on Adhesion to and Invasion of 

HEp-2 Cells by C. jejuni M 96 for HEp-2 cells 

Enterovirus Inoculuma 

Coxsackievirus B3d (2.6 ± 0.1) X 107 

Controle (2.6 + 0.1) X 107 

Polio LSc type1 d (1.6 ± 0.0) X 108 

Controle (1.6 ± 0.0) X 108 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellularb 

(1.3 + 0.2) X 103f 

(8.1 ± 0.8) X 102 

(9.9 ± 5.9) X 102 

(1.1 ± 0.6) X 103 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dHEp-2 cell monolayer infected with 1 X 103 PFU of the appropriate virus. 

eHEp-2 cell monolayers were not infected with virus. 

fSignificant, P < 0.05. 

Intracellular + 

Extracellular: 

(1.4 ± 0.5) X 104 

(1.0±0.1)X104 

(2.7 ± 0.3) X 104 

(1.7 + 0.6) X 104 
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TABLE 16. Effect of Coxsackievirus B3 on Adhesion to and Invasion of HEp-2 Cells by 

Campylobacter Non-Invasive Isolates 

Campylobacter Isolate 

C. hyointestinalis 35217d 

Controle 

C. mucosalis 43264d 

Contrale 

Inoculuma 

(5.0 ± 0.0) X 107 

(5.0 ± 0.0) X 107 

(1.4 ± 1.0) X 108 

(1.4 ± 1.0) X 108 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellularb 

o 

o 

o 

o 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dHEp-2 cell monolayer infected with 1 X 103 PFU of coxsackie 83 virus. 

eHEp-2 cell monolayers were not infected with virus. 

'--~----'--"-'-'---

Intracellular + 

ExtraceliularC 

(1.7 ± 0.6) X 102 

(1.3±0.6) X 102 

o 

o 



TA8LE 17. Effect of UV-Inactivated (Non-Infectious) Coxsackievirus 83 on Invasiveness of 

C. jejuni 33560 for HEp-2 Cells 

Coxsackievirus 83 Inoculuma 

UV-inactivated virusd (4.8 + 0.6) X 107 

Non-inactivated virusd (4.8 + 0.6) X 107 

Controle (4.8 ± 0.6) X 107 

Intracellularb 

(7.3 + 1.2) X 102f 

(6.3 ± 0.5) X 102f 

(3.2 ± 1.3) X 102 

aViable bacteria inoculated/well of a 24-well plate. 

bViable bacteria invading cells/well of a 24-well plate. 

Intracellular + 

Extracellular: 

(5.3 ± 1.6) X 104f 

(4.7 ± 2.9) X 104 

(1.7 ± 0.6) X 104 

cViable bacteria invading cells and adhering to cells/well of a 24-well plate. 

dHEp-2 cell monolayer infected with the appropriate virus. 

eHEp-2 cell monolayers were not infected with virus. 

fSignificant, P < 0.05. 
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DISCUSSION 

The recognition of Campy/obaeter spp. as important enteric pathogens 

responsible for human diarrheal disease has only occurred in the last few years 

due to the development of methods to isolate and propagate the organism. To 

date, little is known about the pathogenic mechanisms of Campy/obaeter species. 

One of the least understood virulence factors is the interaction of these 

organisms with host epithelial cells. Identification of antigen(s) responsible for the 

invasiveness of C. jejuni for epithelial cells is of primary importance in order to 

study the mechanism of mucosal penetration. Inhibition of host cell invasion by 

the pathogen could potentially change a serious infection into a harmless state 

of mucosal colonization (Gorby et aI., 1988). 

