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ABSTRACT 

Sixty-three of 435 (14.5%) samples collected from broiler chickens were positive 

for C. jejuni. Twenty-two of 55 samples were from organic chickens (40%) and 41 of 380 

samples were from conventional chickens (10.8%). Isolates were subjected to 

macrorestriction profiling using Smal and analyzed for their ability to survive in 

macrophage cells and invade in epithelial cells. Antibiotic testing to cefaclor, 

ciprofloxacin, tetracycline, erythromycin, gentamicin, trimethroprim/sulfamethoxazole, 

and ampicillin were performed. Finally, 5 isolates of varying putative in vitro virulence 

traits were chosen for experimental inoculation of newborn piglets. Five piglets per 

isolate were tested and examined macroscopically and microscopically upon necropsy. 

Genotyping of isolates indicated 1 to 3 profiles per flock. Of the 22 organic 

isolates from chickens, only 3 (13.6%) were able to survive within macrophages. For the 

conventional isolates, 21 out of 41 (51.2%) were able to survive. However, the majority 

of isolates (90.5%) from both organic and conventional isolates were not capable of 

invading epithelial cells. No isolates exhibited resistance to ciprofloxacin or gentamicin. 

One isolate out of 63 (1.6%) was resistant to er5l;hromycin, 52 (82.5%) to tetracycline, 28 

(44.4%) to trimethroprim/sulfamethoxazole, and 6 (9.5%) to cefaclor. 

In terms of the piglet studies, regardless of the combination of in vitro invasion or 

survival results or type of flock, most piglets (16/25) in all groups exhibited hyperemia, 

edema, and hemorrhage in the small intestine or colon upon gross examination. 

Microscopic examination revealed congested mucosa and erosion of the epithelium in 10 

of the 25 piglets from 4 of the 5 groups. 
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In conclusion, this study suggests that C. jejuni isolated from broiler chickens are 

virulent in piglets and are probably capable of causing disease in humans. Furthermore, 

the results of the survival and invasion assays did not correlate with the results of the 

piglet studies and cannot be relied upon to predict degree of virulence. Therefore, another 

virulence factor is responsible for the pathogenesis, such as a toxin(s). As this is the first 

study to confirm putative in vitro virulence traits with an animal model, further research 

is recommended with the piglet model to assess pathogenicity. 
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INTRODUCTION 

Campylobacter jejuni is the leading cause of bacterial food-borae enteritis in the 

United States. It is estimated that there are over 2.4 million cases of campylobacteriosis 

that occur annually. Campylobacteriosis has been estimated to comprise 14% of all 

foodbome illnesses and represents 17% of total foodbome associated hospitalizations and 

5.5% of foodbome associated deaths (Mead et al., 1999). An estimated economic burden 

of up to $8.0 billion in US human illness costs annually is attributed to 

campylobacteriosis (Buzby et al., 1997). 

Campylobacter are Gram-negative, small, spirally-curved rods that are flagellated 

and exhibit rapid darting and corkscrew motility. The average incubation period is two to 

five days and clinical symptoms include fever, severe abdominal cramps and diarrhea, 

which can be bloody. Severe complications can occur such as reactive arthritis and 

Guillain-Barre Syndrome, an autoimmune disease characterized by acute neuromuscular 

paralysis. 

Although there are many sources including cattle, sheep, swine, insects, wild 

birds, and dogs, the handling and consumption of contaminated poultry is considered the 

most significant risk factor. However, it remained unclear if these poultry strains are 

pathogenic in humans. Furthermore, organic broiler chickens are now readily available 

for retail in many countries and no research exists on the pathogenicity of these C. jejuni 

strains. The broiler industry in the United States produces over 8 billion chickens per 

year. Therefore, any research contributing to control strategies will ultimately have a 

considerable effect on preventing human illnesses. 
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This research compares the prevalence, genotype, in vitro putative virulence 

properties, antibiotic susceptibilities, and in vivo results of C. jejuni isolates of broiler 

chickens from organic, free-range, and conventional flocks. Limited data exists on the 

invasiveness of poultry isolates in human epithelial cells and no data exists on the ability 

of poultry isolates to survive within macrophages. This research will reveal these in vitro 

results; and from the in vivo piglet model studies, this research will determine the degree 

to which these assays relate to virulence in the host. Ultimately, this research will 

determine whether isolates from broiler chickens are truly pathogenic in humans. 
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BACKGROUND 

Historical Perspectives of Campylobacter 

th 
The earliest record of Campylobacter dates back to the 19 century and can be 

attributed to Theodore Escherich, who observed spiral organisms microscopically in stool 

specimens of infants suffering from enteric disease (Altekruse and Tollefson, 2003). 

Unfortunately, even with increasing frequency, the spiral bacteria were thought to play no 

etiological role (Butzler, 2004). Campylobacter was more frequently recognized as a 

cause of veterinary disease. Infections with Campylobacter were recognized to cause 

abortions in sheep and bovines but it was not until 1970's when appropriate growth and 

isolation media were developed and mid - 1980's that Campylobacter was recognized as 

a frequent cause of human enteric illnesses (Altekruse and Tollefson, 2003). Two species, 

C. jejuni and C. coli were identified as human pathogens with 90% of confirmed cases 

being attributed to C. jejuni (Kramer et al., 2000). As culture methods were refined, 

isolation rates of the microaerophilic, fastidious Campylobacter organisms increased. In 

addition, the implementation of The Foodbome Diseases Active Surveillance Network 

(FoodNet) by the Centers for Disease Control and Prevention (CDC) in 1995 resulted in 

Campylobacter being recognized as the leading bacterial cause of foodbome illnesses. 

Epidemiology 

Campylobacter is the leading causes of enteritis and enterocolitis worldwide 

(Altekruse et al., 1999). In the United States alone, it is estimated that over 2.4 million 

cases of campylobacteriosis occur annually (Mead et al., 1999). Since Campylobacter is 
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an important trigger of Guillain-Barre Syndrome, an autoimmune disease characterized 

by acute neuromuscular paralysis with high economic burden, the cost of 

campylobacteriosis is significant, estimated at up to $8.0 billion in US human illness 

costs annually (Buzby et al., 1997). 

The clinical presentation of campylobacteriosis is diflferent for developing nations 

and for industrialized nations. In developing countries, campylobacteriosis is common in 

early childhood due to poor sanitation whereas in industrialized countries, although 

persons of all ages are affected, campylobacteriosis has a distinctive bimodal distribution 

affecting children less than 4 years of age and young adults aged 15-44 years and tends to 

present with a more severe, inflammatory-mediated illness (Taylor, 1992). Rates tend to 

be higher for males than for females, regardless of age (Louis et al., 2005; Deming et al., 

1987) and the risk of complications and mortality is highest for susceptible populations 

such as young children, the elderly, and those with immuno-compromised systems such 

as individuals with AIDS. 

Campylobacteriosis is seasonal in temperate climates and the number of 

infections are significantly higher in the summer compared to winter (Butzler, 2004; 

Louis et al., 2005). Both the combined effects of temperature and sunlight and the 

combined effects of temperature and relative humidity 4 weeks prior to infection were 

found in models to be the greatest predictor of incidence of infection in humans, with the 

greatest effects with temperatures above 13°C (Patrick et al., 2004). 
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Clinical Manifestations 

The most common presentation of campylobacteriosis in the developed nations is 

acute self-limiting gastrointestinal illness with diarrhea, fever and abdominal cramps 

(Altekruse et al., 1999). Diarrhea can also be bloody but these symptoms are not 

distinctive enough for a physician to diagnose for campylobacteriosis without a stool 

sample (Butzler, 2004). The average incubation period is 2 to 5 days, but can be up to 10 

days (Butzler, 2004). The infectious dose is variable and ranges from 500 to 10^ 

organisms and can be due either to the relative virulence of the organism or due to 

individual susceptibility (Black et al., 1988). In some patients, the diarrhea is preceded 

by fever with malaise and abdominal pain, which may mimic appendicitis. Fecal samples 

normally consist of inflammatory exudates with leukocytes and Campylobacter 

organisms with their characteristic darting motility and morphology and a significant 

number of patients have stools with fresh blood, pus, or mucus suggesting hemorrhage 

and inflammation in the small intestine and colon. Sigmoidoscopy usually reveals edema, 

hyperemia and/or hemorrhage (Butzler, 2004). The disease is usually self-limiting, 

ranging from 2-7 days but in some cases, can be fatal affecting 0.05 per 1000 cases 

(Alios, 2001). Bacteremia is rare; it is detected in less than 1% of patients with 

campylobacteriosis and is most often detected in patients whose immune systems are 

compromised (Crushell et al., 2004). Other clinical manifestations such as cholecystitis, 

pancreatitis, peritonitis, hepatitis, and neonatal sepsis can occur but are rare (Butzler, 

2004). The most common complications are reactive arthritis and Guillain-Barre 

syndrome. 
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Reactive Arthritis 

Reactive arthritis is a non-purulent joint inflammation that can be triggered by 

bacterial intestinal infections by Campylobacter jejuni but also by Salmonella, Yersinia 

enterocolitica. Shigella flexneri, and Chlamydia trachomatis (Hughes and Keat, 1992). A 

rheumatological survey was conducted on two outbreaks of campylobacteriosis, and 

occurrences of reactive arthritis ranged from 0.7 to 8% (Bremell et al., 1991; Eastmond et 

al., 1983) based on 86 to 130 patients affected. A larger case population based survey of 

reactive arthritis triggered by Campylobacter conducted in Finland of 870 patients 

resulted in 7% of the patients developing reactive arthritis (Hannu et al, 2002), indicating 

the higher range to be more accurate. Non-steroidal anti-inflammatory drugs (NSAID) 

are most commonly used in the management of reactive arthritis, which can become 

chronic (Palazzi et al., 2004). 

A well known predisposing genetic factor linked to reactive arthritis is HLA-B27, 

but the mechanisms behind its action still eludes scientists and the importance of 

dissemination of bacteria from sites of infection and their deposition in joints has yet to 

be fully understood (Keat, 1999). 

Guillain-Barre syndrome 

The most important post-infectious complication is Guillain-Barre syndrome 

(GBS), which is an autoimmune disease characterized by an acute onset of weakness in 

the limbs and loss of tendon reflexes progressing to neurological damage. GBS is the 
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most common cause of acute neuromuscular paralysis in the world, with a mean annual 

incidence of approximately 2 cases per 100,000 population (Hughes, 2004). 

Campylobacter jejuni is identified as the leading antecedent pathogen in GBS and 

cross-reactive antibodies between Campylobacter lipo-oligosaccharides and gangliosides, 

particularly sialic acid have been demonstrated in the serum of GBS patients (Willison 

and Yuki, 2002) thus indicating molecular mimicry of C. jejuni lipo-oligosaccharides 

with gangliosides in nervous tissue. The median interval between the onset of diarrhea to 

the onset of neurological symptoms is 10 days (Takahashi et al., 2005). Seventy percent 

of patients make complete neurological recovery in one year whereas the remaining 22% 

partially recover, 8% remain unable to walk and 2% require ventilation or are bedridden 

(Altekruse and Tollefson, 2003). Most cases of GBS follow an infectious disease and it is 

estimated that 40% of those follow campylobacteriosis, resulting in a rate of GBS of 1 in 

every 1,000 patients (Altekruse and Tollefson, 2003) affected by Campylobacter. As it is 

estimated that there are over 2.4 million cases of campylobacteriosis in the United States 

alone (Mead et al., 1999), the economic burden of campylobacteriosis is extremely high. 

Godschalk et al. (2004) demonstrated that specific genes are crucial for the induction of 

anti-ganglioside antibodies, which supports the Takahashi et al. (2005) findings that 

certain C. jejuni strains specifically trigger GBS and others specifically trigger Fisher 

syndrome, a variant of GBS. However, as many individuals are exposed to strains that 

mimic gangliosides and 0.1% develop GBS, it is suspected that host factors contribute to 

the development of GBS (Altekruse et al., 1999). 
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Antimicrobial Resistance 

Since the majority of cases of campylobacteriosis are mild to moderate, antibiotic 

therapy is not necessary. However, when the disease is severe and/or invasive such as 

with symptoms of high fever, bloody diarrhea, over 8 stools in 24 hrs, or bloodstream 

infections, antimicrobial treatment can shorten the duration of illness and may be life-

saving (Goodman et al., 1990; Mattila et al., 1993; Salazar-Lindo et al., 1986). 

Ciprofloxacin, a fluoroquinolone and erythromycin, a macrolide are the drugs of choice 

for treatment (Gupta et al., 2004). 

The use of antimicrobial agents in food animals has caused concern in regards to 

the impact on public health. Use of antimicrobial agents in animals creates selective 

pressure for the emergence and dissemination of antimicrobial-resistant bacteria, which 

can be transferred to humans via either the food supply or via direct contact with animals 

resulting in resistant human infections and the reduction of the utility of the antibiotics 

for treatment (Anderson et al., 2003). In the United States, the National Antimicrobial 

Resistance Monitoring System (NARMS) for enteric bacteria was created in 1996 to 

monitor antimicrobial resistance in foodbome enteric pathogens, including 

Campylobacter. 

A national county-based survey of antimicrobial susceptibility among 

Campylobacter isolates was conducted from 1989-1990 of 298 patients (Gupta et al., 

2004). Of these isolates, 286 (96%) were C. jejuni. None were resistant to ciprofloxacin 

or gentamicin, 1% were resistant to erythromycin, and 42% to tetracycline. According to 

NARMS from 1997 to 2002, resistance to ciprofloxacin among C. jejuni isolates was 
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12% in 1997 and continued to rise to 21% in 2002. Erthromycin remained at 1% for both 

1997 and 2002, gentamicin was zero percent throughout, and tetracycline was 47% in 

1997 and 40% in 2002 ('http://www.cdc.gOv/nanns/annual/2002/2002%20ANNUAL 

%20REPORT%20FINAL. pdf). A survey in 1999 of retail chickens provided ecological 

evidence that a source of domestically acquired ciprofloxacin-resistant 

campylobacteriosis may be attributed to chickens as 10% of retail chickens were 

contaminated with ciprofloxacin-resistant Campylobacter. Furthermore, experiments 

have demonstrated that ciprofloxacin resistance in C. jejuni does evolve rapidly and 

persist in chickens treated with fluoroquinolones (Humphrey et al., 2005; McDermott et 

al., 2002). 

Ciprofloxacin was the first fluoroquinolone approved in 1986 for use in humans 

and two other fluoroquinolones, sarafloxacin and enrofloxacin, were approved by the 

U.S. Food and Drug Administration (FDA) for poultry in 1995 and 1996, respectively 

(Gupta et al., 2004). These fluoroquinolones are usually administered to the entire poultry 

house, which consist often of over 20,000 chickens, through their drinking water, which 

results in all chickens, healthy or sick with various levels of fluoroquinolones (Gupta et 

al., 2004). Although the extent of use of fluoroquinolones for poultry is unknown as both 

manufacturers and farmers are not required to report this data, it is estimated by the 

Animal Health Institute that 1-2% of the 8 billion broiler chickens produced per year are 

treated with fluoroquinolones (Gupta et al., 2004). In 2003, 20.2 million pounds of 

antibiotics were produced for use in both companion and farm animals 

(http ://www. ahi. org/Documents/ Antibioticuse2003. pdf). The FDA conducted a 
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quantitative risk assessment in 2000 that concluded that over 10,000 human infections 

with fluoroquinolone-resistant Campylobacter in persons who seek medical care and are 

treated with fluoroquinolones result from fluoroquinolone use in poultry 

(http://www.fda.gov/cvm/antimicrobial/ Risk_asses.pdf) and therefore, proposed the 

withdrawal of approval of fluoroquinolones for use in poultry, which is the first time a 

proposal has been made to withdraw an antibiotic used in agriculture due to associated 

emergence of resistance in humans (Gupta et al., 2004). The manufacturer of 

enrofloxacin continues to market enrofloxacin but the manufacturer of sarafloxacin has 

withdrawn sarafloxacin from the market (Gupta et al., 2004). 

Pathogenesis 

Despite the importance of C. jejuni as a human pathogen, its pathogenic 

mechanisms are not well understood. As little progress has been made in the molecular 

arena due to the lack of genetic tools such as transposons and transductions systems, the 

pathogenic mechanisms of C jejuni remain at the infancy stage. Few genes that are 

associated with the virulence of C. jejuni have been described. 

