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ABSTRACT
EPIDEMIOLOGY AND ANTIMICROBIAL RESISTANCE OF
CAMPYLOBACTER SPP. IN FOOD ANIMALS AND HUMANS IN NORTHERN
THAILAND
BY

Pawin Padungtod

Campylobacter spp. have been recognized as major foodborne pathogens in
developed and developing countries. Recently, Campylobacter spp. with resistance to
antimicrobial agents have been identified in various parts of the world, including
Thailand. It is also widely speculated that the use of antimicrobial agents in food animals
may be contributing to the antimicrobial resistance problem in humans. Because there
was limited information on Campylobacter spp. in food animals in Thailand, and to
determine whether food animals were an important source of Campylobacter spp. with
resistance to antimicrobial agents, a study was designed to address six objectives: 1)
validate the use of a fluorogenic PCR assay to identify C. jejuni from field samples; 2)
determine the frequencies and the antimicrobial susceptibility level of Campylobacter
spp. isolated from food animals and farm workers at farms, slaughterhouses, and markets;
3) compare the frequencies of Campylobacter spp. with resistance to antimicrobial agents
in food animals, food products and farm workers; 4) determine what risk factors
associated with the observed frequencies of antimicrobial resistance; 5) determine
whether antimicrobial use in feed and treatment on pig and chicken farms is associated
with the frequency of antimicrobial resistance in Campylobacter; and 6) determine the
association between mutation in the gyr4 gene of C. jejuni and level of resistance to

ciprofloxacin.




A combination of cross-sectional and prospective study designs were used.
Samples were collected from pigs and chickens at the farm, slaughterhouse, and market
in 2000 and 2001. Farm and slaughterhouse worker stool samples were also collected.
Isolation of Campylobacter spp. was done using enrichment and selective media, and
suspect colonies were confirmed using oxidase test, catalase test and gram staining. In
vitro susceptibility testing was done using the microbroth dilution technique, for
ciprofloxacin, erythromycin, gentamycin, azithromycin, clindamycin, chloramphenicol,
nalidixic acid, and tetracycline. Results of susceptibility testing were reported in
minimum inhibitory concentrations (MICs), and isolates were classified as resistant based
on breakpoints from the National Committee for Clinical Laboratory Standards.
Fluorogenic PCR was used to identify C. jejuni and the Thr-86-to-Ile mutation in the
gyrA gene of C. jejuni.

The prevalence of Campylobacter spp. in pigs was found to be 73.6% at the farm,
45.6% at the slaughterhouse, and 24.6% at the market. In chickens, the prevalence was
73.4% at the farm, 50.6% at the slaughterhouse, and 47.2% at the market. In humans, the
prevalences of Campylobacter spp. were12.5% and 0% in pig farm workers and chicken
farm workers, respectively. Resistance was found to all antimicrobial agents tested in
chickens and pigs at farms, slaughterhouses and markets. The most prevalent forms of
resistance seen were to ciprofloxacin, nalidixic acid, and tetracycline. The prevalence of
resistance was higher for those antimicrobial agents to which animals were exposed.
There was very high agreement between ciprofloxacin resistance and the presence of the

Thr-86-to-Ile mutation in gyr4 gene.
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INTRODUCTION
RATIONALE

Foodborne diseases have recently emerged as major public health issues around
the world. The consequences of infection by foodborne bacteria may vary depending on
the specific agent and characteristic of the patient. The most important consequence of
foodborne bacteria affecting millions of people each year is gastroenteritis or diarrhea.
Diarrhea is one of the top causes of mortality in children in developing world,
particularly in children less than one year old.

Until recently, Salmonella and Shigella were the most important foodborne
pathogens, in terms of virulence and the number of people affected. Laboratory methods
and surveillance systems for those two pathogens were established in developed and
developing countries. However, since the early 1990s, Campylobacter spp., especially C.
Jjejuni and C. coli, have emerged as major foodborne pathogens, with higher incidences
than Salmonella and Shigella, and foods of animal origin have been implicated as a major
source of Campylobacter spp. infection in humans. Recently, there have been major
improvements in detection and identification techniques for Campylobacter spp., and
surveillance systems for Campylobacter spp. have been put in place in many developed
nations. However, there is very limited information regarding the epidemiology of
Campylobacter spp. in developing nations.

The scope of food borne bacteria nowadays can be best viewed as an international
issue, considering the number of travelers and trades of food commodities around the
world. Bacteria originating in one part of the world may easily end up causing disease in

place far away from its’ origin. Clarifying the epidemiology of Campylobacter spp. in




developing countries will contribute to the global picture of food borne disease resulting
from Campylobacter spp. infection. This clarification will benefit both producers and
consumers of foods of animal origin around the world.

Another major public health issue at the turn of the century is the emergence of
food borne bacteria with resistance to antimicrobial agents. The fact that bacteria can
develop resistance to antimicrobial agents was recognized a long time ago. However,
most of those cases were limited to bacterial isolates found in hospitals or health settings,
which were constantly exposed to antimicrobial agents. The impact of those nosocomial
infections with resistance bacteria was limited to those requiring hospitalization. Now
that food borne bacteria have also been found with resistance to antimicrobial agents, the
impact may be far greater than those nosocomial pathogens.

It is widely speculated that antimicrobial used in food animal production
contribute significantly to the development of food borne bacteria with resistance to
antimicrobial agents. One of the reasons was that amount of antimicrobial agents used as
growth promoters in food animal production far exceed those used in human medicine. In
developed countries, antimicrobial usage in humans and animals are strictly regulated,
whereas in developing countries, antimicrobial usage is not strictly regulated. Therefore,
the prevalence of resistance bacteria can be expected to be higher in developing
countries. With the loose control of antimicrobial usage in human and animals and the
large size of its food animal industry, Thailand offers a unique opportunity to study this

problem.



There is a critical need for epidemiological information on foodborne bacteria
with resistance to antimicrobial agents from developing countries. Apart from public
health concemns, the increasing trade in foods of animal origin around the world makes
the safety of such foods an important issue for food-producing countries such as
Thailand. The information will be important for regulatory agencies overseeing the use of
antimicrobial agents in food animals and humans, and agencies overseeing the trade of

foods from animal origin.

PROBLEM STATEMENT

Despite the public health and economic significance of Campylobacter spp. in
food animals in Thailand, there is only a limited base information available.
Campylobacter spp. with resistance to antimicrobial agents have been reported in both
developed and developing countries, and the prevalence of potentially antimicrobial-
resistant Campylobacter spp. in food animals indicates that foods of animal origin may be
a source of resistant bacteria to humans. Consequently, there is an urgent need to fill this

gap in knowledge.

OBJECTIVES

In order to determine whether food animals are an important source of
antimicrobial-resistant bacteria to humans, a thorough, stepwise research approach is
needed. This thesis focuses on the epidemiology and antimicrobial resistance of
Campylobacter spp. in food animals and humans in Thailand. The main objectives of the

study were to:



1. Validate the use of a fluorogenic PCR assay to identify C. jejuni from field samples.

2. Determine the frequencies and the antimicrobial susceptibility level of
Campylobacter spp. isolated from food animals and workers at pig and chicken
farms, slaughterhouses, and markets.

3. Compare the frequencies of Campylobacter spp. with resistance to antimicrobial
agents in food animals, food products and farm workers.