Two different methods were used to investigate whether Campy/obaeter 

isolates adhere to and invade epithelial cells. The ability of Campy/obaeter 

isolates to invade HEp-2 cells was studied initially using immunofluorescent 

techniques. Intrace"ular C. jejuni were easily identified. Experiments were also 

performed to determine whether heat-killed (100De, 30 min) organisms penetrate 

epithelial cells using this technique (data not shown). Two isolates were heat

inactivated, C. jejuni 33560 and C. mueosalis. C. jejuni 33560 were observed 

within HEp-2 cells. In contrast, no internalized bacteria were observed in HEp-2 
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cells infected with C. mueosalis. The data suggest that only some Campy/obaeter 

organisms possess heat-stable factors that mediate attachment to and invasion 

of epithelial cells. Although this model, based on immunofluorescent techniques, 

was found useful for observing the intracellular location of C. jejuni, it was found 

inconvenient for screening a large number isolates. This is because of the time 

spent trying to count internalized bacteria. Therefore, an assay was developed 

in which the number of intracellular and extracellular bacteria could be 

determined with ease and accuracy. Intracellular bacteria were measured by 

including gentamicin in the media during one of the incubation steps. The 

internalized bacteria were protected since the antibiotic could not penetrate HEp-

2 cells (Lawson et aI., 1985). Twenty-five Campy/obaeter isolates were tested for 

their ability to adhere to and invade HEp-2 cells. Infection of HEp-2 cell 

monolayers with Campy/obaeter organisms occasionally resulted in the rounding 

of the cells during the 6 h infection period. Infection of HEp-2 cells with C. jejuni 

and C. eoli strains has been reported to cause cytopathic effects such as cell 

rounding, loss of adherence and death after 24 to 48 h of incubation (Klipstein 

et aI., 1985; Yeen et aI., 1983). 

Adherence of microbial pathogens to mucosal surfaces is a primary step 

in the pathogenesis of many intestinal infections (8eachey, 1981). In most 

instances, adherence appears to be a prerequisite for invasion. Expression of 
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both of these activities can be due to the presence of a single structure on the 

bacterial cell surface. Isberg et al. (1987) reported that a protein expressed on 

the surface of Yersinia pseudotuberculosis allowed bacteria to bind to cell 

receptors. Organisms that did not express this protein did not bind to or invade 

cells. Results from our study indicate that the adherence of Campy/obaeter 

isolates to HEp-2 cells is necessary for invasion, but that different factors are 

responsible for the attachment to and invasion of HEp-2 cells by Campy/obaeter 

spp.. C. hyointestinalis 35217 did adhere to cells, but was not found to be 

invasive. Furthermore, the number of adherent bacteria did not correlate to the 

number of intracellular bacteria. Five organisms, four C. jejuni strains (SLA, 

35919, 35919, and 35925) and C. coli 33559 adhered to HEp-2 cells to a greater 

extent than C. jejuni strain 33560 (Table 1). However, C. jejuni strain 33560 was 

more invasive than these five strains. Thus, at least two different factors appear 

to be involved, one responsible for adhesion and the other for invasion. 

The ability of Campy/obaeter isolates to invade HEp-2 cells varied 

. considerably. C. hyointestinalis 35217 and C. mueosalis did not invade HEp-2 

cells (Table 1 and Table 3). C. jejuni clinical isolates, in general, were more 

invasive than the non-clinical strains tested (Table 2). Nine of the fourteen clinical 

isolates (M 95, M 96, M 97, M 98, M 125, M 126, M 128, M 129, F 38011) tested 

were more invasive than C. jejuni 33560, the most invasive non-clinical isolate . 

. ---------~.-------
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Possibly the host and environment from which an organism is isolated plays a 

role in its ability to invade epithelial cells in vitro. Newell et al. (1985) reported 

that environmental isolates were less invasive compared to clinical isolates of C. 

jejuni and C. coli. 

Cytochalasin B has been shown to inhibit the uptake of Salmonella 

typhimurium (Kihlstrom, 1980) and Shigella flexneri (Hale et aI., 1979). It appears 

to act by disrupting subplasmalemma microfilaments which play a role in 

translocation of the plasma membrane during phagocytosis (Axline and Reaven, 

1974). CB was used in this study to determine if the host cell is actively involved 

in the uptake of C. jejuni (Table 4). CB affected both the number of internalized 

bacteria and the total number of cell-associated bacteria. These effects were 

dose-dependent, as the concentration of CB increased the number of internalized 

bacteria decreased and the total number of cell-associated bacteria increased. 