Motility 

The motility of Campylobacter is via their polar flagella, and combined with their 

darting, corkscrew motion, allows them to penetrate the mucus barrier of the intestine 

(Szymanski et al., 1995). The fla A and fla B genes encode the flagellin subunits and C. 

jejuni consists normally of FlaA protein (Nuijten et al., 1990). The flagella is important in 
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the colonization and pathogenesis of C. jejuni as demonstrated with aflagellated mutants 

(Nachamkin et al., 1993). 

In vitro studies—Adhesion and Invasion 

The flagella is also an important determinant of adhesion and invasion, as 

decreased motility due to paralyzed flagella has shown reduced adherence and the 

absence of invasion (van Vliet and Ketley, 2001) thus indicating that other adhesins are 

involved in internalization (Yao et al., 1997). The CadF protein was identified as a 

fibronectin binding protein that promotes adhesion (Monteville et al., 2003), as mutants 

displayed significantly reduced binding to fibronectin (Konkel et al., 1997). The co-

cultivation of C. jejuni and INT-407 cells have led to the production and secretion of a set 

of proteins termed the Campylobacter invasion antigens (Cia proteins), including CiaB 

that has been demonstrated to be involved in the internalization of C. jejuni (Konkel et 

al, 1999). Furthermore, these Cia proteins are suggested to be secreted fi^om the flagellar 

export apparatus (Konkel et al., 2004). Once internalized, C. jejuni is able to survive 

within epithelial cells and does elicit a cj^otoxic effect (Konkel et al., 1992). In vitro 

testing of adherence and invasion of human epithelial cells such as Hep-2 and INT-407 

have been used as possible predictive models of virulence as the ability of C. jejuni to 

enter and exert deleterious effects on cells may reflect a pathogenic mechanism 

associated with enteritis caused by this organism (Konkel et al., 1992; Konkel et al, 

2001). 
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In vitro studies — Survival in Macrophages 

In vitro phagocytosis and intracellular survival of C. jejuni has been studied and 

C. jejuni has been shown to survive intracellularly for up to 6 to 7 days (Kiehlbauch et 

al., 1985). Catalase has been identified as essential for C. jejuni intramacrophage 

persistence and growth as no viable katA mutant strains were recovered compared to the 

wild type (Day et al., 2000), indicating the presence of bacterial factors that combat 

reactive oxygen species enabling the organism to persist inside of host cells. In vitro 

invasion and survival assays have been used as predictive models of virulence (Lee et al., 

2004). 

In vivo studies 

Although many experiments with animal models with many varieties of animals, 

including monkeys (Fitzgeorge et al., 1981), puppies and dogs (Fox et al., 1988; Fox et 

al., 1984; Prescott and Barker, 1980; Prescott et al., 1981), mice (Field et al., 1984; Fox et 

al., 2004; Hodgson et al., 1998; Lee et al., 1986; McCardell et al., 1986; Stanfield et al., 

1987), rats (Epoke and Coker, 1991), hamsters (Humphrey et al., 1985; Humphrey et al., 

1986), rabbits (Caldwell et al, 1983; Everest et al., 1993), chicks (Field et al., 1986; Field 

et al., 1991; Ruiz-Palacios et al., 1981), minks (Bell and Manning, 1990b), and ferrets 

(Bell and Manning, 1990a; Bell and Manning, 1990b; Bell and Manning, 1991) have 

been studied, the preferred model uses newborn piglets as the digestive system of the 

piglet is anatomically and physiologically similar to humans, which allows the study of 

both bacterial virulence and host immune mechanisms (Babakhani et al., 1993). Many of 
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the other animal experiments have been unsuccessful or unsuitable due to either lack of 

clinical symptoms, complicated surgical procedures involved such as ligation, or high 

expenses (Babakhani et al., 1993). 

Some of the animal studies have demonstrated complications seen in human 

campylobacteriosis such as hepatitis or abortion (Bell and Manning, 1990a; Bell and 

Manning, 1990b) but the majority of studies have resulted in asymptomatic transient 

colonization with bacterial shedding or mild sjnnptoms that have few associated 

histopathological intestinal damage (Babakhani et al., 1993). 

A few studies have been able to reproduce clinical symptoms of 

campylobacteriosis such as mucoid diarrhea but some have used hosts that are not similar 

to humans such as rabbits (Caldwell et al., 1983) and mice (Stanfield et al., 1987). Others 

are too expensive to maintain such as studies with Rhesus monkeys (Fitzgeorge et al, 

1981), which demonstrated diarrhea and bacterial shedding but symptoms were mild. 

Another study included gnotobiotic beagle puppies, which revealed congestion of colonic 

mucosa, associated loss of goblet cells, attenuation and exfoliation of surface epithelium 

with microerosions, hypertrophy of glands and neutrophil infiltration of lamina propria 

during the acute phase (Prescott et al., 1981). However, the clinical manifestations were 

milder in the puppies than in humans infected with C. jejuni. 

The piglet model remains preferred as it represents a host that is similar to 

humans and clinical sjmiptoms and histopathological lesions observed are similar to those 

observed in humans infected with C. jejuni. Upon gross lesion examination, symptoms 

such as the presence of edema, hemorrhage, hyperemia, and mucus were observed and 
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histopathologic examinations by light and transmission electron microscopy 

demonstrated congestion of mucosal and serosal blood vessels, lesions, damage to the 

surface epithelial cells with the presence of intracellular bacteria, and neutrophils present 

either in the lumen or in the lamina propria (Babakhani et al., 1993). 

Toxins 

Although much focus has been on the presence of toxins, only the cytolethal 

distending toxin (CDT) has been isolated from Campylobacter (Pickett et al., 1996), 

which causes certain cell types to become slowly distended and progress towards cell 

death (van Vliet and Ketley, 2001). Observation of CDT-associated progressive 

morphological changes and cytolethal events were noted in 96 hour assays with CHO, 

Vero, HeLa, and Hep-2 cells (Johnson and Lior, 1988). All strains of C. jejuni tested 

contain the cdt genes but variation in CDT titres were observed (Pickett et al, 1996). A 

general absence of knowledge remains in regards to specific proteins involved in the 

pathogenesis of Campylobacter. 

Surface polysaccharide structures 

The lipopolysaccharide (LPS) of the outer membrane is important in serum 

resistance, endotoxicity and adhesion (van Vliet and Ketley, 2001). Guillain-Barre 

syndrome has been linked to infection with particular heat-stable serotypes of C. jejuni 

(van Vliet and Ketley, 2001). The LPS fraction determines the antiganglioside specificity 

(Ang et al., 2002). Three genes, one {neuBl) was involved with the sialylation of the 
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lipo-oligosaccharide molecule and the other two genes (neuB2 and heuBS) were involved 

with the sialylation of the flagellin protein. Formation of antibodies is proposed as being 

responsible for the demyelination leading to GBS (Endtz et al., 2000). 

Viable but nonculturable form 

C. jejuni has been observed to form coccoid bodies and to exist in this viable but 

nonculturable form in water microcosms and biofilms (Buswell et al., 1998). However, 

little is known in regards to this viable but nonculturable form and many important 

questions remain to be answered concerning this strategy of survival for C. jejuni. 

Risk Factors 

Poultry Consumption 

The most common risk factor for campylobacteriosis in the United States and 

other developed nations is poultry consumption, particularly the handling and 

consumption of undercooked pouhry. Many epidemiologic studies in the United States 

(Deming et al., 1987; Friedman et al., 2004; Harris et al., 1986; Hopkins and Scott, 

1983), Europe (Kapperud et al., 2003; Kapperud et al., 1992; Norkrans and Svedhem, 

1982; Oosterom et al., 1984), England (Rodrigues et al., 2001), and New Zealand 

(Eberhart-Phillips et al., 1997) revealed significant associations of poultry consumption, 

including at restaurants (Effler et al., 2001; Friedman et al, 2004) with 

campylobacteriosis. Molecular subtyping studies have demonstrated partial matching of 

pulsed-field gel electrophoresis (PFGE) patterns of Campylobacter isolates and human 
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isolates in Finland (Hanninen et al, 2000) and Canada, where biotyping and PFGE 

revealed that approximately 20% of human isolates were related to poultry isolates in 

Quebec (Nadeau et al., 2002). 

Unpasteurized Milk 

Many outbreaks of campylobacteriosis have been linked with drinking 

unpasteurized milk. A 10-year review between 1981 and 1990 of outbreaks associated 14 

outbreaks occurring among children who drank unpasteurized milk during youth 

activities such as field trips in the United States (Wood et al., 1992). Despite regulatory 

efforts to prohibit the sale of unpasteurized milk, recent outbreaks of unpasteurized milk, 

homemade cheese or homemade ice-cream are still occurring at dairy farms (Centers for 

Disease Control and Prevention, 2002), church fiinctions and private homes 

(http://www.cdc.gov/foodbomeoutbreaks/us outb/fbo2003/bacterial03.pdf). 

Contaminated Water 

Waterbome outbreaks of campylobacteriosis have occurred during lapses in water 

sanitation such as failure of chlorination (Melby et al., 2000) or having open-top 

treatment towers where wild birds can perch or circle above (Sacks et al., 1986). Case 

control studies have linked campylobacteriosis to drinking non potable water (Hopkins et 

al., 1984; Godoy et al., 2002; Kapperud et al., 2003). 
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Transmission from Pets and Farm Animals 

Exposure to pet dogs and cats, particularly puppies or sick pets with diarrhea have 

been associated with campylobacteriosis in several case-control studies (Deming et al., 

1987; Hopkins and Olmsted, 1985; Kapperud et al, 2003; Kapperud et al., 1992; 

Norkrans and Svedhem, 1982; Saeed et al., 1993). It is estimated that zoonotic 

transmission is responsible for up to 5% of human campylobacteriosis (Altekruse, 2003). 

Other occupational risk factors for Campylobacter infection include living or working on 

a farm or occupational exposure to animals or their feces (Kapperud et al., 2003; 

Kapperud et al., 1992; Studahl and Andersson, 2000). 

Foreign Travel 

Campylobacter infection is commonly associated with foreign travel (Eberhart-

Phillips et al., 1997; Rodrigues et al., 2001; Smith et al., 1999). Although 20 to 25% of 

campylobacteriosis is estimated to be due to foreign travel, the causal exposures such as 

food, beverage, or animal contact remains to be determined (Altekruse, 2003). 

Furthermore, antibiotic resistant strains such as ciprofloxacin-resistant and 

fluoroquinolone-resistant strains of C. jejuni have been strongly associated with foreign 

travel (Kassenborg et al., 2004; Smith et al., 1999). 

Other Risk Factors 

According to CDC's Foodbome Outbreak Response and Surveillance Unit 

(http://www.cdc.gov/foodbomeoutbreaks/us_outb.htm), outbreaks of campylobacteriosis 

http://www.cdc.gov/foodbomeoutbreaks/us_outb.htm
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have been associated to other foods such as cold meat trays, all sorts of salads including 

ftuit salads, potato salads, tuna salads, pasta salads, and green salads, turkey, guacamole, 

quail, beef sandwiches and beef enchiladas at various locations including restaurants, 

picnics, camps, prisons, and private homes. A probable contributory factor is cross-

contamination during food preparation and poor hygiene measures (Altekruse, 2003) as 

C. jejuni has been demonstrated to survive on contact surfaces (Cogan et al., 1999). 

Sources and Reservoirs 

Poultry commonly have both C. jejuni and C. coli in their crops and intestinal 

tract and colonization as a commensal organism typically occurs by the fourth week in 

flocks (Evans and Sayers, 2000; Shreeve et al., 2000). Other avians including wild birds 

(e.g. waterfowls, pigeons), turkeys, quails, and ducks are also widely inhabited by 

Campylobacter (Newell and Feamley, 2003). Cattle and sheep often are colonized with 

C. jejuni whereas swine is most often colonized by C. coli (Altekruse, 2003). As 

mentioned above in risk factors, pets such as dogs and cats can harbour C. jejuni. 

Water is an important reservoir of C. jejuni and previous water microcosm 

experiments have indicated survival times for C. jejuni to vary widely from a few days at 

ambient temperatures to weeks and months at 4°C (Buswell et al., 1998). C. jejuni has 

been found to adopt a viable but nonculturable form in microcosm water to minimize cell 

maintenance requirements and strains have been shown to survive in this state in 

microcosm water for 30 days (Tholozan et al., 1999). C. jejuni in this viable but 

nonculturable form may still potentially infect as C. jejuni can revert to a culturable 
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pathogenic state, as demonstrated by experiments with a newborn mice model (Tholozan 

et al., 1999). The same extended persistence in water microcosms has been demonstrated 

for C. jejuni in aquatic biofilms, which has been postulated as contributing to the 

colonization of animals and infection of humans (Buswell et al, 1998). The role of these 

viable but noncultural form of C. jejuni remains to be elucidated. 

To a lesser extent, Campylobacter has been recovered from wild animals such as 

deer, foxes, rabbits, and badgers as well as insects, including flies, darkling beetles 

(Alphitobius diaperinus), and cockroaches (Periplaneta americana and Blatta orientalis) 

(Newell and Feamley, 2003). 

Disease Prevention of Campylobacter Infections 

Due to the mechanisms of campylobacteriosis still being unclear, disease 

prevention has been limited to hygiene measures from farm to fork. At the farm level, 

control measures include thorough cleaning and disinfection of the broiler houses 

including the entrance room between successive broiler cycles, control of rodents and 

insects, change of footwear or boot dip at the entrance, and sanitation of the water supply 

(Gibbens et al., 2001; van de Giessen et al., 1998). 

At supermarkets, restaurants, and in the private kitchen, appropriate precautions 

in the handling and preparation of foods of animal origin will minimize cross-

contamination. These precautions include raw meat and poultry being stored and 

transported in and cooked at recommended temperatures and duration, hands being 

washed thoroughly with soap and water after handling raw foods, and proper sanitizing 
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measures being implemented (Butzler, 2004; Cogan et al., 1999; Cogan et al., 2002; 

Kapperud, 1994; Kusumaningrum et al, 2004; Shane, 2000). 

Other preventative measures include providing citizens with drinking water of 

adequate hygienic quality, tight regulation of the pasteurization of milk, good hygienic 

practices when in contact with dogs and cats, and educating consumers regarding how to 

avoid infection when traveling abroad (Kapperud, 1994). 

Broiler Chicken Industry 

The broiler chicken industry in the United States produced over 8.4 billion broiler 

chickens in 2003 worth $15.2 billion in value (http://usda.mannlib.comell.edu/reports/ 

nassr/poultrv/pbh-bbp/plva0404.txt). Broiler chickens, as defined by the U.S. Department 

of Agriculture (USD A), are young chickens of the meat-type strains that are raised for the 

purpose of meat production, rather than for egg production (http://www.usda. gov/ 

nass/pubs/agr04/ 04 ch8.pdf). Broiler chickens are young chickens weighing from 2 to 

2.5 kg that are normally slaughtered at approximately 6-7 weeks of age. Chicken 

consumption surpassed pork consumption in 1985 and beef consumption in 1992, due to 

broiler chickens having the best feed conversion ratio (http://www.usda. gov/nass/pubs/ 

trends/ broiler.htmy Therefore, as large numbers of broiler chickens are consumed, any 

decrease in the C. jejuni load of these chickens should have a considerable effect on 

preventing human illness. 

http://www.usda
http://www.usda
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Conventional Chickens 

In the United States, the broiler chicken industry has progressed from millions of 

privately owned backyard businesses to less than 50 highly specialized, vertically 

integrated firms, where a single company is involved (http://www.usda.gov/nass/ 

pubs/trends/broiler.htm) in every process including production and processing. Large 

scale, year-round production in controlled environments allowed the broiler industry to 

become more efficient and profitable. Large national and regional producers raise 

chickens in high volumes using modem methods to deliver a product that is inexpensive, 

tasty, and safe according to USD A guidelines. Conventional chickens are the most 

common tj^je of chickens and refer to any chickens that have been inspected by USD A 

and approved for sale in retail stores that are not organic, free-range, or kosher. 

