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Fluoroquinolone-Resistant Campylobacter 
jejuni in Raw Poultry Products

Ramakrishna Nannapaneni, Omar A. Oyarzabal, 
Steven C. Ricke, and Michael G. Johnson

Introduction

Campylobacter is a leading cause of foodborne illnesses, with 21.7 cases every
100,000 persons in the United States (Anonymous 1999; Altekruse et. al. 2006) and
30.2 cases every 100,000 persons in Canada (Galanis 2007). Although outbreaks
of campylobacteriosis are rare and usually linked to the consumption of raw milk
(Evans et al. 1996; Korlath et al. 1985) or contaminated water (Jones and Roworth
1996; Koenraad, Ayling et al. 1995; Koenraad, Jacobs-Reitsma et al. 1995; Mentzing
1981), there are between two and eight million estimated cases of campylobacte-
riosis, most as sporadic cases with no association to single-source outbreaks, and
200 to 800 estimated deaths in the United States annually (Moore et al. 2006).
Infections with foodborne Campylobacter can lead to Guillain-Barré syndrome,
one of the most common causes of flaccid paralysis in the United States in the last
50 years (Tam et al. 2006; Mishu et al. 1993).
        Surveys of commercial broiler farms have shown that broilers frequently carry
large numbers of Campylobacter in their intestinal contents, and during processing,
highly contaminated carcasses can cross-contaminate carcasses of Campylobacter-
free birds, thereby increasing the incidence of contaminated retail products (Miwa
et al. 2003; Potturi-Venkata et al. 2007). In a recent U.S. study, the largest (24%)
population attributable fraction (PAF) was associated to the consumption of poultry
prepared in restaurants (Friedman et al. 2004). Therefore, poultry meat contami-
nated with C. jejuni is considered a significant risk factor for enteritis (Anonymous
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1999, 2007; Newell and Wagenaar 2000), and consumption of undercooked poultry
meat is considered a significant risk factor for human campylobacteriosis (Kramer
et al. 2000).
        A two-year study conducted by the Minnesota Department of Health found
that 88% of raw poultry sampled from local supermarkets tested positive for
Campylobacter (Smith et al. 1999). Recent studies suggest that 65 to 85% retail raw
chicken carcasses are Campylobacter positive with approximately 1 to 4.82 log10

CFU/carcass of Campylobacter load per carcass rinse (Nannapaneni et al. 2005a,
2006a; Oyarzabal et al. 2005, 2007; Potturi-Venkata et al. 2007).
        With the introduction of the Hazard Analysis and Critical Control Points sys-
tems in the United States, poultry processors have been required to meet perform-
ance standards for Salmonella in their products (Anonymous 1996). In the last few
years, the Food Safety and Inspection Services of the U.S. Department of
Agriculture (FSIS-USDA) has been evaluating the need for the implementation of
similar performance standards for Campylobacter spp. The FSIS-USDA has not set
a processing standard for Campylobacter (incidence or numbers) on raw or further
processed poultry products yet. However, the FSIS-USDA is performing a new
annual nationwide young chicken microbiological baseline data-collection pro-
gram that may provide the necessary information to establish such a performance
(FSIS-USDA Notice 31–07).

