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Two studies were conducted to explore source attribution of human giardiasis cases in the
Region of Waterloo, Ontario by examining local watershed contamination with Giardia cysts and
identifying differences in exposures to risk factors in cases with travel history compared to endemic
cases. Linear regression models were constructed to identify temporal trends in water contamination
with Giardia, as well as water quality parameters that may indicate high cyst levels. Logistic regression
models were constructed to determine if there were significant differences in risk behaviours among
international travel related giardiasis cases compared to Canadian acquired cases. Multinomial
regression models were then constructed to determine significant differences in risk behaviours
between international travel related cases, domestic travel related cases, and endemic cases of
giardiasis. Giardia cyst concentrations peak in the winter and spring months in the Grand River and river
discharge, turbidity, conductivity, phosphate concentration and phosphorous concentration were
significantly associated with Giardia cyst concentrations. Results from both logistic and multinomial
regression models indicated that risk behaviours differ significantly between case types and the
traditional grouping of domestic travel related cases and endemic cases into a Canadian acquired case
group may not be appropriate. These results are important for future Giardia surveillance, source
attribution, informing policy makers, and effectively targeting health promotion campaigns for reducing
human giardiasis in this region.

ii

Acknowledgements
I would sincerely like to thank my advisor, Dr. David Pearl, for his constant support and
mentorship throughout my graduate life so far. I have been very lucky to have been taught by you in
both the classroom and the lab. Furthermore, your understanding during my times of self-doubt and
taking the heat when this thesis took a semester longer than expected was greatly appreciated. Also,
thank you for meticulously correcting my grammar, and not disowning me as your grad student for my
inability to use a comma.
I would also like to thank my graduate committee: Dr. Andrew Peregrine and Dr. Katarina Pintar.
Andrew, thank you for bringing your knowledge about the biology of Giardia to this thesis and helping
me think more critically about my research. Katy, thank you for allowing me to work on this very
interesting project by bridging the gap between public health and academia and for brining your vast
public health knowledge and enthusiasm for the epidemiology of Giardia to this project.
I would also like to acknowledge and thank the funding agencies that allowed this project to
happen including the Public Health Agency of Canada, the Ontario Veterinary College graduate
scholarship, and an infrastructure grant to D.L. Pearl from the Canada Foundation for Innovation and the
Ontario Research Fund.
A sincere thank you goes out to my awesome family and friends. You all mean more to me than I
can express and without you I would never have made it through writing this thesis. A special thank you
goes out to Mitch, Mom and Grandma for answering all of my “I can’t do it” moments with “get back to
work”, you guys are my support system. Thank you to my lab-mates who are always willing to help out
with programming issues and to Kate, the best grad school friend a girl could ask for. I would also like to
thank the fluffies for listening to me practice all of my presentations on repeat without complaining.

iii

Declaration of Work
Giardiasis case data and water data were obtained from the Public Health Agency of Canada’s
FoodNet Canada program, specifically from the Region of Waterloo. All data cleaning and analyses were
performed by Alexandra Swirski. Writing and manuscript generation was performed by Alexandra
Swirski. Editing assistance for the thesis in its entirety was received from Drs. David Pearl, Andrew
Peregrine and Katarina Pintar.

iv

Table of Contents
Abstract……………………………………………………………………………………………………………………………………………………ii
Acknowledgements…………………………………………………………………………………………………………………………………iii
Declaration of Work………………………………………………………………………………………………………………………………..iv
Table of Contents………………………………………………………………………………………………………………………..…………..v
List of Tables…………………………………………………………………………………………………………………………………….…..viii
List of Figures……………………………………..……………………………………………………………………………………..…………..xii

CHAPTER 1: Introduction, literature review, study rationale, and objectives………..1
Introduction………………………………………………………………………………………………………………………………..1
Literature review…………………………………………………………………………………………………………………………2
1.
2.
3.
4.

Taxonomy, species and assemblages……………………………………………………………………….2
Biology and life cycle………………………………………………………………………………………………..4
Disease, pathogenesis and treatment………………………………………………………………………6
Epidemiology …………………………………………………………………………………………………………..9
4.1. Public health…………………………………………………………………………………………......9
4.2. Waterborne outbreaks……………………………………………………………………………..11
5. Detection methods………………………………………………………………………………………………..13
5.1. Fecal testing for detection in humans……………………………………………………….13
5.2. Water testing……………………………………………………………………………………………14
6. Surveillance……………………………………………………………………………………………………………17
6.1. Water……………………………………………………………………………………………………….17
6.2. Human cases…………………………………………………………………………………………….18
Study rationale and objectives…………………………………………………………………………………………….……20
References ……………………………………………………………………………………………………………………………….23

CHAPTER 2: Temporal trends in Giardia contamination in the Grand River and
surrounding tributaries, Waterloo, Ontario (2005-2011). …………………..………………………37
Abstract……………………………………………………………………………………………………………………………..……..37
Highlights………………………………………………………………………………………………………………………………….38
Abbreviations……………………………………………………………………………………………………………………………38
1. Background ……………………………………………………………………………………………………………………….39
2. Materials and methods………………………………………………………………………….……………………………41
2.1. Water collection and analysis………………………………………………………………………………..41
2.2. Geographical mapping…………………………………………………………………………………………..42
2.3. Data management…………………………………………………………………………………..…………….43
2.4. Statistical analysis………………………………………………………………………………………………….43
2.5. Outlier and residual analyses…………………………………………………………………………………45
v

2.6. Back transformation of model coefficients and 95% confidence intervals……………..46
3. Results………………………………………………………………………………………………………………………………..46
3.1. Effect of geographical location on river contamination with Giardia spp……………….46
3.2. Temporal pattern of river contamination with Giardia spp…………………………………….47
3.3. Water quality parameters………………………………………………………………………………………48
3.4. Distribution and frequency of sampling along the Grand River………………………………49
4. Discussion…………………………………………………………………………………………………………………………..49
References………………………………………………………………………………………………………………………………..56