Hormones or steroids are prohibited by federal regulations in the production of all 

chickens in the United States but antibiotics are allowed to prevent disease and increase 

feed efficiency. A "withdrawal" period is required to allow these substances to leave the 

chicken prior to the chicken being slaughtered. Conventionally raised chickens are not 

required to have natural sunlight or access to the outside environment. "Natural" refers to 

chicken that does not contain any artificial flavouring, colouring, chemical preservative, 

or synthetic ingredient, and has been minimally processed and "fresh" refers to the 

temperature at which the chicken has been maintained so neither term has any association 

with how the chickens have been raised ("http://www.fsis.usda.gov/OA/ 

pubs/chicken, htm). 
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Organic Chickens 

Beginning from the 1990's, organic farming has become one of the fastest 

growing segments of U.S. agriculture. Consumer demand has transformed what was once 

a niche product sold in limited markets to organic foods now being sold in 73% of all 

conventional grocery stores (2001). Organic food, as defined by USD A under the 

National Organic Program, is "produced by farmers who emphasize the use of renewable 

resources and the conservation of soil and water to enhance environmental quality for 

fiature generations. Organic meat, poultry, eggs, and dairy products come from animals 

that are given no antibiotics or growth hormones. Organic food is produced without using 

most conventional pesticides; fertilizers made with synthetic ingredients or sewage 

sludge; bioengineering; or ionizing radiation." (http:www.ams.usda.gov/nop/ 

Consumers^rochure.html). In addition to the no genetically modified organism (GMOs), 

no hormones, no antibiotics, no irradiation, no pesticides, herbicides or insecticides (e.g. 

on their feed or in their pasture), organic chickens must also be fi^ee-range, meaning the 

chickens have access to the outside. Due to the significantly different rearing methods of 

organic chickens, the C. jejuni isolated fi"om organic chicken may have different virulent 

properties as compared to chickens reared fi-om conventional methods. 

Free-Range Chickens 

Unlike the term "organic", the term "fi-ee-range" is more broad in definition. 

According to the Food Safety and Inspection Service (FSIS) under USDA, producers 

must demonstrate to FSIS that the chickens have been allowed access to the outside in 
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order for poultry to be labeled "free-range" (http://www.fsis.usda.gov/oa/pubs/ 

lablterm htm). However, it is not defined how much outside space is required. Free-range 

chickens cannot be certified organic as they must meet all of the requirements of the 

National Organic Program as mentioned above in order to be labeled "organic". They are 

usually reared similarly to conventional chickens. 

Prevalence and Ecology of Campylobacter in Broiler Chickens 

Newly hatched chicks appear to be free of Campylobacter and fecal and cecal 

samples in a study of 32 flocks in the United States were not positive for Campylobacter 

until 2 to 6 weeks of age (Stem et al., 2001). Other studies indicated colonization after 2 

to 3 weeks of placement of the chicks into broiler houses (Evans and Sayers, 2000; 

Jacobs-Reitsma et al., 1995). 

In the United States, a study of 32 flocks in 1998 on 8 different farms belonging 

to 4 major U.S. producers by the Agricultural Research Unit of USD A resulted in 12.5% 

(4 flocks) remaining negative and the remainder 87.5% (28 flocks) being Campylobacter 

positive (Stem et al., 2001). The percentage of positive samples in the flocks positive for 

Campylobacter spp. ranged from 20 to 100% for 5 cecal samples per flock, with an 

average prevalence of 62% (99 out of 160). Another study in 1998 indicated isolation of 

Campylobacter from cecal contents in 3 out of 6 flocks with an average incidence of 4% 

(9 out of 240 samples) (Byrd et al., 1998). A more recent study in 2001 resulted in 99.2% 

and 100% (n=128 samples) of Campylobacter spp. being detected in direct-plated crop 
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and direct-plated cecal samples, respectively (Musgrove et al., 2001). Differentiation of 

C. jejuni and C. coli were not performed in any of these studies. 

Limited data exists on the prevalence of Campylobacter in various countries, 

which varies greatly depending on the season, country, sample type such as ceca, skin, 

feces, number of flocks and samples, and if researchers were isolating only C. jejuni or 

Campylobacter spp (Newell and Feamley, 2003). Due to such studies being expensive 

and time- and resource-consuming, only some countries such as Sweden and Denmark 

conduct these studies regularly (Newell and Feamley, 2003). Prevalence of 

Campylobacter vary widely from 19.7% in Chile (Fernandez and Torres, 2000), 18% in 

Norway (Kapperud et al., 1993), 27% in Sweden (Bemdtson et al., 1996), 40% in 

Denmark (Wedderkopp et al., 2000), 41% in Germany (Atanassova and Ring, 1999), 

43% in France (Refregier-Petton et al., 2001), over 90% in United Kingdom (Evans and 

Sayers, 2000), and 80% in Italy (Newell and Feamley, 2003). 

Only one study from Denmark reported on the prevalence of Campylobacter in 

organic chickens, which compared prevalence in organic and conventional broiler flocks. 

Campylobacter spp. was isolated from 100% of 22 organic flocks, of 79 

conventional flocks, and 49.2% of 59 extensive indoor broiler flocks to total 160 broiler 

flocks (Heuer et al., 2001). Conventional flocks were defined as being reared with a high 

protein, high energy feed in a confined environment at high stocking density where the 

slaughter age is 36-42 days and extensive indoor broiler flocks were defined as flocks 

produced with a low protein and low energy feed in a less intensive rearing system in a 

confined environment with low stocking density where the average slaughter age is 56 
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days. Organic flocks was defined as being fed organic feed and being antibiotic-free and 

free-range, similarly to organic definitions in the United States. Ten cloacal broiler swabs 

per flock were sampled and the species distribution among the positive flocks yielded 

87.5% (70 flocks) as C. jejuni. 

Studies in the United Kingdom, Sweden, and the Netherlands suggest that 

conventionally reared broiler flocks are colonized predominantly by one to two strains of 

C. jejuni subtypes whereas in the United States, muhiple strains of Campylobacter are 

commonly isolated from broiler flocks (Newell and Feamley, 2003). Petersen et al. 

(2001) demonstrated, with typing results, that broiler flocks could be colonized by 1-3 

different Campylobacter clones. Furthermore, pulsed-field gel electrophoresis typing 

using Smal and Kpnl revealed that the majority of houses (11 of 12) carried identical 

isolates in two or more broiler flocks indicating that some clones have the ability to cause 

persistent infections in broiler farms as such persistent clones were found in 63% of all 

flocks (47 of 75) (Petersen and Wedderkopp, 2001). 

Sources of C. jejuni Colonization in Broiler Chickens 

In regards to the current understanding of poultry colonization by Campylobacter, 

the majority of studies have focused on horizontal transmission. However, recently, more 

focus has been placed towards vertical transmission. 
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Vertical Transmission 

Breeder hens are usually colonized with C jejuni. C. jejuni has been recovered 

from various segments of the reproductive tract, including the oviduct and C. jejuni has 

also been recovered from rooster semen (Buhr et al., 2002; Cox et al., 2002; Newell and 

Feamley, 2003). Approximately 4% of intact eggs can be infected with C. jejuni by 

experimental immersion in a suspension of organisms, indicating that intact egg shells 

can be permeable to C. jejuni and that contact with fecal material could result in egg 

contamination (Newell and Feamley, 2003). However, in a study of 266 eggs from hens 

fecally excreting C. jejuni, the organism was isolated from only two shell surfaces and no 

egg contents, therefore revealing that the organism could not penetrate into the contents 

of the eggs but could be isolated occasionally from the inner shell and membranes of 

refrigerated eggs (Doyle, 1984). The issue of vertical transmission to flocks through 

contaminated eggs remains controversial as C. jejuni is not recoverable from hatch chicks 

since colonization of C. jejuni typically occurs after 10 days. Newell and Feamley (2003) 

reported in a mini-review that in 180 experiments in their laboratory over the last 10 

years with an uninfected control group of at least ten 1-day old chicks hatched from 

Campylobacter positive commercial laying flocks, no evidence has ever been observed of 

the presence of C. jejuni in cecal contents of these chicks. It is expected that with vertical 

transmission that C. jejuni would be detectable in an affected flock immediately after 

hatching. Due to the consistent lag time of colonization, it is currently more practical to 

concentrate on controlling horizontal transmission and then, to determine the role of 

vertical transmission in any residual problem (Newell and Feamley, 2003). Perhaps more 
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sensitive techniques in the future will provide an answer to the issue of vertical 

transmission. 

Horizontal Transmission 

The broiler houses used for conventional flocks can largely be considered closed 

environments. Although no reproducible observations, confirmed by genotyping of 

strains in the environment, that have subsequently resulted in flock colonization have 

been published, Campylobacter is ubiquitous in the environment around broiler houses 

and constitutes a risk of flock contamination (Newell and Feamley, 2003). Internal 

contamination can be fi-om previous flocks or associated with resident insects and 

vermins and external contamination can be brought in via utilities (water, litter, feed), 

human activities, and/or domestic or wild animals, birds, and insects. Many 

epidemiological studies have been conducted to identify the risk factors of C. jejuni 

contamination but substantial differences exist in literature due to variation in 

management practices and the wide variety of risk factors present (Newell and Fearnley, 

2003). However, some common risk factors have been identified. 

As C. jejuni has not been isolated fi-om clean, dry litter, feed and litter have been 

widely accepted to not be a risk factor due to their dry conditions, which is considered 

lethal to C. jejuni (Newell and Feamley, 2003). Water, on the other hand, is considered a 

risk factor for the colonization of flocks. Water serves as an important reservoir for C. 

jejuni and water cups do become Campylobacter positive approximately the same time 

that the flocks become positive (Bemdtson et al., 1996). However, the detection of C. 
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jejuni from water sources prior to stocking and flock positivity has proven difficult (van 

de Giessen et al., 1998). A notable study regarding a broiler farm in England found 

chickens to be colonized with C. jejuni of a single serotype (Pearson et al., 1993). This 

broiler farm was the sole supplier of a local slaughterhouse that was associated with a 

Campylobacter outbreak caused by this serotype. The predominant source of C. jejuni on 

the farm was shown to be the water supply as direct microscopy and fluorescent antibody 

methods revealed presumptive Campylobacter throughout the farm's water system. As 

well, Campylobacter-^ee chickens raised in an animal house and given water from the 

farm supply became colonized with the serotype of C. jejuni endemic on the farm. Water 

microcosm experiments demonstrate that C. jejuni can survive up to 4 months depending 

on the water temperature, strain and aquatic system used (Buswell et al., 1998) and 

biofilms have been shown to enhance the survival of C. jejuni during incubation at 12°C 

and 23°C over a 7-day period (Trachoo et al., 2002). Additionally, experiments indicate 

that C. jejuni may form a viable but nonculturable state within the biofilm (Trachoo et al., 

2002). There is considerable debate whether these viable but nonculturable forms can 

infect but it has been demonstrated that these forms can revert back to a culturable form 

(Tholozan et al., 1999). Nevertheless, further research is required to establish the role of 

these viable but nonculturable forms of C. jejuni, the role of the water line and reservoir 

contamination in the colonization of flocks, and the value of water sanitizers as a control 

measure (Newell and Feamley, 2003). 

Human activities have been identified as risk factors for the colonization of flocks 

and C. jejuni can be carried into the broiler house on boots, external clothes or 
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equipment. Many studies indicate hygiene measures such as change of footwear at the 

entrance of each broiler house (van de Giessen et al., 1998), replenishment of boot dip 

disinfectant twice weekly (Gibbens et al., 2001), and having farm staff wear their work 

clothing exclusively in the poultry houses (Cardinale et al., 2004) as intervention steps 

based on their association of risk factors. Other hygiene measures include thorough 

cleaning and disinfection of poultry-house surroundings (van de Giessen et al, 1998), 

control of vermin (van de Giessen et al., 1998; Cardinale et al., 2004) and manure 

disposal outside the farm (Cardinale et al., 2004). AppUcation of hygiene measures have 

demonstrated significantly reduced Campylobacter infections of broiler flocks (Gibbens 

et al., 2001; van de Giessen et al., 1998). Pearson et al. (1996) indicated a reduction of 

Campylobacter isolation rates from 85% to 7% from July 1986 to March 1987 when 

multiple farm interventions such as water and line disinfection, replacement of and 

cleaning of the header water tanks, and thorough cleaning and disinfection were taken. 

However, rates rose back up to 80% once intervention steps stopped. C jejuni has been 

recovered from standing water and soils and recently, genotyping techniques have 

identified that some of these isolates, particularly those fi"om standing water, had the 

same genotypes as those recovered subsequently fi-om the broiler flocks (Hiett et al., 

2002; Newell and Fearnley, 2003). Molecular typing in one study suggests that on one 

farm, transmission of Campylobacter spp. occurred from cattle to broilers via the 

farmer's footwear (van de Giessen et al., 1998). 

Cattle and sheep are often colonized with C. jejuni whereas swine is most often 

colonized by C. coli fAltekruse, 2003). Although these other farm animals are unlikely to 
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enter the broiler houses, they can excrete Campylobacter in significant numbers and 

ultimately, result in contamination of boots, external clothing or equipment taken into the 

broiler houses. An elevated risk of Campylobacter infection is associated with other 

animals being bred on the farm (Cardinale et a!., 2004). 

In regards to wildlife, the greatest potential of contamination comes fi-om wild 

birds. C. jejuni can effectively colonize the avian gut, including many wdld birds such as 

pigeons, waterfowls, and ducks (Newell and Feamley, 2003). As conventional broiler 

houses are closed systems, increased ventilation in the summer may pose considerable 

opportunity for wild-bird access. Campylobacter is often isolated fi-om wild-bird feces 

around the broiler houses and molecular techniques have occasionally reported that these 

strains have been subsequently recovered fi-om broilers (Hiett et al., 2002; Newell et al., 

2001). More data regarding the involvement of wild birds in the colonization of broilers 

is required for definitive answers. 

To a lesser extent, Campylobacter has been recovered fi-om wild animals such as 

deer, foxes, rabbits, and badgers as well as insects, including flies, darkling beetles 

{Alphitobius diaperinus), and cockroaches {Periplaneta americana dind Blatta orientalis) 

(Newell and Feamley, 2003). Epidemiological studies have identified an increased risk of 

colonization in the presence of mice and rats but rodents serve more as a transient 

colonizer and are not usually considered a risk factor, especially when an effective 

vermin control program is in place (Newell and Feamley, 2003). Insects have been 

identified as carriers of C. jejuni and the bacteria may survive on or within these insects 
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for a few days but they do not seem to pose a threat in regards to carryover from one 

house to another (Evans, 1992). 

In conclusion, Campylobacter is ubiquitous in the environment and can be carried 

into the house by staff, visitors, vermins, insects or passed on by prior flocks. Application 

of hygiene measures can reduce the risk of Campylobacter infection of flocks but are 

difficult to maintain due to the high exposure of the broiler houses to the environment 

and perhaps low dose required for infection as well as the rapid bird to bird transmission 

once infected (Newell and Feamley, 2003). 
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SIGNIFICANCE AND OBJECTIVES OF THE RESEARCH 

Campylobacter is the leading cause of enteritis and enterocolitis worldwide 

(Altekruse et al., 1999). In the United States alone, it is estimated that there are over 2.4 

million cases of campylobacteriosis that occur annually and campylobacteriosis has been 

estimated to comprise 14% of all foodbome illnesses, 17% of foodbome associated 

hospitalizations and 5.5% of foodbome associated deaths (Mead et al., 1999). An 

estimated economic burden of up to $8.0 billion in US human illness costs annually is 

attributed to campylobacteriosis (Buzby et al., 1997). 

Although Campylobacter is ubiquitous in the environment, the handling and 

consumption of chicken is considered to be the number one risk factor associated with 

campylobacteriosis. However, prior to this research, it remained unclear if the isolates 

from broiler chickens were pathogenic to humans as the mechanisms of pathogenesis 

remained unclear. Limited data exists regarding the in vitro putative virulence properties 

of poultry isolates and no data exists regarding the virulent properties of poultry isolates 

in vivo since few suitable animal models exist. 

Data generated from this research will not only reveal the in vitro properties of 

poultry isolates, but most importantly will determine the degree to which these in vitro 

results relate to virulence in the in vivo piglet model. Additionally, genotyping of the 

isolates and their antibiotic susceptibilities will be studied to compare if associations can 

be made between these properties and the method by which the chickens were reared, via 

organically or conventionally. Ultimately, data generated from this research will 

determine 1) if poultry isolates are virulent to humans 2) if virulent properties differ 
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between flocks grown organically or conventionally 3) if genotypes differ between 

organic and conventional isolates and if genotypes correlate with virulence properties and 

4) the degree to which in vitro assays correlate with in vivo resuhs. This data will be 

usefiil in addressing some of the questions in regards to the differences between organic 

and conventional flocks and will aid in the development of intervention and control 

methods to reduce the number of cases of human campylobacteriosis. 
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METHODS AND MATERIALS 

Sampling and Isolation of C jejuni from Broiler Chickens 

Cecal samples from Broilers 

Broiler cecal samples were aseptically collected from processed broiler chickens 

in 3 processing plants located in Kansas, Iowa, and Washington State from May to 

December 2003. Each plant was sampled three times for a total of 9 sampling trips. Per 

each sampling trip, three flocks were sampled for a total of 27 flocks with 10 to 25 

samples per flock (See Table 1). Cecas were individually swabbed, the swabs inserted 

into Cary-Blair media, chilled and sent to the laboratory overnight for processing. 

