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ABSTRACT

The incidence of Campylobacter infections in southern Alberta is relatively high. A
case-control study was conducted in 2004-2005 in the Chinook and Calgary Health
Regions to investigate risk factors for ciprofloxacin resistance in Campylobacter
infections. Among a study sample of 229 patients, 28.8% of Campylobacter isolated
from patients were ciprofloxacin resistant. The risk factor of greatest concern was recent
overseas travel, including travel to Latin America, Asia, Africa, and Europe. Age and
possession of antibiotics for future use were also risk factors for resistance. Participation
bias may have led to an overestimation of risk associated with foreign travel, but the risk
was still strong after adjusting for this bias. Duration of diarrhoea in C. jejuni infections
was prolonged among study participants who travelled overseas and had diarrhoea that
persisted up to 30 days. Delays in antibiotic treatment did not affect the duration of
diarrhoea following initiation of treatment. The putative virulence plasmid pVir was
detected in 13.3% of a sub-sample of C. jejuni strains (n = 73). pVir presence was not
predictive of diarrhoea duration, but was associated with travel-related infections. These
results indicate that there are some risk factors associated with infections caused by
Campylobacter afflicting travellers. To assess how well the travelling populatio>n
understands travellers’ diarrhoea, a knowledge survey of travellers departing for Mexico
was conducted. Most understood the risks of consumption of specific foods during
travel. Many obtained travel health information prior to travel and those who had

information on travellers’ diarrhoea scored better on the survey.
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CHAPTER 1:

INTRODUCTION

Campylobacter infection in humans is a complex and relatively poorly understood
disease, even though it is one of the most common types of foodborne bacterial infection
in the developed world (1-3). There are many critical unanswered questions, both
epidemiological and microbiological in nature, and from these knowledge gaps arise
considerable public health challenges. Accordingly, in this thesis, the investigation of
Campylobacter infections in southern Alberta was approached in a holistic manner, with
several studies from various perspectives. Each study contained within the thesis was an

attempt to address specific epidemiological, microbiological, or public health questions.

1.1 The Case-Control Study

The core research of the thesis was a case-control study that explored risk factors for
ciprofloxacin resistance in Campylobacter infections. Worldwide, the level of resistance
to ciprofloxacin, a first-line therapy for Campylobacter infections, is increasing among
human-infective strains and those isolated from food animals and foods (4-8). The
incidence of Campylobacter infections is high in southern Alberta, relative to the rest of
Canada (9). A recent report in the scientific literature stated that the proportion of
ciprofloxacin resistance among a sample of human Campylobacter infections in Alberta
was only 2% (n = 203) (10). However, personal communications with public health
officers in southern Alberta suggested that resistance levels may be higher, and some

surmised that the regional livestock industry may have a role.

Others in the U.S.A. and the U.K. have conducted case-control studies of risk factors for
ciprofloxacin resistance in human Campylobacter infections; three key studies were
conducted by Smith et al. (11), the Campylobacter Sentinel Surveillance Scheme
Collaborators (12), and the Foodborne Disease Active Surveillance Network (13). The
primary findings included higher risk for people who had travelled abroad, had consumed

pre-cooked cold meat or poultry in a commercial establishment, or had used a
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fluoroquinolone prior to stool sample submission (11-13). These studies represented
valid research, but two important issues, antibacterial use and misuse of antibiotics, were

not addressed.

Although antibiotic use prior to stool sample submission has been investigated in two of
the studies mentioned above (11, 13), exposure to household and personal hygiene
antibacterial products prior to Campylobacter infection was not included as a potential
risk exposure in any of the case-control studies. Some evidence has been recently
presented that suggests the use of household and personal hygiene antibacterial products
may increase the development of antibiotic resistant bacterial populations (14, 15).
Bacteria utilise efflux systems in order to resist toxins and compounds used in
antibacterial products, and efflux mechanisms allow for the potential for antibiotic-
antibacterial cross-resistance to develop (16). The possibility that ingestible antibacterial
products, dishwashing soap and toothpaste could increase risk of resistance seemed an

interesting hypothesis for this project.

There are some arguments in the literature for antibiotic misuse by patients as a factor in
the development of antibiotic resistance, thus, this issue was also queried in the thesis
work. The potential impact of self-medication with antibiotics has been presented by a
Working Party of the British Society for Antimicrobial Chemotherapy (17). The
potential is so important, they suggest, that regulatory instruments should be put in place
in the U.K. to link licensing of antibiotics to resistance surveillance and to change the
over-the-counter availability of some antibiotics. The tendency for people to keep
leftover antibiotics for future use has been well-documented in the literature (18-20), and
some suggest this type of misuse could select for resistance among bacterial populations
in the community (21). Factors that have been found to contribute to misuse or self-

medicating include access to veterinary drugs (22) and living outside of urban areas (23).
It is common practice in many food-risk retrospective studies to ask participants if they

consumed specific foods 10 — 14 days before becoming ill (24-26). One goal of the case-

control study was to look for a risk gradient for food exposures to improve the precision
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of the risk estimate. So, rather than follow the common practice, study participants for
this study were asked for an estimate of the number of times in a 2-week period specific

foods were likely to be consumed.

The case-control study also included many of the questions common to the previously
mentioned case-control studies, but the motivation here was to test these additional
hypotheses and to examine ciprofloxacin resistance in Campylobacter among a diverse

study population with a mix of urban and rural citizens.

1.2 Investigation of the Duration of Diarrhoea

In addition to the ciprofloxacin resistance risk factor analysis, the data on diarrhoea
duration and antibiotic treatment of case-control study participants was explored.
Recently, the effects of foreign travel, antibiotic treatment, and ciprofloxacin resistance
were debated in the literature, following the publication of a study conducted by the
Centers for Disease Control and Prevention (CDC) that found the key factor in prolonged
diarrhoea caused by Campylobacter infection was ciprofloxacin resistance (27). Critics
argued that the methods used to obtain those results were questionable; that the authors
only reported a significant effect within a subset of study participants (29). Furthermore,
the critics presented a cross-tabulation of the CDC duration data, grouped by
ciprofloxacin resistance and travel which shows no association in the unadjusted data
(29). These arguments were countered by the CDC authors by pointing out the critics
had not taken into consideration the effect of antidiarrheal use in their crude analysis
(28). This effect was so strong, they argued, that subset analysis was the only valid way
of controlling for its effect (28). The investigation of diarrhoea duration in this thesis will

add to the ongoing discussion of this topic.

In addition to the variables listed above, the effect of a putative virulence factor on
duration of diarrhoea was examined. Among reports on conserved C. jejuni virulence-
associated genes cadF, flaA, cdtA, cdtB, prevalence is very high and without much
variation, but the prevalence of the plasmid pVir, which is responsible for host cell

invasion in some C. jejuni strains, is more variable (30-32). With the laboratory
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assistance of the Public Health Agency of Canada, polymerase chain reaction (PCR)
assays for pVir were undertaken to address this question, and it was hypothesized that the

resulting data could, in part, explain variation in duration of diarrhoea.

1.3 Survey of Knowledge of Travellers’ Diarrhoea

Preliminary investigation of the case-control results suggested clear differences between
Campylobacter infections acquired while at home and those acquired during travel
outside of Canada and the U.S.A. Ciprofloxacin resistance and duration of diarrhoea

were found to be greater among travel-related infections.

It seemed, therefore, that education of the traveller, specifically education targeting the
improvement of their knowledge of risks for travellers’ diarrhoea, which is commonly
caused by Campylobacter infection, was an important element in the public health
epidemiology of Campylobacter. There are many ways by which travellers can obtain
information about these risks. Travel clinics, health care practitioners, travel agents,
personal contacts, and internet sites can all provide written or oral information, but it is
unclear how effective the information is in knowledge improvement. The most valid
method of assessing effectiveness of learning material is pre and post-education testing,
but the survey presented in this thesis provided a cost-effective means of roughly

estimating effectiveness.

The following thesis documents the three aforementioned research projects and the

background literature.
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CHAPTER 2;
LITERATURE REVIEW

2.1 Introduction to Campylobacter

2.1.1 Taxonomy and Characterisation of Campylobacteriaceae

The family of Campylobacteraceae bacteria is within the epsilon subdivision of the
Proteobacteria. Spiral bacteria have been observed for over a century, and those that are
presently recognized as Campylobacter species were likely similar to bacteria isolated
and identified as belonging to the genus Vibrio by McFadyean and Stockman in 1913. V.
Jejuni was identified as the infective organism in bovine dysentery by Jones et al. in 1931
(1) and V. coli were identified in 1943 from swine faeces by L.P. Doyle (2). Several
Vibrio species were moved into the newly named genus Campylobacter in 1963, with C.

fetus as the type species (3).

C. jejuni and C. coli are associated with serious human infections; C. jejuni is by far the
most prevalent human pathogen (4). There are two genetically distinct subspecies of C.
Jjejuni, C. jejuni subsp. jejuni and C. jejuni subsp. doylei; the latter is not associated with
animal reservoirs or human infection (5). In 1989, the stomach pathogen previously
known as C. pylori was found to have a fatty acid structure uncharacteristic of the genus
Campylobacter and was renamed Helicobacter pylori (6). Presently, there are 17 species
of Campylobacter including C. fetus, C. hyointestinalis, C. sputorum, C. mucosalis, C.
consisus, C. curvus, C. rectus, C. coli, C. jejuni, C. lari, C. upsalensis, C. gracilis, C.

showae, C. helveticus, C. hominis, C. insulaenigrae, and C. lanienae (7)

Campylobacter are gram negative rods from 0.5 to 5 um in length with variable forms.
They may be observed as single curved spiral rods under normal growth conditions, as
coccoid forms in old cultures, as gull-winged forms when two cells are joined as a chain,
and as corkscrew forms as they propel themselves with their polar flagella (8). Most are

microaerophilic; however, C. fetus and C. rectus, can use fumarate respiration and grow
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in anaerobic conditions (9, 10). Campylobacter grow at 37°C, but not at 10°C. C. jejuni,
C. coli, C. lari, and C. upsalensis are thermophiles, able to grow at 42°C (9).

To date, the genomes of three strains of C. jejuni have been sequenced: NCTC11168,
RM1221, and 81-176, and results indicate these genomes contain from 1.6 to 1.8 million
base pairs (11-13). Parkhill and colleagues reported that C. jejuni NCTC11168 has only
four repeated sequences in its genome (13). They pointed out that given the apparent
high potential for genetic variability among C. jejuni, it may be a quasi-species with no
definitive genomic sequence. Hyper-variable sequences responsible for biosynthesis of
surface proteins and the ability to use alternative respiratory pathways have been
identified as important tools that allow C. jejuni to colonize variable intestinal

environments (12, 13).

Others have documented the extensive genetic diversity among Campylobacter species.
A study of 156 isolates of four species demonstrated that the likelihood of differences in
alleles at loci for 11 different enzymes is between 61 and 90% (14). Campylobacters,
particularly C. jejuni and C. coli are capable of readily sharing genetic information across

species (14) and may lead to instability with respect to taxonomic divisions.

2.1.2 Laboratory Methods for Campylobacter

Selective Culture and Species Identification Methods. Campylobacter can be isolated
from blood and faecal samples from humans and food animals and from foods. Although
stool cultures are frequently requested for patients presenting symptoms of diarrhoeal
infection in the U.S.A., the proportion of tests that yield identifiable pathogens is low;
only 2% of over 30,000 specimens tested in 10 states during 1990 through 1992 were
positive for the presence of Campylobacter, which was the most common pathogenic
bacteria detected (15). In Alberta it has been recommended that stool cultures should
only be ordered for patients who a) have had diarrhoea for > 5 days and have not used

antibiotics recently or b) have severe, bloody diarrhoea (16).
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Various selective media are available for the isolation of Campylobacter from faecal
samples and foods, including Skirrow’s media, Preston media (or Campylobacter Agar
Base), modified charcoal cefoperazone deoxycholate agar (mCCDA), cefoperazone-
amphotericin-teicoplanin agar (CAT), and Karmali agar. Preston media and Karmali
agar are used for the isolation of Campylobacter from foods (17, 18). Both mCCDA and
CAT agars are used for testing of clinical isolates, and their Campylobacter isolation
rates are very similar, although mCCDA medium is somewhat more effective for the

isolation of C. jejuni (19, 20).

Incubation temperature can influence the sensitivity of detection of some species. For
example, although C. jejuni and C. coli isolates can be isolated when incubated at 42°C
the sensitivity of detection of these species is increased when incubated at 37°C (21).
Micro-aerobic conditions are required for the isolation of campylobacters. The optimal
gas composition for growth and isolation of Campylobacter is 5% O,, 10% CO,, and
85% N, (17). Campylobacter are slow-growing bacteria and it is recommended that 72

hours incubation is required for the absence of growth to be reported (22).

Campylobacter isolates can be identified at species level with a series of biochemical
assays. Criteria for the differentiation of C. jejuni, C. coli, and C. lari from other
campylobacters include positive catalase test results, and growth at 42°C, but not at 25°C
(17). C. jejuni can be usually differentiated from C. coli and C. lari strains on the basis of
a positive hippurate hydrolysis test, although C. jejuni subsp. jejuni are occasionally

hippuricase-negative (17, 23, 24).

Two C. jejuni serotyping schemes have been developed by Penner and Hennessy and
Lior et al. (25, 26). The Lior scheme groups C. jejuni strains into 21 serogroups based on
their heat-labile antigens while the Penner method consists of 23 serogroups based on
heat-stable antigens. The latter, which was developed in 1980, is the most commonly
used serotyping method, but its utility is limited by the high frequency of nontypeable

strains among campylobacters (27).
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Methods for Epidemiologic and Molecular Genetic Investigations. Due to the existence
of problematic hippuricase-negative C. jejuni strains, molecular methods are required to
differentiate this species from C. coli. Molecular methods can also permit more rapid
detection of Campylobacter than can culture methods. There are a number of PCR-based
assays that have been developed for the identification of some species of Campylobacter.
Primer sets have been developed for specific target genes that encode structural proteins
or enzymes such as hippuricase (28-30). Primers that use random gene targets (31) or
those that amplify fragments of the 23S rRNA and 16S rRNA of campylobacters have
also been developed (29, 32). Due to the genetic variability and diversity within

Campylobacter species, single PCR assays are not adequate for reliable speciation (5).

Amplified fragment length polymorphism (AFLP)-based profiling has been shown to be
a robust method of species discrimination and an effective means of clustering isolates of
different sources from similar outbreak events (33). Campylobacter strains of 97%
AFLP profile similarity have been accurately identified as genetically or

epidemiologically related (33).

Pulsed-field gel electrophoresis (PFGE) can also be used to link various cases and
sources to Campylobacter food or waterborne outbreaks, and is the primary method used
by PulseNet, the U.S. network for molecular subtyping of foodborne pathogens,
including C. jejuni. In investigations of Campylobacter outbreaks, including those
associated with specific foods, water sources, school gatherings, and populations,
Campylobacter outbreak strains had identical PFGE profiles, that were unlike non-
outbreak Campylobacter strains (34-37). Some have suggested, however, that the level
of precision in genetic discrimination that can be measured by PFGE is excessive when
resources are limited, and that many field epidemiological investigations do not require

high levels of precision (38, 39).

The flagella of Campylobacter have a wide variety of surface antigens that, in some
strains, has a role in their serotyping (40). Consequently, flagella typing, which is based

on the flaA and flaB genes is effective for preliminary grouping of strains for
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epidemiological purposes (41). The entire sequence of flaB, flaA4, or the short variable
region of the latter sequence have been shown to be effective tools for clustering a group
of outbreak strains or strains from the same source population since the fla genes are

relatively stable and the assays are relatively inexpensive (42-44).

Greater levels of genetic information are required in clinical microbiology, when
searching for genes or regions that have not yet been characterised. Whole genome
methods, such as cDNA microarray assays, have been developed for Campylobacter that
allow for a gene presence/absence comparison of one strain to the genetic signals of
another. Microarrays based on the NCTC strain 11168 have been used to identify
regions of the genome of other C. jejuni strains that are responsible for specific
characteristics, or to assess the level of genetic diversity among a group of strains (45-
47). This method, however, is too costly for routine epidemiological purposes. In the
near future, however, high-throughput genomic methods will enable cost-effective,
highly detailed genomic comparisions of specific gene clusters of clinical interest or of

the whole C. jejuni genome (48).

Antibiotic Susceptibility Testing. The susceptibility of a Campylobacter strain to an
antibiotic can be determined from its minimum inhibitory concentration (MIC) as
interpreted from agar and broth dilution test results, or from inhibition zone diameter

results of disk diffusion test.

The agar dilution method involves the inoculation of 10* cfu of a cultured strain
suspended and adjusted to a 0.5 MacFarland using a Steers or Cathra replicator into
Mueller-Hinton agar with 5% blood and serial dilutions of an antibiotic (49-51). Broth
dilution involves the inoculation of strain suspensions into Mueller-Hinton broth with
serial dilutions of antibiotic. Plates and tubes are incubated at 37°C for 24 to 48 h in
micro-aerophilic conditions. The MIC is read as the lowest concentration at which there
is no visible growth on, or in, the incubated agar or broth. Dilution methods are used by
some as a reference method, but both are too time-consuming to be used for routine

laboratory purposes (49, 52). Mechanised systems with prepared micro-titre plates are
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commonly used to expedite the broth dilution testing process. Micro-broth dilution
testing is a time-efficient method of obtaining MIC data, and the sensitivity of this

method is near that of agar dilution (49).

The disk diffusion method is an inexpensive and simple method to measure antibiotic
sensitivity. A colony of a strain is grown in a nutrient broth for 2 to 5 hours until the
broth becomes cloudy, then suspensions are swabbed onto Mueller-Hinton agar with 5%
blood and a paper disk containing a known amount of antibiotic (for example, 5 pg of
ciprofloxacin) is placed onto the plate (51, 53). Following incubation at 35°C for 48
hours under micro-aerophilic conditions, the diameter of the zone of inhibition, in which
there is no bacterial growth due to the inhibitory concentration of antibiotic, is read to the
nearest millimetre. The zone of inhibition is then used for the interpretation of antibiotic

susceptibility [susceptible, intermediate, or resistant (SIR)].

Dilution MIC results are more informative than are disk diffusion SIR results because
there are more ordinal intervals in the MIC range than there are in the SIR range.
Nevertheless, disk methods are convenient in routine surveillance where the incidence of
Campylobacter is high, and nalidixic acid disks are often used as a surrogate to assess
fluoroquinolone susceptibility in campylobacters. Gaudreau and Gilbert found that
ciprofloxacin resistance in Campylobacter strains was correctly predicted in 86.7% of 15
nalidixic acid disk diffusion tests, and all 129 strains that were susceptible to nalidixic

acid were susceptible to ciprofloxacin (51).

Another commonly used testing method is the Etest method, which has been used to
obtain MIC values of various genera of bacteria since the early 1990’s. The Etest uses a
plastic strip with a gradient of antibiotic on one surface and a MIC reading scale on the
other. The strip is placed on Mueller-Hinton agar with 5% blood that has been covered
with a 1.0 MacFarland suspension of a strain that had been cultured on blood agar. For
the testing of C. jejuni and C. coli the agar and strip are incubated for 42°C for 18to 24 h
or at 35°C for 24 to 72 h (55). The Etest is faster than agar dilution testing, but it is

expensive. Ge and colleagues found high agreement between Etest results and agar
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dilution results for Campylobacter isolates (50). Ciprofloxacin MICs determined by
Etest results for 85.2% isolates (n = 108) were within one dilution of the MIC determined

by agar dilution.