CHAPTER 3: A comparison of exposures to risk factors for giardiasis among nontravelers, domestic travelers and international travelers in a Canadian
community (2006-2012). …………………………………………………………………………………………………………..71
Abstract…………………………………………………………………………………………………………………………………….71
Highlights………………………………………………………………………………………………………………………………….73
Abbreviations……………………………………………………………………………………………………………………………74
1. Background…………………………………………………………………………………………………………………………74
2. Materials and methods…………………………………………………………………………………………………….…76
2.1. Study population and time frame………………………………………………………………………….76
2.2. Surveillance data collection……………………………………………………………………………………76
2.3. Data management and variables used…………………………………………………………………..77
2.4. Statistical analyses…………………………………………………………………………………………………78
2.4.1. Canadian-acquired vs. international travel analysis…………………………..…..78
2.4.2. International travel vs. domestic travel vs. endemic analysis …………………79
3. Results………………………………………………………………………………………………………………………………..79
3.1. Travel…………………………………………………………………………………………………………………….79
3.2. Exposures to risk factors for giardiasis among international travel related cases
compared to Canadian cases………………………………………………………………………………………..80
3.3. Exposures to risk factors for giardiasis among international travel and domestic
travel related cases compared to endemic cases………………………………………………………….80
3.4. Temporal and seasonal trends……………………………………………………………………………….81
3.5. Age………………………………………………………………………………………………………………………..82
4. Discussion…………………………………………………………………………………………………………………………..83
References………………………………………………………………………………………………………………………..………89

CHAPTER 4: Summary of findings and conclusions……………………………………..………………..110
Summary of findings……………………………………………………………………………………………………………….110
Limitations………………………………………………………………………………………………………………………………112
Future research……………………………………………………………………………………………………………………….115
Conclusion………………………………………………………………………..………………………………………………….…116

vi

References………………………………………………………………………………………………………………………………118

vii

List of Tables
LITERATURE REVIEW
Table
1.1…………………………………………………………………………………………………………………………………………………………36
Natural hosts of Giardia duodenalis assemblages A to G.

viii

CHAPTER 2
Table 2.1....................................................................................................................................................60
Descriptive statistics for five sampling sites along the Grand River and connecting tributaries
from 2005-2011.
Table 2.2.....................................................................................................................................................61
Mean log10 Giardia cyst concentrations and univariable analysis examining the relationship
between sampling location and log10 Giardia cyst concentrations (2005-2011) along the Grand
River and connecting tributaries.
Table 2.3.....................................................................................................................................................62
Univariable analyses examining the relationship between temporal variables and log10 Giardia
cyst concentrations in the intake water for the municipal drinking water treatment plant (20052011).
Table 2.4.....................................................................................................................................................63
Multivariable analysis examining the relationship between temporal variables and the log10
Giardia cyst concentrations in the intake water for the municipal drinking water treatment plant
(2005-2011).
Table 2.5……………………………………………………………………………………………………………………………………………….64
Statistically significant (p<0.05) contrast statements for categorical variables which were
significant in the multivariable linear regression model examining the relationship between
temporal variables and the log10 Giardia cyst concentration (cysts/100L) in the intake water for
the municipal drinking water treatment plant (2005-2011).
Table 2.6……………………………………………………………………………………………………………………………………………….65
Pearson correlation values for water quality variables from samples of the intake water for the
municipal drinking water treatment plant (2008-2011).
Table 2.7……………………………………………………………………………………………………………………………………………….66
Univariable analyses examining the relationship between water quality parameters and log10
Giardia cyst concentrations in the intake water for the municipal drinking water treatment plant
(2008-2011) and mean values for the water quality parameters and total number of
observations.

ix

CHAPTER 3
Table 3.1……………………………………………………………………………………………………………………………….………………92
Multivariable logistic analyses examining the exposure to companion animal and environmental
risk factors for giardiasis among international travel related giardiasis cases compared to cases
acquired in Canada, reported to the FoodNet Canada Region of Waterloo sentinel site from 2006
to 2012.
Table 3.2……………………………………………………………………………………………………………………………………....………93
Multivariable logistic analyses examining the exposure to risk factors, related to recreational
water and drinking water, for giardiasis among international travel related giardiasis cases
compared to cases acquired in Canada, reported to the FoodNet Canada Region of Waterloo
sentinel site from 2006 to 2012.
Table 3.3.....................................................................................................................................................94
Multivariable logistic analyses examining the exposure to risk factors, related to food
consumption, for giardiasis among international travel related giardiasis cases compared to
cases acquired in Canada, reported to the FoodNet Canada Region of Waterloo sentinel site
from 2006 to 2012.
Table 3.4……………………………………………………………………………………………………………………………………………….95
Descriptive statistics, including percentage of missing observations, number of observations
available for multinomial regression analyses and percentage of respondents with exposure to
each risk factor for giardiasis for each outcome category for giardiasis cases reported from the
FoodNet Canada Region of Waterloo sentinel site from 2006 to 2012.
Table 3.5……………………………………………………………………………………………………………………………………….………97
Multivariable multinomial logistic analyses examining the exposure to companion animal and
environmental risk factors for giardiasis for domestic travel related cases and international
travel related cases relative to endemic cases, reported to the FoodNet Canada Region of
Waterloo sentinel site from 2006 to 2012.
Table 3.6……………………………………………………………………………………………………………………………………………….99
Multivariable multinomial logistic analyses examining the exposure to risk factors, related to
recreational water and drinking water, for domestic travel related cases and international travel
related cases relative to endemic cases, reported to the FoodNet Canada Region of Waterloo
sentinel site from 2006 to 2012.
Table 3.7……………………………………………………………………………………………………………………………………………..101

x

Multivariable multinomial logistic analyses examining the exposure to risk factors, related to
food consumption, for domestic travel related cases and international travel related cases
relative to endemic cases, reported to the FoodNet Canada Region of Waterloo sentinel site
from 2006 to 2012.
Table 3.8……………………………………………………………………………………………………………………………………………..103
Contrast statements for the interaction between age and pool, when swimming in a pool vs. not
swimming a pool was compared between age categories, from the multivariable logistic
regression model for giardiasis among international travel related giardiasis cases compared to
cases acquired in Canada, reported to the FoodNet Canada Region of Waterloo sentinel site
from 2006 to 2012.