Table 1. Number of ceca samples collected 

May - Aug., 2003 Aug. - Oct., 2003 Oct. - Dec., 2003 

Kansas 30 45 60 

Iowa 30 45 75 

Washington state 30 60 60 

C jejuni Isolation 

Upon arrival at the laboratory, the swabs were each placed in 5 ml Bolton Broth 

in conical vials and pre-enriched for 24 hours at 42°C under microaerophilic conditions. 

Following enrichment, 10 ^1 of the broth were plated onto Abeyta-Hunt Bark agar plates 

in an isolation pattern for 2 - 5 days at 37°C under microaerophilic conditions for the 

selection of C. jejuni. Bacteria from suspect colonies were viewed with phase-contrast 

microscopy for characteristic size, shape, and darting motility. Two suspect colonies 
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(beige tinted, translucent colonies) were streaked to purity on Mueller Hinton blood 

plates. Both the Bolton broth and Abeyta-Hunt Bark agar plates were selective for 

Campylobacter. The Bolton broth contained sodium cefoperazone (20mg/L), 

trimethoprim (26.4 mg/L), vancomycin (20mg/L), and cycloheximide (50mg/L) and the 

Abeyta-Hunt Bark agar plates contained sodium cefoperazone (32mg/L), rifampicin 

(lOmg/L), amphotericin B (2mg/L), and FBP (4ml/L) as recommended by the online 

Bacteriological Analytical Manual for Campylobacter provided by the Center for Food 

Safety & Applied Nutrition (CFSAN) (http://www.cfsan.fda.gov/~ebam/bam-7.htnil"). 

C jejuni Confirmation 

Suspect colonies were confirmed as C. jejuni by using hippurate testing and a C. 

yeywn/'-specific polymerase chain reaction (PCR) (Nogva et al., 2000). A 2 mm loopful of 

24-hour growth culture of each isolate was inoculated into 400 ^1 of 50mM sodium 

hippurate (Fisher) and incubated for 12-18h at 37°C in microaerophilic conditions. 

Following, 200 ^1 of ninhydrin reagent (200 mM Ninhydrin, Pierce Chemical) was added 

and the mixture incubated an additional 10 minutes. A colour change to a deep purple 

(almost black) indicates hydrolysis of hippurate into glycine, therefore indicating a 

positive result for C. jejuni. PCR was performed on all suspect colonies using C. jejuni 

specific primers RTCJl and RTCJ2 (Nogva et al., 2000). The reaction mixture used was 

2.5 ul lOX PCR buffer, SOOuM each forward and backward primers, 200 uM each dCTP, 

dGTP, dTTP, dATP, 1 unit Taq polymerase, 2.5 ul template (whole cell suspension in 

PBS), and sterile water to 25 ul. All reactions were completed by a BioRad iCycler using 

http://www.cfsan.fda.gov/~ebam/bam-7.htnil
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the following reaction cycles: 95°C for 10 min., 35 cycles of 45 sec at 95°C, 45 sec. at 

60°C, and 45 sec. at 72°C, followed by a final extension step at 72°C for 7 min. Products 

were visualized on a 1.8% agarose gel with ethidium bromide after running at 120 V for 

30 minutes. The presence of an 86 bp product confirmed the identification of C. jejuni. 

Following identification of the suspect colonies as C. jejuni, subcultures were catalogued 

and frozen as aliquots at -70°C. 

Genotyping of Isolates 

Genotyping was completed by Dr. John Klena and Dr. Brian Raphael at 

Washington State University at the laboratory of Dr. Michael Konkel in Pullman, 

Washington. C. jejuni isolates recovered fi"om broiler chickens were subjected to pulsed-

field gel electrophoresis (PFGE) to determine their genetic relatedness. Macrorestriction 

profiling (MRP) using the Smal restriction enzyme is considered the gold standard for 

comparison of Campylobacter isolates (de Boer et al., 2000; Dickins et al., 2002; 

Fitzgerald et al., 2001; Gibson et al., 1995; Hanninen et al., 1999; Hanninen et al., 2001; 

Ribot et al., 2001; Steinbrueckner et al., 2001; Stephens et al., 1998; Vargas et al., 2003). 

C jejuni isolates were harvested fi-om Mueller Hinton blood agar plates in 3 ml PETT IV 

buffer (1 M NaCl, 10 mM Tris, 10 mM EDTA, pH 8.0) and cell densities adjusted to a 

McFarland standard of approximately 0.5. Each bacterial suspension (1.5 ml) were 

concentrated by centrifugation (5,000 x g, 10 min) and resuspended in 150 ul PETT IV 

buffer. Two hundred and fifty ul of 1.6% (w/v) molten (50°C) pulsed-field grade agarose 

(Bio-Rad) were added to each sample, mixed gently, and a 100 ul aliquot of the cell 
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suspension pipetted into agarose plug molds. The agarose plugs were removed from the 

molds and incubated in 1 ml of ESP buffer (500 mM EDTA, 1% (w/v) N-lauroyl 

sarcosine, 0.5 mg/ml proteinase K) at 50°C for 48 h. Following cell wall lysis, the 

agarose blocks were washed three times in sterile water and three times in TE (10 mM 

Tris, pH 8.0, 1 mM EDTA). Each wash was performed at ambient temperature for 30 

min. Individual agarose plugs were incubated with 100 ul of IX restriction endonuclease 

buffer containing 20 .U of Smal. The reactions were incubated at 25°C for a minimum of 

4 h. Following incubation, the agarose plugs were loaded into an agarose gel. Restricted 

genomic DNA were separated in 1% (w/v) pulsed-field grade agarose, which was 

prepared with 0.5X TBE [0.089 M Tris base, 0.089 M boric acid, 0.002M EDTA (pH 

8.0)]. Run parameters consisted of a reorientation angle of 120 degrees with a constant 

voltage of 120 V and a constant temperature of 14°C. An electrophoresis run time of 22 

h and a ramped pulse time of 10-35 sec were used. Gels were stained for 20 min in 3 

mg/ml ethidium bromide and destained for 20 min in water. Images were captured using 

a Bio-Rad FluorS system and processed using Adobe Photoshop. 

Macrophage J774A.1 Survival Assays 

Murine macrophage cells (J774A.1, ATCC TIB-67) were routinely maintained in 

Dulbecco's minimal essential media (DMEM, Cellgro) supplemented with 10% fetal 

bovine serum (FBS) in 75 cm^ flasks at 37°C in a humidified, 5% CO2 incubator. The 

protocol of Kiehlbauch et al. (1985) were followed with few modifications. Each well of 

a 24-well tissue culture tray was seeded with approximately 4 x 10^ J774A.1 cells per 



49 

well and incubated 18-24 hours at 37°C in a humidified, 5% CO2 incubator. Monolayers 

7 
were rinsed with DMEM-10%FBS, and inoculated with approximately 10 logjQ 

suspension of a poultry isolate. The monolayers were washed 3 times after a 3 hour 

uptake period and ftirther incubated in DMEM-10%FBS. Three hours prior to each 

endpoint of 24h, 48h, and 72h, wells were washed once and incubated for an additional 3 

hours in DMEM-10% FBS containing a bactericidal concentration of gentamicin (250 

Jig/ml) to kill extracellular bacteria. At each endpoint, cells were washed three times with 

sterile PBS, and the number of internalized C jejuni were determined by lysis of the 

macrophage cells with 200 jil of deoxycholate (0.5% w/v) standardized to 1 ml sterile 

PBS. The suspensions were serially diluted and the number of viable bacteria determined 

by counting the resultant colonies on Mueller Hinton blood plates. Results are reported as 

colony forming units (CFU). Clinical Ml29 served as a positive control and all assays 

were performed in triplicate. All isolates tested were considered low passage as the total 

number of passes prior to testing was less than 7. 

Epithelial Hep-2 Attachment and Invasion Assays 

Human epithelial cells (Hep-2, ATCC CCL 23) were routinely maintained in 

Eagle minimal essential media (EMEM, Cellgro) supplemented with 10% fetal bovine 

serum (FBS) in 75 cm^ flasks at 37°C in a humidified, 5% CO2 incubator. Invasion 

assays were carried out following the protocol as described by Konkel and Joens (1989). 

Each well of a 24-well tissue culture tray was seeded with approximately 4 x lO' Hep-2 

cells per well and incubated 18-24 hat 37°C in a humidified, 5% CO2 incubator. 
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Monolayers were rinsed with EMEM-10% FBS, and inoculated with approximately 

7 
10 logjp suspension of a poultry isolate. To measure bacterial invasion, the monolayers 

were incubated with the poultry isolates for 3 hours, rinsed three times, and incubated for 

an additional 3 h in EMEM-10% FBS containing a bactericidal concentration of 

gentamicin (250 ug/ml) to kill extracellular bacteria. Then, the cells were washed 3 times 

in sterile PBS and the number of internalized C. jejuni determined by lysis of the 

epithelial cells with 200 ^1 of deoxycholate (0.5% w/v) standardized to 1 ml sterile PBS. 

The suspensions were serially diluted and the number of viable, invasive bacteria 

determined by counting the resultant colonies on Mueller-Hinton blood plates. To 

measure bacterial attachment and invasion, the monolayers were incubated with the 

poultry isolates for 3 hours, rinsed three times, and incubated for an additional 3 hours in 

EMEM-10% FBS. The numbers of viable, attached and internalized bacteria were 

enumerated as described above by lysis, serial dilutions, and counting the resultant 

colonies on Mueller Hinton blood plates. Resuks are reported as CFU. Clinical Ml29 

served as a positive control and all assays were performed in triplicate. All isolates tested 

were considered low passage as the total number of passes prior to testing was less than 

7. 

Antimicrobial Susceptibility Testing 

Antibiotics tested were cefaclor, ciprofloxacin, tetracycline, erythromycin, 

gentamicin, trimethroprim/sulfamethoxazole, and ampicillin. Twenty-four hour cultures 

harvested from Mueller Hinton blood plates in sterile PBS were adjusted to a 1 
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McFarland standard (ODgoo^O.75-0.85) and suspensions inoculated uniformly onto 

150mm Mueller Hinton blood plates using sterile cotton tipped swabs. E-test strips (AB 

BiodiskTM Biodisk of North America) were placed on the plates at a 90 degree angle as 

recommended by the supplier and the plates incubated for 48-72 hours under 

microaerophilic conditions at 37°C. E-test strips consist of a plastic strip calibrated with a 

predefined concentration gradient of antibiotic that transfers to the agar matrix upon 

placement. The indicated range of concentration for cefaclor is 0.016-256 ^g/ml, for 

ciprofloxacin 0.002-32 ^g/ml, for tetracycline 0.0016-256 ^g/ml, for erythromycin 

0.016-256 ^ig/ml, for gentamicin 0.016-256 fig/ml, for trimethroprim/sulfamethoxazole 

0.002-32 ng/ml, and for ampicillin 0.016-256 ng/ml. Results are reported as the minimal 

inhibitory concentration (MIC, ng/ml) of the antibiotic, which is defined as the lowest 

concentration of an antimicrobial agent that will visually inhibit the growth of an 

organism under defined experimental conditions. As there are no reported breakpoints for 

resistance of C jejuni, breakpoints published by the National Committee for Clinical 

Laboratory Standards for other pathogens were used. The breakpoints used for resistance 

are as follows: cefaclor, 32 |ig/ml ; ciprofloxacin, 4 |ig/ml; tetracycline, 16 ng/ml; 

erythromycin, 8 ng/ml; gentamicin, 16 jig/ml; trimethroprim/sulfamethoxazole 4 |ig/ml , 

and ampicillin 32 |ag/ml. 

In Vivo Piglet Model Studies 

Newborn piglets were obtained fi-om the sows at the time of farrowing. Feces of 

each sow were plated on Abeyta Hunt Bark agar plates and suspect colonies were tested 
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for C. jejuni by PCR as described earlier in C. jejuni Confirmation in the Sampling and 

Isolation of C. jejuni section of Methods and Materials. Piglets were obtained from C. 

jejuni free sows. Each piglet was fed five times daily with 50 ml of Similac formula 

(Ross Laboratories), reconstituted from powder as per instructions by the manufacturer. 

Five isolates with varying virulent characteristics were chosen for experimentation (Table 

2). All isolates tested were considered low passage as the total number of passes prior to 

testing was less than 7. 

Table 2. Properties used to choose poultry isolates to inoculate piglets 

Type of Flock Survival 

Properties 

Invasive properties 

Organic Low Low 

Organic Low High 

Organic or Conventional High Low 

Conventional High Low 

Conventional High High 

For experimental inoculation on day 1 (day of arrival), 24 hour cultures of the 

chosen isolates were harvested in Mueller Hinton broth, added to the formula and 

9 
adjusted to yield approximately 10 logj^ viable orgamsms per ml of Similac formula. 

Five piglets per isolate were each inoculated via orogastric tubes with approximately 20 

ml of the C. jejuni containing formula. The formula was serially diluted and the number 

of viable bacteria determined by counting the resultant colonies on Mueller Hinton blood 
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plates. All the piglets were observed daily for clinical symptoms of diarrhea. Rectal 

swabs were taken pre-inoculation for confirmation of C. jejuni free piglets and daily post-

inoculation for presence of shedding. Swabs were placed in tubes with 1.5 ml phosphate 

buffer solution (PBS), and swabbed directly onto selective Abej^a Hunt Bark agar for 

isolation. PCR was carried out using the PBS as template to identify C. jejuni as 

described earlier. Isolates were recovered from the feces of the piglets and sent to Dr. 

Konkel's laboratory at Washington State University for confirmation via genotyping with 

Smal. 

Necropsy was performed by Dr. Joens with 2 ml of Beuthanasia-D (Schering 

Corp) and post-mortem observations of the small intestine (jejunum and ileum), colon, 

cecum, and other body organs were recorded. Portions of the small intestine, colon and 

cecum were fixed in 10% buffered formalin and delivered to the Veterinary Diagnostic 

Laboratory for histological examination by Dr. Glock. 
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RESULTS 

Prevalence of C jejuni in Broiler Chickens 

Cecal samples from broiler chickens from three states Kansas, Iowa, and 

Washington were collected from May to December of 2003. The samples were cultured 

for the presence of C. jejuni using enrichment and selective media. Isolates were 

confirmed as C. jejuni by PCR as described earlier. A total of 27 flocks were sampled 

with 12 flocks positive for C. jejuni (Table 3). 