CB-treated cells have a lower mean negative electrophoretic mobility than non

treated cells (Mayhew and Maslow, 1974). Kihlstrom and Nilsson (1977) reported 

an increase in cell-associated bacteria with S. typhimurium infection of CB-treated 

cells; they proposed that this was due to a reduction in electrostatic repulsion 

forces between the bacteria and host cells. Our results show that CB inhibits 

the uptake of C. jejuni by HEp-2 cells. This finding suggests that the uptake of 

these bacteria requires active participation of the host cell and proceeds by a 

---------------- ---
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process similar to phagocytosis. 

Assays were performed to determine whether Campy/obaeter isolates 

survive and multiply within HEp-2 cells. The survival of two C. jejuni strains in 

HEp-2 cells was studied. C. jejuni M 96 was isolated from a patient with bloody 

diarrhea. C. jejuni F 38011 was isolated from a patient with watery diarrhea. A 

decline in bacterial viability was noted with both isolates. No viable bacteria were 

recovered from HEp-2 cell monolayers infected with C. jejuni F 38011 30 post

infection. In contrast, 1 X 102 viable, intracellular bacteria were recovered from 

HEp-2 cell monolayers infected with C. jejuni M 96 30 h post-infection. The data 

suggest that C. jejuni organisms isolated from patients with bloody diarrhea can 

survive longer within HEp-2 cells than organisms isolated from patients with 

watery diarrhea (Table 5). Studies are required to determine how long C. jejuni 

M 96 can survive within HEp-2 cells. Additional experiments should be 

performed in the absence of antibiotics or in short pulses to kill extracellular 

bacteria. The antibiotic may be able to penetrate the HEp-2 cells with continuous 

use in the medium. This would result in a decline in viable, intracellular bacteria. 

De Melo et al. (1989) observed, by transmission electron microscopy, that 

Campy/obaeter organisms remain enveloped within endocytic vacuoles in the 

cytoplasm of HEp-2 cells and that phagolysosome fusion subsequently occurs, 

resulting in the loss of bacterial viability. In contrast, comparative studies have 



86 

shown that C. jejuni are able to survive for long periods of time in mononuclear 

phagocytes (Kiehlbauch et aI., 1985). Banfi et al. (1986) showed evidence that C. 

jejuni was not phagocytized by guinea-pig peritoneal resident macrophages. The 

authors hypothesized that the failure of the macro phages to phagocytize C. jejuni 

was due to the presence of an anti-phagocytic capsular material on the surface 

of the bacteria. It is difficult to assess how these in vitro observations can be 

applied to the situation in vivo. 

Although Salmonella, Shigella, and Yersinia species, and Escherichia coli 

have evolved distinct pathogenic mechanisms, it is well known that these 

microorganisms invade, survive, and multiply within epithelial cells (Finlay and 

Falkow, 1989; Small et aI., 1987; Sansonetti et aI., 1986). Thus, experiments 

were also done to determine whether S. typhimurium survives and multiplies in 

HEp-2 cells using the model developed to assess the intracellular fate of C. 

jejuni (Table 5). After 30 h of incubation, the number of cfu was greater than 

measured at 6 h post-infection, demonstrating that Salmonella typhimurium did 

survive and multiply within the HEp-2 cells. 

The ability of Campylobacter organisms to invade HEp-2 cells appears to 

be a characteristic which is easily lost during the passage of cultures in the 

laboratory. This is in contrast to the invasive properties of Yersinia enteroco/itica, 

which is a stable characteristic (Lee et aI., 1977). A linear regression in the 
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number of internalized bacteria was noted as C. jejuni were subcultured in the 

laboratory (Table 6). The data was difficult to interpret due to differences in the 

original bacterial suspensions used to infect HEp-2 cells and due to variations in 

the condition in the HEp-2 cell monolayers. However, it also appeared that the 

invasiveness of isolates was maximized by preparing the original inoculum from 

a plate containing mucoid colonies. Results from this study also indicate that the 

ability of Campy/obacter organisms to adhere to HEp-2 cells in vitro decreases 

with increasing passage in the laboratory. McSweegan and Walker (1986) 

hypothesize that the adhesion of Campy/obaeter organisms to host cells is 

multifactoral. It is not possible to determine from the data whether the decrease 

in Campy/obacter adherence to HEp-2 cells is due to a loss in expression of 

certain antigens or due to an overall decrease in expression of all adherence 

antigens. 