xi

List of Figures
CHAPTER 2
Figure 2.1……………………………………………………………………………………………………………………………………………...67
Map of the Region of Waterloo indicating the location of the five FoodNet Canada water
sampling locations from 2005 to 2011: (1) Grand River North, (2) Canagagigue Creek, (3)
Conestogo River, (4) Waste Water Treatment Plant Effluent and (5) Drinking Water Treatment
Plant Intake. The inset map depicts the location of the Region of Waterloo, identified by the
yellow colour, in Southern Ontario, Canada.
Figure
2.2…………………………………………………………………………………………………………………………………………………………68
Temporal trends of Giardia cyst concentrations (cysts/100L) in drinking water treatment plant
intake samples from 2005 to 2011.
Figure 2.3….………………………………………………………………………………………………………………………………………….69
Number of samples collected per year and sampling site from 2005 to 2011 by the FoodNet
Canada program.
Figure 2.4………………………………………………………………………………………………………………………………………………70
The sum of samples collected per month at each sampling site from 2005 to 2011 by the
FoodNet Canada Program.

xii

CHAPTER 3
Figure 3.1…………………………………………………………………………………………………………………………………………....104
Number of international travel related giardiasis cases reported to the FoodNet Canada
program, Region of Waterloo sentinel site, attributed to various travel destinations from 2006 to
2012.
Figure 3.2…………………………………………………………………………………………………………………………………………….105
Number of international travel related giardiasis cases reported to the FoodNet Canada program
sentinel site in the Region of Waterloo from 2006 to 20012, attributed to specific countries
within the top three travel destination categories: (A) Asia, (B) Americas, and (C) Africa.
Figure 3.3…………………………………………………………………………………………………………………………………………….106
Number of giardiasis cases reported to the FoodNet Canada program sentinel site in the Region
of Waterloo per year from 2006 to 2012 for international travel related cases, domestic travel
related cases and endemic cases.
Figure 3.4…………………………………………………………………………………………………………….………………………………107
The sum of reported giardiasis cases per month from the Region of Waterloo FoodNet Canada
sentinel site from 2006 to 2012 for international travel related cases, domestic travel related
cases and endemic cases.
Figure 3.5…………………………………………………………………………………………………………………………………………….108
The number of reported giardiasis cases per age category from the Region of Waterloo FoodNet
Canada sentinel site from 2006 to 2012 for international travel related cases, and cases acquired
within Canada.
Figure 3.6…………………………………………………………………………………………………………………………………………….109
The sum of reported giardiasis cases per age category from the Region of Waterloo FoodNet
Canada sentinel site from 2006 to 2012 for international travel related cases, domestic travel
related cases and endemic cases.

xiii

Chapter 1
Introduction, literature review, study rationale and objectives.

Introduction
Giardia is the most commonly identified intestinal parasite of humans worldwide, with
approximately 280 million symptomatic cases reported each year (Lane and Lloyd, 2002, Cook and Lim,
2010). As such, giardiasis contributes a significant burden to the Canadian public health system and is
one of the top three reported enteric infections in the Region of Waterloo, Ontario (Ravel et al., 2013).
The Region of Waterloo is a sentinel site for the Public Health Agency of Canada’s FoodNet Canada
enteric disease surveillance program. The goal of this program is to decrease the burden of enteric
disease in Canada via source attribution. Source attribution breaks down gastrointestinal illness into
specific sources, such as animal reservoirs and vehicles (e.g., water, food, person-to-person) to better
inform food and water safety policy development and evaluation, which ultimately helps to decrease
the enteric disease burden in Canada.
This thesis utilizes surveillance data collected by the FoodNet Canada program to examine the risk
factors for water contamination with Giardia in the Grand River, Ontario, as well as the difference in risk
factors for contracting giardiasis among reported endemic and travel-related cases in the Region of
Waterloo, Ontario. The following literature review aims to describe issues relevant to the epidemiology
and detection of Giardia, and the resultant surveillance systems in place for monitoring this enteric
pathogen through the following topics:
1. Taxonomy, species and assemblages of Giardia;
2. Giardia biology and life cycle;
3. Disease, pathogenesis and treatment;
1

4. Epidemiology, with a focus on public health, waterborne outbreaks, and zoonotic potential of
Giardia;
5. Detection methods used for human fecal testing and water monitoring; and
6. Surveillance systems for water and reported human cases of giardiasis, focusing on FoodNet
Canada.