4. Determine the risk factors associated with the observed frequencies of Campylobacter
spp. and frequencies of Campylobacter spp. with resistance to antimicrobial agents
isolated from various sources.

5. Determine whether antimicrobial use in feed and treatment on pig and chicken farms
is associated with the frequency of antimicrobial resistance in Campylobacter.

6. Determine the association between mutation in gyr4 gene of Campylobacter jejuni
and ciprofloxacin resistance.

HYPOTHESES

The following hypotheses were tested:

1.

A fluorogenic PCR assay can be used to identify C. jejuni from field samples,
providing results comparable to conventional phenotypic tests.

Campylobacter spp. are prevalent in pig and chicken production systems in northern
Thailand.

Major factors influencing the observed prevalence of Campylobacter spp. in pig and

chicken production systems can be determined.




4. Campylobacter spp. with resistance to antimicrobial agents are prevalent throughout
the pig and chicken production systems and farm and slaughterhouse workers in
northern Thailand.

5. Antimicrobial use in pig and chicken production systems is associated with the
frequency of antimicrobial resistance in Campylobacter isolated from these animals
and farm workers.

6. The Thr-86-to-Ile mutation in the gyr4 gene of C. jejuni is associated with resistance

to ciprofloxacin. r

OVERVIEW

Chapter 1 is a literature review of the epidemiology and antimicrobial resistance

of Campylobacter spp. in humans and food animals, focusing on comparisons between
developed and developing countries. Chapter 2 is a literature review of molecular
techniques used in epidemiological studies of Campylobacter spp., focusing on the
available molecular techniques and application of those techniques.

Chapter 3 addresses Hypothesis 1, by reporting a laboratory test of a fluorogenic
PCR assay in comparison with conventional phenotypic tests. Chapters 4 and 5 address
Hypotheses 2 and 3, and describe results of an epidemiological study of Campylobacter
spp. in pig, chicken and farm workers. Chapter 6 addresses Hypotheses 4 and 5, which
involve an epidemiological study of antimicrobial resistance in Campylobacter spp. from
pigs, chickens, and farm workers. Chapter 7 addresses Hypothesis 6, reporting a
laboratory study of the mechanism of fluoroquinolone resistance in C. jejuni. The last

section of this thesis is a summary of the results of these results.




CHAPTER 1
CAMPYLOBACTER SPP., AND THEIR ANTIMICROBIAL RESISTANCE, IN
HUMANS, CHICKENS, AND PIGS : A REVIEW
INTRODUCTION

Campylobacter spp. are gram-negative, non-spore forming curved or spiral
bacilli which grow under microaerophilic conditions. The first Campylobacter may have
been isolated in 1913, but were classified as Vibrio spp. until the genus Campylobacter
was established in 1963. Currently, the Campylobacteriaceae include the genera
Campylobacter and Arcobacter (Vandamme, 2000), with the related genera Helicobacter
and Wolinella in the novel family Helicobacteriaceae (Vandamme, 2000). There are 14
species of Campylobacter (Vandamme, 2000), of these C. jejuni is frequently associated
with human gastroenteritis (Friedman, et al., 2000), and C. fetus subsp. fetus and
venerealis are important animal pathogens (Garcia, et al., 1983).

The purpose of this literature review was to compare Campylobacter spp. in
food animals and humans in developed and developing countries. In particular,
comparisons were made on: 1) prevalence/incidence of campylobacteriosis, 2) major
means of exposure and transmission, 3) clinical disease expression, and 4) problems of
antimicrobial resistance observed in these organisms, including factors associated with
the occurrence and development of resistance. It is believed that a comparative analysis
of the literatures will provide some insight into identifying gaps in our knowledge
regarding the epidemiology of Campylobacter infections and associated disease, different

ways to control the problem, and suggest critical areas for future research.




PREVALENCE AND INCIDENCE OF CAMPYLOBACTER SPP.

Campylobacter in Humans. Of all Campylobacter spp., C. jejuni is the
species most frequently isolated in cases of human infection (Tay, et al., 1995). In
developing countries, most reported Campylobacter infections are in children. Peaks in
Campylobacter infection rates have been reported in children less than one year of age
(Friedman, et al., 2000), and children less than 5 years old in Southeast Asia
(Oberhelman and Taylor, 2000). Previously reported prevalences of Campylobacter spp.
in children in Southeast Asia range from 2.9% to 15% (Phetsouvanh, et al., 1999;
Rasrinual, et al., 1988; Taylor, et al., 1993; Varavithya, et al., 1990). In children in
Thailand, Campylobacter spp. and Salmonella are common causes of diarrhea (Rasrinual,
et al., 1988; Varavithya, et al., 1990), and co-infection with Campylobacter and E. coli,
Salmonella or Shigella is common (Poocharoen and Bruin, 1986). This exposure to
Campylobacter spp. early in life, and reports of levels of Campylobacter-specific
antibodies increasing with age (Taylor, et al., 1993), may result in less severe clinical
symptoms in adults, which makes detection and reporting of cases rare. Since
Campylobacter is commonly isolated with other enteric pathogenic bacteria in
developing countries, reports of Campylobacter cases may be largely underestimated.
There have been no reports of seasonal patterns in the occurrence of human
Campylobacter infection in developing countries

In developed countries, Campylobacter spp. have been identified as etiologic
agents in outbreaks and sporadic cases of gastroenteritis (Lehner, et al., 2000). The
reported incidence of Campylobacter infection in U.S. was 20.1 cases per100,000 in 2000

(Acheson, 2001), and from 60 to 90 cases per 100,000 in northern Europe (Friedman, et




al., 2000). When taking under-reporting into consideration, the true incidence rate is
estimated to be 1,000 - 2,300 cases per 100,000 in Europe (Friedman, et al., 2000).
Campylobacter affects all age groups in developed countries, with one peak in children
less than 4 years old, and in young adults from age 15 to 44 (Friedman, et al., 2000). The
incidence of Campylobacter in developed countries also showed seasonal patterns, with
peaks during the warmer months of the year (Friedman, et al., 2000), which may be a
result of increasing survival of Campylobacter in the environment in warm weather.
The frequency and pattern of occurrence of Campylobacter spp. differ
between developed and developing countries, especially in the number of cases reported
in adults and the presence of any seasonal patterns in occurrence. It should be noted that
there is limited information on the incidence of Campylobacter infections from
developing countries. Most developed countries in Europe and North America have
surveillance programs for Campylobacter and other foodborne pathogens, such as
FoodNet in the U.S. (Acheson, 2001). Establishment of similar surveillance programs

would be beneficial in developing countries.

Campylobacter in Food Animals. Many different animal species maintain
Campylobacter spp. with no clinical signs (Steinhauserova, et al., 2001). The most
important species of Campylobacter in veterinary medicine are C. fetus subsp. fetus and
venerealis (Garcia, et al., 1983). Of Campylobacter spp. that are pathogenic in food
animals, C. fetus can cause reproductive disorders in cattle and sheep (Quinn, et al.,
1994), and C. hyointestinalis and C. mucosalis have been associated with enteritis in pigs

and cattle (Garcia, et al., 1983).