Fluoroquinolone-Resistant Campylobacter Strains

Until the early 1990s, most C. jejuni and C. coli were susceptible to fluoroquino -
lones (Fliegelman et al. 1985). However, the incidence of fluoroquinolone resist-
ance (FR), and macrolide resistance, has been increasing in recent years and in
some countries fluoroquinolones may, unfortunately, be of limited use for the
empiric treatment of campylobacteriosis (Engberg et al. 2001; Reina et al. 1994;
Sánchez et al. 1994). In other countries, the incidence of antimicrobial resistance
has remained low over the years (Unicomb et al. 2003). Yet, the risk of acquiring
FR-Campylobacter strains varies from country to country, even among countries
with high incidence of FR strains. For instance, the risk for a tourist visiting
Thailand is much higher than the same tourist visiting Spain, although both coun-
tries have an incidence of around 80% FR-Campylobacter strains (Hakanen et al.
2003; Hoge 1998; Ruiz 1998). Erythromycin, a macrolide antimicrobial, remains
the drug of choice for the treatment of confirmed or presumptive campylobacte-
riosis (Allos 2001; Engberg et al. 2001; Kist 2002), and resistance to this antimicro-
bial may pose a more serious threat to public health.
       For some, one of the reasons for the increase in FR among Campylobacter
strains relates to the use of fluoroquinolones in food production animals, an
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event that has always been discussed in countries with high incidence of FR-
Campylo bacter strains (Unicomb et al. 2003). It has also been suggested that 
fluoroquinolone-resistant C. jejuni causes a more prolonged diarrheal disease
than susceptible strains (Gupta et al. 2004; Smith et al. 1999). Nevertheless, a
recent investigation summarizing the correlation between FR-Campylobacter
infections and the severity of the diarrheal diseases produced by these C. jejuni
strains has concluded that there is no data to support a prolonged, more severe
disease hypoth esis by these strains (Wassenaar et al. 2007).
        Antimicrobial resistance has increased substantially in Campylobacter over the
past two decades (FDA-CVM 2000). Molecular subtyping has revealed an associ-
ation between C. jejuni strains isolated from chicken products and C. jejuni strains
isolated from domestically acquired human cases of campylobacteriosis (Smith et
al. 1999). Fluoroquinolone-resistant C. jejuni strains have been found to be eco-
logically competitive, rapidly replacing fluoroquinolone-susceptible strains in 
fluoroquinolone-treated chickens (Zhang et al. 2003), and persisting regardless of
antimicrobial usage. In a five-year study conducted from 2002 to 2006, Camp -
ylobacter was detected on 57 to 96% of carcasses sampled with total Campylo bacter
load ranging from 0.90–4.82 log10 CFU/carcass. Ciprofloxacin-resistant Campylo -
bacter CFU (log10 0.90 or greater CFU/carcass) were found on 20 to 60% of sampled
carcasses and total ciprofloxacin-resistant Campylobacter load ranging from 0.90–
3.95 log10 CFU/carcass. While some reductions were seen for carcasses with higher
loads of total Campylobacter or total ciprofloxacin-resistant Campylobacter during
the five-year period from 2002 to 2006, random colony picks on CA and CCA con-
firmed the continued presence of high degree of ciprofloxacin-resistant C. jejuni
(ciprofloxacin MIC’s ranging from ≥16 to ≤32 µg/ml) in these retail raw chicken
carcass rinses (Nannapaneni et al. 2005a, 2006a). A new method to enumerate
fluoro quinolone-resistant Campylobacter has been developed by using a lethal
dose of ciprofloxacin in Campylobacter selective agar plates to kill all ciprofloxacin-
sensitive Campylobacter and selectively isolate naturally occurring ciprofloxacin-
resistant Campylobacter (Nannapaneni et al. 2005a).