Literature Review
1. Taxonomy, species and assemblages
Antoine van Leeuwenhoek first discovered Giardia, a protozoan parasite, in 1681 (Erlandsen and
Meyer, 1984). Previously the systematic nomenclature was based on host specificity and light
microscopy characteristics. The newest systematic, however, is based on genetic, structural and
biochemical data, and places Giardia in the phylum Meamonada, Subphylum Trichozoa, Superclass
Eopharyngia, Class Trepomonadea, Subclass Diploza, Order Giardiia and Family Giardiidae (CavalierSmith, 2003). On the basis of light and electro-microscopic characteristics (e.g., trophozoite shape and
marginal grove) six species of Giardia have been identified (Adam, 2001, Plutzer et al., 2010a). Five of
these species are host specific and have not been found to infect humans: G. agilis (amphibians), G.
ardeae and G. psittaci (birds), G. muris (mice) and G. microti (voles) (McRoberts et al., 1996, Adam 2001,
Caccio et al., 2005). The remaining species, G. duodenalis, includes isolates from a large variety of
mammalian hosts, including humans. Inclusion of isolates from a variety of mammalian hosts into the G.
duodenalis specie has recently been supported by ribosomal RNA gene sequencing and supported by
the sequencing of other genes, such as glutamate dehydrogenase (gdh), triosephosphate isomerase
(tpi), and b-giardin (bg) (Plutzer et al., 2010a).
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Giardia duodenalis has been classified into seven assemblages from A to G, based on substantial
sequence differences identified in the gdh, tpi and bg genes (Plutzer et al., 2010a). Assemblages A and B
include human isolates, however, the remaining assemblages have not been detected in people and
appear to be host specific (Table 1.1) (Hunter and Tompson 2005, Caccio et al., 2005). Assemblage A has
been further classified into sub-assemblages A-I to A-IV, based on further characterization of the gdh,
tpi, and bg genes (Ballweber et al., 2010).
Similar G. duodenalis assemblages have been found in both animal and human hosts, suggesting
that giardiasis is a zoonotic disease. However, assemblages A and B are the greatest zoonotic risk, as
there have been no human isolates from assemblages C to G to date. Humans, cats, dogs, sheep, cattle,
swine, horses, alpacas, as well as wildlife such as coyotes, birds and deer, have been described as
natural hosts of G. duodenalis assemblage A (Traub et al., 2005, Uehlinger et al., 2006, Langkjaer et al.,
2007, Leonhard et al., 2007, Mendonca et al., 2007, Robertson et al., 2007, Souza et al., 2007, Geurden
et al., 2008a,b, Armson et al., 2009, Yang et al., 2010). Similarly, humans, livestock, beavers, coyotes,
and dogs have been identified as hosts of G. duodenalis assemblage B (Traub et al., 2004, Fayer et al.,
2006, Trout et al., 2006, Sprong et al., 2009). Assemblage A has also been documented in marine
mammals, which pose a concern for infection of artic inhabitants, through the consumption of seal
meat, in particular intestines (Olson et al., 1997, Dixon et al., 2008). Cysts have also been detected in
flies and fecal droppings of wild birds, which may make these animals potential vectors (Szostakowska et
al., 2004, Plutzer and Tomor, 2009). A recent study by Traub et al. (2004) provides the most compelling
evidence for zoonotic transmission of Giardia to date. In this study, they isolated Giardia cysts from fecal
samples from humans and dogs living in a remote community in Assam, India, and observed similar
assemblages in dogs and humans of the same household when the isolates were typed at multiple
genetic loci (Traub et al., 2004). Therefore, it is likely that animals play a part in the contamination of the
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environment with Giardia cysts and likely contribute to human infections with Giardia via contact with
contaminated environments.