The invasiveness of C. jejuni was inhibited in competitive inhibition assays 

with Campy/obaeter-whole cell Iysates relative to the control (Table 7 and 8). 

However, HEp-2 cell-adsorbed bacterial Iysates had very little effect on the 

number of cell-associated bacteria. McSweegan and Walker (1986) reported that 

the adhesion of Campy/obacter to INT 407 cells was reversible. They proposed 

that irreversible binding of bacteria to the cells requires multiple points of 

attachment. Possibly the adsorption of Iysates to HEp-2 cells prevents the 

----------_ ...... - .. 
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bacteria from establishing multiple bonds by saturation of cell receptor sites or 

steric hindrance. In our experiments, the bacteria might have detached from 

cell receptors prior to internalization. We considered the possibility that Iysates 

inhibited bacterial invasion in a manner analogous to CB, in that host cell 

participation was inhibited. This was examined by staining HEp-2 cells with 

trypan blue after incubation with Iysates. Lysates were not toxic to HEp-2 cells 

as determined by trypan blue viability staining. Additionally, preadsorption of 

Iysates with HEp-2 cells had no effect on the invasiveness of S. typhimurium 

(Table 7). Thus, the invasiveness of Campy/obaeter spp., here demonstrated in 

vitro, appears to be a result of specific physical-chemical interactions between 

ligands. This inhibition may result from antigens in the lysate binding to HEp-2 

cellular receptors that are involved in triggering the internalization of C. jejuni 

once the bacterium is attached to the epithelial cell receptor. 

Klipstein et al. (1985) found that invasive C. jejuni could be differentiated 

from non-invasive strains by an enzyme-linked immunosorbent assay. This implies 

that the antigen(s) involved with internalization of epithelial cells by C. jejuni are 

conserved among invasive strains. Results from the present study support this 

hypothesis. Bacteriallysates prepared from invasive C. jejuni significantly reduced 

the invasiveness of the homologous, as previously shown, and a heterologous 

strain of C. jejuni for HEp-2 cells (Table 8). The invasive surface epitopes of 

------ ----
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Shigella flexneri species have also been shown to be highly conserved among 

different serotypes using monoclonal antibodies (Mills et aI., 1988). Results 

presented in this paper also show that Iysates prepared from a non-invasive C. 

jejuni isolate do not inhibit the internalization of invasive C. jejuni. Lysates 

prepared from C. jejuni M 96 subcultured more than thirty times in the laboratory 

did not inhibit the invasiveness of the homologous or a heterologous strain of C. 

jejuni. 

An attempt to determine the nature of the antigen(s) involved in adherence 

and invasiveness was then made by two methods. First, bacteria were 

pretreated with trypsin, proteinase K, and sodium meta-periodate (data not 

shown). Neither trypsin nor proteinase K significantly affected the organisms' 

ability to adhere to or invade HEp-2 cells. Sodium meta-periodate was found to 

be toxic to the bacteria. Secondly, Iysates were subjected to various treatments 

and then used in competitive inhibition assays (Table 9). Lysates were treated 

at 60°C for 30 min to determine if heat-labile protein antigens, such as flagella, 

are involved. A slight increase in C. jejuni adherence and invasion was found 

versus the untreated lysate sample. This finding is supported by the work of 

McSweegan and Walker (1986) who reported an increase in C. coli adherence 

to epithelial cells using organisms which had been treated with KCN to 

immobilize the flagella. The increase in adherence and invasion may be due to 
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changes in electrostatic repulsion forces. Bacterial motility does appear to be 

important in facilitating the contact of the organisms with cells. The invasiveness 

of C. jejuni 29428, C. coli FBM, and C. fetus Flan increased by more than one 

log in experiments that were used to determine if a lack in invasiveness was 

related to a failure of the bacteria to become associated with HEp-2 cells (Table 