There is limited information on Campylobacter spp. in food animals or foods
of animal origin from developing countries. In Thailand, Campylobacter spp. was
isolated from 12% of various food samples including pork, chicken and vegetables in
Bangkok (Rasrinual, et al., 1988), 40% of poultry ceca in India (Das, et al., 1996), and
68-100% of poultry samples from retail markets in Taiwan (Shih, 2000). The low
prevalence of Campylobacter reported in Thailand was probably due to the fact that
various types of meats and vegetable were included in the study, while the other two
studies examined only poultry products. Campylobacter was isolated more in samples
from fresh markets than in supermarkets in Taipei, Taiwan (Shih, 2000). In Kenya,
Campylobacter was found on 77% of poultry products at the market (Osano and Arimi,
1999), while the prevalence of Campylobacter at the poultry farm was found to be 64-
100% (Kazwala, et al., 1990; Simango and Rukure, 1991). By species, C. jejuni was
isolated more frequently than C. coli in live chickens in Africa (Simango and Rukure,
1991).

There have been many studies on Campylobacter spp. in food animals, and
foods of animal origin, in developed countries. In the past, research in cattle was limited,
but has been increasing as outbreaks of human campylobacteriosis have been traced to
foods of cattle origin (Kalman, et al., 2000). The prevalence of Campylobacter was
found to be 15% in beef calves (Busato, et al., 1998), 37.7% in dairy herds (Wesley, et
al., 2000), and 89.4% on beef cattle at slaughter (Stanley, et al., 1998). The prevalence in
beef cattle at slaughter peaked in the summer (Stanley, et al., 1998), which coincides with
the seasonal peak of human Campylobacter infections (Friedman, et al., 2000).

Extensive research has been conducted on Campylobacter in pigs. Pigs carry



higher proportions of C. coli than C. jejuni, whether they have enteritis or not (Harvey, et
al., 1999; Steinhauserova, et al., 2001). In the U.S., Campylobacter spp. was isolated
from 76% of gilts, 100% of pregnant sows, 57.8% of newborn piglets, and 100% of
weaning pigs (Young, et al., 2000). Fifty percent of piglets were infected with the same
serotype as their sows by seven days of age in the Netherlands (Weijtens, et al., 1997).
The average number of Campylobacter colonizing the gut decreased toward the end of
the rearing period (Weijtens, et al., 1999). A study in Belgium reported the prevalence of
Campylobacter spp. on pig carcasses at slaughterhouses to be 2% (Korsak, et al., 1998),
and Campylobacter was found in 1.3% of samples from pork from a retail market in the
U.S. (Duffy, et al., 2001).

There is a large body of research on Campylobacter in poultry. The reported
prevalence of Campylobacter in broiler flocks ranged between 35-57% in Europe
(Atanassova and Ring, 1999) (Pearson, et al., 1996; Refregier-Petton, et al., 2001; Van de
Giessen, et al., 1996). The prevalence of Campylobacter colonization was higher in
organic farms (100%) when compared to extensive indoor system (49.2%) or
conventional farms (36.7%) (Heuer, et al., 2001). A study at Swedish slaughterhouses
showed a 27% flock prevalence, which increased with bird age and flock size (Berndtson,
et al., 1996). The prevalence of infection in chickens has been shown to increase linearly
with the age of the birds (Genigeorgis, et al., 1986). At broiler farms, day-old chickens
can be colonized with Campylobacter (Stern, et al., 2000), with rates of 100%
colonization by 3-4 weeks (Jacob-Reitsma, et al., 1995). Up to 40% of the flocks in the
U.K. were found to be colonized with Campylobacter spp. by four weeks, and up to 90%

by seven weeks (Evans and Sayers, 2000). After transportation, counts of
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Campylobacter in chickens increased (Stern, et al., 1995; Whyte, et al., 2001), although
there was no significant increase in prevalence (Whyte, et al., 2001). The reported
prevalence of Campylobacter spp. in retail chickens varied from 28.5-100% (Table 1-1).
Lower levels of contamination were found in chicken pieces without skin (Berrang, et al.,
2001; Uyttendaele, et al., 1999), but removal of skin did not change the prevalence of
Campylobacter spp. found on chicken carcasses (Berrang, et al., 2001). Frozen chickens
had lower bacteria counts than fresh chickens (Dufrenne, et al., 2001; Stern, et al., 1984).
The highest levels of recovery usually occurred during the warmer months (Jun - Oct)
(Jacob-Reitsma, et al., 1994; Stern, et al., 1985; Wedderkopp, et al., 2000; Willis and
Murray, 1996), and more C. jejuni (43-86%) than C. coli (11-39%) were recovered
(Atanassova and Ring, 1999; Jacob-Reitsma, et al., 1994; Shih, 2000; Wedderkopp, et al.,
2000). The seasonality of Campylobacter found in poultry products at the market
coincide with the peak of incidence of Campylobacter in humans, which demonstrates
the importance of chicken as a source of Campylobacter infection for humans in
developed countries.

There do not appear to be significantly different colonization rates of
Campylobacter in food animals between developed and developing countries. However,
since the housing and management of food animals differs between developing and
developed countries, the rate of colonization in developing countries, which are mostly
located near the equator, should be higher than those in developed countries. This

speculation should be confirmed by field observation.
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EXPOSURE AND TRANSMISSION OF CAMPYLOBACTER

In Humans. In developed countries, Campylobacter spp. are associated with
sporadic cases and outbreaks of infection. Outbreaks of Campylobacter are usually
associated with raw milk (Altekruse, et al., 1998; Kalman, et al., 2000), whereas sporadic
illnesses are often associated with consumption of chickens (Deming, et al., 1987; Effler,
et al., 2001; Kapperud, et al., 1992; Schorr, et al., 1994; Studahl and Andersson, 2000).
Other reported risk factors for Campylobacter spp. infection included handling of
chickens or preparing chickens (Hopkins and Scott, 1983), contact with cats (Deming, et
al., 1987), consuming antibiotics before illness (Effler, et al., 2001), eating pork (Studahl
and Andersson, 2000), barbequing (Kapperud, et al., 1992; Studahl and Andersson,
2000), living or working on farms (Studahl and Andersson, 2000), working in
slaughterhouses (Cawthraw, et al., 2000), exposure to animals with diarrhea (Saeed, et
al., 1993), and travel abroad (Schorr, et al., 1994). Traveling to developing countries was
associated with Campylobacter with resistance to antimicrobial drugs (Gaunt and
Piddock, 1996). Foreigners residing in countries where Campylobacter is prevalent also
have high risks of infection (Gaudio, et al., 1996). In addition to traditional outbreak
investigational techniques, various molecular identification techniques are now available
for epidemiological typing of Campylobacter spp.(Wassenaar and Newell, 2000). These
techniques have been used to trace outbreaks back to broiler or dairy farm and food
handlers (Kalman, et al., 2000; Olsen, et al., 2001; Pearson, et al., 2000). A recent
molecular study also suggested a link between the Campylobacter spp. found in farm

environments and those causing diseases in local communities (Fitzgerald, et al., 2001).
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In developing countries, chicken products were found to be an important
source of Campylobacter in humans in both Asia (Rasrinual, et al., 1988) and Africa
(Simango and Rukure, 1991), and chickens were also found to be a potential source of
Campylobacter in farm workers (Simango and Rukure, 1991). Although higher
prevalences of Campylobacter on poultry products was reported in developing countries,
the local customs of eating well-cooked meat and poultry may reduce the risk of
infection, when compared to developed countries, where the consumption of

undercooked meat is more common.