2. Biology and life cycle
Giardia is a single celled protozoan parasite which has a simple and direct life cycle that involves two
structural forms: the trophozoite (replicative stage) and the cyst (environmentally resistant and infective
stage). Trophozoites are 9-20 µm by 5-15µm, pear-shaped bi-nucleate cells, with four pairs of flagella,
curved median bodies and a ventral adhesive “sucking” disc (Carmena, 2010, Robertson, 2014). Cysts
are 8-18 µm by 7-10 µm ovoid, non-motile and metabolically dormant (Gerwig et al., 2002, Robertson,
2014). It is interesting to note that unlike other eukaryotes, Giardia lacks common eukaryotic subcellular
compartments such as mitochondria, peroxisomes, and a traditional golgi apparatus (Ravel et al., 2013).
Infection with Giardia occurs after a susceptible host ingests an infective dose of viable cysts
(Rendtorff, 1954). Once the cysts are ingested, trophozoites are released from the cysts via excystation,
which is triggered by exposure to the alkaline environment in the upper small intestine, as well as gastric
acid and pepsin (Robertson, 2014). One cyst will produce four trophozoites as two rounds of cytokinesis
occurs without immediate DNA replication (Robertson, 2014). The trophozoites then attach to the
enterocytes of the mucosal surface in the lumen of the small intestine by using a suction disc located on
their ventral surface (Erlandsen et al., 2004, Robertson, 2014). Negative pressure at the host-parasite
interface created by flaggelar movement is believed to facilitate this attachment (Erlandsen et al., 2004).
Trophozoites are non-invasive and remain in the lumen of the small intestine either attached to the
intestinal wall or freely motile, and multiply asexually via longitudinal binary fission (Robertson, 2014).
Although trophozoites mainly reproduce asexually, there is evidence for sexual recombination among
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Giardia (Frazén et al., 2009, Robertson, 2014). It has been suggested that there are infrequent
recombinatory events between different isolates and allelic sequence heterozygosity, particularly
associated with G. duodenalis Assemblage B (Frazén et al., 2009). To ensure survival inside the host’s
intestine, Giardia trophozoites are capable of antigenic variation which involves continuously switching
specific surface antigens which is likely important for evading the host’s immune response (Nash, 2002).
Trophozoites are the metabolically active form of Giardia; however, the biosynthetic capacity of
Giardia is low (Robertson, 2014). They rely on absorbing the majority of their biosynthetic precursors via
pinocytosis from the intestinal environment, but are capable of glycolysis of glucose and using the
arginine dihydrolayse pathway for energy production (Jarroll et al., 2011). Unlike other parasites, the
enzymes Giardia uses for energy production are not in sub-cellular organelles, but are in solution in the
cytoplasm (Jarroll et al., 2011). It has previously been suggested by Jarroll et al. (2011) that variation in
metabolism between assemblages may have an important role in host specificity, virulence and
reproduction rates.
Once fecal material enters the colon, it begins to dehydrate causing the trophozoites to encyst and
form environmentally resistant cysts (Carmena, 2010). The cysts are then excreted in the feces. Cysts do
not require maturation after shedding and are immediately infectious to a susceptible host once they
are shed into the environment (Svärd et al., 2003, Plutzer et al., 2010a, Robertson, 2014). Cysts are also
able to survive for prolonged periods in non-arid environments due to the filamentous structure of their
cell wall (Gerwig et al., 2002, Robertson, 2014). However, cysts will not survive desiccation or exposure
to multiple freeze-thaw fracture cycles (Robertson and Gjerde, 2004, Robertson, 2014).
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3. Disease, pathogenesis and treatment
The infectious dose of Giardia in humans is theoretically a single cyst, however, volunteer
studies have reported a dose of 10 cysts to be required to cause an infection (Rendtorff, 1954); the
median infectious dose for Giardia has been estimated to be in the range of 25-100 cysts (Caccio and
Ryan, 2008). The recognized pre-patent period for giardiasis is between 1 to 2 weeks, which has been
supported by volunteer studies in which the pre-patent period was 6-10 days when fresh cysts were
used and 13 days when stored cysts were used (Rendtorff, 1954). Following the pre-patent period in
immune competent individuals, an acute phase may occur. The acute phase may resolve spontaneously
in approximately 1 to 4 weeks, with symptoms lasting 3 to 4 days (Carmena, 2010), or develop into a
chronic phase where short recurrent bouts of symptoms will occur which could last for months
(Robertson, 2014). As with many infections, immunocompromised individuals are more likely to develop
a symptomatic infection and have more severe and long lasting disease, which usually requires
treatment (Carmena, 2010). The duration and severity of illness varies based on the immunological,
developmental and nutritional status of the host, as well as the virulence of the parasite (Carmena,
2010). In a prospective cohort study following a large waterborne outbreak of giardiasis in Norway in
2004, involving 1200 laboratory confirmed cases, it was found that approximately 30% of patients
developed chronic giardiasis infections, with a mean disease duration of seven months (Robertson et al.,
2006, Hanevik et al., 2007).
Giardiasis presents as a spectrum of clinical manifestations in humans, which can range from
asymptomatic carriage to a complex of symptoms and occasionally more chronic illness. However, it is
not fully understood why some individuals develop clinical giardiasis while others remain asymptomatic;
it is speculated that host factors are likely responsible for severity of the illness (Robertson, 2014).
Common symptoms of giardiasis include abdominal pain, fatty diarrhea, flatulence, bloating and weight
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loss, with less frequent symptoms including nausea, vomiting and fever (Robertson, 2014). Similarly, in a
recent epidemiological and clinical description of giardiasis cases conducted in Waterloo, Canada, the
most common symptoms reported were diarrhea (84%) and abdominal bloating (68%), with fatigue
symptoms increasing with age (Ravel et al., 2013). Unusual manifestations of giardiasis can include hives
(urticaria), reactive arthritis, sensitization towards food antigens, itchy skin (pruritus), inflammation of
the eye (uveitis), and inflammation of the synovial membrane (synovitis) (Carmena, 2010). In
malnourished hosts, especially children, the infection can become chronic and result in intense diarrhea
and weight loss, and can have detrimental effects on nutritional status, cognitive function, growth and
development (Berkman et al., 2002, Lebwohl et al., 2003, Simsek et al., 2004, Silva et al., 2009,
Robertson, 2014). Chronic infections are usually associated with fatty diarrhea, lactase deficiency and
vitamin deficiencies, as well as fatigue and irritable bowel syndrome (IBS)-like symptoms (Mørch et al.,
2009, Robertson, 2014).
The pathogenesis of giardiasis is not fully understood and there is no known genetic basis for
infectivity, virulence, host specificity or related disease factors (Plutzer et al., 2010a, Robertson, 2014).
However, recent evidence suggests that pathogenesis is multifactorial with potential mechanisms that
include reduced epithelial transport and barrier dysfunction (Ali and Hill, 2003, Robertson, 2014).