Table 3. Flocks positive for C jejuni 

Origin Total flocks positive 

Kansas 5/9 
Iowa 1/9 
Washington State 6/9 

Total 12/27 

Out of 435 ceca samples, 63 samples (14.5%) tested positive for C. jejuni. The 

highest prevalence was noted in August with 29/75 with the lowest prevalence resulting 

in June, September, and December (Table 4). 
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Table 4. Isolation of C jejuni from 27 flocks (May to August, 2003) 

May June Jul August Sept Oct Nov Dec 

Kansas 1; 8/10 

2: 0/10 

3; 0/10 

4: 13/15 

5: 2/15 

6: 5/15 

7: 1/20 

8: 0/20 

9: 0/20 

Iowa 10: 0/10 

11; 0/10 

12: 0/10 

13: 0/15 

14: 0/15 

15: 0/15 

16: 14/25 

17: 0/25 

18: 0/25 

Washington 
State 

19: 1/10 

20: 6/10 

21:2/10 

22: 8/20 

23: 1/20 

24: 2/20 

25: 0/20 

26: 0/20 

27: 0/20 

For the ceca samples from the organic chickens, C. jejuni was isolated from 22/55 

(40%) of samples whereas for the free-range antibiotic-free samples and conventional 

samples, only 4/50 (8%) and 37/330 (11%) were isolated, respectively (See Table 5). 
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Table 5. Comparison of prevalence between organic, free-range antibiotic-free, and 
conventional broiler flocks of C jejuni 

Flock No, Isolation of C jejuni 

Organic Flocks 1 8/10 
2 0/10 
4 13/15 
7 1/20 

Total; 22/55 (40%) 

Free-Range Antibiotic- 21 2/10 
Free Flocks 24 2/20 

27 0/20 

Total: 4/50 (8%) 

Conventional Flocks 3 0/10 Conventional Flocks 
5 2/15 
6 5/15 
8 0/20 
9 0/20 
10 0/10 
11 0/10 
12 0/10 
13 0/15 
14 0/15 
15 0/15 
16 14/25 
17 • 0/25 
18 0/25 
19 1/10 
20 6/10 
22 8/20 
23 1/20 
25 0/20 
26 0/20 

Total; 37/330 (11%) 
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Genotyping: Macrorestriction Profiles - Pulsed-Fieid Gel Electrophoresis 

Genotyping by way of macrorestriction profile pulsed-field gel electrophoresis 

(MRP-PFGE) using the Smal restriction enzyme was conducted on the isolates recovered 

from Flocks 1 to 18, which correlates to all samplings fi-om Kansas and Iowa. The larger 

the flock, the more profiles noted such as in flock 1 which consisted of 8 samples and 

resulted in 3 profiles. Some profiles, such as MRP-1 and MRP-8 were found in both 

organic and conventional flocks (Table 6). 
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Table 6. Results of genotyping: Macrorestriction Profiles of C. jejuni isolates 

Origin Flock No. Flock Type Isolate MRP 

Kansas 1 Organic Ala 8 
Kansas 1 Organic A2a 8 
Kansas 1 Organic A3a 1 
Kansas 1 Organic A4a 8 
Kansas 1 Organic A5a 8 
Kansas 1 Organic A7a 8 
Kansas 1 Organic A8a 8 
Kansas 1 Organic A9a 12 
Kansas 2 Organic None recovered. 
Kansas 4 Organic Alia 11 
Kansas 4 Organic A12a 1 
Kansas 4 Organic A13a 1 
Kansas 4 Organic A14a 1 
Kansas 4 Organic A15a 1 
Kansas 4 Organic A16a 11 
Kansas 4 Organic A18a 1 
Kansas 4 Organic A19a 
Kansas 4 Organic A20a 1 
Kansas 4 Organic A22a 1 
Kansas 4 Organic A23a 1 
Kansas 4 Organic A24a 1 
Kansas 4 Organic A25a 1 
Kansas 7 Organic A37a 2 
Kansas 3 Conventional None recovered. 
Kansas 5 Conventional B13a 3 
Kansas 5 Conventional B19a 3 
Kansas 6 Conventional Clla 1 
Kansas 6 Conventional C18a 7 
Kansas 6 Conventional C20a 7 
Kansas 6 Conventional C24a 7 
Kansas 6 Conventional C25a 1 
Kansas 8 Conventional None recovered. 
Kansas 9 Conventional None recovered. 
Iowa 10 Conventional None recovered. 
Iowa 11 Conventional None recovered. 
Iowa 12 Conventional None recovered. 
Iowa 13 Conventional None recovered. 
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Origin Flock No. Flock Type Isolate MRP 

Iowa 14 Conventional None recovered. 
Iowa 15 Conventional None recovered. 
Iowa 16 Conventional D28a 8 
Iowa 16 Conventional D30a 8 
Iowa 16 Conventional D31a 8 
Iowa 16 Conventional D32a 8 
Iowa 16 Conventional D33a 8 
Iowa 16 Conventional D34q 8 
Iowa 16 Conventional D37a 8 
Iowa 16 Conventional D38a 9 
Iowa 16 Conventional D41a 9 
Iowa 16 Conventional D42a 9 
Iowa 16 Conventional D44a 7 
Iowa 16 Conventional D45a 8 
Iowa 16 Conventional D48a 9 
Iowa 16 Conventional D49a 9 
Iowa 17 Conventional None recovered. 
Iowa 18 Conventional None recovered. 

Macrophage J774A.1 Survival Assays 

Macrophage survival assays were completed in triplicates for all 63 isolates, and 

results indicate averages of the colony forming units (CFU) enumerated of viable C. 

jejuni at each time interval of 24, 48 and 72 hours. Those isolates that were recovered at 

more than l.OOE+03 CFU at 72 hours were characterized as having the ability to survive 

in macrophages. A wide range of survival within macrophages were observed, ranging 

from recovery of 5.00E+00 to 5.42E+04 CFU/ml based on an average inoculum of 

1 .OOE+07 viable bacteria per well (Table 7). 



Table 7. Results of recovery of C jejuni isolates after survival in macrophage J774A.1 in CFU/ml at timepoints of 24, 
48, and 72 h from average inoculum of l.OOE+07. 

Isolate MRP Flock No. Flock Type 24h* 48h* 72h* 

Ala 8 1 Organic 5.67E+02 l.OOE+03 3.83E+01 
A2a 8 1 Organic 4.50E+02 2.78E+03 7.10E+02 
A3a 1 1 Organic 2.05E+03 5.71E+03 3.45E+02 
A4a 8 1 Organic 1.60E+04 2.61E+03 2.65E+02 
A5a 8 1 Organic 3.92E+03 1.98E+03 1.50E+02 
A7a 8 1 Organic 1.33E+03 3.83E+02 2.00E+02 
A8a 8 1 Organic 8.79E+03 5.47E+03 4.33E+01 
A9a 12 1 Organic 3.12E+04 5.38E+03 1.27E+02 
Alia 11 4 Organic 3.17E+01 1.85E+03 1.30E+03 
A12a 1 4 Organic 1.31E+03 7.17E+03 6.17E+01 
A13a 1 4 Organic 6.67E+02 1.40E+03 l.OOE+01 
A14a 1 4 Organic 1.58E+03 2.52E+03 1.17E+03 

A15a 1 4 Organic 1.58E+02 1.80E+04 4.85E+02 

A16a 11 4 Organic 1.63E+03 2.03E+03 7.17E+02 

AlSa 1 4 Organic 1.51E+04 1.85E+03 1.32E+02 

A19a 4 Organic 5.50E+01 6.53E+03 1.93E+03 

A20a 1 4 Organic 2.55E+03 1.45E+03 8.83E+01 

A22a 1 4 Organic 2.02E+04 2.70E+03 6.67E+01 

A23a 1 4 Organic 9.95E+02 2.55E+03 1.17E+01 

A24a 1 4 Organic 6.41E+03 1.28E+03 5.00E+00 

A25a 1 4 Organic 2.42E+02 2.18E+03 1.67E+01 

A37a 2 7 Organic 2.78E+05 1.30E+05 8.37E+02 
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S 
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9 
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9 
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Flock No. 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
19 
22 
22 
22 
22 
22 

Flock Type 

Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 
Conventional 

24h^ 

5.28E+03 
9.32E+03 
O.OOE+00 
2.58E+02 
3.00E+01 
1.72E+02 
4.13E+02 
1.69E+03 
7.35E+02 
6.75E+03 
1.20E+02 
3.49E+03 
9.67E+02 
1.60E+03 
4.01E+03 
8.05E+02 
1.09E+03 
2.71E+03 
2.80E+03 
5.35E+02 
2.69E+03 
8.22E+03 
6.55E+02 
4.82E+02 
1.18E+03 
1.53E+02 
3.47E+04 

48h' 

5.77E+04 
1.48E+04 
5.17E+01 
1.98E+04 
2.37E+03 
4.88E+03 
2.45E+03 
l.OOE+05 
1.54E+05 
5.68E+04 
4.71E+04 
2.80E+05 
9.43E+04 
1.64E+04 
3.38E+04 
1.22E+05 
1.16E+05 
2.56E+05 
8.07E+04 
3.73E+04 
8.72E+04 
6.17E+03 
2.21E+04 
3.47E+04 
3.42E+03 
6.11E+04 
4.08E+04 

72h* 

2.42E+02 
2.25E+03 
7.00E+01 
2.03E+02 
2.83E+01 
1.20E+02 
1.13E+02 
6.31E+03 
7.57E+02 
1.90E+03 
5.42E+04 
6.83E+03 
8.68E+03 
1.93E+02 
5.98E+03 
2.73E+04 
5.22E+04 
2.92E+04 
6.33E+01 
4.20E+04 
1.18E+04 
4.83E+01 
7.33E+01 
1.27E+03 
4.58E+02 
1.89E+03 
4.21E+03 o 



Isolate MRP Flock No. Flock Type 24h* 4Sh* 12h* 

G21a 22 Conventional 1.80E+03 9.00E+03 6.95E+03 
G22a 22 Conventional 8.50E+03 3.60E+04 1.75E+03 
G26a 22 Conventional 2.10E+03 1.47E+04 2.58E+03 
Hla 20 Conventional 3.33E+00 9.92E+02 2.17E+01 
Hla 20 Conventional 5.80E+03 4.14E+04 3.28E+03 
H3a 20 Conventional 1.68E+03 9.00E+02 1.67E+01 
H4a 20 Conventional 1.48E+03 4.59E+04 1.42E+03 
H5a 20 Conventional 3.55E+02 2.41E+04 1.04E+03 
H8a 20 Conventional l.OOE+04 l.OOE+04 l.OOE+Ol 
H29a 23 Conventional 2.52E+03 3.70E+04 4.17E+02 

I6a 21 
Free Range 

Antibiotic free 3.27E+04 5.68E+04 1.72E+02 

I7a 21 
Free Range 

Antibiotic free 7.58E+03 2.37E+04 1.87E+02 

I16a 24 
Free Range 

Antibiotic free 2.60E+02 2.85E+03 3.52E+02 

I22a 24 
Free Range 

Antibiotic free 3.00E+03 1.97E+04 8.55E+02 

M129 
Positive 
Control Clinical Isolate 2.12E+04 7.60E+04 4.68E+04 

Average of triplicates of viable C. jejuni per well at specified timepoint 
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When comparing between types of flocks, survival rates were higher for 

conventional flocks. Twenty-one out of 37 (56.8%) of poultry isolates from conventional 

flocks were able to survive whereas only 3 out of 22 (13.6%) of poultry isolates from 

organic flocks were able to survive. Zero percent of isolates from free-range antibiotic-

free flocks were able to survive but only 4 were recovered (Table 8). In general, the 

majority of poultry isolates, 61.9% (39/63), did not exhibit the ability to survive in 

macrophages. 

Table 8. Comparison of ability to survive in macrophages of organic, conventional 
and free-range antibiotic-free C jejuni isolates 

Type of flock Ability to survive: 
recovery at 72hours of > 

l.OOE+03 

Percentage 

Organic 3/22 13.6% 

Conventional 21/37 56.8% 

Free-range antibiotic-free 0/4 0% 

Epithelial Hep-2 Attachment and Invasion Assays 

Epithelial attachment and invasion assays with Hep-2 human epithelial cells were 

completed in triplicate for all 63 isolates, and results indicate averages of the colony 

forming units (CFU) enumerated of viable C. jejuni at 6 hours, with invasion resuhing 

from the use of a bactericidal concentration of gentamicin 3 hours prior. Those isolates 

that were recovered at more than l.OOE+03 CFU/ml for invasion were characterized as 
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having the ability to invade epithelial cells. A wide range of results for invasion were 

observed, ranging from recovery of no viable C. jejuni to 2.90E+04 CFU/ml based on an 

average inoculum of l.OOE+07 viable bacteria per well (Table 9). A wide range of 

adherence was also observed as indicated in Table 9. 
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Table 9. Results of C. jejuni adherence and invasion of Hep-2 epithelial cells in 
CFU/ml from average inoculum of l.OOE+07. 

Isolate MRP Flock No. Flock Type Invasion* 
Adherence and 

Invasion* 

Ala 8 1 Organic 6.67E+00 3.08E+02 
A2a 8 1 Organic 1.83E+01 1.70E+02 
A3a 1 1 Organic l.OOE+01 7.00E+01 
A4a 8 1 Organic 1.67E+01 2.23E+02 
A5a 8 1 Organic 3.00E+01 2.33E+02 
A7a 8 1 Organic 1.67E+00 1.08E+02 
A8a 8 1 Organic 1.67E+00 5.43E+02 
A9a 12 1 Organic 2.90E+04 l,81E+05 
Alia 11 4 Organic 3.33E+00 7.55E+03 
A12a 1 4 Organic 1.67E+00 2.58E+02 
A13a 1 4 Organic O.OOE+00 5.16E+03 
A14a 1 4 Organic O.OOE+00 3.30E+02 
A15a 1 4 Organic O.OOE+00 1.78E+03 
A16a 11 4 Organic 2.80E+02 4.13E+03 
A18a 1 4 Organic O.OOE+00 3.28E+02 
A19a 8 4 Organic 2.00E+01 2.93E+02 
A20a 1 4 Organic O.OOE+00 9.02E+02 
A22a 1 4 Organic O.OOE+00 1.97E+02 
A23a 1 4 Organic O.OOE+00 3.32E+02 
A24a 1 4 Organic O.OOE+00 6.50E+02 
A25a 1 4 Organic O.OOE+00 3.83E+01 
A37a 2 7 Organic 4.70E+02 1.50E+04 
B13a 3 5 Conventional 1.67E+01 2.67E+03 
B19a 3 5 Conventional 4.83E+01 6.42E+03 
Clla 1 6 Conventional O.OOE+00 4.45E+02 
C18a 7 6 Conventional 1.67E+00 3.25E+03 
C20a 7 6 Conventional O.OOE+00 7.02E+03 
C24a 7 6 Conventional O.OOE+00 6.92E+03 
C25a 1 6 Conventional O.OOE+00 4.83E+01 
D28a 8 16 Conventional 3.17E+02 4.42E+03 
D30a 8 16 Conventional 1.72E+03 1.35E+05 
D31a 8 16 Conventional 7.96E+03 3.19E+04 
D32a 8 16 Conventional 2.20E+02 2.28E+04 
D33a 8 16 Conventional 1.46E+04 3.67E+05 
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Isolate MRP Flock No. Flock Type Invasion* 
Adherence and 

Invasion* 

D34a 8 16 Conventional 4.91E+03 4.16E+04 
D37a 8 16 Conventional 1.73E+03 2.02E+04 
D38a 9 16 Conventional 2.00E+01 1.08E+03 
D41a 9 16 Conventional 1.83E+01 3.17E+01 
D42a 9 16 Conventional 3.33E+00 2.08E+02 
D44a 7 16 Conventional 2.50E+01 3.43E+02 
D45a 8 16 Conventional O.OOE+00 2.33E+03 
D48a 9 16 Conventional 1.33E+01 l.OOE+03 
D49a 9 16 Conventional 5.00E+01 2.00E+02 
G9a 19 Conventional 6.67E+00 1.32E+04 
Gila 22 Conventional 1.83E+01 1.32E+02 
G12a 22 Conventional 2.83E+01 8.55E+02 
G13a 22 Conventional 1.33E+01 2.17E+01 
G15a 22 Conventional 3.33E+00 5.00E+00 
G17a 22 Conventional 8.33E+00 3.95E+03 
G21a 22 Conventional 2.50E+01 1.94E+03 
G22a 22 Conventional 1.12E+02 4.11E+03 
G26a 22 Conventional 2.63E+02 2.57E+03 
Hla 20 Conventional 8.33E+01 1.62E+04 
H2a 20 Conventional 4.57E+02 1.29E+04 
H3a 20 Conventional O.OOE+00 5.17E+01 
H4a 20 Conventional O.OOE+00 1.37E+04 
H5a 20 Conventional O.OOE+00 3.67E+01 
H8a 20 Conventional O.OOE+00 5.12E+02 
H29a 23 Conventional 2.82E+02 4.57E+02 
I6a 21 Free Range Antibiotic free 5.00E+00 1.97E+04 
I7a 21 Free Range Antibiotic free 3.33E+00 2.65E+04 
I16a 24 Free Range Antibiotic free 1.95E+02 2.93E+03 
I22a 24 Free Range Antibiotic free 4.00E+01 2.38E+02 

M129 
Positive 
control Clinical Isolate 9.50E+03 5.85E+04 

* Average of triplicates of viable C. jejuni per well. 

When comparing between types of flocks, invasion rates were higher for 

conventional flocks. Five out of 37 (13.5%) of poultry isolates from conventional flocks 
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were able to invade whereas only one out of 22 (4.5%) of poultry isolates from organic 

flocks were able to invade. Zero percent of isolates from free-range antibiotic-free flocks 

were able to invade but only 4 were recovered (Table 10). In general, the majority of 

poultry isolates, 90.5% (57/63), did not exhibit the ability to invade epithelial cells. 