Resistance is typically assessed relative to the cut-offs for resistance determined and
published by the Clinical and Laboratory Standards Institute (formerly National
Committee for Clinical Laboratory Standards, NCCLS). Currently there are no standards
for antibiotic susceptibility testing of Campylobacter, although standard protocols and
interpretive standards are being developed (55). Commonly, resistance in Campylobacter
has been classified using CLSI breakpoint guidelines for aerobic human isolates (22, 56-
59). CLSI recommends that Enterobacteriaceae and other acrobic organisms whose
ciprofloxacin MIC is >4 ug/ml should be interpreted as resistant to ciprofloxacin (55). In
the absence of guidelines for Campylobacter some have simply stated they assumed >4
pg/ml as ciprofloxacin resistance breakpoint (60, 61), which is the breakpoint for
Campylobacter developed by the National Antimicrobial Resistance Monitoring System
(NARMS) (62). Still others use the recommended ciprofloxacin resistance breakpoint of
> Img/L set by the British Society of Antimicrobial Chemotherapy (63, 64). CLSI
recommends zones of inhibition £ 15mm indicate resistance to ciprofloxacin, and zones >

21mm indicate susceptibility to ciprofloxacin.

2.2 Campylobacter Infections

2.2.1 Clinical Infection

Bacteria of the Campylobacter genus have tropisms for various tissues and organs; the
preferred targets differ among species and sub-species. Consequently, Campylobacter
species are variously associated with infections and diseases such as gingival and
gastrointestinal infections, septic abortion, and autoimmune disorders such as reactive
arthritis, and Guillain-Barré syndrome (65-68). Campylobacter associated with gingival
infections include C. rectus, C. consisus, C. curvus, C. showae (9, 65). C. fetus strains

have been associated with sporadic cases of septic abortion and neonatal mortality in
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humans (66, 69, 70). Campylobacter are one of the more common causes of traveller’s
diarrhoea and sporadic enterocolitis (71-75). Species definitively or putatively associated
with intestinal infection and Campylobacter colitis in humans include C. hyointestinalis,
C. sputorum, C. jejuni, C. coli, C. lari, and C. hominis (76, 77). This review will focus

on species involved with gastrointestinal illness in humans.

Fever and abdominal pain that accompanies diarrhoea are common clinical features of
Campylobacter spp. infections; bloody stool and vomiting are less frequent (78).
Typically, the incubation period for infection is two to three days, and duration of
diarrhoea is 7 to 11 days (79-81).

Severity and duration of gastroenteritis caused by Campylobacter varies between people
from developed and developing countries; differences in antibody levels may have an
important role. In developing countries, immunity may develop as individuals are
repeatedly exposed, and it is often initiated in childhood (82). For travellers from
developed countries, those who have lower levels of antibodies to C. jejuni before travel
are more likely to have a higher risk of diarrhoea during travel to a developing country
(83).

2.2.2 Campyvlobacter Infection Treatment and Prophylaxis

Typically, gastroenteritis caused by Campylobacter is self-limiting. In uncomplicated
cases of gastrointestinal infection in those who are immunocompetent, standard therapy
involves electrolyte and fluid replacement, and antibiotics are not required. Initial
treatment can also involve the use of over-the-counter anti-diarrhoeal medications (84,
85). When illness coincides with bloody stool, fever, hospitalization, antibiotic use, or
dehydration, faecal culture is recommended (78). Others argue that while testing faecal
specimens for pathogen identification and antibiotic susceptibility prior to treatment may
be prudent, it may increase the duration of illness, hence, empirical treatment with a
fluoroquinolone, erythromycin, or azithromycin may be more beneficial in some cases
(85).
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Duration of diarrhoea, fever, vomiting, and abdominal pain in gastroenteritis patients,
including individuals infected with Campylobacter, can be significantly shortened with
500 mg ciprofloxacin, administered twice daily (86, 87). Nevertheless, some authorities
have recommended that ciprofloxacin treatment be reserved for those with frequent
diarrhoea for more than three days, and for those with fever, vomiting, myalgia,
abdominal pain, or complications (87, 88). Ciprofloxacin is associated with few adverse
reactions, and is generally well-tolerated (86, 89). Some authorities list erythromycin as
the only recommended treatment in immunocompetent and immunocomprimised patients
(90). Erythromycin has good absorption in the intestine, but it may not be effective if
treatment is delayed after the onset of symptoms (91). Azithromycin is also an effective
alternative to fluoroquinolones when traveller’s diarrhoea is caused by Campylobacter
(92).

Fluoroquinolones are sometimes used as prophylaxis against traveller’s diarrhoea. Juckett
reports that 500 mg of ciprofloxacin can be taken once daily for up to three weeks;
however, with increasing resistance to ciprofloxacin among many bacteria associated
with traveller’s diarrhoea, he advises against the use of this drug for prophylaxis (84).
Alternative prophylaxis drugs, bismuth subsalicylate and rifaximin, have lower protection
rates than those of fluoroquinolones, but the latter is the preferred prophylaxis, as there is
little concern regarding rifaximin resistance (93). Rifaximin, a non-absorbable rifamycin
derivative, may become a commonly used traveller’s diarrhoea prophylaxis for travellers
in areas where Campylobacter infection is endemic, because it is equivalent to
ciprofloxacin in effectiveness, the likelihood of developing resistance is low, and there

are few adverse effects associated with it (94).

Occasionally, Campylobacter illness can lead to conditions beyond gastroenteritis.
Bacteraemia can develop in patients with Campylobacter infections, particularly in
immunocompromised individuals (95). Infections among homosexual men have been
problematic for decades and even more so among those with human immunodeficiency
syndrome (96-98).
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C. jejuni and C. coli are the Campylobacter species most commonly involved in acute
disease and chronic sequela in humans. Systemic infections and auto-immune disorders
such as reactive arthritis, Fisher syndrome, and Guillain-Barré syndrome (GBS) may
follow C. jejuni infections. Although less than two out of 10,000 of Campylobacter
infections are followed by GBS, it is associated with serious clinical outcomes such as
paralysis in the arms, legs, and face, and can result in severe disability or death (99, 100).
Compared with others in the community, those with Campylobacter infections have an
increased risk of short-term (30 day) and long-term (up to | year) mortality, which may
be due to sequela of infections (101). Fatalities have been recorded in the literature, and

the estimated of annual death rate for Colorado was <0.1 per 100,000 (102).

Recently, C. jejuni have been identified as putative causative organisms for
immunoproliferative small intestinal disease (IPSID), a mucosa-associated lymphoid
tissue lymphoma (103, 104). IPSID lymphomas are strongly associated with geography,
with many cases reported from Africa and the Middle East. Speculative models involve
chronic re-infection leading to sustained IgA-producing plasma cells, and C. jejuni
cytolethal distending toxin causing DNA breaks that lead to B cells mutating and
becoming atypical plasma cells (104, 105).

Post-infection irritable bowel syndrome (PI-IBS) is diagnosed as persistent change in
bowel habits following gastroenteritis. Along with Shigella, Campylobacter is one of the

more common agents of precursory infection that leads to PI-IBS (106).

2.2.3 Incidence of Campylobacter Infections

Campylobacter are one of the most common agents of foodborne disease in the
developed world. In the U.S., following declines in incidence during 1996 through 2002,
the CDC estimated the incidence of Campylobacter infections in 2002 was 13.4 per
100,000 persons, which was the second most common foodborne infection (72). In
Alberta, estimated incidence of Campylobacter in 1997 was 41.6 per 100,000 persons
(107).
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Although Campylobacter are not as commonly associated with foodborne outbreaks as
are other enteric pathogens, there are many recorded in the literature. An early outbreak
associated with unpasteurised milk occurred in Red Deer, Alberta, in 1980, in which 14
cases were confirmed following a religious camp event (108). Unpasteurised milk has
been identified as the source of three other Campylobacter outbreaks in Europe and the

U.S. (109-111).

Water has been associated with various outbreaks of Campylobacter infections in North
America and Europe (39, 112-114). Campylobacter and Escherichia coli O157:H7
infections were concurrently identified in two North American waterborne outbreaks (39,
112). Other reports include one outbreak associated with barbequed chicken in Germany
(34), two associated with salad in Northern Ireland and South Australia (115, 116), and
three associated with other foods or food handling (36, 117, 118). Source of infection has
not been identified in several other outbreaks of infection (119-122). In these
investigations, there was no source tracking, no food source identified epidemiologically
to the outbreak, or no remaining food to be examined. A nosocomial Campylobacter
outbreak occurred in Spain in 2000, and a farming, work-related outbreak was reported in
Ontario in 1994 (123, 124).

Although the number of laboratory-confirmed cases in some Campylobacter outbreaks is
less than 10, it ranges from 10 to over 100 in most others. The largest number of
confirmed cases of Campylobacter in an outbreak event was 116, which occurred in the
Walkerton, Ontario waterborne disease outbreak, during May of 2000 (39). Almost all
reported outbreaks were very short in duration, although an outbreak associated with a
self-serve salad bar at a training facility in South Australia persisted for 11 weeks (115).
In that outbreak, six clinical cases presented over one week in August of 1995, and 68
were symptomatic within October and November of that year. The overall attack rate
was 26%, with 74 ill, but only 16 culture-positive. Among 20 reported Campylobacter
outbreaks, 16 were associated with C. jejuni, C. coli was associated with one outbreak in

Belgium, and speciation of several other outbreaks was not conducted.
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2.2.4 Aectiology of Campylobacter Infection

Animal Sources of Campylobacter. Animals are believed to be an important reservoir for
Campylobacter; livestock and companion animals are both potential sources of human
pathogenic species. The thermophilic species of Campylobacter are suited to growth in
poultry, which have a body temperature typically 41°C or 42°C. Over 40% of broilers at
slaughter in Canada harbour Campylobacter (125). Poultry in retail stores is more
commonly contaminated with Campylobacter than are other retail meats. In a recent
study, 62% of raw chicken legs (n = 100) from supermarket chains in Alberta were
contaminated with Campylobacter, and 79% of those strains were of the species C. jejuni
(18). Reports from the U.S. and Europe have recorded levels of contamination ranging
from 29 to 84% (58, 126-133). In those reports, between 85 and 95% of campylobacters
isolated from poultry belong to the species C. jejuni (125, 134).

Campylobacter are commonly shed by live beef cattle and diary cows. Prevalence
estimates are between 22 and 62% (20,135,136). The detection of Campylobacter is
much lower from beef carcasses and retail meats than from bovine faeces. Less than 1%
of beef carcasses processed in Australia were found to harbour Campylobacter (137).
Contamination of beef retail products with Campylobacter is rare (1.3%, n=151) (135).
Recent estimates of Campylobacter in raw milk range from 0.47% (n = 1720) to 9.2% (n
= 131) in North American bulk milk tanks (138,139). Campylobacters in beef products
and dairy cows are largely of the species C. jejuni (135,136).

Similar to cattle, cows, and their food products, the majority of pigs shed Campylobacter,
but these organisms are rarely detected in pork from retail stores (58,135,140). A recent
survey found no contamination among raw pork chops (n = 98) purchased in Alberta
stores (18). Among processed pork and retail pork products in the U.S. between 1.3 and
6.7% are contaminated with Campylobacter (133,141). The majority of campylobacters
in pigs and pork are C. coli (58,135,142,143).

Companion animals are also a reservoir of Campylobacter, and this source is often

associated with C. upsaliensis (144-148). Among healthy animals, between 6 and 43% of
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dogs, and between 5 and 13% of cats shed C. upsaliensis, while between 3 and 22% of
dogs, and between 0% and 4% of cats shed C. jejuni (144-146, 148). In a population-
based study of Campylobacter species from humans, less than one percent of
campylobacters detected (n = 492) were identified as C. upsaliensis, while 97% were C.
Jejuni / C. coli, thus, the pet-associated species appear to not be a major contributor to
Campylobacter infections in humans (149). Although human contact with dogs and cats
is relatively common, the risk of acquiring Campylobacter infection from pets is not
great, since the species most commonly shed by pets is apparently only weakly associated

with human infections.

Campylobacter species have also been isolated from wild birds at a relatively high
frequency. Investigations in Scandinavia report the prevalence of Campylobacter among
wild birds ranges between 12 and 28%, and the majority of those are C. jejuni (150, 151).
Kapperud and Rosef found strong variation in carriage among 26 bird species; 90% (n =
48) of samples from hooded crows (Corvus corone cornix) and 51% (n = 76) of puffins
(Fratercula arctica) were positive for Campylobacter presence (150), while only four
percent (n = 71) of domestic pigeons (Columba livia) were positive. Wild birds may

serve as a means of transporting Campylobacter from one livestock ecosystem to another.

Other Sources of Campylobacter. C. coli, C. lari, and C. jejuni have been reported in
river water, roof water, agricultural runoff, and piped drinking water in developed
countries (152-154). Although the concentration of C. lari reported in drinking water in
New Zealand was low (0.3 per 100 ml), the number of positive samples was relatively
high (29% of 24) (152), which may suggest the possibility that this species is quite
ubiquitous and is more able to withstand water treatment processes than are other species.
It is apparent from such reports that consumption of untreated water can increase one’s
risk of infection by C. jejuni. This risk is difficult to measure in retrospective studies of
Campylobacter infection, due to the fact that few people in the developed world drink
untreated water. Campylobacter are negatively affected by sunlight (155); however,

other questions remain about environmental campylobacters with respect to their
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survival, as well as their virulence and the relative contributions of wild and domesticated

animals.

Secondary transmission of Campylobacter is seldom reported in the literature; however, a
food handler was identified as the source of one outbreak in the U.S.A., and there is one

report of nosocomial transmission in a neonatal ward in a hospital in Spain (36, 123).

2.3 Pathogenesis and Virulence Determinants

The pathogenesis of Campylobacter infection is a rapidly developing field of research.
Similar to other enteric pathogens such as Salmonella and E. coli O157:H7,
Campylobacter infect hosts and cause disease in broadly defined stages. Typically, the
first stage of enteric infection requires adhesion to the epithelium of the intestine. Other
stages that may or may not occur include the release of toxins, the invasion of the
epithelial cells, the induction of an immune or inflammatory response, and the
translocation across the epithelial layer and transportation throughout the body via the
lymphatic system. Disease is caused by the infection itself or autoimmune responses to

the infection (156).

2.3.1 Adhesion

Adhesion is critical to the ability of an enteric pathogen to cause infection and survive; if
they are not firmly attached to the epithelium they will be readily forced through the
gastrointestinal system and will be without an opportunity to colonise and establish a
population. Presently, it appears that Campylobacter possess a variety of structures and
proteins that allow attachment to epithelial cells; two mechanisms involve flagella and

fibronectin.

The ability of C. jejuni to autoagglutinate, a process that requires flagella, is associated
with various levels of adherence to intestinal cells (157,158). The flad gene of is largely

responsible for motility in C. jejuni (159). C. jejuni preferentially bind to finger-like
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projections of human intestinal cells called fibronectin (160), and this binding is encoded
by the gene cadF (161). Fibronectin is a glycoprotein present in the basement membrane
underlying the epithelial cells and serves as a binding site for various pathogens including

Salmonella enterica servar Typhimurium (162).

2.3.2 Invasion and Toxin Production

In the process of invasion of host cells, C. jejuni align themselves with the microtubules
of the host cell, which are surface strands on the cytoskeleton of eukaryotic cells (163).
Once aligned, C. jejuni can gain access into the intracellular region of the host cell by

taking advantage of normal cellular energy conversion processes (163).

When the Campylobacter_invasion antigen protein named CiaB that is produced by C.
Jejuni was identified, it was thought to be involved in the internalisation of the bacteria in
host cells via a type III secretion system (164). The role of Cia protein secretion in
virulence has been confirmed (165); however, the subsequent publication of the C. jejuni

NCTC 11168 genome provided no evidence of a type III secretion system (13).

While the genome of C. jejuni may not possess genes encoding a type III secretion
system, a plasmid found in the C. jejuni strain 81-176, pVir, contains genes with
homology to a type IV secretion system (166). Mutations in two genes in this system,
virB10 and virB1 1, strongly reduced this strain’s adhesion on and internalisation of
intestinal cells (166). The virB11 gene of C. jejuni was considered to be important for
virulence as it is a homolog of the virB11 of Helicobacter pylori, in which it encodes a

type IV secretion system (167).

Cytolethal distending toxin (CDT) production has been characterised as a virulence factor
of C. jejuni (168-170). The toxicity of CDT was observed early in the history of
Campylobacter virulence research (171). Campylobacter CDT appears to be destructive
on a number of fronts. Once inside intestinal epithelial cells, C. jejuni CDT survives
attacks from human monocytes, and induces apoptosis of intestinal cells (172). In

addition, there appears to be an interdependency or interaction between CDT proteins and
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the release of interleukin-8, and other pro-inflammatory chemokines, which are

promoters of localised immune response (170, 173).

2.4 Fluoroquinolones and Resistance in Campylobacter

2.4.1 Fluoroquinolone activity

Quinolone antibiotics, which include fluoroquinolone antibiotics, are synthetic
compounds that have bactericidal activity against gram negative and gram positive
bacteria. Nalidixic acid, developed in 1962, was the forerunner to other quinolones.
Fluoroquinolones were introduced in the mid 1980’s to improve activity against
Pseudomonas aeruginosa through the addition of fluorine at the 6-position of the
quinolone nucleus. These second-generation quinolones include ciprofloxacin, ofloxacin,
and norfloxacin. They are indicated for urinary tract infections, sexually transmitted
diseases, and soft tissue infections (174). Third-generation quinolones, including
levofloxacin and gatifloxacin, have greater activity against gram positive bacteria than do
second-generation quinolones; however, they are less effective against Pseudomonas spp.
Of all the fluoroquinolones, ciprofloxacin has the greatest activity against gram negative

bacteria, such as Salmonella, E. coli, Shigella, and Campylobacter (175).

The activity of quinolones against bacteria is based on their ability to inhibit DNA
gyrase, which is involved in the negative supercoiling of DNA following DNA
replication (175, 176). This enzyme is comprised of two types of subunits; A-subunits
are encoded by the gyr4 gene and their function is to hydrolyse the separate strands of
DNA and wrap the strands around themselves, and B-subunits are involved in re-sealing

the DNA strands.

2.4.2 Fluoroquinolone Use in Humans

Fluoroquinolone prescribing has increased in Canada in the past decade (177). A recent
report estimates the annual number of quinolone prescriptions dispensed in Canada

increased from 60 to 90 per 1000 persons during 1997 through 2004, and prescribing in
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Alberta was the third highest among all provinces (178). In the United States, between
200,000 and 250,000 prescriptions for ciprofloxacin were written weekly in 2000, which
is, on average, 40.2 prescriptions/1000 persons/year (179). In October 2001, following
cases of anthrax inhalation in some regions of the U.S., the number of ciprofloxacin
weekly prescriptions increased by 160,000 from October 2000 (178). Nevertheless,
compared to other types of antibiotics, the consumption of quinolones and
fluoroquinolones is low. In Manitoba, only 4.0% of antibiotic prescriptions in 1997 were
for fluoroquinolones, while almost 50% of antibiotics used were penicillins (179).
Quinolone prescriptions only accounted for 2.5% of all antibiotic prescriptions in the
U.K. in 1996 (180). Among oral and intra-muscular antibiotics prescribed to U.S. adults
with common infectious conditions, quinolones accounted for 8% in 1991 and 16% in
1999 (181).