Although trophozoites are non-invasive, the suction from their tight association with enterocytes may
lead to diffuse enterocyte damage, villus atrophy, crypt hyperplasia and brush border damage resulting
in a decrease in the overall absorptive area in the small intestine (Buret et al., 2002, Hawrelak, 2003).
Apoptosis of villus cells can lead to both digestive and absorptive changes that induce acute or chronic
diarrhea (Monis and Thompson, 2003). Trophozoites can also create a physical barrier between the
enterocytes and the lumen, if the population of trophozoites in the small intestine is large (Robertson,
2014). Altered epithelial permeability can also be caused by cytopathic molecules of parasite origin,
causing disruption of the tight junction-associated protein zonula occludin-1 (ZO-1) (Monis and
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Thompson, 2003). In previous studies examining duodenal biopsies from chronic giardiasis patients,
reduced epithelial resistance due to decreased expression of tight junction protein claudin-1 and
increased epithelial apoptosis was demonstrated, as well as increased activation of anion secretion and
impaired sodium-dependent D-glucose absorption (Troeger et al., 2007). All of these pathological
processes lead to a decrease in the absorptive areas in the small intestine and an impaired intake of
water, electrolytes and nutrients, which leads to the common sign of diarrhea and in more extreme
cases, nutritional deficiencies (Buret, 2002).
In vitro studies have demonstrated that Giardia trophozoites release a metabolic protein,
arginine deaminase, when in contact with human caco-2-cells (Ringqvist et al., 2008). This protein
reduces the ability of host cells to produce the antimicrobial defense molecule, nitric oxide (NO)
(Ringqvist et al., 2008). Nitric oxide levels in intestinal epithelial cells are important for regulation of
water absorption and secretion (Kukuruzovic et al., 2002) suggesting that the arginine deaminase
protein may play a possible role in causing diarrhea.
Many giardiasis patients do not require treatment as their infection spontaneously resolves,
however, chronic infections do require treatment. Currently, inhibitors of nucleic acid synthesis such as
metronidazole, tinidazole and ornidazole are the first line of drugs employed in giardiasis treatment. In
severe cases, these drugs are coupled with supportive treatment including fluid and electrolyte
replacement (Carmena, 2010). Metronidazole is the most common treatment; however, it can have
severe side effects such as central nervous system toxicity and pancreatitis (Carmena, 2010). Tinidazole
is gaining in popularity as it requires fewer doses than metronidazole and achieves similar efficacy with
fewer and less severe side effects (Carmena, 2010). Drug resistance has been identified in laboratory
isolates as well as clinical isolates from patients who failed metronidazole and albendazole treatment
(Upcroft and Upcroft, 2001).
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4. Epidemiology
4.1. Public Health
Giardiasis has a global distribution and places a considerable burden on public health systems
worldwide due to the high prevalence and disease burden of the infection, its ability to cause large
waterborne outbreaks and its effects on growth and cognitive function in children (Feng and Xiao, 2011).
Therefore, it was included in the World Health Organization’s (WHO) neglected disease initiative in 2004
(Savioli et al., 2006). Although Giardia is the most commonly identified intestinal parasite of humans, it
remains highly under-reported (Yoder et al., 2010). As such, the quality and availability of data
concerning infection with Giardia varies from country to country, even in industrialized nations
(Escobedo et al., 2010). Prevalence of Giardia infection in humans is estimated to be approximately 5%
in industrialized countries and 25% in developing countries and the prevalence may vary within each
country (Feng and Xiao, 2011). The prevalence in Europe has been reported between 1 to 17.6% (de Wit
et al., 2001, Horman et al., 2004, Berrilli et al., 2006, Spinelli et al., 2006, Bajer, 2008, Davies et al., 2009,
Geurden et al., 2009). The incidence of giardiasis in the European Union is similar among the various
countries; for example, in the United Kingdom (UK) the incidence was 5.5 cases per 100,000 population
per year in 2005 and 4.6 cases per 100,000 population per year in Germany in 2006 (Sagebiel et al.,
2009). Giardia is also the most frequently identified intestinal parasite of humans in the United States
(US) and Canada (Furness et al., 2000). In the US the incidence of giardiasis in 2008 ranged, among the
various states, from 2.2 to 33.8 cases per 100,000 population (Yoder et al., 2010). In Canada, there were
5,295 reported cases across the country in 2000, with an annual incidence of 16.3 cases per 100,000
population (Feng and Xiao, 2011). Furthermore, the incidence of reported giardiasis cases varies among
the provinces. For example, the incidence of giardiasis in Calgary (Alberta) was 19.6 cases per 100,000
person-years from 1999 to 2002 (Laupland and Church, 2005), compared to Waterloo (Ontario) which
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was 8.8 cases per 100,000 person-years from 1990 to 2004 (Keegan et al., 2009). In Canada, the
incidence of giardiasis follows a seasonal trend, with a peak occurring in the late summer and early fall
months (Odoi et al., 2003, Laupland and Church, 2005).
Transmission of Giardia occurs either directly or indirectly via the fecal-oral route, and the risk
of becoming infected increases with increased exposure time to the pathogen (Astrom et al., 2007).
Direct transmission often occurs from close person-to-person contact or zoonotic transmission (Traub et
al., 2004, Ravel et al., 2013). Asymptomatic giardiasis cases present an important risk for direct
transmission of this organism as they can shed cysts in their feces (Robertson, 2014). Such people are an
important reservoir of infection, particularly in family and childcare settings as well as healthcare
institutions, which may result in secondary transmission in the community (Robertson, 2014). Indirect
transmission occurs via contaminated food or water (Karanis et al., 2007, Blasi et al., 2008, Plutzer et al.,
2010a). Although the majority of giardiasis outbreaks are waterborne (Karanis et al., 2007, Baldursson
and Karanis, 2011), food-borne outbreaks do occasionally occur. Fruit, vegetables and shellfish are
common vehicles for Giardia transmission as these products are frequently consumed raw (Graczyk et
al., 2006, Pozio et al., 2008, Dixon et al., 2013). A large number of food-borne giardiasis outbreaks have
also been reported due to poor personal hygiene of food handlers (Porter et al., 1990, Mintz et al., 1993,
Smith et al., 2007).
Activities associated with an increased risk for infection with Giardia include: children in
childcare settings, close contact with infected people, outdoor activities, ingestion of untreated water,
and contact with animals or their environments (Odoi et al. 2003, Stuart et al., 2003, Gagnon et al.,
2006, Thompson et al., 2008, Snel et al., 2009, Plutzer et al., 2010a). Children under the age of 10 years
and adults between the ages of 31 to 40 years are at a higher risk for infection with Giardia due to
increased risk activities (Huang et al., 2006, Kegan et al., 2009, Snel et al., 2009, Ravel et al., 2013).
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Males also have a greater risk of infection compared to females, due to sexual practices such as anal or
oral-anal sex (Ravel et al., 2013, Escobedo et al., 2014).