In Food Animals. There have been several studies on the epidemiology of
Campylobacter in poultry in developed countries. Sources of infection were more likely
to be horizontal contamination from the environment (Jacob-Reitsma, 1997; Van de
Giessen, et al., 1992) or water system (Kazwala, et al., 1990; Pearson, et al., 1993), rather
than from direct flock-to-flock transmission (Pearson, et al., 1996). Although prevalence
of Campylobacter spp. is high (67%) in breeder flocks, serotyping of the organism did
not support the hypothesis of vertical transmission (Chuma, et al., 1997; Jacob-Reitsma,
1995, Petersen, et al., 2001). Additional risk factors for Campylobacter colonization
include housing with no air circulation, more than two workers working in the same
poultry house, more than three poultry houses, acidified drinking water, the presence of
insects or litter in worker changing rooms (Refregier-Petton, et al., 2001), batch depletion
of the flock (not all in/all out) (Hald, et al., 2001), and the presence of other animals (pig,
cattle, sheep) on the farm (Van de Giessen, et al., 1996). Wild birds have been found

with Campylobacter spp., with prevalences up to 50% in birds near chicken houses
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(Craven, et al., 2000) and 40% in dead wild birds found in broiler houses (Jones, et al.,
1991), and has been found in wild birds not associated with poultry facilities (Chuma, et

al., 2000).

A longitudinal study that followed the same flock of chickens from farm to
processing plant and market found the highest prevalence of Campylobacter at the
processing plant (32.5%), especially on carcasses after chilling (52%), suggesting that
contamination of carcasses most likely occurred at the processing plant(Jones, et al.,
1991). Counts of Campylobacter were highest in caeca and colon of birds at slaughter
(Berrang and Dickens, 2000), and the number of Campylobacter declined after scalding,
but increased during picking and evisceration (Berrang and Dickens, 2000; Whyte, et al.,
2001), which suggested that the caecum and colon are the most probable sources of
contamination in the slaughterhouses, which has been confirmed by molecular typing
(Newell, et al., 2001). After processing contaminated flocks, Campylobacter spp. can be
found on all slaughter equipment (Berndtson, et al., 1996; Newell, et al., 2001), making
cross-contamination between different flocks at slaughter possible (Newell, et al., 2001;
Rivoal, et al., 1999). Other risk factors for the isolation of Campylobacter at
slaughterhouses include short empty period between flocks, the lack of strict barriers
such as changing boots between houses, wet litter or bedding, the presence of other
poultry on the farm, staff handling other poultry on the farm, dividing the flock before
slaughter, slaughterhouse staff loading birds from several different farms, and the

presence of mice (Berndtson, et al., 1996).
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In developed countries, the permanent colonization of Campylobacter spp. in
pigs is probably related to constant exposure to other colonized pigs, since experiments
have shown that pigs reared off-sow had less prevalence of Campylobacter spp. (Harvey,
et al., 2000).

Very little research has been done on the epidemiology of Campylobacter in
food animals in developing countries. In one study, Campylobacter were isolated
frequently from surface water and foot baths, which may be a potential source of
Campylobacter on the farm (Kazwala, et al., 1990). Because of the differences in the
rearing systems and the slaughtering processes, risk factors for Campylobacter
contamination in food animals in developing countries may be significantly different
from those in developed countries. Some factors on the farm, such as biosecurity
measures and the presence of wild birds, may be similar between developed and
developing countries. In many developing countries, the majority of the slaughterhouses
that process meat for local consumption commonly have lower standards of hygiene,
which may also result in higher prevalence of Campylobacter on their products.
However, meat in local markets in developing countries usually does not remain in the
market more than one day after slaughter, so bacteria do not have the opportunities to
multiply as much as in developed countries, especially for slow-growing organism like
Campylobacter. Epidemiological studies of Campylobacter in food animals under
different rearing systems in developing countries should be conducted to clarify the risk
factors associated with the presence of Campylobacter in food animal and food animal

products.
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CLINICAL EXPRESSION OF CAMPYLOBACTER INFECTION IN HUMANS
AND ANIMALS

In Humans. Campylobacter jejuni and Campylobacter coli have been
recognized as important etiologic agents of gastrointestinal infection since the 1970s
(Nachamkin, et al., 2000). In developed countries, typical clinical feature of
Campylobacter spp. infection include acute, self-limiting gastroenteritis, characterized by
diarrhea, fever and abdominal cramps, with a 24 to 72 hour incubation period (Allos,
2001). Diarrhea is initially watery, which may last more than two weeks in travellers’s
diarrhea (Gallardo, et al., 1998), or may become bloody as a result of diffuse
inflammatory colitis and enteritis (Blaser, 1997). An important post-infection sequela of
Campylobacter jejuni infection is Guillain-Barré syndrome (GBS), an acute
demyelinating disease of the peripheral nervous system that results in a flaccid paralysis
(Acheson, 2001; Altekruse, et al., 1998).

In developing countries, the clinical picture of Campylobacter infection is
characterized by a milder form of gastroenteritis (Oberhelman and Taylor, 2000), and
symptomatic infection is uncommon in adults (Blaser, 1997). Severe diarrhea requiring
hospitalization is usually the result of co-infection with other virulent bacteria or viruses
(Varavithya, et al., 1990). The severity of clinical symptoms and fecal excretion in
children was inversely related to age (Taylor, et al., 1993). Although the severity of
Campylobacter infection in adults was different between developed and developing
countries, the clinical symptoms of infection in adults resulting from infection in
developing countries was similar to those in developed countries (Oberhelman and

Taylor, 2000).
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In Food Animals. In cattle, C. fetus subsp. venerealis is the most frequently
encountered Campylobacter in bovine abortion or infertility, while C. fetus subsp. fetus
causes sporadic abortion in cattle and enzootic abortion in sheep (Garcia, et al., 1983).
Bovine venereal campylobacteriosis is a chronic infection of the female genital tract,
characterized by mild endometritis and transient infertility (Garcia, et al., 1983).
Infection in bulls is accompanied by neither histological changes nor modifications in the
characteristic of semen (Garcia, et al., 1983). C. fetus subsp. fetus infection in ewes

resulting in abortion commonly in the last six week of gestation (Garcia, et al., 1983).

The role of C. jejuni as a primary pathogen in farm animals is uncertain. C. jejuni can be
found in feces of diarrheic and healthy calves (Radostits, et al., 2000) and piglets
(Steinhauserova, et al., 2001), but both C. jejuni and C. coli can cause a mild self-limiting
enteritis and bacteremia when inoculated orally to newborn calves (Radostits, et al.,
2000). In cows, there has been a single report of mastitis caused by C. jejuni (Morgan, et

al., 1985).

ANTIMICROBIAL RESISTANCE IN CAMPYLOBACTER

Antimicrobial resistance has become a major public health concern in both
developed and developing countries in recent years (Isenbarger, et al., 2002; Witte,
1998). Resistance to antimicrobial agents in respiratory and enteric bacteria poses the
risk of treatment failure and increased cost of treatment (Vasallo, et al., 1998).

Campylobacter with resistance to antimicrobial agents have been reported in both
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developed and developing countries (Table 1-1), and the situation seems to deteriorate
more rapidly in developing countries, where there is widespread and uncontrolled use of
antibiotics (Hart and Kariuki, 1998). Fluoroquinolones and macrolides are the
antimicrobial agents of choice for empirical treatment of gastroenteritis, and therefore
resistance to these classes of antimicrobial agents are of paramount concern in

Campylobacter (Engberg, et al., 2001).