From the perspective of pharmacoeconomic analyses, fluoroquinolones are cost-effective
and important treatments for many common illnesses. For example, ofloxacin is one of
the most cost-effective empiric treatments of urinary tract infections (182). Another
example is the use of ciprofloxacin for the treatment of acute exacerbations of chronic
bronchitis. While the net cost of ciprofloxacin treatment is greater than that of other
antibiotics (such as amoxycillin, cefuroxime, erythromycin, cefaclor), based on cost per
quality-adjusted life-year gained, ciprofloxacin is more efficacious in the treatment of
bronchitis (183).

Nevertheless, there are some clinical issues surrounding fluoroquinolone use. There have
been cautions and restrictions against the use of fluoroquinolones in children, largely
based on quinolone cartilage toxicity observed in immature animals (184). However,
recent research indicates that the proportion of children on ciprofloxacin who experience
joint pain is low and the proportion is similar to that observed in adults on ciprofloxacin
(185, 186). Another concern surrounding the use of broad-spectrum antibiotics, such as
fluoroquinolones, is that they affect not only pathogenic bacteria, but also commensal
organisms of the gastrointestinal tract. The gut microbiota plays an important role as it

provides colonisation resistance against exogenous pathogenic organisms through the
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production of volatile fatty acids, nutrient competition, and attachment site competition
(187). These endogenous populations are protective against gastrointestinal colonisation
of Campylobacter (188). Two meta-analyses reported strong suppression of
Enterobacteriaceae in the gastrointestinal flora following ciprofloxacin exposure, and,
fortunately, very little evidence of antibiotic resistance among the endogenous bacteria

following treatment (189, 190).

2.4.3 Utilization in Animals

In Canada, the notice of compliance in Canada for enrofloxacin (a fluoroquinolone) used
by turkey producers as an egg dip was withdrawn in October, 1997, and presently, no
fluoroquinolone is permitted for use in poultry (191). Since 2004, the subcutaneous use
of enrofloxacin was approved for use in cattle in Canada (192). Also, the use of
enrofloxacin, marbofloxacin, and orbifloxacin is permitted for therapeutic purposes in
dogs and cats (192). In the U.S., injectable enrofloxacin and danofloxacin are approved
for the treatment of bovine respiratory disease in cattle (193). The approval for use of
enrofloxacin in poultry in the U.S. was withdrawn in 2005 (193). Extra-label use
fluoroquinolones in food animals is not permitted in the U.S. (Extra-label use is the use
of a product not indicated on the product label). As in Canada, the use of orbifloxacin and
enrofloxacin to treat some diseases in dogs and cats is permitted in the U.S. There is no
veterinary antibiotic use monitoring in Canada or the U.S., therefore, the extent of
fluoroquinolone use in these countries is unknown. Furthermore, sales of antibiotics for
animal use are considered to be proprietary information and thus, data on animal

fluoroquinolone use is unavailable in the literature.

Published literature on antibiotic usage in animals in developing countries is sparse (194,
195), but there are indications that the lack of regulatory controls on such usage in some

of these countries is a contributary factor in antibiotic resistance (196).
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2.4.4 Causes and Effects of Fluoroquinolone Resistance

Clinical Effects. Several groups have attempted to quantify the effects of
fluoroquinolone resistance on the outcomes of Campylobacter infections. Investigators
of the FoodNet surveillance system in the U.S.A. reported that among domestically-
acquired Campylobacter infections not adjunctively treated with anti-motility or anti-
diarrhoea medication, duration of diarrhoea was significantly longer among those who
had fluoroquinolone-resistant Campylobacter than among those infected with a
fluoroquinolone-susceptible strain (197). Travers and Barza suggested that these results
demonstrated increased virulence in Campylobacter that are resistant to fluoroquinolones
(198); however, they did not consider the possibility that the increase in duration of
diarrhoea could have been caused by delays in prescribing appropriate antibiotics for

those patients with fluoroquinolone-resistant infections.

Recently, others have suggested that antibiotic resistance acquired through genetic
mutation comes at a cost to the virulence properties of gram-negative bacteria (199).
Under selective antibiotic pressure, resistance to nalidixic acid is associated with an
initial loss of virulence among S. Typhimurium and E. coli, followed by the acquisition

of compensatory mutations that restored virulence (200-203).

Resistance Mechanisms. Presently, two mechanisms by which Campylobacter species
acquire fluorquinolone resistance have been identified. The most commonly implicated
involves mutation in gyrase-encoding sequences. Mutations in gyrA at positions Asp-90,
Ala-70, and Thr-86, have been linked to fluoroquinolone resistance, although the first
two mutation sites are associated with lower levels of resistance (204) As noted above,
DNA gyrase, encoded by gyr4, is a type Il DNA topoisomerase involved in replication.
In 1993, Wang and colleagues discovered that a substitution of cytosine for thymine at
nucleotide 256 in the gyrA gene of C. jejuni results in a Thr-86 to Ile substitution (a
substitution of isoleucine for threonine in codon 86) (205). Since then, others have also
found this mutation is important for mediating decreased susceptibility to ciprofloxacin

among C. jejuni, C. coli, and C. lari (206-211).

26

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The consistency of this phenomenon was illustrated by the work of Hakanen and
colleagues, who reported ciprofloxacin MICs and amino acid substitutions in the
quinolone resistance-determining region of 162 C. jejuni strains (207). All strains with
the Thr-86 to Ile substitution were resistant to ciprofloxacin (MIC from 8 to >64 pg/ml)
and all strains without the substitution were susceptible to ciprofloxacin (MIC from 0.064
to 1 pg/ml). Other workers have also found the Thr-86 to Ile substitution is always
present in clinical C. jejuni isolates with high level resistance to ciprofloxacin (MIC > 16
pg/ml) (212, 213). Some have suggested that a mutation in parC, which encodes
topoisonerase IV is also responsible for quinolone resistance in C. jejuni (208), but other
laboratories were unable to detect parC sequences from clinical strains of C. jejuni (209,
212,214).

Another mechanism involved in fluoroquinolone resistance in Campylobacter is the
activity of efflux pumps, which can transport toxic substances out of normally
functioning gram negative bacteria. For example, exposure of a bacterium to a chemical
compound that is toxic to that organism could lead to the expression of a specific efflux
pump system. If a certain antibiotic is transportable via this efflux pump, then once the

system is triggered, the bacterium would be resistant to that antibiotic.

In 1995, Charvalos and colleagues found C. jejuni mutants with defective efflux pumps
accumulated fluoroquinolones and other unrelated antibiotics intracellularly (215).

Later, Pumbwe and Piddock characterised the Campylobacter multi-drug efflux protein,
Cme in C. jejuni (216). Others have reported that the susceptibility of a cme4BC mutant
of strain C. jejuni 81-176 to many structurally unrelated antimicrobials is 2 to 256 times
greater than that of the wild-type strain (217). In addition, without a functioning
CmeABC pump, fluoroquinolone resistance in gyr4 mutants drops below levels of
clinical significance, suggesting that the CmeABC efflux pump is required for high-level

fluoroquinolone resistance (214).
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2.4.5 Prevalence of Resistance to Fluoroquinolones in Campylobacter

Campylobacter Isolated from Humans. There are many reports of increasing trends in
resistance to fluoroquinolones among Campylobacter strains from humans, foods, and
food animals (57, 218-221). There are particularly high levels of resistance among

strains in developing parts of the world, and among strains isolated from travelers who

have returned from a developing country (61, 222-225).

Information presented in Table 2.4.1 indicates a strong regional variation and increasing
trends over time. The reports from Reina (226) and Hoge (225) demonstrate an upward
trend in resistance among Campylobacter from Spain and Thailand, respectively. There
are similar trends documented in Canada, the U.S., and Ireland. All studies reported
negligible levels of resistance at the beginning of the study period, followed by a rapid
increase: in Montreal, an increase of resistance of 13% over 12 years was reported (57).
In Pennsylvania, Nachamkin reported an increase of 33% within five years (60), and an
increase of 34% over a four year period was documented in Ireland (221). However, it is
unclear if the upward trend of resistance in all infections reflects trends of both domestic
and travel-related infections, since there are few studies which consistently report

stratified results over time.

It should be noted that the laboratories of Gaunt and the Campylobacter Sentinel
Surveillance Scheme Collaborators used the British Society for Antimicrobial
Chemotherapy breakpoint of 1 mg/L (64, 227). These labs may, therefore, have had
higher numbers of resistant strains than if they had used the more commonly used 4 mg/L
National Committee for Clinical Laboratory Standards breakpoint for
Enterobacteriaceae. Another limitation with the data presented in Tables 2.4.1 and 2.4.2
is the constraint on comparability due to variation among sampling and laboratory

methods used in individual studies.

Continuous antibiotic resistance monitoring schemes such as the National Antimicrobial
Monitoring System (NARMS), the Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme (DANMAP), and the Canadian Integrated Program
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for Antimicrobial Resistance (CIPARS) contribute to some of the data presented in
Tables 2.4.1 and 2.4.2. Surveillance and monitoring systems are an invaluable source of

longitudinal, nation-wide data.

Campylobacter Isolated From Foods and Food Animals. Similar to trends in
fluoroquinolone resistance among Campylobacter isolated from humans, there appears to
be some geographic variation in the frequency of resistance among strains from animals
and their food products (Table 2.4.2). Levels reported in three Canadian publications are
very low (228-230), while levels in Spain, Iran, and Korea are over 75% (58, 231, 232).
Two European studies found fluoroquinolone resistance in Campylobacter from domestic
meat products was lower than that from imported meat products (233, 234), and a Swiss
study reported that Campylobacter from imported products were five times more likely to
be resistant to ciprofloxacin than strains from domestic products (235). Trends over time
of fluoroquinolone resistance in Campylobacter from animal sources are largely
unreported in the literature, except for the small decrease from 1997 to 2000 in
ciprofloxacin resistance among Campylobacter isolated from chicken reported in
Northern Ireland (236). Consistently, fluoroquinolone resistance is more common among

C. coli than among C. jejuni, within a single animal source (61, 237-240).
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Table 2.4.1. Quinolone or fluoroquinolone resistance in Campylobacter isolated
from humans in travel-related, domestically-acquired, or mixed (travel and

domestic) infections; grouped by country and listed by initial sampling year.

First author Years of Location of Travel Resistance
Species n
(citation) data sampling ! %
1985-1986 Montreal, M 0 47
Gaudreau (57) ____ C. jejuni
1995-1997 Canada M 13 158
Guevremont St-Hyacinthe,
1998-1999 C. jejuni M 9 23
(229) Canada
1998 10 62
2000 M 26 72
Montreal,
Gaudreau (218) 2001 C. jejuni 47 51
- Canada
D 9 109
1999-2001
F 66 74
) Alberta,
Gibreel (241) 1999-2002 C. jejuni M 2 203
Canada
) 1992 Minnesota, 1 NA
Smith (61) —————— C. jejuni M
1998 USA 10 NA
) 1996 Pennsylvania 8 48
Nachamkin (60) C. jejuni M
200!} USA 41 47
C. jejuni M 16 1471
Gupta (219) 1997-2001 USA
C. coli M 30 63
Kassenborg D 9 582
1998-1999 USA spp-
(242) F 42 64
Gaunt (227) 1991 Plymouth, UK Spp. M 4 2209
D 10 2783
CSSSC (64) 2000-2001 UK C. jejuni
53 653
1996-1998 0 36
Lucey (221) Ireland C. jejuni M
2000 34 96
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First author Years of Location of Travel Resistance
Species n
(citation) data sampling ! %
1996 9 175
Northern
Moore (236) 1999 spp. M 23 262
Ireland
2000 17 333
1995-1997 Helsinki, 40 205
Hakanen (224) ) C. jejuni F
1998-2000 Finland 60 149
D 6 36
Sjogren (243) 1992-1995 Sweden spp-
F 26 274
C. jejuni 1 110
Sjogren (244) 1998-1999 Sweden
C. coli M 0 27
C. jejuni
Osterlund (245)  2000-2002 Sweden and C. D 4 164
coli
Aarestrup (56) 1995-1996 Denmark C. jejuni M 12 75
D 10 526
Funen,
Engberg (223)  2001-2002 spp.
Denmark F 50 152
1982 The 0 78
Endtz (247) Spp- M
1989 Netherlands 11 143
Hein (245) 1998 Styria, Austria  C. jejuni M 39 239
1980-1982 C. jejuni 0 30
Krausse (248) 1997-1998 Germany and C. M 29 93
2001 coli 30 99
1991 6 68
C. jejuni
2001 Berlin, 46 65
Luber (220) M
1991 Germany 0 14
C. coli
2001 41 17
1985-1987 Barcelona, 1 660
Prats (249) C. jejuni M
1995-1998 Spain 82 909
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First author Years of Location of Travel Resistance

Species n
(citation) data sampling t %o
1987 . 0 104
NA — possibly
Reina (226) 1989 ) C. jejuni M 3 146
Spain

1991 30 154
Barcelona, F 13 24

Gallardo (75) NA C. jejuni
Spain D 38 88
New South D 0 144

Unicomb (250)  1999-2001 Wales, spp.
F 43 7
Australia
1987 0 14
Hoge (225) 1990 Thailand D 0 6
oge ailan Spp.
& 1993 PP 40 52
1995 84 27
) Bangkok, C. jejuni 88 138
Bodhidatta (222)  1998-2000 D

Thailand C. coli 97 36

1 D indicates domestically-acquired strains only; F indicates strains from foreign travel-related
strains only; M indicates mixed strains with no stratification of strains by travel.
NA indicates information not given in the publication.

CSSSC: Campylobacter Sentinel Surveillance Scheme Collaborators
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Table 2.4.2. Quinolone or fluoroquinolone resistance in Campylobacter isolated

from foods and food animals, grouped by country and listed by initial sampling

year.
First author Years Source of Source of Resistance
Species n
(citation)  of data samples strains %
Guevremont  1998- Quebece, Broiler
C. jejuni 1 180
(229) 1999 Canada faeces
Alberta,
Inglis (230) 1999 Cattle faeces C. jejuni 1 NA
Canada
Alberta, Broilers,
Kos (228) 2001 C. jejuni 8 104
Canada retail
) 1996 -  Minnesota, Retail C. jejuni 19 67
Smith (61)
Poultry, beef, C. jejuni 25 88
1999- Washington wy 9
Ge (237) and pork,
2000 D.C.,US.A ] C. coli 40 75
retail
) Baltimore, Chicken,
Price (251) 2003 ) spp- 40 36
US.A. raw, retail
Immersion-
Missouri,
USA chilled 58 73
Sinchez NA e chicken spp
(252)
Nebraska, Air-chilled
18 59
U.S.A. chicken
Northern Chicken,
11 208
Ireland raw, retail
Wilson 1995, Imported
spp.
(234) 2000 from Chicken, PP
) ) 14 42
developing frozen, retail
countries
1997 Northern 9 327
Moore (236) Chicken spp.
2000 Ireland 5 44
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First author Years Source of Source of Resistance
Species n
(citation)  of data samples strains %
Broiler
Fallon (253) 1999 Ireland C. jejuni 18 78
chickens
Chicken C. jejuni 25 297
Avrain (238) 1999 France caecal
C. coli 43 96
samples
Aarestrup 1995 - Broilers 2 97
Denmark C. jejuni
(142) 1996 Cattle 1t 47
1996 - Denmark 6 367
Andersen 2003 imported 13 88
Retail poultry C. jejuni
(233) 1999 Denmark & 9 NA
2003 imported 2 NA
Pedersen 1998 - Chicken C. jejuni 11 2785
Denmark
(239) 1999 cloacal swabs C. coli 29 321
Van Broilers 44 285
Looveren 1998 Belgium Layers C. jejuni 28 105
(254) Turkeys 35 94
Frediani- Poultry at
2001 Switzerland C. jejuni 2 195
Wolf (255) slaughter
Ledergerber Switzerland ,
2002 ) Retail poultry spp 29 87
237) & imported
Broilers C. jejuni 42 64
Pezzotti 2000 -  Northeastern .
Pigs C. coli 36 47
(135) 2001 Italy
Beef cattle C. jejuni 25 12
Broilers 99 59
3 1997 - . Retail ..
Sdenz (58) Spain C. jejuni
1998 chicken 74 41
products
. Retail
Taremi
2004 Tehran, Iran chicken & spp. 75 72
(231)
beef
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First author Years Source of Source of Resistance
Species n

(citation) of data samples strains %

Cardinale 2001 - Dakar, Chicken C. jejuni 33 120
(240) 2002 Senegal carcasses C. coli 37 85
Sackey Retail

NA Accra, Ghana C. jejuni 0 7
(256) chicken
Kang (232) 2000 - K Retail - 594
an orea spp.
s 2002 chicken PP
NA indicates information not given in the publication.
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2.5 Risk Factor Analyses of Fluoroquinolone Resistance in Campylobacter

Infections

To date there are only a handful of research papers in the literature that report on the
effects of risk exposures on the likelihood of fluoroquinolone resistance in
Campylobacter infections in humans. There is variation in the risk exposures
investigated, study design, and presentation of the results. The following is an evaluation
of methods and presentation of results. Papers were identified from abstracts found in the

MedLine database using the search terms: Campylobacter and resistance.

2.5.1 Gaunt and Piddock Study

The sample population for the first risk factor analysis of ciprofloxacin resistance
included all Campylobacter patients identified by routine diagnostic testing at a public
health laboratory in the U.K. over six months in 1991 (227). Controls matched to cases
by age, sex, month of onset, and place of residence were obtained (maximum two
controls per case) from among patients with ciprofloxacin-susceptible Campylobacter
infections. Questionnaires administered by environmental health workers included
questions on travel history, quinolone use, food history, family contacts, and exposure to
animals. A three-month exposure risk period was assumed. There were only 15 cases
and 24 controls in this study. None had precedent quinolone drug exposure, but foreign
travel was considered a highly significant risk factor (p = 0.01). Recent poultry
consumption was not associated with resistance. The main weakness of this study is the
small sample size, and the lack of information on data analysis methods. There was,

apparently, no attempt to control for confounding or to conduct any multivariate analysis.

2.5.2 Smith et al Study

The study of quinolone resistance in Campylobacter infections by Smith et al. (61) is
very commonly cited in discussion sections of other research articles. It is a very wide-
ranging paper that presents a survey of Campylobacter from retail chicken, results of a

six-year surveillance of Campylobacter from humans reported in Minnesota, and results
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from a molecular subtyping analysis of human and chicken strains, as well as a
comparative study of nalidixic acid resistant and nalidixic acid susceptible C. jejuni.
From 1996 through 1997, there were 142 infections caused by nalidixic acid resistant C.
Jejuni reported in Minnesota, and 1576 infections from susceptible strains. The research
team was fortunate to obtain a 92% participation rate from cases. Two controls infected
with nalidixic acid-susceptible C. jejuni were matched to each case by age, residence, and
date of stool collection. Participants were questioned about clinical history, antibiotic use
one month prior to infection, recent diarrhoea, use of antibiotics by household members,
history of food consumption, animal contact, and travel history. The exposure risk period

for all exposures except for antibiotics was seven days.

The final multivariate logistic regression model from the data included variables for
quinolone use [odds ratio (OR) = 8; 95% confidence interval (CI) for odds ratio (OR) = 3,
21] and for travel to Mexico [OR = 26; 95% CI (OR) =9, 79], Caribbean countries [OR =
46; 95% CI (OR) = 10, 214], Asia [OR = 41; 95% CI (OR) = 10, 163], and Spain [OR =
49; 95% CI (OR) =4, 570]. No foods were identified as risk factors for resistance.
Unfortunately, this paper is frequently cited for its evidence that chicken is largely to
blame for the increase in quinolone resistance in human Campylobacter strains, which
the authors extrapolated from their subtyping results; yet their own results from the case-

comparison study suggested that food consumption had no role in resistance risk.