Interestingly, the isolate with the highest invasive ability was the organic isolate that was 

the only one in the organic group able to invade. 

Table 10. Comparison of ability to invade Hep-2 epithelial cells of organic, 
conventional, and free-range antibiotic-free C jejuni isolates 

Type of flock Ability to invade: 
recovery of > l.OOE+03 

Percentage 

Organic 1/22 4.5% 

Conventional 5/37 13.5% 

Free-range antibiotic-free 0/4 0% 

Comparison of Genotyping, Macrophage Survival, and Epithelial Invasive Traits 

The survival and invasive traits of the C. jejuni isolates do match certain 

genotypic profiles. MRP-1 tended to associate with both low survival and invasive ability 

whereas MRP-9 associated with high survival but low invasive ability. The one organic 

isolate that was able to invade, had its own unique MRP of 12. 



Table 11. Comparison of genotype, survival and invasive traits of C jejuni isolates with standard deviations. 

Isolate MRP Flock 
No. 

Flock Type 72h Survival* Std. Deviation of 
72h SurvivaP 

Invasion* Std. Deviation of 
Invasion' 

Ala 8 1 Organic 3.83E+01 3.55E+01 6.67E+00 7.64E+00 
A2a 8 1 Organic 7.10E+02 4.98E+02 1.83E+01 1.89E+01 
A3a 1 1 Organic 3.45E+02 5.68E+02 l.OOE+01 l.OOE+01 
A4a 8 1 Organic 2.65E+02 8.32E+01 1.67E+01 1.44E+01 
A5a 8 1 Organic 1.50E+02 1.18E+02 3.00E+01 4.36E+01 
A7a 8 1 Organic 2.00E+02 3.12E+02 1.67E+00 2.89Ef00 
A8a 8 1 Organic 4.33E+01 4.07E+01 1.67E+00 2.89E)-00 
A9a 12 1 Organic 1.27E+02 1.12E+02 2.90E+04 1.91Ef04 
Alia 11 4 Organic 1.30E+03 9.28E+02 3.33E+00 5.77EfOO 
A12a 1 4 Organic 6.17E+01 9.00E+01 1.67E+00 2.89E+00 

A13a 1 4 Organic l.OOE+01 1.73E+01 O.OOE+00 O.OOE+00 

A14a 1 4 Organic 1.17E+03 2.02E+03 O.OOE+00 O.OOE+00 

A15a 1 4 Organic 4.85E+02 8.27E+02 O.OOE+00 O.OOE+00 

A16a 11 4 Organic 7.17E+02 9.93E+02 2.80E+02 2.12E+02 

A18a 1 4 Organic 1.32E+02 1.86E+02 O.OOE+00 O.OOE+00 

A19a 8 4 Organic 1.93E+03 3.55E+02 2.00E+01 l.OOE+01 

A20a 1 4 Organic 8.83E+01 1.36E+02 O.OOE+00 O.OOE+00 

A22a 1 4 Organic 6.67E+01 5.77E+01 O.OOE+00 O.OOE+00 

A23a 1 4 Organic 1.17E+01 1.26E+01 O.OOE+00 O.OOE+00 

A24a 1 4 Organic 5.00E+00 8.66E+00 O.OOE+00 O.OOE+00 

A25a 1 4 Organic 1.67E+01 2.08E+01 O.OOE+00 O.OOE+00 

A37a 2 7 Organic 8.37E+02 7.09E+02 4.70E+02 3.28E+02 

B13a 3 5 Conventional 2.42E+02 1.70E+02 1.67E+01 1.61E+01 

B19a 3 5 Conventional 2.25E+03 3.68E+03 4.83E+01 1.26E+01 



Isolate MRP 
Flock 
No. Flock Type 72h SurvivaP Std. Deviation of 

72h Survival^ 
Invasion^ Std. Deviation of 

Invasion^ 
Clla 1 6 Conventional 7.00E+01 3.91E+01 O.OOE+00 O.OOE+00 
C18a 7 6 Conventional 2.03E+02 2.28E+02 1.67E+00 2.89E^00 
C20a 7 6 Conventional 2.83E+01 4.91E+01 O.OOE+00 0.00E^00 
C24a 7 6 Conventional 1.20E+02 1.78E+02 O.OOE+00 0.00E^00 
C25a 1 6 Conventional 1.13E+02 1.20E+02 O.OOE+00 O.OOE+00 
D28a 8 16 Conventional 6.31E+03 5.39E+03 3.17E+02 2.51E+02 
D30a 8 16 Conventional 7.57E+02 7.49E+02 1.72E+03 2.42E+03 
D31a 8 16 Conventional 1.90E+03 9.96E+02 7.96E+03 7.66E+03 
D32a 8 16 Conventional 5.42E+04 7.80E+04 2.20E+02 3.51E+02 
D33a 8 16 Conventional 6.83E+03 2.08E+03 1.46E+04 9.51E+03 
D34a 8 16 Conventional 8.68E+03 9.40E+03 4.91E+03 3.42E+03 
D37a 8 16 Conventional 1.93E+02 2.52E+02 1.73E+03 1.57E+03 
D38a 9 16 Conventional 5.98E+03 2.76E+03 2.00E+01 2.65E+01 
D41a 9 16 Conventional 2.73E+04 2.84E+04 1.83E+01 1.61E+01 
D42a 9 16 Conventional 5.22E+04 4.55E+04 3.33E+00 2.89E+00 

D44a 7 16 Conventional 2.92E+04 1.88E+04 2.50E+01 2.18E+01 
D45a 8 16 Conventional 6.33E+01 5.84E+01 O.OOE+00 O.OOE+00 

D48a 9 16 Conventional 4.20E+04 4.69E+04 1.33E+01 1.15E+01 

D49a 9 16 Conventional 1.18E+04 1.43E+04 5.00E+01 3.77E+01 

G9a 19 Conventional 4.83E+01 3.79E+01 6.67E+00 7.64E+00 

Gila 22 Conventional 7.33E+01 l.lOE+02 1.83E+01 2.36E+01 

G12a 22 Conventional 1.27E+03 1.07E+03 2.83E+01 1.53E+01 

G13a 22 Conventional 4.58E-K)2 7.29E+02 1.33E+01 2.31E+01 



Isolate MRP 
Flock 
No. Flock Type 72h Survival^ Std. Deviation of 

72h SurvivaP 
Invasion' Std. Deviation of 

Invasion^ 
G15a 22 Conventional 1.89E+03 1.48E+03 3.33E+00 5.77E+00 
G17a 22 Conventional 4.21E+03 4.82E+03 8.33E+00 7.64E+00 
G21a 22 Conventional 6.95E+03 3.96E+03 2.50E+01 4.33E+01 
G22a 22 Conventional 1.75E+03 9.22E+02 1.12E+02 1.52E+02 
G26a 22 Conventional 2.58E+03 2.13E+03 2.63E+02 1.55E+02 
Hla 20 Conventional 2.17E+01 2.47E+01 8.33E+01 9.75E+01 
H2a 20 Conventional 3.28E+03 1.21E+03 4.57E+02 4.03E+02 
H3a 20 Conventional 1.67E+01 1.44E+01 O.OOE+00 O.OOE+00 
H4a 20 Conventional 1.42E+03 1.18E+03 O.OOE+00 O.OOE+00 
H5a 20 Conventional 1.04E+03 9.48E+02 O.OOE+00 O.OOE+00 
H8a 20 Conventional l.OOE+01 1.32E+01 O.OOE+00 O.OOE+00 
H29a 23 Conventional 4.17E+02 3.62E+02 2.82E+02 2.67E+02 

I6a 21 
Free Range 

Antibiotic free 1.72E+02 1.35E+02 5.00E+00 5.00E+00 

I7a 21 
Free Range 

Antibiotic free 1.87E+02 1.45E+02 3.33E+00 2.89E+00 

I16a 24 
Free Range 

Antibiotic free 3.52E+02 5.62E+02 1.95E+02 1.43E+02 

I22a 24 
Free Range 

Antibiotic free 8.55E+02 1.09E+03 4.00E+01 1.32E+01 

M129 
Positive 
control Clinical Isolate 4.68E+04 1.76E+04 9.50E+03 2.65E+03 

' Average of triplicates of viable C. jejuni per well. 
^ Standard deviation of triplicates. 
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Antimicrobial Susceptibility 

A total of 63 isolates were tested for susceptibility to cefaclor, ciprofloxacin, 

tetracycline, erythromycin, gentamicin, trimethroprim/sulfamethoxazole, and ampicillin 

(Table 12 to 14). No resistance to ciprofloxacin or gentamicin was present. One isolate, 

from a conventional flock, was resistant to erythromycin, tetracycline, and 

trimethroprim/sulfamethoxazole. No other isolates exhibited resistance to erythromycin. 

Another isolate from a conventional flock exhibited resistance to ampicillin, tetracycline, 

and trimethroprim/sulfamethoxazole. No other isolates exhibited resistance to ampicillin. 

Fifty-two isolates (82.5%) were resistant to tetracycline and 28 isolates (44.4%) were 

resistant to trimethroprim/sulfamethoxazole. Six isolates (9.5%) were resistant to 

cefaclor. Twenty isolates were resistant to 2 antibiotics, mostly to tetracycline and 

trimethroprim/sulfamethoxazole. Four isolates, all of conventional flock origin, were 

resistant to 3 antibiotics, mostly to tetracycline, trimethroprim/sulfamethoxazole and one 

other antibiotic. The majority (36/63 - 57.1%) were resistant to one antibiotic with the 

next majority (20/63 - 31.7%) being resistant to two antibiotics. Only 3 out of 63 (4.8%) 

were susceptible to all antibiotics tested. 



Table 12. Minimum inhibitory concentrations of C jejuni isolates for selected antibiotics 

MIC 
N. Breakpoints Cipro Tetra Erthro- Gen ta- Trimet/ Ampi-

Nfor Resistance: Cefaclor floxacin cycline mycin micin Sulfa cillin 
(jig/ml) (Ug/ml) (Mg/ml) (jig/ml) (Hg/ml) (itg/ml) (Hg/ml) 

Isolate MRP Flock No. Type of Flock >32 >4 >16 >8 >16 >4 >32 

Ala 8 1 Organic 4 0.23 >256* 0.125 0.125 ill 0.125 
A2a 8 1 Organic 1.5 0.12 iiii 0.047 0.47 0.25 0.125 
A3a 1 1 Organic 1 0.016 96 0.064 0.125 0.15 0.125 
A4a 8 1 Organic 2 0.008 Iiii 0.064 0.032 ii 0.125 
A5a 8 1 Organic 0.094 0.012 >256 0.19 0.032 ill 0.19 
A7a 8 1 Organic 4 0.062 >25^ 1.5 0.25 1 0.25 
A8a 8 1 Organic 2 0.016 iiii 0.19 0.094 1 0.125 
A9a 12 1 Organic 2 0.008 iiii 0.38 0.094 0.5 0.125 
Alia 11 4 Organic 4 0.012 iiii 0.125 0.125 ill 0.15 

A12a 1 4 Organic 4 0.023 iiii 0.38 0.094 1 2 
A13a 1 4 Organic 12 0.023 iiii 0.75 0.125 1.5 3 

A14a 1 4 Organic 8 0.023 iiii 0.25 0.125 1.5 2 

A15a 1 4 Organic 4 0.023 nil 0,19 0.125 2 2 

A16a 11 4 Organic 6 0.008 iiii 0.19 0.094 0.75 1.5 

AlSa 1 4 Organic 16 0.023 iiii 0.5 0.19 1.5 2 

A19a 8 4 Organic 4 0.008 iiii 0.19 0.094 1 1 

A20a 1 4 Organic 16 0 023 192 0.25 0.19 1 2 

A22a 1 4 Organic 8 0 023 192 0.25 0.19 1 4 

A23a 1 4 Organic 12 0 032 192 0.38 0.125 1.5 2 
A24a 1 4 Organic 12 0 008 0.032 0.38 0.125 1 2 



Isolate MRP Flock No. 

MIC 
Breakpoints 

N(or Resistance: 

Type of Flock 

Cefaclor 
(Hg/ml) 

Cipro
floxacin 
(jig/ml) 

Tetra
cycline 
(Hg/ml) 

Erthro-
mycin 

(jig/ml) 

Genta-
micin 

(Hg/ml) 

Trimet/ 
Sulfa 

(jig/ml) 

Ampi-
cillin 

(Ug/ml) 

Isolate MRP Flock No. 

MIC 
Breakpoints 

N(or Resistance: 

Type of Flock >32 >4 >16 >8 >16 >4 >32 

A25a 1 4 Organic 3 0.023 iiii 0.38 0.125 1.5 1 
A37a 2 7 Organic 0.047 0.25 0.75 0.125 Mi 1.5 
B13a 3 5 Conventional 3 0.016 iiii 2 0.38 2 1 
B19a 3 5 Conventional 11 0.023 iiii 6 0.38 m 2 
Clla 1 6 Conventional 8 0.032 Iiii 0.38 0.38 1.5 8 
C18a 7 6 Conventional 1.5 0.004 0.023 <0.016 0.19 1 1 
C20a 7 6 Conventional 4 0.004 0.016 0.016 0.125 Hi 1 
C24a 7 6 Conventional 0.75 <0.002 0.016 0.094 0.094 ill 8 
C25a 1 6 Conventional 4 0.047 iiii 0.75 0.094 0.05 0.38 
D28a 8 16 Conventional ill 0.047 ii 0.15 0.25 m 0.19 
D30a 8 16 Conventional 8 0.064 12 1.5 0.75 0.5 0.125 
D31a 8 16 Conventional M 0.125 iiii 1 1.5 0.38 0.19 
D32a 8 16 Conventional 1.5 0.016 ii 0.125 0.38 0.023 0.047 

D33a 8 16 Conventional 2 0.032 iiii 0.38 0.38 HiH 0.19 

D34a 8 16 Conventional 4 0.032 ii 1.5 0.38 2 0.19 

D37a 8 16 Conventional ii 0.047 8 1.5 2 m 0.25 

D38a 9 16 Conventional 8 0.032 iiii 2 0.19 1.5 1 

D41a 9 16 Conventional 16 0.094 0.75 1.5 1.5 4 

D42a 9 16 Conventional 8 0.047 0.75 0.125 1 1 

D44a 7 16 Conventional 4 0.032 ill 0.5 0.125 1 2 

D45a 8 16 Conventional 24 0.047 ii 0.38 0.5 0.5 0.38 

D48a 9 16 Conventional 4 0.023 iiii 0.75 0.064 2 0.5 

D49a 9 16 Conventional 24 0.064 * m 0.19 4 



Isolate MRP Flock No. 

MIC 
Breakpoints 

xfor Resistance: 

Type of Flock 

Cefaclor 
(Hg/ml) 

Cipro
floxacin 
(Hg/ml) 

Tetra
cycline 
(Hg/ml) 

Erthro-
mycin 

(Hg/ml) 

Genta-
micin 

Trimet/ 
Sulfa 

(lig/ml) 

Ampi-
cillin 

(jig/ml) 

Isolate MRP Flock No. 

MIC 
Breakpoints 

xfor Resistance: 

Type of Flock >32 > 4 >16 >8 >16 >4 >32 

G9a 19 Conventional 24 0.032 0.032 0.038 0.038 1 2 
Gila 22 Conventional 4 0.012 iiii 0.125 0.19 Hi 4 
G12a 22 Conventional , 2 <0.002 11 0.125 <0.016 1 0.19 
G13a 22 Conventional 4 0.094 iiii 0.75 0.38 i 0.38 
G15a 22 Conventional 0.38 0.047 iiii 0.25 0.047 0.75 0.19 
G17a 22 Conventional 1.5 0.047 12 0.5 0.25 ii 0.125 
G21a 22 Conventional 3 0.032 192 0.125 0.25 2 0.19 
G22a 22 Conventional 2 0.023 16 0.094 0.38 0.5 0.094 
G26a 22 Conventional 4 0.064 iiii 0.125 0.38 pi 0.5 
Hla 20 Conventional 1.5 0.023 11 0.125 0.19 iii 1.5 
Hla 20 Conventional 16 0.047 III 0.19 0.19 iii m 
H3a 20 Conventional 2 0.023 ii 0.5 0.25 i 1 
H4a 20 Conventional 1.5 0.023 ii 0.75 0.19 0.5 1.5 

H5a 20 Conventional 2 0.23 iiii 0.38 0.25 m 2 

H8a 20 Conventional 2 0.016 96 0.094 0.25 Si 2 

H29a 23 Conventional 4 0.032 256 0.38 0.38 ii 5 



MIC 
Breakpoints 

\|or Resistance: Cefaclor 
(lig/ml) 

Cipro
floxacin 
(Ug/ml) 

Tetra
cycline 
(Hg/ml) 

Erthro-
mycin 

(jig/ml) 

Genta-
micin 

(lig/ml) 

Trimet/ 
Sulfa 

(ng/ml) 

Ampi-
cillin 

(|ig/ml) 

Isolate MRP Flock No. Type of Flock >32 >4 >16 >8 >16 >4 >32 

I6a 21 
Free Range 

Antibiotic free 12 0.32 ii 0.75 0.38 0.25 2 

I7a 21 
Free Range 

Antibiotic free • 0.012 M 0.38 0.25 0.75 1.5 

I16a 24 
Free Range 

Antibiotic free 12 0.064 12 0.25 7.5 m 0.25 

I22a 24 
Free Range 

Antibiotic free 2 0.047 iiii 0.25 0.5 11 0.19 
•Highlighted MICs indicate resistance. 