3). Jones et al. (1981) reported similar findings with S. typhimurium infection of 

HeLa cells in culture. Heating Campy/obacter-whole cell Iysates at 100De for 30 

min did not have an affect on the inhibition of invasion. This was done to test 

if trace cytotoxin produced by Campy/obacter is heat labile at 100De for 30 min 

but stable at 60De for 30 min (Yeen et aI., 1983). Finally, proteinase K-treated 

Iysates should have ruled out the possibility that a thermostable peptide is 

responsible. Regarding the nature of the receptor(s) involved, our results 

suggest that the functional site of an antigen responsible for invasiveness is 

dependent upon an intact carbohydrate moiety. Mild periodate oxidation at 

acidic pH has been shown to cleave carbohydrate vicinal hydroxyl groups 

without altering polypeptide chain structures (Bobbitt, 1956). Subjection of 

Iysates to periodate oxidation significantly affected its inhibitory capacity. 

Naess et al. (1988) found that pretreatment of C. coli with trypsin, 

pronase, periodate, or boiling reduced the adhesion of bacteria by 45%. 

However, the investigators were not able to show a reduction in adhesion using 
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bacterial extracts made with heat, pronase, and trypsin or phenol/water extracted 

lipopolysaccharide (LPS). Competitive inhibition results were not reported for 

sodium meta-periodate prepared extracts. In contrast, McSweegan and Walker 

(1986) found 250 to 1000 "g/ml of phenol/water prepared LPS completely 

abolished the adherence of C. jejuni to INT 407 cells. However, they did not 

look at the viability of cells after subjection to such high levels of LPS. 

Furthermore, the method they used to determine the number of bacteria that 

adhered to monolayers determined the total number of cell-associated bacteria 

(intracellular and extracellular), not just the number of bacteria adhering to cells. 

Such high levels of LPS may have been toxic to the cultured cells and the 

reduction of adherence a reflection of fewer internalized bacteria. Studies in our 

laboratory have shown that LPS concentrations in excess of 40 "g result in HEp-

2 cell rounding, death, and detachment from the wells. Toxic levels of LPS 

would inhibit bacterial internalization by inhibiting cellular processes involved in 

phagocytosis. Izhar et al. (1982) did show that the adherence of S. flexneri to 

intestinal cells was reduced by 50% with 10 "g/ml of LPS. Additionally, 

subjection of Shigella LPS to periodate oxidation significantly affected its 

inhibitory capacity. Although competitive inhibition studies performed in our 

laboratory have shown that C. jejuni LPS did not inhibit bacterial internalization, 

future studies are required to determine whether LPS extracted from C. jejuni can 
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inhibit bacterial adherence to epithelial cells. 

Antiserum prepared in BAlB/c mice and New Zealand White rabbits had 

no effect on either the adherence or invasiveness of C. jejuni for HEp-2 cells 

(Table 10). This lack of effect occurred despite methods (Schiemann and Nelson, 

1988) used to coat the bacteria with antibody prior to infecting HEp-2 cell 

monolayers, antibody was also included in the tissue culture media at the time 

of infection (data not shown). Several explanations for why no inhibition of 

adherence or invasion using poiyclonal sera are possible. The lack of effect may 

have been due to low levels of specific inhibiting antibody in the antisera. logan 

and Trust (1983) demonstrated that immunization of adult New Zealand White 

rabbits with formalin-treated Campy/obaeter resulted in the production of 

antibodies primarily directed against the flagellin monomer. Additionally, it is 

known that hyperimmunization of mice and rabbits results in the production of 

antibodies primarily of the IgG class. Treatment of invasive C. jejuni Iysates with 

proteinase K and sodium meta-period ate indicate that the functional site or 

binding region of the invasive antigen is dependent upon the carbohydrate 

portion of this molecule. An antigenic response to this molecule probably 

requires an IgM response. With regards to the immune response of infected 

patients, Black et al. (1988) conducted a study in which antibody levels were 

measured in volunteers who were infected with C. jejuni. For those volunteers 
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that developed illness, serum IgA and IgM levels significantly increased and 

remained elevated over the 28 d observation period. In contrast, serum IgG 

levels were elevated but a significant increase in IgG levels did not occur. 