2.5.3 Campylobacter Sentine] Surveillance Scheme Collaborators Study

In a more thoroughly documented study, a collective of Campylobacter researchers in the
U.K. reported an investigation that involved 3489 patients from whom C. jejuni was
isolated over a one-year period (64). Risk exposures evaluated by the CSSSC included
travel history, exposure to foods and water, the environment, and animals two weeks
prior to onset of illness. Antibiotic exposure was not included as it was felt that questions
about this topic are typically poorly answered. Fortunately, for readers who are
interested in methodological details, the questionnaire was provided in a file

supplemental to the published report. The list of food types included in the questionnaire

37

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9% &L

is quite extensive, and possible responses are “never”, “once” or “more often”. They also

covered waterborne risk exposures very thoroughly.

The prevalence of ciprofloxacin resistance among the 3489 patients with C. jejuni in the
study population was 19%. Separate analyses were conducted for travel-related
infections and indigenous infections. Infections caused by strains that were
ciprofloxacin-susceptible but resistant to more than one other antibiotic were excluded
from all analyses (n = 1110); the risk factor analysis was conducted on the remaining
2379 participants. There was no difference in age or gender between ciprofloxacin-
resistant C. jejuni infection case and ciprofloxacin-susceptible C. jejuni infection control
groups, which may call into question the need for matching on age and gender in the
previously discussed studies. Among those who had recently travelled (n = 495),
independent risk factors for ciprofloxacin resistance included travel to Spain [OR = 7,
95% CI (OR) = 4, 13], Portugal [OR = 22; 95% CI (OR) =4, 115], or Cyprus [OR = 12;
95% CI (OR) = 1, 108], chicken consumption [OR = 5; 95% CI (OR) =2, 12], and
bottled water consumption [OR = 4; 95% CI (OR) = 2, 8]. Protective exposures included
contact with pet birds [OR = 0.1; 95% CI (OR) = 0.02, 0.6], travel to Africa [OR = 0.1;
95% CI (OR) = 0.02, 0.7], and consumption of tap water [OR = 0.2; 95% CI (OR) =0.1,
0.5]. Among indigenous cases and controls (n = 1884), only one independent risk factor
was identified: consumption of cold meats [OR = 2; 95% CI (OR) = 1, 3]. Consumption
of tap water [OR = 0.4; 95% CI (OR) = 0.2, 0.9], and summer infection versus other
seasons [OR = 0.5; 95% CI (OR) = 0.3, 0.7] were found to be protective factors. The
most salient points were: 1) foreign travel to certain countries was a strong risk factor, 2)
chicken consumption was a risk factor, but only among travel-related infections, and 3)
there was a difference in the risk factors for ciprofloxacin resistance in C. jejuni among
those infections acquired abroad and those acquired domestically. It is unfortunate that
the authors did not examine the effect of antibiotic exposure, which is uncommon among

the general population, given that they had a very extensive sample population.
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2.5.4 Kassenborg ef al. Study

The Foodborne Disease Active Surveillance Network in the U.S. interviewed 646
Campylobacter patients over a one-year period (242); this included 64 cases with
fluoroquinolone-resistant Campylobacter infections and 582 controls with
fluoroquinolone-susceptible infections. Among potential cases and controls eligible for
this study, the participation rates were 68% and 76%, respectively. In addition, 62
healthy controls were obtained for comparison purposes. Study participants were
questioned about antibiotic and antacid use and specific medical conditions four weeks
prior to onset. They were also asked about food and water consumption, child care and

animal exposure, travel, and food handling practices one week prior to onset.

The fluoroquinolone resistance proportion among 858 Campylobacter strains available to
the study group was 11%. The only identified risk factor for resistance was foreign travel
[OR =8; 95% CI (OR) = 4, 13]. They reported that antibiotic use was not a risk factor
[OR = 0.6; 95% CI (OR) = 0.1, 3].

The remaining analysis, the primary focus of the paper, contrasted domestically acquired
infections against healthy controls. The use of healthy controls is not as common as is
the use of fluoroquinolone susceptible Campylobacter infection controls in this field of
research. It is possible that, for this large government-funded research team, it was
important to identify risks for acquiring ciprofloxacin resistant Campylobacter infections
for the majority of U.S. citizens (domestic infections) to enable the development of
widely useful, science-based interventions to prevent infection. This information, it
could be argued, has a more immediate public health benefit than does the identification
of risk factors for ciprofloxacin resistance. The multivariate analysis found eating
chicken outside of the home was a risk factor for fluoroquinolone resistant

Campylobacter infection [matched OR (mOR) = 10; 95% CI (mOR) = 1, 78].
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2.5.5 Hakanen ef al. Study

A study by Hakanen ef al. examined Finnish patients who had returned from travel from
1995 through 2000 and from whom C. jejuni had been isolated (224). In this work they
estimated, for specific travel destinations, the proportion of travellers who acquired
ciprofloxacin resistant C. jejuni. They then compared the speculative infection rates for
each destination to the infection rate for Thailand, the country associated with the highest
infection rate. Risk of infection was lower in infections acquired in Spain [n = 77; (rate
ratio (RR) = 0.1; 95% CI (RR) = 0.07, 0.2] and Portugal [n=11; RR =0.1; 95% CI (RR)
=0.05, 0.2] compared to infections acquired in Thailand. The value of this analysis is
questionable, since their reference population was travellers to Thailand, which is not

very informative from a public health perspective.

2.5.6 Engberg et al. Study

In a research project similar in structure to that presented in the paper by Smith ef al.
(61), a Danish research group conducted a risk factor analysis for quinolone resistance in
C. jejuni infections, as well as a survey of Campylobacter strains isolated from food
animals and foods, and a molecular subtyping of human, food, and animal strains (223).
In the study region, the prevalence of quinolone resistance among Campylobacter was
18%. The risk factor analysis included 42 cases with resistant-strain infections and 84
matched controls with quinolone susceptible-strain infections. Controls were matched by
date of stool sample submission. Multivariate logistic regression analysis indicated that
travel abroad [mOR = 17; 95% CI (mOR) = 3, 82], swimming [mOR = 5; 95% CI (mOR)
=1, 22}, and consumption of fresh poultry other than chicken and turkey [mOR = 19;
95% CI (mOR) = 2, 167], were risk factors for resistance, while eating fresh chicken was
a protective factor [mMOR = 0.04; 95% CI (mOR) = 0.004, 0.4].

The authors described in detail the controls of veterinary fluoroquinolone use in Denmark
and national surveillance data published elsewhere that found no resistance among C.
Jejuni from Danish broiler chickens. Furthermore, they reported that among domestically

acquired infections, subtypes of quinolone-susceptible C. jejuni were more likely to
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match the subtypes found among all C. jejuni isolated from retail foods and chicken than
were subtypes of quinolone-resistant strains. They then suggest that these points could
explain why eating fresh chicken is a protective factor for resistance. This would be
reasonable if they could also suggest why the balance of the population, people who ate
an alternative to fresh chicken (frozen chicken, other meats, or no meats) should have
resistant infections. They reported that 5 of 11 subtypes of resistant strains from retail
food and chicken matched the subtypes of the resistant strains from humans, and 34 of 88
subtypes from susceptible strains from food and chicken matched those from susceptible
strains from humans. It is not clear if these data are strong enough to support the authors’
hypothesis that retail foods and chicken could not be a source of resistant infections. The
conclusions from this study are problematic, therefore, not only because of the small
sample size (42 cases, 84 controls) and the wide confidence interval for the protective
effect of eating fresh chicken, but also because of the reasoning about the protective

nature of eating fresh chicken.

2.5.7 Concluding Remarks

Among the six papers discussed there is one point of consensus: travel abroad, largely to
countries less industrialized than the country in which the study is performed, is a risk
factor for fluoroquinolone or quinolone resistance among Campylobacter infections. The
magnitude of the risk is typically large, and there is little debate about the importance of

this variable in the prediction of resistance.

The reports of the importance of personal use of fluoroquinolone drugs prior to stool
sample submission and the consumption of poultry products are inconsistent among
reviewed publications. Authorities in clinical reviews of infectious diarrhoea treatment
caution against the empiric ilse of fluoroquinolone drugs to treat gastroenteritis, due to
the increasing levels of fluoroquinolone resistance among bacterial agents (78, 91). The
use of fluoroquinolone drugs prior to stool sample submission is, therefore, probably not
very common in most study regions, particularly for immunocompetent cases when
symptoms are less severe. With very low numbers of exposed people in a sample

population, there is a high probability of numerical problems with stratified or
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multivariate analyses. Point estimates may indicate significant risk, but the 95%
confidence interval for the estimate itself may be wide, indicating an unstable and
unreliable estimate of the true risk value. An imprecise estimate indicating a
“significant” risk is of less value to scientific knowledge than is a precise estimate

indicating a “non-significant” risk (257).

In contrast to fluoroquinolone use risk estimates, the inconsistency of risk associated with
poultry consumption may be due, in part, to a very high level of exposure in the sample
population. It may be difficult to detect a difference in exposure to poultry products
between case and control groups, particularly if the exposure period is longer than a few
days. Poultry meat, in particular, chicken, is commonly consumed in meals as whole
meat, and in sandwiches, pasta, stir fry, salads, etc. Hence, variability of exposure among
the two groups may be very slight. The difficulty to detect a difference increases with
increasing exposure period, and exposure period varied among the studies discussed here.
Added to this is the problem of inaccurate recall, which can lessen data quality.
Researchers in child health and breast cancer have demonstrated that food consumption
recall can be poor, although there is little indication of differential exposure

misclassification (258, 260).

In conclusion, the papers discussed in this section, apart from that of the CSSSC report,
have several shortcomings. Descriptions of data collection methods and statistical
methods, in particular, diagnostic or sensitivity analyses, are absent from these papers or
are lacking in depth. There is almost no discussion of the validity of the results and there

are several examples, discussed above, of questionable concluding statements.
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CHAPTER 3:
RISK FACTORS FOR CIPROFLOXACIN RESISTANCE IN CAMPYLOBACTER

INFECTIONS IN SOUTHERN ALBERTA

3.1 Background

Fluoroquinolone antibiotics, such as ciprofloxacin, have been recommended by some
authorities for the empirical treatment of infectious diarrhoea (1). Such recommendations
often carry cautions against overuse and use when not indicated to minimize risk of the
development of resistance in enteric bacteria such as Campylobacter. There are many
reports of increasing resistance to fluoroquinolones among Campylobacter strains from
humans, foods, and food animals (2-5). Of specific concern are reports of high levels of
resistance among strains in developing parts of the world, and among strains isolated
from travellers who have returned from developing countries (6-8). Case-control studies
have investigated risk factors for fluoroquinolone resistance in Campylobacter infections
in Europe and the U.S. Results vary, but primary risk factors reported include foreign

travel, chicken consumption, and antibiotic use (7, 9, 10).

Within southern Alberta are the Chinook Health Region (population 152,000) and the
Calgary Health Region (population 1,122,000) (11, 12). The Chinook region has a large
agricultural base with many workers in the livestock industry, while the Calgary region
has one of the most rapidly growing metropolitan populations in Canada (13). The
incidence of Campylobacter infection in humans is relatively high in these regions. In
2000, in both regions there were approximately 70 infections per 100,000; higher than the
province-wide incidence of 42.5 per 100,000 (14). Thus, these regions present a good
location in which to investigate the relative importance of a number of risk factors for

ciprofloxacin resistance among Campylobacter infections.

A version of this chapter has been published. Johnson et al. 2007. Epidemiology and 67
Infection. Electronic publication ahead of print. 7:1-10.
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3.2 Methods

3.2.1 Study Participants

Study participants were residents of the Chinook Health Region or Calgary Health
Regions, greater than 16 years of age, who submitted a stool sample that was positive for
the presence of Campylobacter, and who were followed-up by a public health nurse or
inspector between February 1, 2004 and July 29, 2005. Cases were participants infected
with ciprofloxacin resistant Campylobacter and controls were those infected with
ciprofloxacin susceptible strains. Verbal consent for study participants was recorded
prior to administration of the study questionnaire. Ethics approval was granted for this
study by the Health Research Ethics Board, Panel B, University of Alberta, Edmonton,
the Conjoint Health Research Ethics Board, University of Calgary, Calgary, and the
Chinook Health Region Regional Research Committee, Lethbridge.

Travel data and fluoroquinolone susceptibility test results were provided by the Calgary
Health Region for 161 non-participants in that region. These non-participants were
eligible for the study, but had declined to participate, or due to manpower shortages, were
not asked to participate. No other data on these patients was made available for this

study.

3.2.2 Data Collection

Sample Size Calculation. The sample size calculation was based on the following
assumptions: negligible correlation among covariates, prevalence of ciprofloxacin
resistance among Campylobacter isolated from the two health regions between 20 and
40%, and an odds ratio of 1.5. To obtain a one-tailed level of significance of 5% and a
power of 80%, the sample size required was between 182 and 274 (15). The combined
estimated Campylobacter annual incidence in the Chinook Health Region and the
Calgary Health Region was approximately 750, which was assumed to be adequate for

this study.
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Questionnaire Description and Administration. All questions for the study questionnaire
required one-word answers. Potential risk exposures included travel within the previous
month to destinations outside of Canada and the U.S.A., average two-week consumption
of specific foods, frequency of eating in restaurants, drinking unpasteurised milk or
untreated water, exposure to animal manure or faeces, administration of an antibiotic to
animals or humans, and antibiotic use within the past month. The use of household
products and personal hygiene items containing antibacterial agents was also included as
a risk exposure. In addition, the hypothesized resistance risks associated with possessing
antibiotics for future use and living more than five miles from a pharmacy (rural
residence), which could increase the potential for self-medicating with antibiotics, were
investigated. Other data gathered included age, sex, education, occupation, details about

any antibiotic treatment, and knowledge of antibiotic susceptibility testing result.

The study questionnaire is given in Appendix 1. Public health nurses in the Chinook
Health Region and public health inspectors in the Calgary Health Region were instructed
on correct administration of the scripted questionnaire. Questionnaires were
administered by phone during routine follow-up investigations by the public health

officials.

Quinolone Susceptibility Testing. Ciprofloxacin susceptibility testing at the Chinook
Health Region Laboratory used a modified Kirby Bauer method, in which colonies were
streaked onto Mueller Hinton agar (BD Diagnostics, Oakville) with 5 % sheep blood (BD
Diagnostics, Oakville) and incubated at 37 to 42 °C for 24 to 48 h, depending on growth
characteristics. The zone of inhibition around a 5 pg ciprofloxacin disk (BD Diagnostics,
Oakville) was assessed as follows: <15 mm, resistant; 16 to 20 mm, intermediate; >21
mm, susceptible. Campylobacter strains isolated in the Calgary Health Region by
Calgary Laboratory Services were tested for nalidixic acid susceptibility using 30 pg
nalidixic acid disks (Oxoid, Nepean) on blood agar plates (PML Microbiologicals,
Wilsonville). Susceptibility to nalidixic acid was assessed by zone diameter >20 mm,

and resistance was assessed by no zone of inhibition. This laboratory found that zones of
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inhibition were never between 0 and 20 mm in diameter. Plates were incubated at 42 °C

for 18 to 24 h.

3.2.3 Data Analysis

Data Handling. Data were double-entered into Statistic Package for the Social Sciences,
version 13.0 (SPSS, Chicago, IL). Illnesses that started at least two days after the first
day of travel outside of the USA and Canada and within three days of returning from
travel were considered to be caused by foreign strains. This criterion is based on the
assumption of a typical two to three day incubation period for infection (16, 17). When
multiple travel destinations were given, the most likely country where an infection was
acquired was determined from the individual’s travel timeline and illness onset

information.

Criteria for confirmed empirical treatment with an antibiotic or fluoroquinolone included
any of the following conditions: a) a positive response to the question “Did you start
taking the antibiotic before submitting a stool sample?”; b) the course of treatment for the
diarrhoeal illness started one or more days before stool sample submission; or ¢) any
antibiotic treatment started six or more days prior to the interview and laboratory stool
sample submission date was missing. In addition, the patient must have provided the
name of their medication, which had to be a recognized antibiotic. Criterion ¢) was
created for 20 participants who had filled a prescription for an antibiotic and for whom
stool sample submission data was missing. The six day cut-off was determined as the
most effective predictor of empirical antibiotic treatment. When tested against data for
participants for whom stool sample submission dates were available, the sensitivity of
this cut-off was 95% and the specificity was 60% in predicting actual empirical antibiotic
treatment. To assess the validity of criterion ¢) univariate logistic regression models

without the aforementioned 20 participants were conducted.

Food consumption frequency data were gathered on a continuous scale, but for modelling
purposes, data for most food types were classified as low, medium, or high consumption

frequency based on tertiles (3 equal divisions of the study population) of the data. Cut-
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off points for food consumption categorical variables were changed for modelling
domestic infections because the distribution of reported frequency of consumption for
this group differed from that of the total study sample. Abbreviations used for selected

variables are given in Table 3.4.1.

Logistic Regression Modelling. Univariate logistic regression models were fitted for each
independent variable using the SPSS LOGISTIC REGRESSION function. Along with
the crude odds ratios (OR), ORs adjusted for age, sex, health region, higher education,

season, and rural residence were calculated.

One multivariate model was developed using data on all study participants. A domestic
infection multivariate model (excluding travel-related infections) was not possible as
most candidate variables violated the assumption of sampling adequacy (more than 20%

of cell values were <5).

All variables with a Wald value significant at the 10% level in the univariate analyses
were candidate variables for stepwise multivariate logistic regression model-building,
using a p-entry value of 0.20, and p-removal value of 0.25. Interaction terms were
selected for the final model from all potential pairs of multiplicative effect variables by
testing for a difference at the 10% level in the likelihood ratios in models with and
without the interaction product term. Confounders were added to the base model if, when
added to the model, an exposure variable beta coefficient changed by more than 10%.
When the standardized residual for any data point was outside the 1% level of
significance, it was removed as an outlier (residual >2.58 or <-2.58). All final results of

model analyses were assessed for significance at the 5% level.

The final model was also run with inverse probability weighting to adjust for unequal
sampling across seasons. For example, sampling occurred over 2 springs, thus the weight
assigned to spring infections was the inverse of 2 (0.5). Weights for each season were as

follows: spring, 0.5; summer, 0.71; fall, 1.0; winter, 0.65.
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Validity Assessments. To assess the effect of participation bias, travel and
fluoroquinolone susceptibility data for 161 eligible non-participating patients in the
Calgary Health Region from September 2004 through July 2005 was compared to
participant data. To evaluate the potential impact of participation bias, the OR for foreign
strain was adjusted by dividing by a selection bias factor (18), Equation 1, and compared

to the unadjusted OR.

Equation 1

where: Sar = proportion of participants among cases with foreign strains
Sep = proportion of participants among controls with domestic strains
Sap = proportion of participants among cases with domestic strains

Sgr = proportion of participants among controls with foreign strains

The difference in susceptibility testing methods used in the two health regions was a
concern; the less specific nalidixic acid disk method used in the Calgary Health Region
could result in an artificially high proportion of ciprofloxacin resistance among
Campylobacter strains in that region. Possible resistance misclassification was addressed
by using the Greenland estimation (18), Equation 2, then by conducting a sensitivity
analysis.
A= %E—_]% Equation 2

where: A = adjusted fluoroquinolone resistance

A" = observed fluoroquinolone resistance

Fp = false positive probability

N = number of affected strains

Se = probability that resistant strains were classified as resistant

Sp = probability that susceptible strains were classified as susceptible

Ten datasets were generated in which susceptibility was imputed for randomly selected
resistant data points from the Calgary Health Region. The number of data points that

were selected was calculated from the Greenland estimate. The foreign/domestic model
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was re-run on the generated datasets, and the average change for the model ORs was
calculated. Specificity and sensitivity estimates for the nalidixic acid disk method as a
surrogate for the ciprofloxacin agar dilution method as reported by Gaudreau and Gilbert

(19) was assumed and used as input for the misclassification estimate.