Table 13. Comparison of antibiotic resistance in isolates of various flock types 

Cefaclor Ciprofloxacin Tetracycline Erthromycin Gentamicin Trimet/Sulfa Ampicillin 

Organic 1/22 (4.5%) 0/22 (0%) 20/22 (90.0%) 0/22 (0%) 0/22 (0%) 6/22 (27.3%) 0/22 (0%) 
Conventional 4/37 (10.8%) 0/37 (0%) 29/37 (78.3%) 1/37(2.7%) 0/37 (0%) 20/37(54.1%) 1/37 (2.7%) 

Free-Range 
Antibiotic-Free 1/4 (25%) 0/4 (0%) 3/4 (75%) 0/4 (0%) 0/4 (0%) 2/4 (50%) ( 74 (0%) 

Total 6/63 (9.5%) 0/63 (0%) 52/63 (82.5%) 1/63 (1.6%) 0/63 (0%) 28/63 (44.4%) 1/53 (1.6%) 



Table 14. Comparison of multi-drug resistance in isolates of various flock types 

No resistance Resistance to one 
antibiotic 

Resistance to two 
antibiotics 

Resistance to three 
antibiotics 

Organic 1/22 (4.5%) 15/22 (68.2%) 6/22 (27.3%) 0/22 (0%) 
Conventional 2/37 (5.4%) 19/37 (51.4%) 12/37 (32.4%) 4/37 (10.8%) 
Free-Range 

Antibiotic-Free 
0/4 (0%) 2/4 (50%) 2/4 (50%) 0/4 (0%) 

Total 3/63 (4.8%) 36/63 (57.1%) 20/63 (31.7%) 4/63 (6.3%) 
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In Vivo Piglet Model Studies 

Five poultry isolates based on varying survival and invasive properties were 

chosen for inoculation (Table 15) into the piglets as described by Table 2. 

Table 15. Isolates chosen for experimentation in piglet studies 

Isolate MRP Type of Flock Survival 

Properties 

Invasive 
properties 

A9a 12 Organic Low-
1.27E+02 

High-
2.90E+04 

A13a 1 
Organic 

Low-
l.OOE+01 

None-
O.OOE+00 

A14a 1 Organic High-
1.17E+03 

None -
O.OOE+00 

D33a 8 Conventional High-
6.83E+03 

High-
1.46E+04 

D42a 9 Conventional High-
5.22E+04 

Low-
3.33E+00 

The feces of the sows were tested the week prior to the arrival of the piglets for 

the presence of C. jejuni. None of the sows tested positive for C. jejuni. Upon arrival, 

each piglet was swabbed rectally and tested for the presence of C jejuni. None of the 

piglets tested positive for C. jejuni as tested by PGR. 

Prior to inoculation of the piglets, each isolate was harvested in Mueller Hinton 

9 
broth and adjusted to approximately 10 logjp organisms per ml of formula milk. Five 

piglets per isolate to total 25 piglets were inoculated orogastrically with 20 ml of the 
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formula on the day of arrival. Prior to harvesting of the isolates into Mueller Hinton 

broth, each isolate was observed microscopically for motility. All had some motility, 

ranging from low to high (Table 16). The isolates from the organic flocks were small, 

individual rods with few chains whereas the isolates from the conventional flocks formed 

many chains in zigzag formation. 

Table 16. Microscopic observations of isolates prior to inoculation of piglets 

Isolate Type of flock Motility (Scale 0-
3)* (24 h culture) 

Morphology 

A9a Organic 3 Small individual rods, 
few chains 

A13a Organic 1 Small individual rods, 
few chains 

A14a Organic 1 Small individual rods, 
few chains 

D33a Conventional 2 Many chains, zigzag 
formation 

D42a Conventional 2 Many chains, zigzag 
formation 

* 0 - No motility; 1 - Low motility, 2 - Medium motility, 3 - Fastest darting motility 

The Mueller Hinton broth and the formula milk were serially diluted and plated to 

enumerate viable counts of C. jejuni (Table 17). 
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Table 17. Viable numbers of C. jejuni inoculated into piglets per mi as enumerated 
on Mueller Hinton blood agar plates. 

Isolate Viable CFUofC 
jejuni/ml in milk 

Viable CFUofC 
jejuni/ml in broth 

Piglets ED. 

A9a 3.00E+09 3.00E+09 21,22,26,27,28 

A13a 2.00E+09 5.00E+09 52,53,54,56,57 

A14a 1.20E+10 3.00E+09 60,61,62,63,65 

D33a l.OOE+09 2.00E+09 80,81,82,83,84 

D42a 3.00E+08 5.00E+08 90,91,94,95,99 

Piglets were swabbed rectally daily and observed for symptoms of diarrhea. 

Swabs were recorded as normal for those characterized by dark brownish thicker stools 

or none present (clean swab) or as having diarrhea for those characterized by tan, runny 

stools (Table 18). All piglets still alive on day 6 post inoculation were euthanized and 

necropsied. 
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Table 18. Clinical symptoms of pigs infected with poultry C jejuni. 

Isolate Piglet 
ID 

Day 1 Post 
inoculation 

Day 2 Post 
inoculation 

Day 3 Post 
inoculation 

Day 4 Post 
inoculation 

Day 5 Post 
inoculation 

A9a 21 Normal Normal Soft but 
Normal 

Soft but 
Normal 

Soft but 
Normal 

A9a 22 Normal Normal Diarrhea Diarrhea Diarrhea 

A9a 26 Soft but 
normal 

Diarrhea Diarrhea Died 

A9a 27 Soft but 
normal 

Normal Diarrhea Diarrhea Diarrhea 

A9a 28 Soft but 
normal 

Normal Diarrhea Diarrhea Diarrhea 

A13a 52 Normal Normal Soft Normal Diarrhea 

A13a 53 Normal Normal Died 

A13a 54 Diarrhea Diarrhea Diarrhea Diarrhea Diarrhea 

A13a 56 Soft but 
normal 

Normal Died 

A13a 57 Normal Normal Died 

A14a 60 Soft but 
normal 

Normal Diarrhea 
Died 

A14a 61 Normal Normal Diarrhea Normal Normal 

A14a 62 Normal Normal Diarrhea Normal 
Died 

A14a 63 Diarrhea Diarrhea Diarrhea Diarrhea Diarrhea 

A14a 65 Normal Normal Diarrhea Diarrhea Diarrhea 

D33a 80 Normal Normal Soft 
diarrhea 

Soft 
diarrhea 

Soft 
diarrhea 

D33a 81 Normal Normal Normal Normal Normal 

D33a 82 Normal Normal Soft but 
normal 

Soft but 
normal 

Soft but 
normal 

D33a 83 Normal Normal Soft but 
normal 

Soft but 
normal 
Died 
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Isolate Piglet 
ID 

Day 1 Post 
inoculation 

Day 2 Post 
inoculation inoculation 

Day 4 Post 
inoculation 

Day 5 Post 
inoculation 

D33a 84 Normal Normal Diarrhea 
Died 

D42a 90 Diarrhea Diarrhea Diarrhea Diarrhea Diarrhea 

D42a 91 Normal Normal Diarrhea Diarrhea Diarrhea 

D42a 94 Soft but 
normal 

Normal Diarrhea Diarrhea Diarrhea 

D42a 95 Soft but 
normal 

Normal Diarrhea Diarrhea Diarrhea 

D42a 99 Normal Normal Normal 
Died 

Total for 
diarrheal 
symptoms 
that were 
swabbed 

3/25 4/25 16/21 11/18 12/16 

At necropsy, gross examination observations were recorded for each piglet for 

each group (Table 19 to 23). Regardless of which group and in vitro putative virulence 

properties, most piglets in all groups had hyperemia, mucus, edema, and hemorrhage in 

either their small intestine, cecum, and/or colon. 



Table 19. Gross examination results of necropsy of piglets - A9a, Organic, Low survival, High invasion. 

Isolate Piglet 
ID Organs Jejunum Ileum Cecum Colon Other notes 

MRP 12, Organic, Survival: 1.27E+02, Invasion: 2.90E+04 

A9a 21 Normal Some mucus 
present & 
hyperemic 

Hj^eremic Very hyperemic, 
lots of gas 

Very hyperemic 

A9a 22 Normal Hyperemic 
with lots of 
mucus 

Hyperemic 
with lots of 
mucus 

Hyperemic with 
edema 

Very hyperemic 
with edema 

Small intestine 
mesentery and 
lymph nodes 
enlai'ged 

A9a 26 Mucus Mucus Lots of gas Post-mortem 

A9a 27 Hemorrhage Hemorrhage Lots of gas Post-mortem 

A9a 28 Necrosis in 
lungs, other 
organs normal 

Hyperemic Hyperemic Very loose 
contents 

Very hyperemic 
with mucus 

Colonic 
mesentery 
hyperemic 



Table 20. Gross examination results of necropsy of piglets - A13a, Organic, Low survival, No invasion. 

Isolate Piglet 
ID Organs Jejunum Ileum Cecum Colon Other notes 

MRP 1, Organic, Survival; l.OOE+01, Invasion; O.OOE+00 

A13a 52 Normal Normal Hemorrhage Hemorrhage and 
lots of watery 
fluid 

Lots of watery 
fluid 

A13a 53 Normal Very 
hyperemic 

Very 
hyperemic 

Hemorrhage and 
hyperemic 

Very flaccid, lots 
of gas, hyperemic 

Post-mortem 

A13a 54 Normal Mucus Normal Hyperemic Normal 

A13a 56 Normal Hemorrhage Hyperemic 
but normal 

Hyperemic but 
fecal material 
somewhat normal 

Hyperemic but 
fecal material 
somewhat normal 

Post-mortem 

A13a 57 Normal Normal Very thick, 
edematous 
and 
hyperemic 

Hyperemic Hemorrhage 



Tabled 1. Gross examination results of necropsy of piglets - A14a, Organic, High survival, No invasion. 

Isolate Piglet 
ID Organs Jejunum Ileum Cecum Colon Other notes 

MRP 1, Organic, Survival: 1.17E+03, Invasion: O.OOE+00 

A14a 60 Normal Slightly 
hyperemic, 
lots of fluid 

Slightly 
hyperemic, 
lots of fluid 

Fluid and gas Lots of fluid, very 
edematous, 
maybe 
hemorrhage 

Mesentery is 
hyperemic. 

A14a 61 Normal Mucus Mucus Hyperemic Very edematous 
and hyperemic 

A14a 62 Hemorrhage Normal Normal Post-mortem 

A14a 63 Normal Very 
hyperemic, 
lots of edema 

Lots of 
edema, 
petechial 
hemorrhage 

Lots of fluid, 
hyperemic 

Lots of gas but 
normal otherwise 

A14a 65 Normal Mucus Slightly 
hyperemic 

Lots of edema 
and watery fluid 

Normal 



Table 22. Gross examination results of necropsy of piglets - D33a, Conventional, High survival, High invasion. 

Isolate Piglet 
m Organs Jejunum Ileum Cecum Colon Other notes 

MRP 8, Conventional, Survival: 6.83E+03, Invasion: 1.46E+04 

D33a 80 Lungs 
congested, 
other organs 
normal 

Normal Normal Normal Normal, no 
contents 

D33a 81 Normal Normal Mucus and 
edema 

Hyperemic but 
normal 

Hyperemic 

D33a 82 Normal Bit of mucus 
but normal 

Normal Normal Normal 

D33a 83 Hemorrhage Hemorrhage Hemorrhage Hemorrhage Post mortem; 
hemorrhage 
everjwhere 

D33a 84 Lungs 
congested, 
other organs 
normal 

Hyperemic, 
edematous 

Hyperemic, 
mucus 

Hyperemic, 
edematous 

Mucus Severe 
mesentery 
edema in colon 



Table 23. Gross examination results of necropsy of piglets - D42a, Conventional, High survival, Low invasion. 

Isolate Piglet 
ID Organs Jejunum Heum Cecum Colon Other notes 

MRP 9, Conventional, Survival; 5.22E+04, Invasion: 3.33E+00 

D42a 90 Normal Lots of gas, 
slightly 
hyperemic 

Hemorrhage, 
hyperemic, 
lots of gas 

Lots of gas, 
hyperemic 

Normal Lots of 
mesentery 
edema in small 
intes ;ine, very 
hyptremic 

D42a 91 Normal Nonnal Hemorrhage Hyperemic, 
watery feces 

Hyperemic 

D42a 94 Normal Mucus but 
normal 

Edema and 
mucus 

Lots of fluid, 
mucus 

Soft contents 

D42a 95 Normal Gas and 
mucus but 
normal 

Mucus, 
slightly 
hyperemic 

Slightly 
hyperemic but 
normal 

Normal 

D42a 99 Lungs 
congested, 
other organs 
normal 

Normal Normal Normal Normal 
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Portions of the small intestine, colon and cecum were fixed in 10% buffered 

formalin and delivered to the Veterinary Diagnostic Laboratory for microscopic 

examination by Dr. Clock (Table 24). 



Table 24. Microscopic examination results (histology reports) of piglets. 

Isolate Pig 
m 

Small Intestine Large Intestine 

A9a - MRP 12, 
Organic, Survival: 
1.27E+02, Invasion: 
2.90E+04 

21 No microscopic lesions (NML) Areas vary but some have mild superficial 
mucosal erosion. Mucosa is congested. 

A9a - MRP 12, 
Organic, Survival: 
1.27E+02, Invasion: 
2.90E+04 

22 NML NML 

A9a - MRP 12, 
Organic, Survival: 
1.27E+02, Invasion: 
2.90E+04 26 Some villus degeneration with loss of 

epithelium. 
Diffiise superficial mucosal erosion. 

A9a - MRP 12, 
Organic, Survival: 
1.27E+02, Invasion: 
2.90E+04 

27 Acute villus degeneration with congestion 
of lamina propria and loss of epithelium. 
No inflammatory response. Some due to 
autolysis. 

Very mild mucosal erosion. Some slightly 
dilated crypts. 

A9a - MRP 12, 
Organic, Survival: 
1.27E+02, Invasion: 
2.90E+04 

28 NML NML 

A13a-MRP 1, 
Organic, Survival: 
l.OOE+01, Invasion: 
O.OOE+00 

52 NML NML A13a-MRP 1, 
Organic, Survival: 
l.OOE+01, Invasion: 
O.OOE+00 

53 NML Some erosion of superficial mucosa. 
Congested mucosa and some fibrin 
exudation. 

A13a-MRP 1, 
Organic, Survival: 
l.OOE+01, Invasion: 
O.OOE+00 

54 NML NML 

A13a-MRP 1, 
Organic, Survival: 
l.OOE+01, Invasion: 
O.OOE+00 

56 Marked degeneration of villi with 
congestion and loss of epithelium. No 
inflammatory response. 

Mild superficial erosion. 

A13a-MRP 1, 
Organic, Survival: 
l.OOE+01, Invasion: 
O.OOE+00 

57 Some villous degeneration with loss of 
epithelium but no inflammatory response. 

Some epithelial erosion and congestion in 
superficial mucosa. 



Isolate Pig 
ID 

Small Intestine Large Intestine 

A14a - MRP 1, 
Organic, Survival; 
1.17E+03, Invasion: 
O.OOE+00 

60 NML NML. A14a - MRP 1, 
Organic, Survival; 
1.17E+03, Invasion: 
O.OOE+00 

61 NML Areas with mild epithelial erosion, 
increased inflammatory cells in lamina 
propria and some crypts slightly distended 
with inflammatory cells. 