Mechanisms of resistance to antimicrobial agents in Campylobacter spp. Resistance to
aminoglycosides is normally mediated by enzymes that modify the drugs (Aarestrup and
Engberg, 2001). Mechanism of resistance to chloramphenicol depends on the ability to
produce enzymes that block binding of the drug to the ribosome, which is the target site
of action (Aarestrup and Engberg, 2001). In C.jejuni and C.coli, resistance to tetracycline
was found to be located on a transmissible plasmid encoding ribosomal protection gene
(Aarestrup and Engberg, 2001). Macrolide resistance in C.jejuni is chromosomally
mediated through mutation of the 23S rRNA gene (Engberg, et al., 2001). Mechanism of
fluoroquinolone resistance in Cjejuni was also found to be chromosomally mediated
through mutation of the gyr4 gene (Wang, et al., 1993) and parC gene (Gibreel, et al.,
1998). Resistance to azithromycin was found to be correlated with resistance to
quinolones (Isenbarger, et al., 2002). Resistance to more than one group of antimicrobial

agents in Cjejuni may be the result of efflux mechanism (Charvalos, et al., 1995).

Antimicrobial susceptibility testing. There are several methods currently

being used for antimicrobial susceptibility testing of Campylobacter. Agar dilution,
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commonly used in Europe, gives qualitative results but requires a high level of
standardization for comparison (Caprioli, et al., 2000). Broth dilution provides
quantitative data and is highly reproducible, but is more expensive than agar dilution
(Caprioli, et al., 2000). The E-test (AB Biodisk, Culver city,CA) was found to give
results comparable to the agar dilution test (Huang, et al., 1992), but is also expensive.
Various genetic methods for assessing antimicrobial resistance are also available
(Cockerill I, 1999). Comparisons of the results of antimicrobial susceptibility testing
should be made with care, since different methods from the same laboratory or similar
methods in different laboratories may yield different results (Caprioli, et al., 2000). For
surveillance, quantitative data may be more desirable, since it can detect trends that
indicate reduced susceptibility, and interventions can be implemented before high levels

of resistance have developed (Walker and Thornsberry, 1998).

Antimicrobial resistance in human isolates. Increasing prevalence of
quinolone-resistant Campylobacter spp. has been observed in the Netherlands since the
early 1990’s (Endtz, et al., 1990; Talsma, et al., 1999), where resistance to
fluoroquinolones increased from 11% in 1994 to 29% in 1997 (Talsma, et al., 1999).
Quinolone-resistant Campylobacter have recently been reported in many other countries,
including Canada (Gaudreau and Gilbert, 1998) and Spain (Prats, et al., 2000). In the
U.S., Campylobacter with resistance to nalidixic acid increased from 1.3% in 1992 to
10.2% in 1998 (Smith, et al., 1999).

Resistance to erythromycin appeared in the Netherlands in the 1990s (Talsma,

et al., 1999). Resistance to macrolides has been reported to be as high as 90% in Spain
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(Mirelis, et al., 1999), but trends over time for erythromycin resistance show stable and
low rates in Japan, Canada and Finland (Engberg, et al., 2001). Resistance to macrolides
was found to be more prevalent in C. coli than C. jejuni (Mirelis, et al., 1999; Saenz, et
al., 2000).

There are several risk factors associated with the isolation of antimicrobial-
resistant Campylobacter. Isolation of Campylobacter with resistance to quinolones was
found to be associated with foreign travel and use of quinolone prior to isolation (Smith,
et al., 1999). Exposure to fluoroquinolones in both humans and animals was found to
induce resistance in Campylobacter (McDermott, et al., 2002; Segreti, et al., 1992;
Wretlind, et al., 1992). The frequency of isolation also showed seasonal patterns with
lower levels of resistant isolates in the summer months, when the overall incidence of
Campylobacter isolation was higher (Talsma, et al., 1999). Consumption of
contaminated foods is also a source of resistant bacteria: it has been estimated that, in the
worse case scenario where prevalence of resistance Campylobacter is as high as 84%, 3-4
people per year in US will die as a result of infection with fluoroquinolone resistant
Campylobacter spp. from beef consumption (Anderson, et al., 2001).

Antimicrobial resistance in human Campylobacter isolates has been found in
developing countries. In Kenya, 51% of diarrhea patient had isolates of bacteria that
were not susceptible to antimicrobial treatment, and 24% of Campylobacter was
resistance to nalidixic acid (Shapiro, et al., 2001). In Thailand, resistance to azithromycin
remained low (6%) (Isenbarger, et al., 2002) and therefore may be used empirically to
treat gastroenteritis (Kuschner, et al., 1995). Similar to developed countries, resistance to

macrolides was found to be more prevalent in C. coli than C. jejuni in Taiwan (Li, et al.,
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1998), with resistance to erythromycin in 50% of C. coli isolated from human patients
(Li, et al., 1998). In Thailand where fluoroquinolones are widely used in broiler farms to
control respiratory disease, the prevalence of quinolone resistance Campylobacter spp.
was found to increase from 0% in 1987 to 84% in 1995 (Hoge et al., 1998).
Antimicrobial resistance in isolates from food animals. The resistance to
fluoroquinolones in food animal was observed in the Netherland since early 1990’s
(Endtz, et al., 1990). Since then, there have been several reports of antimicrobial
resistance in Campylobacter spp. isolated from food animals in both developed and
developing countries (Table 1-2). High level of resistance to fluoroquinolones and
tetracycline were reported in the Netherland (Jacob-Reitsma, et al., 1994), Spain (Saenz,
et al., 2000), Ireland (Lucey, et al., 2000) and Taiwan (Li, et al., 1998). Resistance to
tetracycline was much higher in Taiwan compared to other countries in Europe (Table 1-
2). Resistance to gentamycin was relatively low in Spain (Saenz, et al., 2000), Ireland
(Lucey, et al., 2000) and Taiwan (Li, et al., 1998). Only resistance to chloramphenicol
was found in Campylobacter spp. isolated from chickens in Switzerland (Frei, et al.,

2001).

Link between resistance in food animal isolates to resistance in human
isolates. There has been speculation that the use of antimicrobial agents, such as
quinolones, in food animals resulted in increasing the prevalence of quinolone resistance
in Campylobacter spp. from humans (Endtz, et al., 1991; Gaunt and Piddock, 1996;
Piddock, 1996) followed the approval of fluoroquinolone use in food animals. There

seems to be temporal relationship between use of fluoroquinolones in animals and the
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finding of resistant Campylobacter in humans (Engberg, et al., 2001). In Spain, the
proportion of human isolates of Campylobacter resistant to quinolones was found to be
72%, while 99% of Campylobacter isolated from broilers and pigs were resistant to
quinolones (Saenz, et al., 2000). In Taiwan, 52% of C. jejuni isolated from human
patients were resistance to ciprofloxacin, while 92% of isolates from chickens were
resistant to the same agent (Li, et al., 1998). Since C. coli was the the most common
species of Campylobacter isolated from pigs (Steinhauserova, et al., 2001), resistance to
macrolides in human isolates may reflect the use of macrolides in pork production in
Taiwan. In Denmark, it was shown that proportion of Enterocooci with resistance to
avoparcin, tylosin, erythromycin, Virginiamycin and avilamycin reduced after those
agents were banned from the market (Aarestrup, et al., 2001). This observation indicated
significant association between antimicrobial use as growth promoter in food animal and
prevalence of resistance bacteria. Similar phenomenon may be observed in

Campylobacter spp., which should be confirmed.