3.3 Results

3.3.1 Study Participants and Campylobacter Strains

Based on public health databases from the study area, approximately 600 cases of
Campylobacter infections in people over the age of 16 were reported to the health regions
during the study period. Manpower shortages in the Calgary Health Region precluded
public health inspectors from asking all patients to participate including persons infected
as part of a Campylobacter outbreak which occurred during the study period. All patients
contacted by Chinook Health Region staff consented to participate. The number of
patients who were asked to participate was 351. Two hundred and twenty-nine patients
participated in the study, representing approximately 38% of all potentially eligible
people and 65% of all who were asked to participate. The reason most commonly given

for refusing to participate was lack of time.

The mean age of participants was 40.7 years, 62.0% had college or university education,
17.1% reported occupational handling of animals, and 19.7% were rural residents.
Among the 229 Campylobacter isolates from study participants, 215 (93.9%) were C.
Jejuni, six (2.6%) were C. coli, and the species of eight strains (3.5%) was not
determined. A large proportion of strains (73.8%) were from people reporting in the
Calgary Health Region (Table 3.4.2), and 71 infections (31.1%) were acquired outside of
the USA and Canada. The proportion of ciprofloxacin resistant strains among all strains
was 28.8% (n = 229), 87.9% of which were C. jejuni, and 89.4% of which were from the
Calgary Health Region.

73

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.3.2 Individual Risk Exposures

Tables 3.4.3 and 3.4.4 demonstrate there were several variables associated with crude and
adjusted risk for ciprofloxacin resistance. The likelihood of resistance was highly
variable among the macro-regions from which infections originated, but travel to any of
the three broadly classified regions outside of the U.S.A. and Canada was significantly
associated with increased risk. The levels of empirical antibiotic or fluoroquinolone
treatment were similar among cases and controls (Table 3.4.3). Among all participants,
the percentages for the variables fluoroquinolone and antibiotic were 6.1% and 12.7%,

respectively.

Among all infections and among domestically-acquired infections, cases were more
likely than controls to have reported possession of non-prescribed antibiotics (Tables
3.4.3, 3.4.4), and the percentage among all participants was 6.1% (n = 229). C. jejuni
were much less likely to be resistant than were strains that were other Campylobacter
species. Other variables associated with resistance included season, health region,
gender, and rural residence. Use of antibacterial dishwashing soap or antibacterial
toothpaste was not found to be associated with ciprofloxacin resistance, nor was contact
with animals or handling or dispensing of antibiotic drugs. There was a marginal risk
associated with moderate levels of chicken consumption, and a marginal protective effect

associated with cattle handling (Table 3.4.3).

Unexpectedly, 44 participants (19.5%, n = 226) reported that they knew the results of the

antibiotic susceptibility testing conducted on their Campylobacter strain, which may have
introduced a degree of recall bias. Resistance was more common among those who knew
their results (47.7%, n = 44) than among those who did not know their results (24.7%, n=
182, Table 3.4.3).

In comparison to Table 3.4.3, there were fewer identified univariate risk factors identified

among domestic infections (Table 3.4.4); only possession and knowledge were associated

with likelihood of resistance.

74

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.3.3 Multivariate Logistic Regression Analysis

Candidate variables for multivariate model building included foreign, fluoroquinolone,
shellfish consumption, cat handling, cattle handling, possession, knowlege, sex, health
region, rural residence, season, and C. jejuni. The variables selected by forward selection
and backward elimination approaches were foreign, possession, sex, health region, and

knowledge.

Among potential interaction terms, the term knowledge by health region was the only
significant interaction term. When added to the model, the 95% confidence interval for
the OR of this term was wide (OR = 30.9; 95% CI = 1.7, 545.2), suggesting the power for

this estimate may be insufficient, thus, this term was not included in the final model.

There was evidence of confounding by age on the effects of knowledge, health region,
and sex. Also, rural residence confounded the effect of health region. The base model,
then, included foreign, possession, sex, health region, knowledge, age, and rural

residence.

One outlier was identified and removed, and the significant risk factors identified by the
final model and adjusted for knowledge were foreign, possession, sex, and age (Table
3.4.5). When the final model was run with weighting for season, model ORs changed by
1 to 8%.

3.3.4 Validity Assessments

Examination of a sample of eligible Calgary Health Region patients who were not asked
to participate or who were asked but chose not to participate showed that the
ciprofloxacin resistance rate was less among non-participants than among Calgary study
participants (26.1%, 34.9%, respectively). Among the non-participants in the Calgary
Health Region 19.9% acquired infection in a foreign country, and the ORForeign Was lower
for non-participants (OR = 2.0, 95% CI: 0.9, 4.5) than for participants (OR = 29.9, 95%
ClI: 12.6, 70.9). The effect of this apparent participation bias was taken into consideration
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in the bias-corrected estimate for ORForeign (18). The calculated participation bias factor

was 3.57, so the ORporeign adjusted for participation bias was estimated as 29.9/3.57 = 8.4.

The potential effect of differential misclassification of resistance on the model caused by
the use of a surrogate ciprofloxacin susceptibility testing method in the Calgary Health
Region was evaluated. Gaudreau and Gilbert (19) found nalidixic acid diffusion testing
had a sensitivity of 100% and specificity of 98.5%, with respect to the gold standard test
for ciprofloxacin susceptibility (agar dilution). Based on these values, the estimated
number of correctly classified ciprofloxacin resistant Campylobacter strains in the
Calgary sample was 57.3 (18). This suggests approximately two of the 59 Calgary

infections assumed to be ciprofloxacin resistant may have been misclassified.

The dataset was altered by imputing ciprofloxacin susceptibility for two randomly
selected participants with resistant Campylobacter from among the Calgary region
patients. The ORs calculated from ten altered data sets differed very little from the ORs
calculated from the raw data; the percent difference between the average ORs for the
final model variables and the original ORs ranged from 1 to 6%. All variables that were
significant using the raw data were also significant with the 10 altered data sets, and those

that were not significant originally remained so with the altered data.

The six day cut-off criterion for estimated empirical treatment with an antibiotic or
fluoroquinolone appeared to simulate actual reported empirical treatment well. The
effects of the variables for antibiotic and fluoroquinolone treatment are similar with or
without the 20 participants for whom the six-day criterion was utilised. Following
removal of these 20, the adjusted univariate ORFjyoroquinolone Shifted only slightly from OR
=3.2(95% CI=0.8, 12.3) to 4.2 (95% CI= 0.9, 18.9). Similarly, the adjusted univariate
OR antibiotic changed negligibly from 1.5 (95% CI = 0.6, 4.0) to 1.5 (95% CI=10.5, 4.3).

There was a large proportion of college and university-educated people in the study

sample (62.0%) in contrast to the proportion in the province of Alberta in 2001 (54.7%)

(20). This could mean the study results are not generalizable across the province, if the
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percent with higher education in the population that reports Campylobacter infections in
the province (the study population) differed from that of the sample population. Among
the study participants, higher education was not associated with travel (Xz =0.7,p=0.4),
or with possession (x*>= 1.7; p = 0.2). However, if there were significant associations

among the non-participants, the skewed sampling could be a source of participation bias.
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3.4 Tables

Table 3.4.1. Abbreviations of selected study variables

Abbreviation Variable Definition

Foreign Foreign travel Travel outside Canada and the U.S.A.; infection starting >2 days
after the beginning and <3 days after the end of travel

Possession Possession of non-prescribed  Participant reported possession of antibiotics that were not

Antibiotic or
Fluoroquinolone

Knowledge

Rural residence

Higher education

(Food type)

(Animal type) handling

antibiotics

Empirical treatment with an
antibiotic or fluoroquinolone

Knowledge of antibiotic
susceptibility testing result

Living more than five miles
from a pharmacy

College, and or, university
education

Frequency of consumption of
specific food types

Handling of faeces or manure

prescribed for them that were saved for future use

Participant reported taking an antibiotic or fluoroquinolone prior to
submitting a stool sample, or this was indicated by laboratory and
questionnaire data, or, in the absence of data, treatment began >6
days prior to interview

Participant was aware of the fluoroquinolone susceptibility testing
result of their infective strain

Used as an indicator for the potential for antibiotic self-medication
Self-explanatory
Typical frequency of consumption of food types within a 2-week

period

Contact with animal waste within the past month




Table 3.4.2. Characteristics of study participants with reported Campylobacter
infections in southern Alberta, 2004 — 2005

Number Percent

Sex

Male 125 54.6

Female 103 452
Age

<28 51 223

28 -37 58 253

38 -49 56 245

>50 64 27.9
Education

Elementary 5 2.6

High school 58 253

Trade school 22 9.6

College 52 22.7

University 90 39.3
Health region

Chinook | 60 26.2

Calgary 169 73.8
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Table 3.4.3. Risk factors for ciprofloxacin resistance of Campylobacter strains. Data collected from Campylobacter infections

in southern Alberta, 2004 — 2005.

Variable Ciprofloxacin Crude Adjusted }
resistance (%) OR 95% CI OR 95% CI

Foreign 71 76.1 38.4 ** 17.2, 85.6 41.2 ** 15.7,108.0
Infection source

Latin America 36 75.0 36.3 ** 13.9,94.4 30.9 ** 9.9, 96.3

Asia 21 90.5 114.8 ** 23.9,552.6 148.8 ** 25.5,870.0

Europe 11 45.5 10.1 ** 2.7,379 11.3 ** 2.3,55.0
Antibiotic 29 31.0 1.1 0.5,2.6 1.5 0.6,4.0
Fluoroquinlone 14 50.0 2690 0.9,7.9 3290 08,123
Chicken

High 68 32.4 1.9 0.9,3.9 1.5 0.6,34

Moderate 78 34.6 2.1 % 1.0,4.2 1.7 0.8,3.8

Low 83 20.5 1.0 referent 1.0 referent
Beef

High 60 20.0 0.5¢ 0.2,1.1 0.9 0.4,2.1

Moderate 80 30.0 0.8 0.4,1.6 0.8 0.4,1.6

Low 89 22.7 1.0 referent 1.0 referent
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Variable Ci[.)roﬂoxaéin Crude Adjusted
resistance (%) OR 95% CI OR 95% CI

Pork

High 69 27.5 0.8 04,1.6 0.7 03,15

Moderate 63 25.4 0.7 04,15 0.7 03,14

Low 97 32.0 1.0 referent 1.0 referent
Processed meat

High 71 22.5 0.7 03,13 0.9 04,2.1

Moderate 74 324 1.1 0.6,2.1 1.2 0.6,2.7

Low 84 31.0 1.0 referent 1.0 referent
Shellfish 114 34.2 1.7 0 1.0, 3.0 1.1 0.6,2.2
Eating outside of the home

High 87 34.5 1.7 0.8,3.5 1.5 0.6, 3.5

Moderate 84 26.2 1.1 05,24 0.7 03,1.7

Low 58 24.1 1.0 referent 1.0 referent
Drank unpasteurised milk 12 25.0 0.8 02,32 0.7 02,33
Drank untreated water 48 33.3 1.3 0.7,2.7 2290 1.0,5.2
Occupational handling of animals 39 23.1 0.7 0.3,1.6 1.1 04,2.7
Bird handling 18 222 0.7 02,22 1.2 03,44
Dog handling 85 24.7 0.7 04,13 0.9 04,17
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Variable } Ciprofloxacin Crude Adjusted {
resistance (%) QR 95% CI OR 95% CI
Cat handling 49 18.4 050 0.2,1.1 0.5 0.2,1.2
Cattle handling 34 8.8 02* 0.1,0.7 0.4 0.1,1.4
Pig handling 7 0.0 § §
Poultry handling 16 18.8 0.6 0.2,2.0 0.6 0.2,2.6
Household member taking 27 222 0.8 03,2.1 L1 0.4,3.3
Handles antibiotics for others 16 31.3 1.1 04,34 1.3 04,45
Previous diarrhoeal illness 41 293 1.0 0.5,2.1 1.3 0.5,3.1
Possession 14 64.3 5.0 ** 1.6, 15.5 5.0%* 1.4,18.2
Uses antibacterial dish soap 120 27.5 0.9 0.5, 1.5 0.9 0.5,1.7
Uses toothpaste with triclosan 66 28.8 1.0 0.5,1.9 0.8 04,1.7
Knowledge 44 47.7 2.8 ** 1.4,5.5 4.5 ** 2.0, 10.5
Age (quartile)
17-27 51 37.3 1.0 referent -
28 - 37 58 20.7 0490 02,10 -
38-49 56 33.9 0.9 04,19 -
> 50 64 25.0 0.6 03,13 -
Sex (female) 103 35.0 1.70 1.0, 3.0 -
Higher education 142 324 1.6 0.9,3.0 -
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Variable + Ciprofloxacin Crude Adjusted }
resistance (%) OR 95% CI OR 95% CI

Health region (Calgary) 169 349 4.1 ** 1.7,9.5 -
Rural residence 45 17.8 0.5¢ 0.2, 1.1 -
Season

Fall 27 18.5 1.3 04,39 -

Winter 31 58.1 7.7 ** 3.0,19.4 -

Spring 86 34.9 3.0 ** 14,62 -

Summer 85 15.3 1.0 referent —
C. jejuni 215 27.0 0.3* 0.1,0.8 —

+ Refer to Table 3.4.2 for definitions of variable abbreviations

1 Adjusted for age, sex, higher education, health region, rural residence, and season.

§ One zero cell in 2 by 2 table, therefore, odds ratio cannot be computed.

¢ Candidate variable for multivariate model, p < 0.10

* p <0.05
** p < 0.01



Table 3.4.4. Risk factors for ciprofloxacin resistance of Campylobacter strains. Data represents domestically-acquired

Campylobacter infections in southern Alberta, 2004 — 2005.
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Variable + Ci[.)rofloxacin Crude Adjusted §
resistance (%) QR 95% CI OR 95% CI
Antibiotic 15 0.0 § §
Fluoroquinolone 4 0.0 § §
Chicken
High 56 8.9 5.0 0.6,44.3 2.6 0.3,25.7
Moderate 49 12.2 7.1 08,614 6.3 0.6,61.8
Low 52 1.9 1.0 referent 1.0 referent
Beef
High , 87 5.7 0.6 02,18 0.7 0.2,2.6
Low 70 10.0 1.0 referent 1.0 referent
Pork
High 50 8.0 1.2 0.3,5.8 1.2 0.2,7.1
Moderate 62 8.1 1.2 03,54 1.2 0.2,6.2
Low 45 6.7 1.0 referent 1.0 referent
Processed meat
High 55 7.3 0.9 0.2,4.0 1.9 0.3,10.2
Moderate 50 8.0 1.0 0.3,4.4 1.5 0.3,7.8

Low 52 7.7 1.0 referent 1.0 referent
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Variable ¢ Ci[?r ofloxacin Crude Adjusted }
resistance (%) QR 95% CI OR 95% CI

Shellfish 73 12.3 3.8 1.0, 14.6 1.6 0.4,7.5
Eating outside of the home

High 56 7.1 0.6 0.2,2.5 0.3 0.1,1.8

Moderate 55 55 0.5 0.1,2.1 0.2 0.0,1.4

Low 1.0 referent 1.0 referent
Drank unpasteurised milk 7 0.0 § §
Drank untreated water 29 0.0 § §
Occupational handling of animals 31 6.5 0.8 0.2,3.8 1.7 0.3,11.6
Bird handling 13 7.7 1.0 0.1, 8.5 2.7 0.2,32.7
Dog handling 62 9.7 1.6 05,52 1.8 0.4,7.2
Cat handling 37 54 0.6 0.1, 3.0 0.6 0.1,3.3
Cattle handling 30 0.0 § §
Pig handling 7 0.0 § §
Poultry handling 14 7.1 0.9 0.1,7.7 0.8 0.1, 89
Household member taking antibiotic 22 4.5 0.6 0.1,5.3 0.6 0.0,7.8
Handles antibiotics for others 11 0.0 § §
Previous diarrhoeal illness 31 9.7 1.4 04,54 34 0.6,19.5
Possession 6 50.0 15.8 ** 2.8,90.0 20.8 * 2.1,208.4
Uses antibacterial dish soap 86 8.1 14 04,50 1.7 0.4,7.8
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Variable Cil?roﬂoxacin Crude Adjusted }
resistance (%) QR 95% CI OR 95% CI

Uses toothpaste with triclosan 47 8.5 1.2 0.3,4.2 0.9 02,34
Knowledge 23 17.4 3.2 0.9,11.8 7.6* 1.3,43.6
Age (quartile)

17-27 33 9.1 1.0 referent -

28 - 37 43 93 1.0 0.2,4.9 -

38-49 39 10.3 1.1 0.2,5.5 -

>50 42 2.4 0.2 0.0,2.5 -
Sex (female) 66 12.1 3.0 0.9,10.3 -
Higher education 95 11.6 8.0 1.0, 63.5 -
Health region (Calgary) 107 10.3 5.6 0.7,44.8 -
Rural residence 35 2.9 0.3 0.0,2.4 -
Season

Winter 10 20.0 4.4 0.7,27.8 -

Spring 54 11.1 2.2 0.6,8.2 -

Summer / fall 93 43 1.0 referent -
C. jejuni 152 7.9 § -

+ Refer to Table 3.4.2 for definitions of variable abbreviations

1 Adjusted for age, sex, higher education, health region, rural residence, and season.

8 Onezerocellin2 by 2 table, therefore, odds ratio cannot be computed.

* p<0.05
**p<0.01



Table 3.4.5. Risk factors for ciprofloxacin resistance identified from multi-variable
logistic regression models on all data from reported Campylobacter infections,

southern Alberta, 2004 — 2005.

Risk factor OR 95% CI p value
Foreign 57.5 20.2, 163.8 <0.001
Possession 5.7 1.1,29.3 0.04
Sex (female) 2.7 1.0, 7.0 0.04
Age 0.02
17-27 1.0 referent
28 -37 0.3 0.07, 1.1
38-49 1.0 03,35
>50 0.1 0.04, 0.6

T Refer to Table 3.4.2 for definitions of variable abbreviations

1 Adjusted for knowledge of antibiotic susceptibility testing result
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3.5 Discussion

This case-control study examined a large number of hypothesized risk exposures for
ciprofloxacin resistance in Campylobacter infections. The percentage of ciprofloxacin
resistance among the Campylobacter strains involved in this study (28.8%) falls between
levels reported within the past five years in Alberta and Quebec, which range from 2% to
47% (2, 21, 22). Similar to other reports (21, 23), the levels of resistance among C. coli

was higher than among C. jejuni.

Foreign travel has been discussed in many observational studies of antibiotic resistance in
Campylobacter infections (7-10, 24, 25). This study’s data showed the effect of overseas
travel dominated any other risk exposures that were examined. After controlling for
possible confounders (Table 3.4.2), Campylobacter acquired in Asia were almost 150
times more likely to be resistant than were strains acquired domestically, while the risk of
resistance for strains from European travellers was not as great. Stratification by macro-
region was therefore important because it allowed a more detailed understanding of the
risk associated with foreign travel. A larger study with finer geographic groupings (for
example, by country) would likely have allowed us to capture a wide range of risk levels

within macro-regions.