Virulence Mechanisms of C. jejuni

Several virulence factors have been characterized in C. jejuni. The most studied
factor is the bipolar flagella, which comprises a system with an intricate regulatory
network (Hendrixson and DiRita 2003; Wosten et al. 2004; Carrillo et al. 2004) and
whose channels are apparently used to export adhesive proteins that are involved
in cell invasion (Konkel et al. 2004). The presence of flagella is also important for
the colonization of intestinal cells in chickens (Wassenaar et al. 1993). The adher-
ence of C. jejuni to epithelial cells is mediated by several multiple factors, such as
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CadF, PEB1, JlpA, Fibronectin, a 43 kDa major outer membrane protein and
lipopolysaccharides (Fry et al. 2000; Jin et al. 2003; Konkel et al. 1997, 1999;
Krause-Gruszczynska et al. 2007; Lara-Tejero et al. 2002; Lee et al. 2003; Moser et
al. 1997; Pei et al. 1998). Three cdt genes of the cytolethal distending toxin (CDT)
group are also important pathogenicity factors (Pickett et al. 1996; Pickett and
Whitehouse 1999; Lara-Tejero and Galan 2001). In addition, it is possible that non -
specific binding to lipids can mediate adherence (Szymanski and Armstrong 1996).
        An invasion-associated marker (imv), a chromosomal marker associated with
adherence and invasion in 85% of invasive and 20% of noninvasive C. jejuni iso-
lates, has also been described (Carvalho et al. 2001), although the function of imv
is not well understood. More recently, a lipoprotein termed CapA, for Campylo -
bacter adhesion protein A, has also been reported to reduce the capacity of C. jejuni
to attach and invade Caco-2 cells. Campylobacter jejuni strains with a capA inser-
tion mutant failed to colonize and persist in chickens (Ashgar et al. 2007). An iso-
genic mutation in the gene virB11 encoding a putative component of a type-IV
secretion system resulted in reduction in adherence and invasion (Bacon et al.
2000). The colonization ability of C. jejuni isolates was also compromised when
some genes encoding methyl-accepting chemotaxis proteins, such as docB and
docC, were mutated (Hendrixson and DiRita 2004).
        Some C. jejuni cells also exhibit microtubule-, microfilament-, and caveolin-
dependent mechanisms (Hu and Kopecko 1999; Konkel and Jones 1989;
Oelschlaeger 1993) that play a critical role in pathogenesis (Biswas et al. 2003;
Byrne et al. 2007). Although the pathogenic mechanisms of C. jejuni are still not
completely understood, molecular tools based on microarrays are starting to elu-
cidate the presence of virulence factors at the DNA level that could be used to
potentially screen isolates for pathogenicity. In vitro models based on animals or
cell lines, such as cell monolayers (Caco-2, Hep-2, HeLa or L-cells) or detached
individual cells (β-lymphocyte derived hybridoma cells), will still play an impor-
tant role in confirming the results found from microarray data (Fauchere et al.
1986; Friis et al. 2006; Wassenaar and Blaser 1999; Lee et al. 2003; Deun 2007).
        To study attachment, recognition, and invasive mechanisms of C. jejuni,
selected monoclonal antibodies have been developed that could be used to block
selected binding sites on target Caco-2 and INT-cells, and to visualize C. jejuni
invasion (Friis et al. 2005; Nannapaneni et al. 2006b; Qian et al. 2007). Various
inhibitors of cells’ functions, such as cytochalasin B (inhibitor of actin polymer-
ization), vincristine, colchicine, nocodazole (inhibitor of microtubule polymeriza-
tion), and filipin (caveolin inhibitor), have been used to examine internalization
of C. jejuni into human intestinal cells (Byrne et al. 2007; Konkel and Jones 1989).
C. jejuni isolates possessing CadF and binding fibronectin have been detected by
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fibronectin-coated coverslips with and without the addition of an anti-fibronectin
antibody, and the increase in tyrosine phosphorylation by C. jejuni isolates have
been detected by an immunoprecipitation assay with anti-paxillin conjugated to
Protein A beads.
        Hu et al. (2006) utilized the inhibitors fillipin III, pertussis toxin, and cholera
toxin to demonstrate that C. jejuni 81–176 interacts with G proteins in caveolae of
the host cell membrane. Fillipin III disrupts the formation of caveolae while
cholera toxin and pertussis toxin are G protein inhibitors. As in the microfilament-
dependent pathway for invasion, the microtubule-dependent pathway relies on the
phosphorylation of host cell proteins. Various inhibitors can be utilized to block
phosphorylation such as staurosporine, a broad spectrum kinase inhibitor, or
genistein, an inhibitor of tyrosine kinase phosphorylation. Specific inhibitors can
also be incorporated such as Wortmannin and LY294022 to inhibit PI 3-kinase,
PD98059 to indirectly inhibit ERK MAP kinase, and SB203580 to inhibit P38
MAP kinase. The MAP kinase pathway is thought to trigger factors involved in
cytoskeletal rearrangement of the host cell resulting in bacterial invasion (Friis et
al. 2005; Hu et al. 2006).
        Although C. jejuni with different degrees of resistance against ciprofloxacin can
be frequently isolated from rinses from retail raw chicken carcasses, their virulence
differences and the effects of environmental stresses on invasiveness of C. jejuni
have not been uncharacterized. A diverse set of C. jejuni isolates collected from
rinses of retail poultry products were tested for the presence of the iam gene, and
their virulence against Caco-2 and INT-407 cells evaluated (Nannapaneni et al.
2005b). These results showed that C. jejuni expressed high levels of invasiveness, and
most of the isolates infected the cells within 2 hours after the challenge. Only 
12% of the isolates were found to be minimally invasive. Invasiveness in Caco-2
increased with infection time and infection dose for selected ciprofloxacin-sensitive
and ciprofloxacin-resistant C. jejuni tested.