4.2.

Waterborne outbreaks

The majority of outbreaks involving Giardia are waterborne, as Giardia is particularly suited for
this route of transmission due to the following characteristics: (1) cysts are shed in high numbers
(Bradford and Schiven, 2002); (2) cyst persistence in the aquatic environment is high (Olson et al., 1999);
(3) cysts are very small which allows them to be easily re-suspended in water systems (Wilkes et al.,
2011); (4) cysts are resistant to chemical disinfectants, such as chlorine (Rice et al., 1982), and (5) cysts
are highly infective (Rendtorff, 1954). Worldwide, there have been 154 documented waterborne
giardiasis outbreaks between 1954 and 2011 (Karanis et al., 2007, Baldursson and Karanis, 2011).
The majority of waterborne giardiasis outbreaks involve contaminated drinking water due to
inadequate treatment (Karanis et al., 2007, Baldursson and Karanis, 2011). Deficiencies in water
treatment can include insufficient barriers and inadequate or poorly operated treatment facilities
(Karanis et al., 2007, Baldursson and Karanis, 2011). As cysts are somewhat resistant to chlorine, a
common disinfectant employed in water treatment, filtration processes are important for cyst removal
from drinking water (Plutzer et al., 2010a). The largest waterborne giardiasis outbreak to date occurred
in Bergen, Norway in 2004. Tested water had a low amount of contamination, approximately 5
cysts/10L, and was assumed to be the result of leaking sewage pipes and insufficient water treatment
(Robertson et al., 2006). This water contamination resulted in 1,300 laboratory confirmed cases
(Robertson et al., 2006).
Although the majority of the reported waterborne giardiasis outbreaks involve contaminated
drinking water, approximately 10% of the outbreaks involve recreational water exposure (Karanis et al.,
2007, Baldursson and Karanis, 2011). For example, the largest recreational water outbreak occurred in
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1995 in a water park in Georgia, US, which was believed to be caused by a fecal accident in the children's
pool, resulting in 550 confirmed cases and 5,500 estimated cases (Levy et al., 1998). In general, the
number of individuals infected in recreational outbreaks is lower than the number of individuals
involved in drinking water outbreaks (Karanis et al., 2007).
Giardiasis outbreaks are more common after heavy precipitation, snowmelt or extreme weather
events (Curriero et al., 2001, Thomas et al., 2006). Curriero et al. (2001) found that over half of the
waterborne disease outbreaks in the US between 1948 and 1994 were preceded within 2 months by an
extreme rainfall event. Similarly, Thomas et al. (2006) demonstrated that rainfall events greater than the
93rd percentile of the normal for that year would increase the odds of a waterborne outbreak by a
factor of 2.3. During extreme weather events, heavy snowmelt or precipitation, water treatment plants
may be overwhelmed, resulting in cross-contamination between sewage and drinking-water pipes,
sewage overflow or bypass into local waterways (Semenza and Nichols, 2007, Cann et al., 2012). These
events can also cause agricultural runoff which can contaminate surface waters as heavy rain and
snowmelt can influence the horizontal and vertical movement of pathogens in soil (McGechan and
Lewis, 2002). Agricultural runoff can be an important source of Giardia cyst contamination in surface
waters as production animals excrete high numbers of cysts which may be mobilized and transported
into surface waters during these runoff events (Bodley-Tickell et al., 2002, Keeley and Faulkner, 2008,
Plutzer et al., 2010a). Increased water flow in surface waters can also re-mobilize contaminants within
the water system (Wilkes et al., 2011). Runoff and these mobilization events can lead to increased water
turbidity, which has previously been associated with gastrointestinal illness (Tinker et al., 2010).
Although heavy precipitation is associated with giardiasis outbreaks, droughts or extended dry periods
reduce the volume of river flow and potentially increase the concentration of water treatment plant
effluent-derived pathogens, due to reduced dilution (Senhorst and Zwolsman, 2005).
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5. Detection Methods
5.1. Fecal testing for detection in humans
Giardia in humans can be identified via three main methods: microscopy, detection of parasite
antigens or detection of parasite DNA (Savioli et al., 2006). The current gold standard in human clinical
laboratories is the microscopic examination of stool samples for the presence of trophozoites or cysts
(Savioli et al., 2009).This method has superior specificity, however, it has lower sensitivity (Hadgu et al.,
2005). As cysts are shed intermittently, multiple stool samples are required for detection as microscopic
examination of a single stool sample cannot rule out infection (Savioli et al., 2009, Escobedo et al.,
2010). However, the sensitivity of the test can be increased by using a concentration technique prior to
identification (Escobedo et al., 2010). To overcome the intermittent shedding of cysts and to increase
test sensitivity, a triple feces test (TFT) has been developed. The TFT combines three consecutive days of
samples, fixation in sodium acetate, acetic acid and formalin, formol ether concentration as well as
permanent staining (van Gool et al., 2003). The triple feces test has been shown to significantly improve
Giardia detection sensitivity compared with microscopy of un-concentrated and concentrated, fresh,
non-preserved, stool samples (van Gool et al., 2003). Diagnostic tests which detect the presence of
antigens are immunofluorescence (IF) microscopy or enzyme-linked immunosorbent assays (ELISA). The
immunofluorescence antibody tests are rapid and practical; however, as they require the use of a
fluorescence microscope, this procedure is not practiced in most small diagnostic labs and interpretation
is subjective. However, fecal antigen tests are commercially available, are rapid and do not require
expensive equipment, but are expensive and have limited sensitivity when cyst numbers are low (Strand
et al., 2008). Diagnostic tests that detect the presence of parasite DNA include polymerase chain
reaction (PCR) or restriction fragment length polymporphism (RFLP). In molecular tests, the SSU rRNA
gene is the commonly used marker for species and assemblage differentiation of Giardia (Feng and Xiao,
2011). The variable 5’ and 3’ regions of the SSU rRNA gene can be used for identifying assemblages,
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whereas the conserved regions can only be used for species differentiation (Feng and Xiao, 2011).
Antigen and DNA detection methods can be more sensitive than bright-field microscopy as trophozoite
antigens or DNA can be detected in the absence of identifiable trophozoites (Addiss et al., 1991, Hopkins
et al., 1993, Rashid et al., 2002, Savioli et al., 2006). Molecular PCR-based tests are becoming more
commonly used to diagnose giardiasis cases (McGlade et al., 2003, Traub et al., 2004, Trout et al., 2005,
Ryan et al., 2005, Fayer et al., 2006), and have an improved sensitivity compared to microscopic and
immunodiagnostic methods (McGlade et al., 2003). However, PCR assays for specific intestinal parasites
are still too costly for some diagnostic laboratories as they often need to screen the stool for many
intestinal pathogens and most stool preservatives interfere with PCR reactions (Savioli et al., 2006).
Real-time PCR may be useful as multiple targets may be combined into one RT-PCR assay, which would
allow for the simultaneous detection of multiple gastrointestinal infections, thereby reducing the cost
associated with running a single PCR assay for each potential infectious agent (Savioli et al., 2006,
Verweij and van Lieshout 2011, Stroup et al., 2012, Taniuchi et al., 2011, Jex et al., 2012). Increasing the
sensitivity of tests to identify Giardia is important to prevent the number of required invasive tests (e.g.,
diagnosticians would only have to perform an invasive test if clinical suspicion remained high in the
absence of support from non-invasive tests (Savioli et al., 2006). It is difficult in prevalence studies to
identify a realistic prevalence in the population due to the lack of a perfect gold standard (Traub et al.,
2009). However, this could possibly be overcome by the use of Bayesian methods, which have been
successfully used previously to estimate the prevalence of Giardia in cattle and dogs using microscopic
examination, IFA testing and coproantigen ELISA together (Geurden et al., 2004, 2008b).