The recognition of cell surface epitopes (antigens) of the invasive 

organisms with MAb 184 as observed by immunogold labelling appears to be 

responsible for the inhibition of HEp-2 cell invasion by low passage C. jejuni M 

96. It is doubtful that the inhibition of invasion by C. jejuni is due to the masking 

of flagella antigens. Newell (1986) reported that of eight monoclonal antibodies 

directed against the flagella of Campy/obaeter jejuni, none protected miee from 

colonization with C. jejuni. These monoclonal antibodies recognized at least six 

different epitopes present on the flagella of C. jejuni organisms. It is possible that 

the inhibition of invasion is due to gross steric interference of the antibody with 

the bacterial cell surface. However, antisera prepared in mice and rabbits against 

C. jejuni had no effect on the adherence or invasion of HEp-2 cells by the 

bacteria. The hyperimmunized sera did react strongly against the bacteria as 

observed by immunofluorescence observation. It is doubtful that the ascites fluid 

itself, which contained the 184 monoclonal antibody, had a nonspecific effect on 

the internalization processes of C. jejuni organisms. This is because RPM I 

medium containing the 1 84 monoclonal antibody also inhibited the invasiveness 

of C. jejuni relative to the control (data not shown). The RPMI medium containing 
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the 1 B4 monoclonal antibody was harvested from plates in which the antibody-

secreting cells were grown. Control infection levels for invasiveness were 

established by infecting HEp-2 cell monolayers with C. jejuni in the presence of 

RPMI medium not containing a monoclonal antibody. The data suggest that the 

reduction in internalized bacteria is due to a specific masking of the invasive 

antigen(s) by monoclonal antibody 1 B4. 

Both the surface and flagella of invasive C. jejuni were labelled with 

immunogold beads (Figure 5). One explanation for this occurrence is that the 

flagella and bacterial surface of C. jejuni share common epitopes. Experimental 

evidence supporting this hypothesis was published by Newell (1986). who 

demonstrated that monoclonal antibodies derived from hyperimmunization of 

BALB/c mice with purified flagella immunogold labelled the bacterial surface of 

C. jejuni. Investigators working with Vibrio cho/erae have reported a similar 

finding. Fuerst and Perry (1988) showed that the flagella and the cell surface of 

Vibrio cholerae share a common set of antigens using monoclonal antibodies 

and immunogold labelling. 

The inability to totally block the invasiveness of low passage C. jejuni M 

96 with ascites fluid containing the 1 B4 MAb suggests that the invasiveness of 

the bacterium is multifactorial (Table 11). Miller and Falkow (1988) reported that 

Yersinia enterocolitica harbors at least two different genes that mediate 
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attachment and invasion of tissue culture cells. Each of these invasive genes 

synthesize a factor which is distinct from the other and each promotes the 

invasion of different host cell types by the bacterium. These investigators 

hypothesized that the two different gene products could be expressed at different 

times during infection. Campy/obaeter may also express more than one invasive 

antigen, these antigens may act individually or in concert to cause disease. 

It is well documented that infections in developed countries are most 

frequently associated with inflammatory diarrhea, characteristic of an invasive 

organism (Calva et aI., 1989). The results of this study are consistent with this 

finding. All (14 of 14) clinical C. jejuni strains used in this work were invasive for 

HEp-2 cells. In developing countries, however, the most common clinical 

presentation of diarrhea by C. jejuni is a watery diarrhea. Although the precise 

role of the enterotoxin and cytotoxin in disease pathogenesis is unknown, 

investigators have demonstrated that C. jejuni isolated from patients with watery 

diarrhea secrete an enterotoxin (Klipstein et aI., 1985). The Campy/obaeter 

isolates LJsed in this study were tested for their ability to secrete both exotoxins. 

Enterotoxic activity was detected in only 2 of the 25 (8%) CampY:Jbacter 

supernatant fluids tested, C. jejuni strains 35919 and F 38011 (Table 12 and 

Table 13). C. jejuni F 38011 was isolated from a patient with watery diarrhea. 