In summary, resistance was observed at high levels in food animals in both
developed and developing countries. Studies suggested an association between
antimicrobial use in food animals and the development of resistance in human isolates in
developed countries. Traveling to developing countries has also been related to isolation
of resistant Campylobacter. However, there have been no reports of risk factors for the
development of antimicrobial resistance in developing countries. In most developing
countries, while antimicrobial use is usually less regulated than developed countries,

economic necessity may limit the use of newer, more expensive antimicrobial agents. An
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epidemiological study of risk factors associated with the development of antimicrobial
resistance in developing countries will be valuable, in order to prolong the usefulness of

the available antimicrobial agents for treatment of important human pathogens.
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CHAPTER 2
MOLECULAR TECHNIQUES IN EPIDEMIOLOGICAL STUDY OF
CAMPYLOBACTER SPP. : A REVIEW

INTRODUCTION

Campylobacter spp. Have been recently recognized as an emerging food borne
bacteria in many developed countries (Acheson, 2001; Pearson, et al., 2000;
Phetsouvanh, et al., 1999; Tay, et al., 1995). C. jejuni and C. coli have been recognized as
important etiologic agent of gastrointestinal infection since 1970 (Nachamkin, et al.,
2000). Typical clinical features of Campylobacter spp. infection include acute, self-
limiting gastroenteritis characterized by diarrhea, fever and abdominal cramps (Allos,
2001). The incubation period usually ranges between 24-72 hours. Diarrhea is initially
watery then becomes bloody, which is a result of diffuse inflammatory colitis and
enteritis (Blaser, 1997). In developing countries, symptomatic infection is uncommon in
adult (Blaser, 1997). C. jejuni is also considered a cause of travelers’ diarrhea resulting in
watery diarrhea which last more than 14 days (Gallardo, et al., 1998). An important post-
infection sequel of C. jejuni infection is Guillain-Barre syndrome (GBS), an acute
demyelinating disease of the peripheral nervous system resulting in flaccid paralysis
(Acheson, 2001; Altekruse, et al., 1998).

Campylobacter spp. are associated with both sporadic and outbreak infection. In
the US, the incidence of Campylobacter spp. infection was found to be 20.1 cases per
100,000 population in 2000 (Acheson, 2001). Outbreaks of Campylobacter spp. are

usually associated with raw milk (Altekruse, et al., 1998; Kalman, et al., 2000), whereas
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sporadic illnesses are often associated with consumption of chickens (Deming, et al.,
1987; Effler, et al., 2001).

In Southeast Asia, Campylobacter spp. infection was found predominantly in
children less than 5 years old. Previously reported prevalences of Campylobacter spp. in
this area range from 2.9% - 15% (Phetsouvanh, et al., 1999; Rasrinual, et al., 1988,
Varavithya, et al., 1990) in children, and up to 10% in adults (Gaudio, et al., 1996). In
diarrheic children in Thailand, Campylobacter spp. was isolated as frequently as entero-
toxogonic E.coli and Salmonella (Rasrinual, et al., 1988). There was no obvious seasonal
pattern, and childrens with Campylobacter spp. are often co-infected with E.coli,
Salmonella or Shigella (Poocharoen and Bruin, 1986).

Because of the growing concern over the public health significance of
Campylobacter spp., various molecular techniques have been developed and applied in
epidemiological studies of Campylobacter spp. A review of genotyping techniques for
Campylobacter spp. was recently published (Wassenaar and Newell, 2000). However, a
review of the application of molecular techniques in epidemiological studies is not
available. The objectives of this review, therefore, were to 1.) summarize available
molecular techniques applicable to Campylobacter spp. and 2.) review the applications of
molecular techniques in epidemiological studies of Campylobacter spp. A comparison of
available techniques and suggestions for the application of molecular techniques in

epidemiological studies of Campylobacter spp. will be discussed.

39



AVAILABLE MOLECULAR TECHNIQUES FOR EPIDEMIOLOGICAL
STUDIES OF CAMPYLOBACTER SPP.

Molecular techniques for detection and identification of Campylobacter spp.
Campylobacter spp. are slow-growing, fastidious organisms, which prefer
microaerophilic conditions (5% O, 10% CO,, 85% N;) (Nachamkin, et al., 2000). Most
Campylobacter grow well at 37°C, but a group of thermophilic Campylobacter, such as
C. jejuni and C. coli, also grow well at 42°C. Isolation and identification of
Campylobacter usually begins by culture in selective enrichment media, which includes
antibiotics to limit the growth of competitive organisms, and ingredients to neutralize the
toxic effects of oxygen and light (Corry, et al., 1995). There is no single selective media
able to recover all types of Campylobacter spp. (Moore and Murphy, 2000). Because of
the strict conditions required for bacterial growth, the length of time required for culture
(6 days) (Nachamkin, et al., 2000), and the varying phenotypes of isolates within a single
species (Rautelin, et al., 1999), other methods of detecting and identifying
Campylobacter are attractive alternatives. Molecular assays for Campylobacter and other
bacteria (Hoorfar, et al., 2000; Sharma, et al., 1999) offer the means to detect the
presence of bacteria without culture.

The polymerase chain reaction (PCR) is one of the most widely used molecular
techniques in detection and identification of bacteria (Saiki, et al., 1985), and various
protocols for detecting and identifying Campylobacter spp. have been developed (Table
2-1). PCR employs Taq polymerase to synthesize double stranded DNA specific to the
primers used in the reaction. PCR can be carried out in a thermocycler in which the DNA

product doubles every cycle, creating a specific product from a small amount of starting

40



template. Steps in doing PCR involve DNA extraction, amplification and visualization of
PCR product.

DNA extraction There are different protocols for DNA extraction such as
phenol-chloroform extraction (Ausubel, et al., 1997), and guanidine-thiocyanate
extraction (Boom, et al., 1990). Basically, DNA extraction exploit the ability of DNA to
bind to organic salts. This complex can be separated from other cell debris after lysis.
Then DNA can be purified using an organic solvent.

The sample matrix and DNA extraction process may substantially affect PCR
efficiency (Englen and Kelly, 2000; Ludwig and Schleifer, 2000), resulting in a loss of
sensitivity when applied to certain types of samples (Chuma, et al., 1997). Different
protocols for DNA extraction have successfully extracted Campylobacter DNA from
fecal specimens (Lawson, et al., 1998; Rasmussen, et al., 1996; Vanniasinkam, et al.,
1999) and food samples (O'Sullivan, et al., 2000). A recently developed immuno-
magnetic separation procedure has been used to separate Campylobacter cells from foods
(Yu, et al., 2001), and has yielded satisfactory results (Waller and Ogata, 2000).
Mechanical disruption of cells in the presence of DNAzol has proven useful when
extracting DNA from heat-resistant Campylobacter in environmental samples (Englen
and Kelly, 2000).