It has been shown that Campylobacter are able to develop high levels of resistance to
fluoroquinolones soon after exposure (26, 27), and Smith et al. reported quinolone use
increased risk of quinolone resistance in Campylobacter infections (10). In this study,
the percentage of those who were empirically treated with a fluoroquinolone among cases
and controls was 10.6% and 4.3%, respectively; however, early treatment with
fluoroquinolone drugs did not significantly increase the likelihood of a resistant culture.
This could have been due to the fact that three of the 14 who were treated empirically
started treatment at least two weeks prior to stool sample submission; strains cultured
from these samples may not have been exposed to selective pressure for fluoroquinolone
resistance. Unfortunately, data on when antibiotic treatments for the Campylobacter
infections stopped were not collected, so ascertainment of exposure in these cases was

problematic.
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Self-medicating with antibiotics has been previously reported (28-30). Among a sample
of current antibiotic users, 9% admitted using a prescription that was not for their current
infection and 38% of a patient population admitted they kept leftover antibiotics for
future use (28, 30). While antibiotic self-medication is important and often effective in
the prevention and treatment of travellers’ diarrhoea (31), and while possession of
leftover antibiotics may be due to oversized packaging i.e. not always due to incomplete
courses of previous treatments (32), the potential for incorrect self-medication with non-
prescribed antibiotics to contribute to bacterial resistance is a great concern (32, 33). |
agree with McNulty et al. (32), who suggested that the use of antibiotics may not align
with prescribing data, and that this could affect the results of epidemiological studies

such as this one,

The potential for self-medicating was ascribed to those who answered yes to “Do you
have any antibiotics that you would use for future illness?” In this study, possession of
non-prescribed antibiotics contributed to the likelihood of resistance. Unfortunately,
participants who reported possession of non-prescribed antibiotics were not asked if they
used them. Although 78.6% of those who had non-prescribed antibiotics (n = 14)
reported that they used an antibiotic for their Campylobacter illness, it is unclear if this
was prescribed or non-prescribed use. Furthermore, it was impossible to determine if any
non-prescribed antibiotics were taken prior to submitting a stool sample (empirical
treatment). Future studies with a larger sample size and higher exposure numbers, as

well as more detailed questions on this topic could help to clarify this issue.

In this study, food consumption data was collected in units of typical consumption
frequency over a two week period, rather than positive/negative consumption prior to
onset. Compared to dichotomous consumption data, trichotomized frequency data
allowed for greater discrimination in risk estimates. For example, if chicken
consumption was categorized as never/ever the univariate model for resistance would
have a beta coefficient standard error of 0.72, while the model using the categorized

frequency data had a standard error of 0.18. Nevertheless, unlike others (7, 34), the data

89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



from this study did not indicate that those who eat chicken frequently were more likely to
have Campylobacter infections with ciprofloxacin resistance than were those who eat

chicken infrequently.

Compared to estimates of quinolone and fluoroquinolone resistance among
Campylobacter isolated in retail chicken from other countries, Canadian estimates are
low, ranging from 1% to 12% (3, 21, 35-38). Potentially, low prevalence of resistance in
Campylobacter in chicken may have been a reason behind the lack of risk associated with
chicken consumption here. Others have found swimming also contributed to nalidixic
acid resistance risk (7), but consumption of untreated water, including unintentional
consumption while swimming, was not identified as an important risk exposure among

the study sample.

Work-related potential risk exposures were investigated in this study. Others have found
nalidixic acid resistance to be higher among faecal bacteria of livestock workers than
among those of non-agricultural workers (39). The percentage of participants in this
study who handle animals as part of their occupation was higher than the percentage
among the provincial workforce (2.4%) (40), but this type of work was not associated

with ciprofloxacin resistance.

The need to examine the role of home cleaning and personal use antibacterial products in
the development of infections from antibiotic resistant organisms has recently been put
forth by several authors (41, 42). In the present study, the use of antibacterial dish soap
and a brand of toothpaste known to contain triclosan, an agent that may be involved in
the development of antibiotic cross-resistance, was not found to be associated with
resistance. The quality of the data and the validity of these findings may be questionable,
since a high proportion of participants, 54% and 29%, respectively, reported using these
products. Given the number of dish soap products and toothpaste brands available, it is
seems likely that the frequency of reported use is greater than that of true use. Sensing
that the use of antibacterial dish soap is an indication of good hygiene, participants may

have been more likely to answer yes, and the quality of recall of product details among
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most people is probably modest. A cohort format may be a more suitable than a case-
control format to examine the effects of these products on the likelihood of antibiotic

resistance.

Participation bias, an increasingly formidable challenge to overcome in observational
studies (43), can involve more than one subset of the population. In this study, there was
data missing from a) non-participants: people who could have, but did not participate and
from b) non-submitters: people who were infected, but did not seek medical help or

sought medical help but were not asked to submit a stool sample.

Non-participants in non-chronic infectious disease epidemiological research such as this
can be a very different sub-set of the diseased population. In this study, it was
remarkable that among non-participants in the Calgary Health Region travel had no
significant effect on likelihood of resistance. Even though foreign travel was still a very
important risk factor for resistance among the sample population after accounting for the
effect of non-participation, this effect on ORFporcign Was considerable. The reasons for the
non-participant effect are unclear. One possibility is that, in contrast to participants, non-
participants, who were more commonly infected with domestically acquired and
ciprofloxacin susceptible strains, were those whose infections were more easily treated,
and or, shorter in duration and were, therefore, more active and had less time to answer
the questionnaire. Since most participants were unaware of the resistance status of their
infection at the time of interview request, it can be assumed that concern over resistance

would have little influence on interest in participation.

Unfortunately, data to estimate the effect of non-submitters was not available. The lack
of data on non-reported intestinal disease, which this study, along with many others,
suffers from, leads to results that describe only more severe diseases (44). Tam et al.
(44) reported that people with severe intestinal illness were much more likely to consult
their general practitioner, and physicians were more likely to ask for stool samples from
those who recently travelled abroad. If this applied to this study population, it can be

assumed that the sample population included, relative to domestic infections, an over-
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sampling of travel-related infections. However, this over-sampling would not have
biased the risk estimate for travel if the proportions of resistance among travellers and
domestically-infected patients were the same among those in the study sample and those

in the study population (Chinook and Calgary Health Regions).

Recall bias may have weakened the validity of this study. Some patients may have been
informed that the strain that was infecting them was ciprofloxacin resistant during a
follow-up visit to their physician. The data indicated that cases were much more likely to
have to have known their susceptibility testing results than controls. To what degree this
could have influenced responses, particularly to questions about antibiotic use, is
unmeasureable, but including knowledge in the model should have controlled for some

unmeasured confounding.

Nalidixic acid susceptibility testing is an effective tool for screening fluoroquinolone
susceptibility in enteric pathogens (19). It appeared that the use of nalidixic acid disk
testing in the Calgary Health Region as a surrogate for ciprofloxacin disk testing was not
a source of differential misclassification as most OR estimates were stable in the
sensitivity analysis. It must be noted, however, that this conclusion is based on the
sensitivity/specificity estimates from only one study. Ciprofloxacin susceptibility testing

of the study isolates should be conducted to confirm the analysis results.

In conclusion, results from this case-control study demonstrate the overwhelming
influence of foreign travel on the likelihood of fluoroquinolone resistance among
Campylobacter infections in southern Alberta, and the possibility that individuals who
have personal reserves of antibiotics may, through self-medication, be more likely to be
infected with a resistant strain. Increasing frequency of chicken consumption was not a
significant risk exposure for resistance. A larger study is required to more conclusively
test the effect of exposures such as fluoroquinolone use and possession of non-prescribed

antibiotics, which are uncommon among the population.
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CHAPTER 4:
THE EFFECTS OF TRAVEL AND ANTIBIOTIC TREATMENT ON THE
DURATION OF DIARRHOEA IN CAMPYLOBACTER JEJUNI INFECTIONS

4.1 Background

Campylobacter are common agents of foodborne diarrhoeal illness in Canada (1, 2).

The range of reported mean (and median) duration of diarthoea in Campylobacter illness
in research conducted in developed countries is between 7 and 15 days (8 and 11 days)
(3, 4), and reports of typical duration in traveller’s diarrhoea, which is commonly caused
by Campylobacter infection, varies from <3 days (5) to >14 days (6) . In the present
study, I was interested in the possibility that infections caused by C. jejuni from countries
other than Canada and the U.S.A. could be responsible for longer illnesses than those
caused by indigenous strains. The question regarding the relative influence that foreign
travel and ciprofloxacin resistance have on the duration of Campylobacter illness has
been debated recently (4, 7). While a Foodborne Diseases Active Surveillance Network
project found that ciprofloxacin resistance was the key determinant for the duration of

diarrhoea (4), others challenged the methods used to reach this conclusion (7).

In bacterial gastroenteritis, invasion can play a role in prolonged diarrhoea (8). The pVir
plasmid identified in the highly pathogenic strain C. jejuni 81-176 was initially perceived
as a potentially important contributor to the invasion process (9), however, there is
conflicting evidence of the relationship between the presence of pVir in C. jejuni strains
isolated from humans and specific symptoms of gastroenteritis (10, 11). In this study, the

effect of pVir presence on diarrhoea duration was examined.

This study also assessed the effect of antibiotic treatment in an observational setting,
Campylobacter infections are commonly self-limiting, but are often treated with
ciprofloxacin, erythromycin, or azithromycin, particularly when illness is associated with
travel, severe illness or bloody diarrhoea (12-14). In a clinical trial, duration of

community-acquired gastroenteritis, predominantly caused by Campylobacter infection

97

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



was much shorter among those treated with ciprofloxacin, than among those who

received placebo (15).

4.2 Methods

4.2.1 Epidemiological Data Collection

Epidemiological data used in this study were gathered concurrently with data from the
case-control study on ciprofloxacin resistance of Campylobacter infections in southern
Alberta (Chapter 3, this thesis). Study participants were among those in the Chinook
Health Region and Calgary Health Region, greater than 16 years of age, who submitted
stool samples that were positive for the presence of Campylobacter and were later
contacted by health region staff between February 1, 2004 and July 29, 2005. The study
questionnaire was administered by public health inspectors and nurses by phone during
routine follow-up enteric investigations. Data gathered included age, sex, education,
travel completed within the past month, duration of diarrhoea, and antibiotic treatment
(duration of treatment, name of drug or brand, if antibiotic for diarrhoea was prescribed
before stool sample submission). Verbal consent was recorded prior to administration of
the study questionnaire. Ethics approval was granted for this work by the Health
Research Ethics Board, Panel B, University of Alberta, Edmonton, Conjoint Health
Research Ethics Board, University of Calgary, Calgary, and Chinook Health Region
Regional Research Committee, Lethbridge.

4.2.2 Detection of pVir Plasmid

A sub-sample of the C. jejuni strains isolated from patients in the Calgary Health Region
from September 2004 through July 2005 was tested for the presence of the pVir plasmid.
Frozen cultures were maintained at -80 °C, and prior to polymerase chain reaction (PCR)
amplification, bacteria were grown on charcoal cefoperazone deoxycholate agar (Oxoid,
Basingstoke) and incubated at 42°C for 48 hours. Single colonies were inoculated into
Bolton broth (Oxoid, Basingstoke) and incubated at 42°C for 24 to 48 hours. Supernatant
samples were removed following centrifugation. A 2.5 pl of bacterial extract was used

for each PCR. Plasmid DNA isolation methods and the virBI1 plasmid primer set used
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followed those used by Bacon et al. (9) with adjustments to PCR conditions as follows:
initial melting temperature of 95°C for 1 min; 35 cycles of 95°C for 1 min, 55°C for 30

sec, and 72°C for 1 min; final extension at 72°C for 5 min.

4.2.3 Ciprofloxacin Susceptibility Testing

Fluoroquinolone susceptibility of C. jejuni strains was tested at two laboratories. The
Chinook Health Region Laboratory used a modified Kirby Bauer method, in which
colonies were streaked onto Mueller Hinton agar (BD Diagnostics, Oakville) with 5%
sheep blood (BD Diagnostics, Oakville) and incubated at 37 to 42°C for 24 to 48 h.,
depending on growth characteristics. The zone of inhibition around a 5 pg ciprofloxacin
disk (BD Diagnostics, Oakville) was assessed as follows: <15 mm, resistant; 16 to 20
mm, intermediate; >21 mm, susceptible. Campylobacter strains isolated in the Calgary
Health Regioﬁ by Calgary Laboratory Services were tested for nalidixic acid
susceptibility using 30 pg nalidixic acid disks (Oxoid, Nepean) on blood agar plates
(PML Microbiologicals, Wilsonville). Susceptibility to nalidixic acid was assessed by
zone diameter >20 mm, and resistance was assessed by no zone of inhibition. This
laboratory found that zones of inhibition were never between 0 and 20 mm in diameter.
Plates were incubated at 42°C for 18 to 24 h. Nalidixic acid susceptibility was assumed

to be an acceptable surrogate for ciprofloxacin susceptibility (16).

4.2.4 Data Handling and Analyses

Data were double-entered into the Statistical Package for the Social Sciences, Base
version 13.0 (SPSS, Chicago, IL). The definition of chronic diarrhoea varies widely from
14 days to 3 months (17, 18). The 14-day criterion, accepted by some (17), and a longer,
more inclusive 30-day criterion were used in this study. The effects of independent
variables on duration within 14 and 30-day data sets and within a shorter period, 7-day,
data set were examined. Diarrhoeal illnesses that started at least two days after the first
day of travel outside of the US and Canada and within three days of returning from travel

were considered to be caused by foreign strains.
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For cases in which diarrhoea had ceased at the time of interview, the effect of variables
on mean diarrhoea duration was assessed with two-independent sample ¢-tests, while
Pearson correlations were computed between age and duration. When skew and kurtosis
were >2 and <-2, duration data were logarithmically transformed to adjust for non-
normality. Levene’s test was used to assess homogeneity of variance. Multivariate
ANOVA was used to test the effect of travel on duration, while controlling for other
variables. Marginal mean plots and stepwise model-building were used to identify

interaction terms for the multivariate ANOVA model.

Cox proportional hazard regression univariate and multivariate models were used to
assess the effects of variables on duration of all cases of non-chronic diarrhoea, including
cases in which diarrhoea was on-going at the time of interview. Also, Fisher’s Exact test
was used to assess the relationship between foreign travel and the presence of the pVir

plasmid.

4.3 Results

There were 209 C. jejuni cases available to participate in this study, but 8 cases had
diarrhoea that lasted >30 days and were excluded due to prolonged, and possibly chronic,
diarrhoea. Eighty of the remaining 201 participants had on-going diarrhoea at the time of
interview. Approximately 60% (n = 351) of eligible patients participated; lack of time
appeared to be the most common reason for non-participation. Among the 201
participants, the mean age of participants was 40.2 years, 56.0% were male, and 61.7%
had college or university education. Among the 201 C. jejuni strains, 28.9% were
resistant to ciprofloxacin and 28.9% originated from locations outside of the U.S.A. and
Canada. Among the sub-sample of 73 C. jejuni strains tested, 13.7% were positive for

the presence of the pVir plasmid.

The median duration of diarrhoea among the 201 participants with ceased and on-going
diarrhoea was 9 days (inter-quartile range (IQR) 5.5 days), mean duration was 9.5 days
(SD 5.0 days) and the range of duration was 2 to 27 days. Among those whose diarrhoea

had ceased at the time of interview, the median duration was 7 days (IQR five days) and
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the mean was 8.5 days (SD 4.6 days). Among the 8 excluded cases with prolonged

diarrhoea, the range was 32 to 85 days.

4.3.1 Univariate Analyses

Duration data for all cases of non-chronic, ceased diarrhoea had a non-normal

distribution (skew = 1.6, kurtosis = 3.3), but data sets for diarrhoea up to 14 days and 7
days followed normal distributions. Univariate f-tests and multivariate ANOVA using

the 30 day data set were run on log-transformed duration data, but the remaining analyses,

including Cox regression models were run on raw data.

Univariate model results based on data from cases in which diarrhoea had ceased at the
time of interview are given in Table 4.4.1. Duration within the 30 day and 14 day data
sets was significantly longer among travel-related infections than among domestically-
acquired infections, but there was no such difference within the 7 day data (Table 4.4.1).
Duration was longer for those infected with ciprofloxacin resistant strains, but only

within the 30 day data set (Table 4.4.1).

Table 4.4.2 gives results from Cox regression analyses based on on-going cases as well as
ceased cases of diarrhoea, and these results differ from those in Table 4.4.1. Within the
30 day data set, travel had a marginally protective effect on duration of diarrhoea (Table
4.4.2).

Age was not correlated to log-transformed duration (Pearson correlation p = 0.99). pVir
presence was not associated with duration; however, pVir presence was more common
among travel-related strains (33.3%, n = 28) than among domestic strain (7.3%, n = 41;
Fisher’s Exact 1-sided p = 0.045)

4.3.2 Multivariate Analysis

The primary variable of interest in multivariate testing was travel-related infection. After
controlling for the potential confounding effects of ciprofloxacin resistance and

fluoroquinolone treatment, foreign travel was an independent significant predictor of
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duration in the multivariate ANOV A model with the 30 day data set, but not with the 14
day data set (Table 4.4.3). No significant interaction terms were identified. Travel was
not significant in Cox regression models adjusting for fluoroquinolone treatment,

ciprofloxacin resistance (Table 4.4.3)

4.3.3 Antibiotic Treatment

One-hundred-thirty-eight participants (69.0%, n = 201) reported filling out a prescription
for their diarrhoeal illness, and 127 (92.0%, n = 138) were able to name the drug
prescribed. Among those who named their antibiotic treatment, ciprofloxacin was the
most commonly prescribed first course of antibiotic (44.1%, n=127). Among all
antibiotic treatments, including second and third course treatments (n = 146), 44.5% were
fluoroquinolone drugs, 29.5% were erythromycin, and 11.6% were azithromycin.
Remarkably, 19 participants (9.5%, n = 201) reported starting a course of antibiotics after
diarrhoea had stopped. In following analyses of effectiveness of antibiotic and

fluoroquinolone treatment these participants were excluded.

Among the 182 participants (including on-going cases of diarrhoea) who were not
excluded were 117 who were treated with an antibiotic. The median treatment lag time,
the period between the start of diarrhoea and the start of treatment, was 6 days (IQR, five
days), and the median duration of diarrhoea following initiation of treatment was three
days (IQR, four days). Using a Cox regression model on these data, treatment lag time
was not a predictor of duration of diarrhoea following initiation of treatment (hazard
ratio, HR =1.0 (95% CI=1.0, 1.1, p=0.7). Among the 54 cases treated with a
fluoroquinolone, treatment lag time, with or without controlling for ciprofloxacin
resistance did not predict duration [with adjustment: HR = 1.0; 95% CI(HR)=0.9, 1.1; p
= (.5; without adjustment: HR = 1.0; 95% CI(HR) = 0.9, 1.1, p = 0.4].
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4.4 Tables

Table 4.4.1. Univariate unadjusted associations between dichotomous characteristics and duration of diarrhoea in C. jejuni

infection, southern Alberta, 2004-2005. Includes only patients who no longer had diarrhoea at time of interview.