Cytotoxic activity was not detected in any of the filtrates tested in which 

--------- ----- ---- ---
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Campy/obaeter isolates were grown. Ruiz-Palcios et al. (1983) suggested that 

enterotoxigenic strains of C. jejuni lose their ability to secrete toxins if extensively 

subcultured in vitro. We did not find any evidence to support or disprove this 

statement. However, we did have trouble repeatedly demonstrating the cytopathic 

effects, induced by supernatant fluids in which C. jejuni strains 35925 and F 

38011 were grown, in the CHO assay. We believe that this is due to the varied 

growth, from one time to another, of the isolates in brucella broth. Many 

investigators have experienced the same problem (Klipstein and Engert, 1984). 

Future studies are required to determine the best liquid growth media to 

optimally culture Campy/obaeter organisms. 

Combined infection with viral and bacterial agents often results in a more 

severe disease than either agent alone. One possible explanation is that the 

host becomes compromised and is therefore nonspecifically susceptible to 

bacterial disease (Davison and Sanford, 1981). However, investigators have 

proposed that specific, rather than nonspecific, interactions may lead to bacterial 

colonization and penetration of virus-infected cells (Degre and Glasgow, 1968). 

Bacterial invasion of cells in culture has been previously shown to involve three 

stages: a} reversible adherence, b} irreversible adherence, and c} invasion (Jones 

et aI., 1981). Viral infection could influence all of these stages. 

The number of internalized C. jejuni 33560 Significantly increased with both 
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coxsackievirus and echovirus-infected HEp-2 cells relative to the controls (Table 

14). Additionally, pre-infection of HEp-2 cell monolayers with coxsackie virus 

significantly increased the number of internalized C. jejuni M 96. The mechanism 

of this enhancement of C. jejuni invasiveness is not known. A group of 

investigators have shown that the invasiveness of Salmonella typhimurium was 

enhanced in HEp-2 cells preinfected with infectious and non-infectious 

coxsackievirus B1 (Bukholm and Degre, 1984; Bukholm et aI., 1985). They 

suggested that a change in the electrical potential in the medium, due to the 

increase of particles in solution, might increase the probability of contact between 

the bacteria and host cells. However, polio and porcine enterovirus had no 

effect on bacterial invasiveness. Philipson and Bengtsson (1962) demonstrated 

that coxsackie and echovirus compete for the same cell receptors. Adsorption 

of coxsackievirus and echovirus to HEp-2 cell receptors may either expose a 

membrane receptor (protein or phospholipid) so tha\ it is more accessible to 

Campylobaeter invasive antigen(s) or trigger a cell-mediated event that causes 

the phagocytosis of invasive Campylobacter organisms. The increase in 

invasiveness of C. jejuni for HEp-2 cells does not reflect the expression of virally

synthesized membrane receptors on the epithelial cells because the 

enhancement was also demonstrated with UV-inactivated coxsackievirus relative 

to the control. 
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Pre-infection of HEp-2 cell monolayers with porcine enterovirus did not 

significantly increase the adherence or invasiveness of C. jejuni in comparison to 

the control (Table 14). Co-infection of HEp-2 cells with polio virus and C. jejuni, 

strains 33560 and M 96, slightly reduced the number of internalized bacteria and 

slightly increased the number of adherent bacteria relative to the non-infected 

controls (Table 14 and Table 15). The method of attachment interference 

(competition for receptors) was used to show that poliovirus receptors are 

distinct from coxsackievirus B receptors (Crowell, 1976). Thus, polio virus binds 

to receptors that are distinct from those of coxsackievirus and echovirus. We do 

not know if polio and porcine enterovirus bind to the same receptors. However, 

Finn (1987) showed that the viruses do cross react; anti-polio type 1 sera 

reduced the cytopathogenic effect of porcine enterovirus 1000-fold in a cell 

culture assay. Adsorption of polio virus to cells has been reported to cause an 

influx of Ca2+ into the cell (Nair, 1981). The increase in intracellular Ca2+ 

concentration induced by polio virus adsorption results in the depolymerization 

of cellular microfilaments (Kohn, 1979). Additionally, data presented in this study 