Amplification Several different primers have been used to achieve identification
of Campylobacter to the species level (Lawson, et al., 1998). The most commonly used
gene for PCR amplification is the 16S rRNA gene. Several other genes have proven
useful, such as fla4 (Rasmussen, et al., 1996), flaB (Rasmussen, et al., 1996), ceuE

(Houng, et al., 2001), 23S rRNA (Eyers, et al., 1993) and cadF (Konkel, et al., 1999).
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Visualization of PCR products PCR coupled with ELISA utilizing specific
probes (Metherell, et al., 1999) or using restriction fragment length polymorphism
(RFLP) profiling has been used to identify species of Campylobacter after amplification
(Fermer and Engvall, 1999; Hurtado and Owen, 1997; Korolik, et al., 2001; Marshall, et
al., 1999). PCR coupled with other product visualizing techniques, such as colorimetric
assay (Casademont, et al., 2000; O'Sullivan, et al., 2000), has been developed, allowing
automated and rapid reading of results. Some colorimetric systems can yield quantitative
results (Waller and Ogata, 2000). A fluorogenic PCR has been developed for identifying
C. jejuni (Wilson et al., 2000), and has been shown to be more specific than standard
phenotypic tests using a conventional test kit (Padungtod, et al., 2002).

Advantages of PCR The advantages of using the PCR technique include

increased specificity (Lilja and Hanninen, 2001), sensitivity (Vanniasinkam, et al., 1999)
and reduction in time required (Denis, et al., 1999). PCR was shown to yield 97.8%
specificity when detecting C. jejuni from stool samples, when compared to culture
technique (Waegel and Nachamkin, 1996). The detectability level (concentration of
bacteria ; CFU/ml) of PCR was lower than plate culture, however, the total number of
cells require for detection was much less (Lawson, et al., 1998). PCR was shown to yield
comparable result to selective agar for detection of thermophilic Campylobacter spp. in
food samples (Thunberg, et al., 2000). Fluorogenic PCR cuts down diagnostic time to
one hour after DNA extraction (Logan, et al., 2001), compared to the six days required by
standard culture methods and three days needed for PCR after enrichment (Denis, et al.,

1999; Lilja and Hanninen, 2001). Bypassing the enrichment step by using
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immunomagnetic separation of cells resulted in shortening the total turnaround time to

eight hours (Waller and Ogata, 2000).

Molecular techniques for determining relationship among Campylobacter
spp. The main objective for genotyping Campylobacter spp. in epidemiological studies is
to provide evidence that strains related by epidemiological factors (time, place, host) are
also genetically related (Tenover, et al., 1995). It was shown over a decade ago that
genotyping techniques offer greater discriminatory power than biotyping or phage typing
of Campylobacter (Patton, et al., 1991). An extensive review of genotyping techniques
for Campylobacter (Wassenaar and Newell, 2000) included fla-typing (PCR-Randon
Amplified Fragment-Length Polymorphism; PCR-RFLP) , pulsed-field gel
electrophoresis (PFGE), ribotyping, and random amplified polymorphic DNA (RAPD) as
major molecular techniques employed for genotyping of Campylobacter (Table 2-2).
Other genotyping techniques for Campylobacter spp. include Amplified fragment length
polymorphism (AFLP), multiplex PCR-RFLP, and nucleotide sequencing (Wassenaar
and Newell, 2000).

AFLP is based on complete digestion of whole chromosomal DNA followed by
selective amplification of the digested product with specific restriction site recognized by
the specific amplification primers (Wassenaar and Newell, 2000). AFLP has been used
successfully to identify species, subspecies, and genetic relationships of Campylobacter
spp. (Duim, et al., 2000; On and Harrington, 2001; Wagenaar, et al., 2001). AFLP is
more specific than phenotyping or ribotyping in ability to identify C. fetus to species

level (Wagenaar, et al., 2001).
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PCR-RFLP has been used in epidemiological studies of samples from humans
(Waegel and Nachamkin, 1996), animals (Chuma, et al., 1997; Petersen and On, 2000),
and is sometimes called macrorestriction profiling (Petersen and On, 2000) or flagellin
typing when the fla gene is used (Nachamkin, et al., 1993). Because the fla gene of
Campylobacter contains both conserved and variable sequences, primer can be designed
to amplify the conserved target areas. Then restriction enzymes can be used to digest the
amplified product which will show different banding patterns among different genotype
due to variability at the locus (Nachamkin, et al., 1993). Because flagella typing is based
on only one genetic locus, it may be able to discriminate at the species level (De Boer, et
al., 2000). RFLP was found to correlate well with results from heat-labile serotyping,
and offers higher discriminatory power (Nachamkin, et al., 1993).

RAPD is most useful when no previous information on the target bacteria is
available. This procedure has been shown to be useful for discriminating virulent strains
of Campylobacter (Carvalho, et al., 2001), typing rare Campylobacter (Misawa, et al.,
2000) or characterizing serologically non-typable Campylobacter (Mazurier, et al., 1992).
RAPD use arbitrary primers to amplify chromosomal DNA under low stringency
conditions. Generally, 10-mer primers are used under condition that allow mismatch
amplification, which occur randomly throughout the chromosome (Wassenaar and
Newell, 2000).

PFGE is one of the most popular techniques and is most widely used in
epidemiological studies (Fitzgerald, et al., 2001; Fujita, et al., 1995; Hanninen, et al.,
1998) and outbreak investigations (Fitzgerald, et al., 2001; Olsen, et al., 2001). In PFGE,

restriction enzyme(s) are used to digest chromosomal DNA in situ (immobilize in agarose



prior to cell lysis). After digestion, electrophoresis of the product is achieved under
conditions in which the electric field is changed in a pulsed manner (Wassenaar and
Newell, 2000). The choice of enzymes using in PFGE varies significantly, but the most
discriminatory enzymes found for typing Campylobacter so far are Smal combined with
Sall (Fitzgerald, et al., 2001; Steele, et al., 1998), Haelll, HindIII, Prull, and PstI (Fayos,
et al., 1992; Owen, et al., 1993). PFGE was shown to be reproducible in different
laboratories (Ribot, et al., 2001), but PFGE profiles may change following several
passages of the bacteria on culture media (On, 1998).

Ribotyping is another form of genotyping based on agarose gel electrophoresis of
digested genomic DNA, followed by Southern blot hybridization with rRNA gene
specific probe (Wassenaar and Newell, 2000). Ribotyping has been shown to be more
discriminatory than serotyping in some instances (Smith, et al., 1998), but there was no
direct association between ribotypes and serotypes of Campylobacter (Fitzgerald, et al.,
1996). Species discrimination among Campylobacter using automated ribotyping was
shown to be unreliable (De Boer, et al., 2000), and the discriminatory power of
ribotyping to type C. jejuni is limited because C. jejuni only have 3 copies of IRNA genes
(Wassenaar and Newell, 2000).

When comparing these techniques, AFLP has the highest discriminatory power
when typing C. jejuni and C. coli (De Boer, et al., 2000; Lindstedt, et al., 2000). PFGE
(using Sall, Smal, or both) was more discriminatory than ribotyping, flagellin typing (De
Boer, et al., 2000), fatty acid profile typing, serotyping, and biotyping (Steele, et al.,

1998). Overall, the ranking of the discriminatory power of these tests, from highest to

45



lowest, is AFLP, PFGE, PCR-RFLP, and ribotyping (De Boer, et al., 2000; Lindstedt, et
al., 2000).