A14a - MRP 1, 
Organic, Survival; 
1.17E+03, Invasion: 
O.OOE+00 

62 Extensive degeneration of villi with loss 
of epithelium and some congestion. Has 
appearance of breakup of villus integrity 
but with no identifiable inflammatory 
response. 

NML 

A14a - MRP 1, 
Organic, Survival; 
1.17E+03, Invasion: 
O.OOE+00 

63 NML NML 

A14a - MRP 1, 
Organic, Survival; 
1.17E+03, Invasion: 
O.OOE+00 

65 NML NML 

D33a - MRP 8, 
Conventional, 
Survival: 6.83E+03, 
Invasion: 1.46E+04 

80 NML NML D33a - MRP 8, 
Conventional, 
Survival: 6.83E+03, 
Invasion: 1.46E+04 

81 NML NML 

D33a - MRP 8, 
Conventional, 
Survival: 6.83E+03, 
Invasion: 1.46E+04 82 NML NML 

D33a - MRP 8, 
Conventional, 
Survival: 6.83E+03, 
Invasion: 1.46E+04 

83 Some villus degeneration but suspect it 
may be partly autolysis. Appears to have a 
degenerative change with congested villi, 
loss of villum epithelium and no 
significant associated inflammatory 
response. Suspect peracute irritant with 
primary effect on epithelium. 

NML 

D33a - MRP 8, 
Conventional, 
Survival: 6.83E+03, 
Invasion: 1.46E+04 

84 Villi are congested. Very mild erosion of lumen epithelium may 
be artifact. 



Isolate Pig 
ID 

Small Intestine Large Intestine 

D42a - MRP 9, 
Conventional, 
Survival: 5.22E+04, 
Invasion: 3.33E+00 

90 NML NML D42a - MRP 9, 
Conventional, 
Survival: 5.22E+04, 
Invasion: 3.33E+00 

91 NML NML 

D42a - MRP 9, 
Conventional, 
Survival: 5.22E+04, 
Invasion: 3.33E+00 94 NML NML 

D42a - MRP 9, 
Conventional, 
Survival: 5.22E+04, 
Invasion: 3.33E+00 

95 NML NML 

D42a - MRP 9, 
Conventional, 
Survival: 5.22E+04, 
Invasion: 3.33E+00 

99 NML NML 
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The results of the gross examination combined with the microscopic examination 

(Table 25) indicate that the group of piglets most severely affected to the group least 

severely affected are as follows: A13a > A9a > A14a > D33a > D42a. 

Table 25. Summary of gross and microscopic examination results of piglets. 

Gross Examination 
Microscopic 
Examination 

(Histology Reports) 

Isolate 

Piglet Ids. 

Mucus/edema 

/gas 

Hyperemic Hemorrhage Congested 
mucosa 

Epithelial 
erosion 

A9a 

(S-I+)* 

#21,22,26,27,28 

5/5 3/5 1/5 2/5 3/5 

A13a 
(S-I-)-
#52,53,54,56,57 

2/5 4/5 4/5 3/5 3/5 

A14a 
(S+I-)* 

#60,61,62,63,65 

4/5 4/5 3/5 1/5 2/5 

D33a 
(S+I+)* 

#80,81,82,83,84 

2/5 2/5 1/5 2/5 2/5 

D42a 
(S+I-)* 

#90,91,94,95,99 

3/5 3/5 2/5 0/5 0/5 

Total: 16/25 16/25 11/25 8/25 10/25 

* S+ Ability to survive; S- Inability to survive; 1+ Ability to invade; I- nability to invade 
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DISCUSSION 

Prevalence of C jejuni from Broiler Chickens 

Twelve out of 27 (44%) flocks were positive for C. jejuni with a total of 63 out of 

435 (14.5%) C jejuni isolates harvested. We increased our sampling numbers per flock 

as sampling progressed to ensure adequate numbers of C. jejuni to test in vitro. This 

prevalence rate of 14.5% falls on the lower range of 4 to 100% for rates in the United 

States (Stem et al, 2001; Byrd et al., 1998; Musgrove et al., 2001). This difference can 

be attributed to this study's prevalence rate relating only to C. jejuni and not including C 

coli as prevalence rates in the literature includes Campylobacter spp. Additionally, the 

samples were taken from May to December 2003 and studies have associated higher 

Campylobacter rates in the summer (Butzler, 2004; Louis et al., 2005). The highest 

prevalence in this study in regards to season correlates well with literature and was in 

August when 46% (29/63) of the positives were isolated. Higher temperature and sunlight 

have been associated with higher rates, with the greatest effects with temperatures above 

13°C (Patrick et al., 2004) which may have influenced the lower rate as some of the 

sampling occurred during periods of colder temperature and rain. International rates 

ranged from 19.7% in Chile (Fernandez and Torres, 2000), 18% in Norway (Kapperud et 

al., 1993), 27% in Sweden (Bemdtson et al, 1996), 40% in Denmark (Wedderkopp et al., 

2000), 41% in Germany (Atanassova and Ring, 1999), 43% in France (Refregier-Petton 

et al, 2001), over 90% in United Kingdom (Evans and Sayers, 2000), and 80% in Italy 

(Newell and Feamley, 2003). 

Prevalence was much higher in organic flocks than in conventional flocks with 
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40% of the organic samples being positive (22/55) as compared to 11% (37/330) in the 

conventional flocks. As for flock positivity, 3 out of 4 (75%) organic flocks were 

positive compared to 2 out of 3 (67%) for free-range antibiotic-free flocks and only 7 out 

of 20 (35%) for conventional flocks. Only one study in Denmark was published regarding 

organic flocks and out of 160 broiler flocks, their prevalence rates were comparable for 

both organic flocks with a prevalence of 100% and conventional flocks with a rate of 

36.7% (Heuer et al., 2001). These higher rates for organic and free-range flocks can be 

expected as conventional broiler houses are closed systems compared to organic and free-

range systems where chickens are routinely exposed to the exterior environment where 

Campylobacter is ubiquitous in the environment including in standing water and soils, 

and where contact with domestic animals and wildlife such as wild birds, vermin and 

insects can occur. 

Macrorestriction Profiles - Pulsed Field Gel Electrophoresis 

Isolates from the Kansas farm and Iowa farm were subjected to macrorestriction 

profiling (MRP) using the Smal restriction enzyme to determine their genetic relatedness. 

Genotyping of isolates indicated that the larger the flock, the more macrorestriction 

profiles observed and 1 to 3 profiles were noted. Literature does indicate that in the 

United States, multiple strains of Campylobacter are isolated from broiler flocks which 

correlates with our data (Newell and Feamley, 2003). As some profiles were present in 

both organic and conventional flocks as well as in both Kansas and Iowa states, no 

correlation was found between genotypes and type of flock. 
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Survival within Macrophages 

Of the 22 organic isolates, only 3 were able to survive within macrophages 

3 
through 72 h at viable counts of > 10 logio whereas for the conventional isolates, 21 out 

of 37 were able to survive. No literature has been reported on the survival abilities of 

poultry isolates in macrophages. The theory is that if isolates were able to establish 

themselves within a human host and were able to survive by circulating and reproducing 

in macrophages, they might be capable of causing systemic disease. However, as 

different hosts vary in their ability to fight infection, it is not possible to state that isolates 

that survive well through 72 h would cause invasive disease (Wassenaar et al., 1997). 

None of the free-range antibiotic-free isolates were able to survive but as there are only 4 

samples, this is too small a sampling number to be included. 

Attachment and Invasion of Epithelial Cells 

All isolates, both from organic and conventional chickens, were capable of 

adhering to epithelial cells. However, the majority of isolates from both organic and 

conventional isolates were not capable of invading epithelial cells. Only 1 out of 22 

3 
organic isolates were capable of invading epithelial cells at viable counts of ^ 10 ^ogio 

and only 5 out of 37 conventional isolates were capable of invasion. None of the 4 

isolates from the free-range antibiotic-free flocks were capable of invasion. However, 

once again, this is a very small sample number. A recent study comparing the invasive 

properties of Campylobacter isolates from poultry and humans resulted in the invasive 
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ability of human isolates of Campylobacter to be statistically higher than that of poultry, 

which correlates with our data (Nadeau et al, 2003). 

One of the accepted virulence factors in the pathogenesis of Campylobacter is its 

binding and entry into cells. Clinical and experimental evidence points to invasion being 

one of the many pathogenic mechanisms used by C. jejuni to cause disease. Invasion can 

lead to mucosal damage and subsequent inflammation and possibly, diarrhea (van Vliet 

and Ketley, 2001). Several studies have linked the ability of C. jejuni isolates to invade 

epithelial cells with the ability to cause illness (De Melo et al., 1989; Fauchere et al., 

1986). According to this association, poultry isolates would be less virulent than human 

isolates as they have little invasive ability. However, as studies have been with clinical 

isolates rather than with isolates from other sources, there is little data comparing 

invasive abilities of various isolates and none in providing reproducible experiments that 

correlate invasive C. jejuni isolates from non-human sources to inducing human disease. 

Antimicrobial Susceptibility 

As the use of antimicrobial agents in food animals has caused concern in regards 

to the impact of public health, antibiotic susceptibility testing to cefaclor, ciprofloxacin, 

tetracycline, erythromycin, gentamicin, trimethroprim/sulfamethoxazole, and ampicillin 

using E-test strips were performed. Unlike the human isolates tested in NARMS which 

reported a rise to 21% in 2002 from 12% in 1997 of C. jejuni isolates resistant to 

ciprofloxacin (http://www.cdc.gov/narms/annual/2002/2002%20ANNUAL%20REPORT 

%20FINAL.pdf). no isolates in this study exhibited resistance to ciprofloxacin. 
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Consistent to literature, no resistance was seen for gentamicin and only one isolate was 

resistant to erythromycin. 

Fifty-two isolates out of 63 (82.5%) were resistant to tetracycline, 28 isolates 

(44.4%) to trimethroprim/sulfamethoxazole, and 6 isolates (9.5%) to cefaclor. Twenty 

isolates were resistant to 2 antibiotics, mostly to tetracycline and trimethroprim/ 

sulfamethoxazole. Four isolates, all of conventional flock origin, were resistant to 3 

antibiotics, mostly to tetracycline, trimethroprim/sulfamethoxazole and one other 

antibiotic, indicating more multiple resistance in the conventional group. However, 

although none of the isolates fi^om organic flocks were resistant to 3 antibiotics, in 

general, the results for resistance were similar. The majority (36/63 - 57.1%) were 

resistant to one antibiotic with the next majority (20/63 - 31.7%) being resistant to two 

antibiotics. Only 3 out of 63 (4.8%) were susceptible to all antibiotics tested. 

Results from this study suggests that for campylobacteriosis originating from 

broiler chickens, ciprofloxacin would be the drug of choice for treatment. 

In Vivo Piglet Model Studies 

The results for the piglets inoculated with various strains of C. jejuni with varying 

putative virulent properties were controversial. Regardless of the combination of in vitro 

invasive or survival results or type of flock such as organic, low survival and high 

invasion, organic, low survival and no invasion, or conventional, high survival and high 

invasion, most piglets in all groups demonstrated both clinical symptoms such as diarrhea 

and histopathological lesions, which are similar to those observed in humans. 
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Furthermore, microscopic examination revealed 8 of 25 piglets presenting with congested 

mucosa and 10 of 25 piglets exhibiting epithelial erosion. Sigmoidoscopy of 

campylobacteriosis patients with stools that contain blood, pus or mucus usually reveals 

abnormalities ranging from mucosal edema and hyperemia, either with or without 

petechial hemorrhage to mucosal friability (Butzler, 2004). 

Upon gross examination, damage to the intestines of the piglets was characterized 

by the presence of hyperemia, mucus, edema, and hemorrhage. The majority of the 

piglets (76%) had severe diarrhea by day 3. These results are surprising as there is no 

correlation between the observations derived from the damage induced by inoculation of 

the C. jejuni strains and the results of the in vitro survival in macrophages and/or invasion 

of epithelial cells. These results suggest that all poultry isolates are virulent as each 

group, including the isolates that do not have the ability to invade epithelial cells or to 

survive in macrophages, had the majority of piglets exhibiting hyperemia and mucus and 

at least one piglet per group had hemorrhage. 

Interestingly, damage was most severe in the group inoculated with A13a, the 

isolate presumed to be the least virulent according to survival and invasive properties as 

this isolate indicated not just low invasion but absolutely no invasion meaning no 

recovery of any viable C. jejuni from the epithelial cells and low survival. Three piglets 

from this group out of five died by day 3. On the other hand, D33a, the isolate with the 

highest survival and invasive properties resulted in three piglets demonstrating either 

normal presentation of the small and large intestine or some mucus or hyperemia but 
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were still considered normal. Only two piglets had clinical signs of diarrhea but one 

piglet did present with severe hemorrhage in both the small and large intestine. 

There appears to be two presentations given by these in vivo studies. One is the 

classical presentation of campylobacteriosis with clinical symptoms of diarrhea, gross 

examination presentation of mucus, hj^jeremia, and hemorrhage and microscopic 

examination presentation of mucosal congestion and epithelial erosion. The other 

presentation is with clinical symptoms of diarrhea, gross examination presentation of 

mucus, hyperemia, and hemorrhage but no microscopic lesions. This presentation of only 

physiological lesions but no microscopic lesions is seen only with toxins. Certain piglets, 

particularly piglet #22, 52, and 90 presented upon gross examination with hyperemia, lots 

of gas, mucus, watery fluid, and hemorrhage in either the small or large intestine or both 

but none of these three piglets had any microscopic lesions. Additionally, piglet # 22 

presented with the small intestine mesentery and lymph nodes as extremely enlarged. 

Fluid was collected from the large intestines of piglet #22 and piglet #52, spun down vdth 

the supernatant being filtered and frozen at -70°C for further work to isolate the possible 

toxin(s). 

There are varying presentations for piglets inoculated with the same isolate, 

indicating that there are wide variances in the host response. It is well reported in 

literature that immunocompromised patients have a more severe, prolonged, or relapsing 

illness with extraintestinal manifestations (Butzler, 2004). In persons with ADDS, the 

incidence of Campylobacter infection is 39 times greater (Sorvillo et al., 1991), 

indicating the importance of the immune system in combating these infections. 
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Possible variations in virulence among various strains of C. jejuni are 

demonstrated by the relative severity of damage seen in one set of piglets compared to 

another. Differing sets of presentations are possibly associated with groups of C. jejuni 

with varying characteristics. 

In regards to any correlations with genotypes, even though there seems to be little 

correlation with genotyping, MRP-1, which is the profile for two of the groups fi-om the 

organic flocks, also exists in the conventional flock but has not been tested in the piglet 

model. Likewise, MRP-8, the profile for one of the groups fi"om the conventional flocks, 

also exists in the organic flock but has not yet been tested in the piglet model. 

Recommendations are to test the same genotypes but fi^om different flocks in the next set 

of piglet experiments. In vitro results do vary for these same genotypes. 

As this is the first study to correlate the in vitro results of survival and invasion 

assays of poultry isolates with the induction of disease in piglets, a comparable host to 

humans, more piglet studies are recommended to further address the mechanisms of 

pathogenesis of C. jejuni as certain genes may be expressed only in vivo. 
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CONCLUSIONS 

Prevalence in organic flocks are higher when compared to conventional flocks, 

indicating that precautions such as hygienic measures are needed for all systems, 

particularly organic or free-range systems. Nevertheless, regardless of the type of flock, 

data presented in this study suggests that all poultry isolates, whether from organic or 

conventional flocks, may be virulent as at least one piglet per group showed signs of 

hemorrhage. This data suggests that there are many mechanisms of pathogenesis for C. 

jejuni and that scientists are still at an infancy stage in regards to definitive answers as 

disease presentation can vary according to differences in virulence of the isolate and to 

host responses. Ciprofloxacin and erythromycin remain the drugs of choice for treatment. 

Furthermore, results from survival studies in macrophages or from invasion 

studies in human epithelial cells cannot be used to predict the degree of virulence of an 

isolate. Genotyping has yet to show any relatedness in this study but with fijrther 

research, may show some correlations. Certain genes may be expressed only in vivo and 

further in vivo research is recommended to address the many mechanisms of pathogenesis 

of C. jejuni, particularly in regards to damage due to toxin(s). Only then can we 

ultimately develop suitable therapeutic or preventative strategies to prevent human 

illness. 
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