demonstrates that the disruption of cellular microfilaments with cytochalasin B 

inhibits the phagocytosis of Campy/abaeter isolates by HEp-2 cells. The slight 

decrease in internalized C. jejuni, strains 33560 and M 96, may be a result of 

microfilament depolymerization for the cells with absorbed polio virus. The 
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decrease in the number of internalized C. jejuni in polio-infected cells was not 

due to a cytopathogenic effect as measured by trypan blue viability staining. 

Davison and Sanford (1981) demonstrated that cells became susceptible 

to bacterial adherence as a result of virus infection. To determine whether 

infection of epithelial cells with virus would induce the adherence of an isolate 

which has previously been found not to adhere to cells, HEp-2 cells were co

infected with Campylobacter mucosa lis and coxsackievirus B3. C. mucosalis 

did not adhere to or invade either coxsackie-infected or non-infected (control) 

HEp-2 epithelial cells (Table 16). We also examined whether co-infection of 

epithelial cells would induce internalization of a non-invasive isolate that does 

adhere to HEp-2 cells. Infection of HEp-2 monolayers with coxsackie virus did not 

significantly increase the adherence of C. hyointestinalis to cells and did not 

induce the invasiveness of C. hyointestinalis for HEp-2 cells. Similar results were 

reported by Bukholm and Degre (1984) who found that non-invasive E. coli were 

not capable of invading virus-infected cells. 
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SUMMARY 

The data presented here suggest that the structure (or structures) involved 

in invasion of epithelial cells in vitro by Campy/obaeter jejuni are common among 

virulent isolates. In contrast to many bacteria which produce a proteinaceous 

surface antigen which promotes bacteria attachment and cell invasion (Bolin et 

aI., 1982; Isberg et aI., 1987), the nature of Campy/obaeter invasive ligand 

appears to be dependent upon an intact carbohydrate moiety. The finding of the 

1 B4 monoclonal antibody which inhibits the invasiveness of C. jejuni for HEp-2 

cells may lead to the identification and characterization of an antigen that triggers 

uptake of the bacterium by the host cell. Identification and characterization of an 

antigen that is responsible for the uptake of Campy/obaeter by the host cell is 

important in increasing our understanding of the disease. Our inability to reduce 

adhesion is reflective of the complexity of the interaction of the organism with 

intestinal cells and suggest that it may be multifactoral. Considerable work is still 

needed to determine the nature of the factors responsible for the adhesion of 

Campy/obaeter spp. to cells as well as to identify the invasive ligand. 

Infection of cells with viruses may be an important contributing factor to 

Campy/obaeter colonization and penetration. The data indicates that the 

mechanisms of bacterial enhancement of invasion is an event that occurs early 
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in the infectious process. It is a result of specific events rather than nonspecific 

events because the enteroviruses tested had different effects on Campy/obaeter 

invasion for HEp-2 cells. Possibly viral-induced alterations in cell membrane 

receptors leads to this enhancement. Additionally, the lack of effect on adhesion 

and invasion of HEp-2 cells by non-invasive C. hyointestinalis and C. mueosalis 

isolates suggests that the adherence and invasiveness of Campy/obaeter 

organisms are dependent upon the inherent properties of the organisms and that 

virus-induced cell alterations are not sufficient to allow the adherence or invasion 

by non-invasive bacteria. 

Much remains to be known about the potential virulence factors of 

Campy/obacter spp. I would like to emphasize that this study focused on the 

invasiveness of C. jejuni for only one cell type. The HEp-2 cell line was chosen 

for use in this study because it is the cell line most commonly used to study the 

interactions of enteric pathogens with epithelial cells in vitro. However, it is 

probable that HEp-2 cells and native intestinal cells differ in many surface 

structures (ie. receptors). To fully understand potential Campy/obaeter virulence 

factors, future studies should examine the interactions of these bacteria with 

macrophages as well as with other tissue culture cell lines. 
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