One problem affecting the reproducibility of any genotyping method is the
genetic instability of the target DNA, which may occur through recombination,
transformation or mutation. Techniques utilizing whole genomic DNA that generate
several small bands, such as RAPD, PFGE and AFLP, should be the least sensitive to
genomic instability (Wassenaar and Newell, 2000). Additionally, PCR-RFLP should be
relatively reproducible, if the RFLP target genes are stable (Wassenaar and Newell,

2000).

Molecular techniques for identifying markers of virulence and resistance in
Campylobacter spp. Molecular techniques can be used to identify new virulence factors
(Carvalho, et al., 2001), and known genetic markers for virulence in Campylobacter
(Wilson, et al., 2000). Carvalho et al. reported finding of invasive-associated marker in
C. jejuni and C. coli resulting from examination of RAPD profiles (Carvalho, et al.,
2001).

There is a large body of work on markers for resistance in Campylobacter. A
marker has been identified for the efflux mechanism of C. jejuni, with is associated with
resistance to more than one antimicrobial agent (multi-resistance) (Charvalos, et al.,
1995). It has been shown that specific mutations in gryA4 or parC gene of C. jejuni confer
resistance to quinolones (Gibreel, et al., 1998; Wang, et al., 1993). Although various
mutations have been reported, the Thr-86-to-Ile (C-T transition) was most frequently

associated with high levels of resistance to fluoroquinolones (Ruiz, et al., 1998; Wilson et
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al., 2000). Several molecular techniques have been developed to detect this mutation in
the gyrA4 gene in C. jejuni, including fluorogenic PCR (Wilson, et al., 2000), mismatch
PCR amplification (Glaab and Skopek, 1999), and nonradioisotopic single strand
conformation polymorphism (Charvalos, et al., 1996). These techniques may be of value
in screening C. jejuni for antimicrobial resistance without conducting in vitro

susceptibility testing.

APPLICATIONS OF MOLECULAR TECHNIQUES IN EPIDEMIOLOGICAL
STUDIES OF CAMPYLOBACTER SPP.

Outbreak investigation. Molecular techniques can provide laboratory evidence
that an outbreak resulted from a common source (Hanninen, et al., 1998; Harrington, et
al., 1999), or even pin point the source of the outbreak if isolates from suspected sources
are available (Olsen, et al., 2001). Although biotyping and serotyping have proven useful
in outbreak investigations (Pearson, et al., 2000), numerical analysis resulting from
molecular techniques such as PFGE or AFLP offers higher discriminatory power, and the
resulting data can be used to compare isolates from wider geographical areas or from
different hosts at different times to yield more information.

Outbreak investigations commonly involve verification of the case and
determination of the risk factors associated with increased probability of becoming a
case. Establishing a genetic relationship between bacteria isolated from the case and
suspected source provides very specific evidence of causation. However, since outbreak

investigation is commonly conducted retrospectively, as in a case-control study, the
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temporal sequence of events should be ascertained before definitive conclusions can be

drawn.

Genetic evidence of relationships among isolates. Molecular techniques can be
used to compared isolates from various sources to determine whether there is any
relationship among them (Chuma, et al., 1997; Duim, et al., 2000; Fitzgerald, et al.,
2001). Clarifying relationships among epidemiologically-related isolates may lead to
novel hypotheses about the development and transmission of Campylobacter infection,
which may increase our understanding of how Campylobacter disseminates among
various species of animals (Misawa, et al., 2000) and environments (Petersen, et al.,
2001), and the transmission dynamics of Campylobacter in specific hosts (Harrington, et
al., 1999) or across hosts (Duim, et al., 2000).

When conducting epidemiological studies, it is desirable to use highly
discriminating assays with the ability to generate data which can be shared among
various laboratories. Molecular techniques offer both of these qualities, once
improvement and standardization of procedures are established. Disease monitoring and
surveillance, or other epidemiological studies of Campylobacter, using molecular
techniques to provide genetic information will yield more precise information and may

lead to more interesting hypotheses on the epidemiology of Campylobacter.

Detection and identification of the bacteria, virulence factors, and markers

for antimicrobial resistance. Molecular techniques can be used to detect and identify

Campylobacter with virulence factor(s) as mentioned earlier. The use of genetic markers

48



is of great value in epidemiological or clinical studies involving difficult to measure
outcomes such as low levels of bacteria contamination in a food matrix, and can be useful
in monitoring or surveillance of Campylobacter with specific qualities, such as resistance
to antimicrobial agents. Techniques like fluorogenic PCR may offer specific and rapid
assays for monitoring C. jejuni with virulence or resistance markers in food products.
Improving bacteria separation technique from various matrices, such as immunomagnetic
separation will also allow shorter time require for bacteria contamination diagnostic. This

would allow food producers to better monitor their products for contamination.

In conclusion, molecular techniques offer valuable assistance to the
epidemiological study of epidemiology of Campylobacter . The selection of specific
techniques to employ may depend on the specific needs and resources of different
laboratories. Combinations of different protocols can increase the ability to genetically
discriminate Campylobacter. However, a combination of protocols may result in longer
processing time. Standardization of protocols among various laboratories will allow
comparison of result, especially those obtained from numerical analysis of genetic
materials, such as PFGE and AFLP. PFGE and AFLP are the most promising techniques

to provide useful information for the epidemiological study of Campylobacter.
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Table 2-1.  PCR protocols for the detection and identification of Campylobacter spp.
Target gene Discriminate Processing of References
species PCR products*
16S rRNA, hip, Yes Agarose gel (Lawson, et al., 1998),
asp electrophoresis and (Linton, et al., 1997)
southern blot
16S IRNA No Agarose gel (Vanniasinkam, et al.,
electrophoresis 1999)
16S rRNA Yes ' Melting peak analysis | (Logan, et al., 2001)
of biprobes in real time
PCR
16S IRNA No * RFLP (Marshall, et al., 1999)
16S IRNA Yes ELISA (Metherell, et al., 1999)
16S IRNA Yes Agarose gel (Denis, et al., 1999)
electrophoresis
16S IRNA Yes Avidin capture assay (Waller and Ogata,
2000)
16S — 23S rIRNA Yes Southern blot and (O'Sullivan, et al.,
spacer region colorimetric reverse 2000)
hybridization
16S — 23S IRNA Yes ' PAGE (Christensen, et al.,
spacer region 1999)
23S rRNA Yes RFLP (Eyers, et al., 1993),
(Fermer and Engvall,
1999), (Steinhauserova,
et al., 2001),
23S IRNA Yes RFLP [Korolik, 2001 #573;
(Korolik, et al., 1995)
23S IRNA Yes RFLP (Hurtado and Owen,
1997)
flaA, flaB No Internal probe (Rasmussen, et al.,
hybridization 1996)
ceuE Yes Agarose gel (Houng, et al., 2001)
electrophoresis
grd Yes Fluorogenic PCR (Padungtod, et al.,
2002)
1G02 fragment Yes Non-radioactive (Casademont, et al.,
sandwich hybridization | 2000)

1

(except C. jejuni from C. coli)
?(can separate C. jejuni from C. coli with additional primer)
* RFLP - randomly amplified fragmented length polymorphism, PAGE —

Polyacrylamide agarose gel electrophoresis, ELISA — enzyme linked immunosorbent
assay
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