Effects of Temperature on C. jejuni

C. jejuni cells are commonly exposed to temperature changes and low temperatures
(~4°C) during food processing and storage. The colonization of the intestinal tract
of chickens by C. jejuni occurs at a temperature of 42°C, but the invasion of human
cells occurs at 37°C. A two-component regulatory system termed RacR-RacS
(reduced ability to colonize) appears to be involvedin a temperature-dependent sig-
naling pathway. C. jejuni with a mutation of the response regulator gene racR had
a reduced ability to colonize the chicken intestinal tract and resulted in tempera-
ture-dependentchanges in its protein profile and growthcharacteristics (Brás et al.
1999).
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        C. jejuni is able to sense, adapt, and respond to temperature fluctuations, and
heat shock proteins have been demonstrated to help this organism colonize intes-
tinal surfaces and survive at higher temperatures (Stintzi 2003). Different gene
expression patterns were observed in C. jejuni in response to sudden shifts in tem-
perature, but their relation to differences in virulence gene expression are presently
unknown. There may be either an induction or repression of different genes in
response to a temperature shift from 37 to 42°C, but little is known about C. jejuni
responses to low-temperature shocks (Stintzi 2003), although actively growing
cells transferred to saline remained competent to invasion of Caco-2 cells when
exposed to 4°C for up to four weeks (Nannapaneni et al., unpublished data).
        During poultry processing and storage, C. jejuni is exposed to cold stress and
the adaptation to low-temperature shocks may play a critical role in its survival
and virulence mechanisms. We still do not understand if any of the known patho -
genicity factors is activated by temperature shocks or other environmental changes
occurring during poultry processing. It is also unclear if adherence and invasive-
ness among FR-C. jejuni strains changes after exposure to temperature shifts.
These studies would reveal whether or not a connection exists between patho-
genicity and environmental conditions present during poultry processing in C.
jejuni.

Conclusions and Future Perspectives

There are serious data gaps in the risk-assessment models for C. jejuni (FDA-CVM
2000). For quantitative risk-assessment purposes, a better understanding of the
counts and virulence properties of poultry isolates of C. jejuni is needed. There
appears to be considerable diversity and virulence determinants of floroquino lone-
resistant and -sensitive C. jejuni occurring on raw poultry products. This issue
becomes particularly critical since antibiotic–resistant strains of C. jejuni can enter
the poultry product chain at any point.
        Rapid and accurate detection of virulent strains of C. jejuni isolated from food
products is essential in any food-safety monitoring program. The question
remains whether the highly invasive phenotypes isolated from raw poultry prod-
ucts have the same virulence toward humans as those C. jejuni strains isolated
from human infections. The binding, invasion, and translocation of C. jejuni in
Caco-2 and INT-407 cell models may increase or decrease when C. jejuni cells are
exposed to temperature shocks, and examining these conditions will provide a bet-
ter understanding of the potential risks associated with different sources of C.
jejuni from poultry during preharvesting and processing (temperature shock).
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