Duration < 30 days
(n=121) %

Duration < 14 days

(n=109)

Duration < 7 days

(n = 64)

Variable (contrast group)
Mean difference

Mean difference

Mean difference

(SEM) pi (SEM) i (SEM) pi
Gender (female) 0.2 (0.8) 1.0 -0.4 (0.5) 0.4 -0.2 (0.36) 0.6
Higher education § (yes) -1.1 (0.9) 0.4 -0.3(0.6) 0.6 0.2(0.4) 0.5
Travel-related infection (yes) -3.6 (0.9) <0.001 -1.4 (0.6) 0.03 0.2 (0.5) 0.7
Ciprofloxacin resistance (yes) -2.8(0.9) 0.004 -1.1 (0.6) 0.07 0.1 (0.5) 0.8
pVir presence (yes) 2.0(2.5) 0.4 0.5(1.3) 0.7 NA —

Mean difference: mean for reference group minus mean for contrast group
SEM: standard error of the mean

T t-tests performed on log-transformed data where duration < 30 days

1 Two-tailed significance of ¢-statistic

§ Completed college or university

NA: Not available, inadequate sample size
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Table 4.4.2. Univariate unadjusted associations between dichotomous characteristics and duration of diarrhoea in C. jejuni

infection, southern Alberta, 2004-2005. Includes patients who no longer had diarrhoea at time of interview and those with on-

going diarrhoea.

Duration < 30 days Duration < 14 days Duration £ 7 days
(n=201) (n=176) (n=82)
Variable
HR ¥ HR ¥ HR +
Pt ri J
95% CI) (95% CI) (95% CI)
Gender 1.0 (0.7, 1.4) 1.0 1.2 (0.8, 1.7) 0.4 1.1 (0.7, 1.8) 0.7
Higher education 0.8(0.5,1.1) 0.2 0.9 (0.6, 1.3) 0.6 1.2 (0.7, 2.0) 0.4
Travel-related infection 0.6 (0.4, 1.0) 0.04 0.9(0.6,1.4) 0.7 1.0 (0.5, 2.0) 1.0
Ciprofloxacin resistant strain 0.8(0.5,1.2) 03 0.9(0.6,1.4) 06  1.1(0.6,2.0) 0.9
pVir-positive strain 0.7 (0.2, 1.9) 0.5 0.9 (0.3, 2.6) 0.9 2.1(0.4,9.5) 0.4

v01

CI: confidence interval of the hazard ratio, HR
+ Unadjusted Cox proportional hazard regression hazard ratio

1 Wald statistic
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Table 4.4.3. Multivariate analyses of diarrhoea duration in C. jejuni infections, southern Alberta, 2004-2005.

Duration < 30 days Duration < 14 days
ANOVA F-statistic Cox regression ANOVA F-statistic Cox regression
) HR (95% CI) @) HR (95% CI)

Travel-related
infection 5.0 (0.03) 0.6(0.4,1.1) 1.6 (0.2) 1.0 (0.6, 1.7)
Ciprofloxacin 0.1(0.8) 1.1 (0.6, 1.8) 0.1 (0.8) 0.9 (0.5, 1.5)
resistant strain A AT ' ) >
Fluoroquinolone 0.7 (0.2) 0.8 (0.6, 1.2) 0.01 (0.9) 0.9 (0.6, 1.4)

treatment

co1



4.5 Discussion

In this study, the effects of foreign travel, ciprofloxacin resistance, antibiotic and
fluoroquinolone treatment, and the presence of the putative virulence plasmid, pVir, on
the duration of diarrhoea caused by C. jejuni infection were examined. Travellers from
developed countries visiting other countries with less developed economies are at risk of
acquiring C. jejuni infection (19, 20), and others have previously investigated the
interplay between travel, antibiotic treatment and resistance, and duration of diarrhoea
associated with these infections (4). This work showed that travel had an effect on

duration among those who had diarrhoea that lasted up to 30 days.

Contrary to the report by Nelson ef al, (4) which documented the work conducted by the
Foodborne Diseases Active Surveillance Network, the data from this study indicated that
ciprofloxacin resistance was not independently associated with duration in C. jejuni
infections. Nelson ef al. suggested that the effect of anti-diarrhoeal medication on the
duration of Campylobacter infections is important and that control of this effect could
dramatically decrease the dominant influence of travel on duration. Unfortunately,
participants were not questioned on their use of anti-diarrhoeal medications. It is
reasonable to hypothesize that ciprofloxacin resistance could cause a slower resolution of
symptoms among those who were treated with a fluoroquinolone, however, this work and

those of others (21) has shown that this has not been the case.

The univariate analyses here suggested there may be some differences in the effect of
travel on duration depending on the range of duration considered. When the analysis was
restricted to only those whose diarrhoea had resolved within 7 days, travel had no
influence on the duration of diarrhoea. The mean duration of diarrhoea associated with
Campylobacter infection reported by others ranges between 5 to 10 days (3, 4, 21). If
this is the case, these results suggest that among most cases of Campylobacter-associated
diarrhoea, the duration would likely not differ between travel-related and domestic

infections.
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Cases of diarrhea lasting more than one week may involve coinfection, malabsorption, or
post-infectious irritable bowel syndrome (22). However, prolonged diarrhoea can also be
due to persistent bacterial infection. Laboratory-confirmed cases of persistent
Campylobacter infection have been reported, in which the mean interval between onset
of illness and last positive specimen was 37.6 days (3). The data analysis in this study
was structured to capture similar cases of longer duration infection. It appeared that,
when a broader sample population that included people with diarrhoea up to 30 days was
used, those who acquired their infection abroad suffered for more days than did people
who acquired infection at home. There are several possible reasons for this. One
possible reason is that travellers might not have timely access to medical assistance and
this could result in longer illness. Another possibility is that the genomes of travel-
associated strains of C. jejuni are more likely to possess genes encoding resistance to host
immune responses than are domestic strains, allowing them to persist longer once they

have colonized the intestine.

Unlike many other identified virulence determinants of C. jejuni, there is some variability
in the prevalence of the pVir plasmid (23); this fact presented an opportunity to test the
hypothesis that variation in the illness caused by C. jejuni could be, in part, due to its
presence. Similar to other reports of the clinical effects of pVir, (11) this study indicated
that duration of diarrhoea was unaffected by its presence, but larger studies are required
to generate more reliable conclusions on this issue. There was an interesting contrast
between the report by Tracz et al. (11) that none of the patients who had pVir-positive C.
Jejuni strains they examined had recently travelled and this study’s observation of a
positive association between the presence of pVir and recent travel. Travel was not
common among the sample of patients used by Tracz et al. (10 of 104, 9.6%); it may

have been difficult to observe the effects of travel from data with a low level of exposure.
To make a valid assessment of antibiotic treatment in this observational study of
diarrhoea duration in C. jejuni infections, I required comparable duration data for the

non-treated participants. These data are essentially counterfactual in nature: it is

impossible to know when antibiotic treatment would have commenced among those who
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were not treated if they were treated. I did, however, examine the effects of timing of
antibiotic treatment on time to recovery. Delays in treatment with a fluoroquinolone or
other antibiotic did not lead to prolonged diarrhoea. This suggests that early treatment
may not improve outcome, and supports those who caution against the empirical
treatment of Campylobacter infections due to the potential for increasing levels of
fluoroquinolone resistance (24). Supplemental to this finding is the observation that
resistance was not a factor in the time it took for fluoroquinolone treated infections to
resolve. The sub-sample analysis, though, was limited to a small sample, thus it remains

unclear if the benefits associated with empirical treatment outweigh the costs.

Further research is required to confirm the findings of this study. Future surveys should
enquire about the use of antidiarrheals, history of gastrointestinal disorders and other
underlying medical conditions, such as HIV (25) and diabetes (26), which are associated
with chronic diarrhoea. With information on these factors, coupled with a larger sample
population, investigators could exclude the affected cases and filter out the effects these
factors have on diarrhoea duration. Although the data here and elsewhere (21) suggests
ciprofloxacin resistance does not hinder the effectiveness of fluoroquinolone treatment of
Campylobacter infections, the statistical results on which these claims are based would
have greater power if the sample population was larger. Also, future surveys should
enquire about symptom details, to ensure participants’ illnesses meet consistent

definitions of diarrhoea.
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CHAPTER 5:
KNOWLEDGE OF THE PREVENTION AND TREATMENT OF

TRAVELLERS’ DIARRHOEA

5.1 Background

Travellers from developed countries who visit regions such as southeast Asia, Latin
America, and Africa are frequently afflicted with travellers’ diarrhoea (TD) caused by
Campylobacter spp., enterotoxigenic Escherichia coli, Salmonella spp., and Shigella (1-
6). Studies of diarrhoea episodes among American college and university students in
Mexico reported attack rates of 29% to 55% (4, 7) The case-control study suggested that
more than half of the individuals within the Calgary Health Region who have been
infected with Campylobacter during the spring and summer of 2004 travelled outside of
Canada and the U.S.A.; a large proportion of those travelled to Mexico (Chapter 3, this
thesis). Previous work has demonstrated that Canadian travellers are aware of the risk of
foodborne bacterial infections associated with travel abroad (8). The objective of this
study was to assess the level of knowledge about TD among travellers to Mexico, and to
determine if travellers who sought travel-related health advice prior to travel have a
greater understanding of TD prevention and treatment than do those who do not obtain

advice.

5.2 Methods

5.2.1 Questionnaire Development

A self-administered questionnaire developed for this study included TD knowledge test
items and questions regarding travel health advice acquired prior to travel, perception of
disease risk, and possession of antimicrobials. Travel advice sources listed in the
questionnaire included the internet, friends and colleagues, physicians, travel agents, and
travel clinics. Sixteen TD knowledge test items included multiple-choice and yes/no
items that addressed prevention and food risks (8 questions), agents and symptoms (6

questions) and treatment (2 questions). The information used for the content of these

A version of this chapter has been published. Johnson et al. 2006. Journal of Travel 112
Medicine. 13:351-355.
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items came from health agencies at national and regional levels (9, 10). Scientific
literature and a statement from the Committee to Advise on Tropical Medicine and
Travel (CATMAT) were reviewed to determine the symptoms of TD, current guidelines
and recommendations regarding treatment of TD, and risk factors for acquiring TD
abroad (9, 11). The web page on TD posted by the Calgary Health Region was also used
as a source of information (10). Personal data collected included age, gender and
education. Yes/no and multiple-choice formats were used for knowledge questions, and
Likert-scaled format was used to estimate respondents’ concern about their risk of TD.
The order of questions was determined by coin toss. The questionnaire is presented as

Appendix 2.

A previously validated patient knowledge study was used as a model for the structure of
the multiple choice question section (12). A previously published food-safety knowledge
study in which internal reliability was assessed was used as a guide for the construction
of some knowledge test items (9, 13). Content validity was evaluated through a review
by travel health advice-providers. Ease-of-use and wording of the questionnaire items
and the introductory letter/consent form was pilot-tested among travellers at the Calgary

International Airport.

5.2.2  Data Collection and Analyses

Questionnaires were given to, and collected from, travellers over the age of 16, at
departure gates 20 to 30 minutes prior to boarding flights destined for Mexico. Research
personnel distributed questionnaires to every third person seated in the departure gate
area. Travellers were awaiting charter flights to Cancun and Puerto Vallarta, Mexico,
between March 10, 2005 and April 25, 2005. Typically, one or two flights per week
departed from Calgary during business hours to these destinations during the sampling
period. Data collection from all flights was attempted; however, two flights out of eight
were missed due to reasons not related to destination or date. Study approval was
obtained from the Calgary International Airport Authority and the Health Research Ethics
Board, Panel B, University of Alberta, Edmonton.
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Data were entered into a database (SPSS for Windows Release 10.0.5, SPSS Inc.,
Chicago IL), and checked by double entry. Knowledge questions were scored one for the
correct answer and 0 for incorrect or don’t know answers. In cases where none of the
options, among yes, no, and “don’t know”, were checked, the data was considered
missing. Subjects who entered yes in response to “Are you carrying an antibiotic or a
prescription for an antibiotic with you on this trip?”, but entered a name of a non-
antibiotic drug for “What is the name of the antibiotic you are carrying?”, were entered
into the database as not carrying an antibiotic. Two-tailed Student’s ¢-tests, +? tests,

Fisher’s exact tests, and general linear model ANOVA tests were performed using SPSS.

5.3 Results

Of the 111 people who were approached and were eligible to participate in the study, 104
(93.7%) completed the survey. Although the questionnaires were distributed to every
third person among travellers in departure gates, more women than men completed the
questionnaire (Table 5.41). Information on travel-related disease was sought by almost
half of the study participants, and more than one source of information was reported by
22.1%. The most common sources of information, friends/family and
nurse/physician/pharmacist, provided information to 23.1% and 21.2% of participants,
respectively. Internet, travel agents, and travel clinics were used among 11.5%, 10.6%

and 5.8% of participants, respectively.

5.3.1 Knowledge Assessment

The mean total TD knowledge score among all participants was 65.6% (SD 14.4). The
ability to identify the correct response varied among questions, but, in general, the scores
for food safety questions were high (Table 5.4.2). Food safety questions required
participants to identify if partially cooked beef and chicken, salad, beer, and pop, when
consumed in a developing country, posed a “moderate to high” or “low to none” risk.
Less than % knew that chlorinated water is not always safe to drink, while 81.7% to

92.3% correctly answered other food risk questions. Almost all participants responded
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that TD can be acquired from bacteria, but only 43.7% knew viruses can cause TD, and

25% incorrectly identified fungi as sources of TD.

The question regarding antibiotic treatment of TD was apparently difficult, as 56.7%
answered don’t know; however, among those who felt they had an answer, 48.9%
answered correctly. This question required participants to correctly identify the statement
“The duration of travellers’ diarrhoea will likely be reduced if you take ciprofloxacin” as
true. Three participants (2.9%) identified “You should stop taking antibiotics if your
diarrhoea stops after one day” or “All travellers, including you, should take an antibiotic
to prevent travellers’ diarrhoea” as true. The remaining option “You should avoid using

a product like Imodium while on antibiotics” was chosen by 16.3% of participants.

5.3.2  Information and Knowledge

The mean overall score among those who reported receiving information on travel-
related disease was not significantly higher than the mean score of those who did not
receive this type of information (Table 5.4.3). A mean score difference of 5.3% was
observed between those who received information specifically about TD and those who
did not; however, the difference not quite large enough for statistical significance.
Eleven of the 16 knowledge questions were answered correctly more often among those
who had TD information than among those who did not; however, the number who
answered correctly was significantly higher for only two questions. These questions
focused on the risk of TD associated with ice cubes (r = 2.28, p =0.025) and pop (¢ =
2.44, p=0.016). Individual sources of information, including medical sources, did not

significantly impact on knowledge scores (Table 5.4.3).

The mean overall score of people with college or university education was higher than
that of people without this level of education (Table 5.4.3). In this study, people without
college or university education were more likely to obtain TD information (46.7% of 45)
than were those with college or university education (35.1% of 57), although the
difference was not significant (3 = 1.40, p = 0.24). Furthermore, the effect of TD

information was somewhat greater among the former. With TD information, the mean
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score for people without college or university increased by 12.3% from 58.6% to 65.8%
(t=1.64, p=0.11), while mean score for college or university-educated people increased
by 4.8% from 68.9% to 72.2% (¢t = 1.42, p = 0.16). Independent of education, TD
information had a significant effect on overall score (F'=4.76, p = 0.032). No interaction

was evident between TD information and education (F=0.11, p = 0.74).

Those who reported carrying an antibiotic were more likely to have answered the
antibiotic treatment question correctly (72.7% of 11) than were those who did not have an
antibiotic (15.2% of 92; Fisher’s exact p < 0.001). However, those who received
information from a medical professional correctly answered the antibiotic treatment
question only slightly more often than those who did not get medical advice (Fisher’s
exact p =0.78). Increased risk of diarrhoea during travel to a developing country was
consistently identified by participants (82.5%). Risk perception was not, however,
associated with access of travel-related disease information (x> = 0.15, p = 0.70),

possession of antibiotics (Fisher’s exact p = 0.68), or TD knowledge level (Table 5.4.3).
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5.4 Tables

Table 5.4.1. Characteristics of study sample population among travellers departing

from Calgary, Alberta to Mexico, during March and April 2005.

Characteristic %
Gender (n=104)

Male 433

Female 56.7
Age (n=100)

17-29 20.0

30-49 47.0

>50 33.0
Education (n=103)

High school, trade school 43.7

College, university 56.4
Received information on:

Travel-related disease (n=104) 48.1

Travellers’ diarrhoea (n=102) 40.2
Carrying an antibiotic (n=103) 10.7
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Table 5.4.2. Percent of correct answers among study participants (n = 104).

Question (correct answer) Answered correctly (%)
Food risk
Salad (yes) 85.6
Beer (no) 82.7
Beef, partially cooked (yes) 83.7
Chicken, partially cooked (yes) 92.3
Pop (no) 88.5
Ice cubes (yes) 81.7
Chlorinated water (yes) 47.1
Travellers’ diarrhoea sources
Bacteria (yes) 96.1
Viruses (yes) 43.7
Symptoms
Abdominal cramps (yes) 92.3
Dizziness (no) 6.7
Headache (no) 8.7
Nausea (yes) 76.9
Treatment & Hygiene
Consult MD if diarrhoea is bloody (yes) 88.5
Antibiotic treatment (ciprofloxacin) 21.2
Hand washing effective (yes) 55.8
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Table 5.4.3. Mean overall knowledge score and characteristics of study

participants.
Characteristic Score, % correct p’
(95%CI)
Gender 0.77
Male 65.1 (63.2,67.1)
Female 66.0 (64.0,68.0)
Age group 0.53°
17-29 65.9 (62.1, 69.8)
30-49 64.8 (62.8, 66.7)
> 50 68.4 (66.1, 70.6)
Education 0.013
High school/ trade school 61.7 (59.5,63.9)
College / university 68.8 (67.0, 70.5)
Received travel-related disease information 0.20
Yes 67.3 (65.9,69.4)
No 63.9 (61.7,66.1)
Received travellers’ diarrhoea information 0.056
Yes 68.9 (67.1,70.7)
No 63.6 (61.6,65.7)
Information from family/friends 0.42
Yes 67.1 (64.9,70.5) -
No 65.0 (63.4, 66.6)
Information from medical professional 0.35
Yes 68.2 (65.2,71.2)
No 64.9 (63.3, 66.5)
Carrying an antibiotic 0.064
Yes 73.3 (70.6, 76.0)
No 64.7 (63.2, 66.3)
Perceived increased TD risk with travel 0.58
Yes 66.0 (64.4, 67.6)
No 63.9 (60.3, 67.4)
? p-value based on t-test unless otherwise specified
b p-value from ANOVA test
119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5.5 Discussion

Various guidelines and review articles have pointed out the importance of informing
people prior to travel about the prevention and treatment of travel-related diseases
including TD; some stress the critical role of health professionals in this process (14-16).
The percentage of Canadian and American travellers that receive travel health
information prior to travel has been estimated to be between 15% and 81% (8, 17, 18).
Among this study’s sample, almost one half of people travelling from Calgary to Mexico
sought some information, although less than one quarter consulted health professionals.
This level is similar to the proportion of Australian travellers who sought advice from a
family doctor (23% of 2101) (19). Presumably, advice from medical professionals
should convey high quality information to travellers; however, those who reported
seeking advice from a medical source did not score significantly higher than those who

had not obtained information from this type of source.

It appears that, when travellers are stratified into groups who have or do not have
college/university education, receiving information that specifically addresses TD
prevention and treatment is associated with higher levels of TD knowledge. This may be
an indication of the effectiveness of TD information, but it could also be due to a higher
level of awareness of the topic among those who seek information. University and
college-educated travellers appear to have a better understanding of TD issues, but the
reason for this is not explained by the study data. This group did not seek information
more commonly than did other travellers; moreover, TD information did not have an
effect on their overall scores. Previous work supported the concept that business
travellers are better prepared for the health risks associated with foreign travel (17).
Although the purpose of travel was not asked in this survey, it appeared that few of the

travellers surveyed were business travellers.

One of the limitations of this study was the lack of detailed questioning within individual
topics. Departure gate surveys present logistical difficulties. A surveyor hoping to

capture a large and unbiased sample waits until a high proportion of travellers have
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arrived at the departure area. By that time, there is only 10-15 minutes until the call for
boarding; thus, the questionnaire must be sufficiently short so that travellers are not
inconvenienced or are unable to complete it before boarding. The questionnaire design
for this study sacrificed depth of investigation for coverage of a broad range of question
topics. Another questionnaire design weakness of the study relates to the column format
of the questions related to symptoms. Almost half of the participants (47.1%) checked

the yes boxes for all four symptoms; possibly indicative of yea-saying responders (20).

The study sample size was small and sampling was limited to a small geographical area.
For these reasons, the results reported here may not be generalizable to a wider
population. Additional studies with greater sample sizes and with pre- and post-
education testing would produce a more reliable assessment of the influence of travel
health information on knowledge levels. Finally, potential participation bias due to a
very small gender imbalance may have been caused by instances in which a woman in a

male-female couple completed questionnaire forms given to a man.

In summary, a high proportion of participants understood they were at a higher risk of
diarrhoea while travelling to a developing country, and that the level of knowledge about
food risks was high. More advanced and effective education to a wider audience of pre-
travellers may be required to increase awareness of TD prevention and the less

commonly known facts regarding antibiotic treatment of TD.
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CHAPTER 6:

DISCUSSION AND CONCLUSION

Presently, there is a huge body of published scientific research on Campylobacter and the
epidemiology of the infections these organisms cause, yet a vast number of questions
remain unanswered and some unasked. This thesis touched on only a few aspects of
Campylobacter infection and it succeeded in extending the body of research in a number
of directions. There was a considerable amount of careful planning required in the
development of the case-control study and the departure gate survey, and the use of the
collected data to generate valid results was controlled and focused. Nevertheless, some
of the new knowledge was not planned in advance of data collection, i.e. the new
information did not emerge from the testing of specific hypotheses proposed during the
development of the projects. Therefore, the scientific value of this thesis resulted from

careful planning, thorough analytical investigations, and a measure of serendipity.

6.1 Novel Approaches to Risk Factor Analysis of Ciprofloxacin Resistance in

Campylobacter Infections

As initially surmised prior to the development of this project, the measured level of
ciprofloxacin resistance in southern Alberta, 28.8%, was relatively high, much higher
than the level previously reported by other researchers in Alberta (1). Although this is
unfortunate from a public health perspective, it provided us a sufficiently large case

population in which to conduct risk factor analyses.

There are several case-control studies that have been published examining risk factors for
fluoroquinolone resistance in Campylobacter infections (2-4), but the study in this thesis
was the first to be conducted in Canada and the first to include potential risk exposures
related to antibacterial product use and possession of antibiotics not prescribed for a
current illness. Antibacterial use was one of the main hypothesized risk exposures for
this project; however, this study did not show that the use of products such as toothpaste

and dish soap with antibacterials increased the likelihood of ciprofloxacin resistance
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among the Campylobacter strains of study participants. In retrospect, the quality of the
antibacterial use data could be questionable. These are commonly purchased items and
there is a plethora of toothpaste and dish soap products available to the consumer, so
recall of brand details may not be accurate. Although public health inspectors reported
some participants went to check on the items in their house during the interview, it cannot
be assumed that level of dedication to accuracy among all participants, especially since
they would have been on the phone for at least 10 minutes by the time they were asked
this question. More specific questions regarding brand specifics could have generated

data of higher quality (5).

I was surprised to find that after adjusting for the effect of foreign travel, possession of
antibiotics for future use was a significant risk factor for resistance. This finding should
generate more questions about this behaviour —how common is it in the wider
population, and what motivates people to follow or ignore advice to complete all
prescribed doses of antibiotics and to properly dispose of any unused doses? In the case-
control study, possession of antibiotics was used as an indicator for the potential for self-
medicating. Among those who have been directed by a physician to self-medicate and
are fully compliant, self-medication may not increase risk of the development of
resistance. However, self-directed misuse of antibiotics could, in theory, lead to the
generation of resistant mutants in the host. In this study, participants were not directly
ask about self-medication, and there is no research to suggest that these two behaviours
are related, although there are reports of both occurring in sample populations (6-8). It
would be interesting, although problematic on many fronts, to conduct further research on

self-medication and the outcomes related to the reported use of stockpiled antibiotics.

It was not surprising to find foreign travel was the dominant risk factor for ciprofloxacin
resistance; its effect has been reported consistently by others (2-4). The magnitude of the
risk was impressive (adjusted odds ratio, 41.2), as was the difference between macro-
regions. The risk associated with travel to Asia was much stronger than the risk
associated with travel to Europe (adjusted odds ratios, 170.2 and 9.0, respectively),

demonstrating wide geographic variability in risks. Among travel destinations, the trend
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in risk appears to parallel the trend in fluoroquinolone resistance in Campylobacter
isolated from humans and foods. Recent reports of resistance in strains isolated in Asia
ranges from 84% to 97% in strains from humans (9, 10) and 88% in strains from foods
(11). In Europe the range starts much lower, 4% to 82%, in strains from humans (12,
13), and 5% to 74% in strains from foods (14, 15), with decidedly higher levels reported

from Spain.

Validation of analytical conclusions in published epidemiological work is often precluded
by the absence of appropriate data. Furthermore, limitations to text length set by journals
may lead authors to omit any validation efforts in manuscripts. Sensitivity analyses can
provide readers with confidence regarding the stability of conclusions and disclosure of
diagnostic test results give similar confidence that assumptions behind statistical methods

have been checked by the authors.

Following the case-control study analysis, I was fortunate to have access to a partial
database that permitted the examination of the effect of non-participation. This data
provided evidence of a bias in the estimate of the effect of foreign travel on the risk of
ciprofloxacin resistance among our sample that was directed away from null. The
magnitude of the effect of participation bias was stronger than imagined prior to the
analysis, and it should give other researchers reason to be cautious when presenting
conclusions that could be similarly affected. Were it not for the strength of the estimated
risk associated with travel and that of the calculated OR adjusted for the bias the

conclusion with respect to the effect of travel would be questionable.

A sensitivity analysis was conducted to assess the potential for misclassification bias
arising from the use of surrogate ciprofloxacin susceptibility testing in the Calgary Health
Region, and the results indicated that misclassification had little effect and could not have
biased the results substantially. Finally, results from diagnostic tests and sensitivity

analyses of the effect of unbalanced sampling with respect to season were reported.
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6.2 Multi-factorial Causes of Prolonged Diarrhoea in Campylobacter jejuni 1llness

Within the case-control study questionnaire were questions about the duration of
diarrhoea and the antibiotic treatment received for the Campylobacter illness. The data
generated led to questions about predictors of duration. Aside from background immune
status, which the questionnaire did not address, strain virulence and disease treatments
could play an important role in the duration of illness. One potential measure of
virulence, the presence of the putative virulence plasmid, pVir, was considered in this
study. The role of pVir in disease has been debated recently (16, 17), and the plasmid
presence-absence test results of C. jejuni strains from Calgary participants obtained from
the Public Health Agency of Canada Lethbridge Laboratory contributed to those
arguments against a role for the plasmid in clinical disease. The observation that the
presence of pVir was more common among travel-related strains than among domestic
strains was unplanned, but interesting, and should be followed up by tests of greater

sample size to look for more detailed geographic variability.

Without the controls of a clinical trial setting, an observational study to address the
question of the effectiveness of antibiotic treatment on the duration of diarrhoea caused
by bacterial infection is plagued by confounding variables. For many of the case-control
study participants, confirmation of Campylobacter infection took place days, weeks, or
months after the onset of symptoms, so it was unclear if early stages of all illness had a
bacterial aetiology. In addition, treatment may have started early in the infection, during
periods of peak antibody response, or when the immune system had largely controlled the
infection.

Without an appropriate study design, there was no valid control population to the
antibiotic-treated group. I did, however, test the hypothesis that the lag time to antibiotic
treatment might be predictive of time to cessation of diarrhoea; that delayed treatment
might lead to longer illness. Although there was considerable variation in lag time to
treat (range from 0 to >20 days), most diarrhoea stopped within five days. There appears,
then, to be no advantage to empirical treatment of Campylobacter-associated diarrhoea,

and this study’s findings support warnings against the empirical treatment of bacterial
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infection designed to control levels of antibiotic resistance among bacteria in the

community (18).

A questionnaire designed to test predictors of duration of diarrhoea should include
questions on the use of anti-diarrhoea medications. Unfortunately, this secondary
analysis was not anticipated during the case-control study design stage; thus, data on this
topic was not collected. A group of researchers primarily from the CDC found
ciprofloxacin resistance was predictive of duration of diarrhoea when their multi-variable
model adjusted for travel and anti-diarrhoea medication use (19). In my sample
population, ciprofloxacin resistance was not predictive, but duration was longer among
those who recently travelled in the sample population, which is in agreement with the
view of Cox et al (20). The use of anti-diarrhoea medication is probably more common
among travellers than among those at home, since the value of travel time is high. It
seems reasonable, then, to assume that the effect on diarrhoea duration is greater among
travellers than among domestically-infected, and if this effect was controlled, the

duration of travel-related infections would be even longer than domestic infections.

Unexpectedly, shorter term illnesses, those less than one week in duration, were not
affected by the geographic source of infective strain. It is likely that this is partly due to
the low proportion of travel-related infections in this sub-sample (15.6%, n = 64). Other
variables such as immune response factors and anti-diarrhoea medication use could also
be responsible. As with the case-control study, the results here proffer as many questions
as answers. This line of questioning should be further pursued with research involving
detailed strain assays to incorporate strain variation into the puzzle, particularly in very

prolonged cases of diarrhoea.

6.3 The Education of Travellers about Travellers’ Diarrhoea

It was apparent from preliminary analyses of the case-control data that foreign travel was
likely to present considerable influence on the characteristics of Campylobacter strains
from study participants and the outcomes of their infections. From a public health

perspective, the question that arose from this observation was “What can be done to
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reduce these effects?” Short of restricting travel to outside of Canada and the U.S.A, a
very reasonable approach is the reduction of infection through education of travellers on
the risks of infection. Much of the focus of travel health information available from
various travel-related internet sources is on vaccination requirements and dangers of toxic
fauna found in common travel destinations. It seems that the topic of travellers’
diarrhoea may be slightly offensive to potential travel clients and it is, therefore, not
drawn to the attention of those planning a vacation to a “sun destination”. The
expectation, during the development of the departure gate survey was, then, that not
many travellers would be armed with information about the prevention of travellers’
diarrhoea and the level of knowledge on this topic would be poor. I was happy to report
that, from my brief cross-sectional sampling of the study population, these expectations

were exceeded, although some gaps in knowledge remained.

This study, it should be noted, was not a detailed examination of the effectiveness of
education sources, which would require pre and post-testing; nevertheless, some points
were worth reporting. Overall knowledge of food risks among travellers was good, and
the proportion of people who reported seeking information on travellers’ diarrhoea was
higher than expected. It was also satisfying to find in this small study that it appeared
that information-seckers were more knowledgeable than their counterparts. In retrospect,
it would have been helpful to include more questions on preventive measures, such as the
prophylactic use of bismuth subsalicylate, and then to provide answers to the travellers,

informing them of less-commonly known measures.

Word-of-mouth and the internet were two important sources of information for our
sample population. This raises concerns about the quality of information gained; both
sources are prone to inconsistency and superficiality. Ideally, travel clients should be
given brochures or information about how to find online information from reputable
sources (health regions, Health Canada, CDC, and the World Health Organization) by
sellers of travel packages. This would ensure a broad dissemination of comprehensive

information to those who will be immediately at risk.
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6.4 Last Thoughts

Overall, these thesis projects were both challenging and revealing. Many design
hypotheses were tested, some developed into more detailed questions or questions from
different perspectives, and some observations emerged independent of initial hypotheses.
During the many iterations of the analyses not reported here, were revealed the
importance of ensuring that the analyses were focused on the important questions at hand
and that the data used truly answered the specific questions. Once the appropriateness of
the analyses and data were ensured, the results demonstrated the complex, and
sometimes, hidden stories behind the likelihood of ciprofloxacin resistance in
Campylobacter infections, the prolongation of diarrhoea caused by these infections, and

the measures that can prevent them.
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APPENDIX 1:

QUESTIONNAIRE FOR CASE-CONTROL STUDY OF CIPROFLOXACIN
RESISTANCE IN CAMPYLOBACTER INFECTIONS

Date:
1)  Have you completed this questionnaire before for a previous illness? If the
respondent answered yes, do not continue the questionnaire with this person.
2)  Whatis your age? If the respondent is less than 16 years of age, do not continue
the questionnaire with this person.
3)  Are you answering this questionnaire on behalf of someone else? If the
respondent answered yes, all further questions will refer to the patient, not the
respondent.
4)  Are you male or female?
5)  Are you fluent in English?
6)  What is your highest education level?
7)  What is your current occupation/job(s)?

8)  Does your current occupation/job(s) require you to handle animals?

In the following section on food consumption think about the meals you usually have for
breakfast, lunch, dinner, and snacks. Keep in mind that if you have 3 or 4 meals each
day, that’s approximately 40 to 60 meals over a 2-week period. On average, how many

meals do you have during a typical 2-week period that contain:

9)  Chicken
10) Turkey
11) Beef
12) Pork

13) Luncheon meat, deli meat, or sausage
14) Shellfish (For example: crab, shrimp, clams, oysters)
15) On average, how many times in a 2-week period do you eat at restaurants or eat

take-out foods?
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16) In the past month did you eat at a place where meals are provided free of charge to
members of the public? (For example: group luncheons, meetings, weddings, soup
kitchens)

17) In the past month did you drink unpasteurized milk?

18) In the past month did you drink water that was not treated? (For example: well or
dugout water, stream, lake, or ocean water)

19) Do you drink municipal water or bottled water?

In the following section, think about the pets and livestock with which you come in
contact.

In the past month have you come in contact with animal manure or cleaned up animal

faeces of®

20) Pet birds

21) Dogs

22) Cats

23) Cows or cattle
24) Pigs

25) Chickens or turkey

26) In the past month have you given an antibiotic, directly or through feed or water, to
an animal? If the patient answered yes to question 26 ask him/her :

26.1) In what form was the antibiotic(s) given? (For example, injection, feed, water)
26.2) What is/are the name(s) of the antibiotic(s)?

26.3) What type of animal did you give it to?

26.4) Over what time period was it given?

In the next section, think about your recent diarrhoeal illness that you’ve just seen your
doctor for.

27) How many days ago did you first notice symptoms of your recent illness?

28) Have the symptoms of your recent illness stopped? If the patient answered yes to
question 28 ask him/her:

28.1) How many days ago did the symptoms stop?
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29) Has your doctor prescribed an antibiotic for your recent illness? If the patient
answered yes to question 29 ask him/her:

29.1) How many days ago did you start taking it?

29.2) What is the name of the antibiotic?

29.3) Did you start taking the antibiotic before submitting a stool sample?

29.4) Was the antibiotic prescribed by a doctor in Canada?

In this final section I’ll ask you some questions about your recent past.

30) In the past month did you travel outside of Canada or the United States? If the
patient answered yes to question 30, read questions 30.1 through 30.3 for each country
visited.

30.1) What country did you travel to?

30.2) What day did you arrive?

30.3) What day did you depart?

31) Other than during your recent illness, have you had diarrhoea in the past 2 months?
32) Not including any antibiotics for your recent illness, have you taken any antibiotics
within the past month? If the patient answered yes to question 32, read questions 32.1
through 32.8 for each antibiotic taken.

32.1) If the antibiotic was taken to treat a disease or condition, what was it?

32.2) Was the antibiotic taken to prevent infection following surgery?

32.3) Was the antibiotic taken to prevent illness during travel?

32.4) What was the name of the antibiotic?

32.5) How many days did you take it?

32.6) How many days ago did you stop taking it?

32.7) Was this prescribed by your doctor?

32.8) Was it prescribed for you?

33) Among the people in your family or household, have any of them been taking
antibiotics in the past month?

34) In the past month have you handled antibiotics for someone other than yourself?
35) Do you have any antibiotics that you would use for future illness?

36) In the past month have you used an antacid?
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37) In the past month have you or someone in your household used dishwashing liquid
that is labelled as antibacterial?

38) In the past month have you used mouthwash that is labelled as antibacterial?

39) In the past month have you used one of the following toothpastes: Crest Tartar
Protection ®, Colgate Total ®, or Colgate Cavity Protection ®? If the patient answered
yes to question 39 ask him/her:

39.1) Which brand of toothpaste did you use?

40) Do you live more than 8 kilometres or 5 miles (a 10-minute drive) from the nearest
pharmacy?

41) Were you given the results of the antibiotic-resistance testing done on the stool

sample you submitted for your recent illness?
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APPENDIX 2:

QUESTIONNAIRE FOR DEPARTURE GATE SURVEY OF
TRAVELLERS’ DIARRHOEA KNOWLEDGE

Please check V the boxes below, then return this questionnaire to survey staff.
Section A: General information
Did you receive information on how to prevent travel-related disease before your trip?
D Yes
[0 No Skipto Q4
[] Don’t know Skip to Q4
From which of the following sources did you receive information?
[:I Friends, family
D Nurse, physician, pharmacist
D Internet
[ Travel agent
[ Travel clinic
[] other (specify)
Did the information you received include ways to prevent and treat diarrhea?
D Yes
D No

D Don’t know

Are you carrying an antibiotic or a prescription for an antibiotic with you on this trip?

[:| Yes
[ No skip to Q6
[] Don’t know Skip to Q6

What is the name of the antibiotic you are carrying?

Section B: Travelers’ diarrhea
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Is washing your hands with a hand sanitizer or soap and water effective in preventing

travelers’ diarrhea?

D Yes
D No
D Don’t know

Are ice cubes safe to have in a beverage?

D Yes
D No
[] Don’t know
Do chlorine tablets in water make it safe to drink?
L__| Yes
D No
[] Don’t know
Is it true that if you have travelers’ diarrhea with bloody stools you should visit a doctor

as soon as possible?

[ Yes
D No
[0 pon’t know
Which of the following are symptoms of traveler’s diarrhea illness?

Yes No Don’t know

Abdominal cramps
Dizziness
Headache

Nausea

Which of the following can cause travelers’ diarrhea? (Check as many boxes as you feel
apply)
D Virus

[0 Bacteria
D Fungus
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For people traveling to developing countries, how high is the risk of getting diarrhea from

eating or drinking the following?

Risk Salad  Beer Beef, partially Chicken, partially = Bottled
cooked cooked pop
Moderate to high
Low to none
Don’t know

If you had to take an antibiotic to treat travelers’ diarrhea, which one of the following is
true?
D You can stop taking antibiotics if your diarrhea stops after one day.
[0 You should avoid using a product like Imodium while on antibiotics.
[ The duration of your travelers’ diarrhea will likely be reduced if you take
ciprofloxacin.
D All travelers, including you, should take an antibiotic to prevent travelers’
diarrhea.
D Don’t know
Some people believe that Canadians have a high risk of getting travelers’ diarrhea during
travel to developing countries. Others believe this risk is very low. Do you agree or
disagree that you have a greater risk of getting diarrhea while on your trip than when not
traveling?
[] Strongly agree
[J Moderately agree
I:I Neutral
D Moderately disagree
EI Strongly disagree
Section C: Information about yourself
Year of birth
Gender:
Highest level of education:

[] Elementary school
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D High school
[] Technical school

[ College
[J University
Thank you for your time
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