5.2. Water testing
Detection of Giardia in water is expensive, time consuming, and labour intensive (Lemos, et al.,
2005, Carmena, 2010). The environmental load of Giardia cysts in surface waters is sporadic, both
spatially and temporally, and depends on a variety of environmental factors (e.g., agricultural practices,
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ice melting, wildlife, human sewage inputs) (Carmena, 2010, Helmi et al., 2011, Burnet et al., 2014).
Cysts exhibit both spatial and temporal variation in their distribution, and fluctuate in a spiking pattern
in both treated and untreated waters, thus making sampling difficult (Ongerth, 2013). Furthermore, cyst
recovery is influenced by the physiochemical and organic properties of the water being tested, the type
of filter, the quality of reagents used, as well as the age and condition of the cysts (Carmena, 2010).
Measuring the concentration of Giardia cysts in water samples requires three basic steps: (1) sampling
and particle collection, (2) particle segregation, and (3) cyst detection. The standard method employed
in Canada and the United States (US) is the US Environmental Protection Agency (USEPA) Method 1623;
a similar method, the International Organization for Standardization (ISO) Method 15553 is used
throughout Europe. These methods are appropriate for the examination of source, ground, treated,
swimming and recreational waters (USEPA, 2005). With these methods, a large volume of water is
sampled (25-100L) and a filter is used for particle collection (USEPA, 2005). Immunomagnetic separation
(IMS) is then employed for cyst segregation (USEPA, 2005). Cyst detection is performed using a labeling
procedure involving a monoclonal antibody conjugated to a fluorochrome, along with a nucleic acid
stain, 4’6 dimidino 2 phenyl indole (DAPI) (Campbell et al., 1992) as an identification aid (USEPA, 2005,
Robertson, 2014). The sample is then examined by fluorescence microscopy and differential
interference (DIC) microscopy for the presence of labeled cysts that meet the size, shape, and
fluorescence characteristics of Giardia cysts (USEPA, 2005). The Giardia cyst characteristics are as
follows: brilliant apple-green fluorescence, brightly highlighted edges, spherical to ovoid in shape, no
atypical characteristics by DAPI fluorescence, FA, or DIC microscopy and 8-18 µm long by 5-15 µm wide
(USEPA, 2005). The cysts that match these characteristics are considered to be Giardia cysts, and are
subsequently counted (USEPA, 2005). For very turbid waters, such as sewage, these standard methods
need to be modified to cope with the extra burden of contaminants (Robertson, 2014).
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Although USEPA Method 1623 is the current standard, it does have some inherent
disadvantages. First, the recovery efficiency can be poor, ranging from 10-70% (Clancy et al., 1999,
Pezzana et al., 2000, McCuin and Clancy, 2005, Carmena et al., 2007). Second, although the application
of DIC microscopy and DAPI staining can give some indication about the internal structure of the cysts,
which can suggest potential viability, it is not able to evaluate if intact cysts exposed to ultra violet (UV)
radiation or other disinfectants are alive or dead (Baque et al., 2011). Furthermore, it is unable to
distinguish between species, or identify genotypes or assemblages (Baque et al., 2011). Third, the
microscopic examination of stained cysts is subjective, labour intensive, and quite costly (Lemos et al.,
2005). Finally, this method does not consider measurement of recovery efficiency and does not apply
recovery in expressing analytical results (Ongerth, 2013). Consequently, concentration values among
studies cannot be reliably compared.
The ability to determine cyst viability, species and assemblage is important from a public health
perspective. In vivo methods, such as animal infectivity models, can be used to detect viable cysts;
however, this method is not practical and does not differentiate between assemblages (Baque et al.,
2011). Although molecular methods can be used for Giardia cyst identification, DNA extraction
efficiency is a major challenge , as the number of organisms in the sample is often very low and
environmental samples, such as surface waters, contain PCR inhibitors such as humic acid, fluvic acid
and phenols (Robertson, 2014). Repetitive sampling or multi-tube approaches have therefore been
previously considered (Taberlet et al., 1996) to increase detection sensitivity. Similarly, the use of
nested-PCR has been used to increase both sensitivity and specificity (Miller and Stearling, 2007). A
recently developed approach is loop mediated isothermal amplification (LAMP) based on auto cycling
strand displacement DNA synthesis by Bacillus stearothermophilus (Bst) polymerase (Plutzer and
Karanis, 2009, Plutzer et al., 2010b). This method is easier and cheaper than PCR and is not affected by
naturally occurring inhibitors in the samples. However, the method needs further optimization before it
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is suitable for routine analysis since it has a high rate of false negatives and there is a lack of
quantification (Plutzer and Karanis, 2009). A real-time PCR method has also been developed, which
allows for the identification of Giardia cysts to the assemblage level in water samples using primers and
taqman probes designed to target the Beta-Giardin gene (Baque et al., 2011). Heat induction followed
by amplification of total mRNA has been used as an indicator of cyst viability (Mahbubani et al., 1992,
Abbaszadegan et al., 1997, Bertrand et al., 2009, Baque et al., 2011). All these methods require further
standardization before they can be routinely used for the analysis of environmental samples.

6. Surveillance
6.1. Water:
Monitoring of source water is important for understanding the occurrence of Giardia in these
waters, thereby adequately informing risk management policies (Medema et al., 2009). Although
regulatory monitoring programmes assess source water quality, they depend on a regular sampling
scheme, which may miss important events such as extreme weather events, breakdown in water
catchment area protection, accidental spills, or seasonal farming practices (Medema et al., 2009). As
peak events are usually specific to one area, a site-specific pre-sampling survey may serve as a guide
before more complex and expensive monitoring programmes are implemented (Medema et al., 2009).
The World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF) have
established a global Joint Monitoring Programme (JMP) for Water Supply and Sanitation. The purpose of
this programme is to support countries so they can improve their water monitoring performance, water
safety planning and management at a country level (WHO/UNICEF, 2009). The JMP also reports on the
status of the water supply and sanitation sector globally (WHO/UNICEF, 2009). The WHO has also
developed a Water Safety Plan which is comprised of the three following components: (1) risk
assessment of the water supply, (2) effective operational monitoring, and (3) effective water
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management (WHO, 2005). This plan further emphasizes the importance of water catchment knowledge
and prevention of contamination by human and animal waste (WHO, 2005). In accordance with these
recommendations, source water monitoring for Giardia has been implemented in Canada, the United
States, Australia, New Zealand, as well as many countries within the European Union. Although source
monitoring is an important tool in maintaining a safe water supply, prevention methods are still the
most practical approach to reduce the risk of waterborne giardiasis (Carmena, 2010).
Currently, there are no regulatory agencies worldwide that recommend continuous cyst
monitoring of finished waters, due to the limitations of the current methods (USEPA Method 1623 and
ISO 15553) and the lag time between sample collection and test results (WHO, 2006). Researchers have
proposed an action level of 3-5 Giardia cysts per 100L of treated water, derived from cyst
measurements made before and after detected waterborne outbreaks of giardiasis, to warn against
potential contamination events (Wallis et al., 1996). However, this action level does not take into
consideration cyst viability, species or assemblage, which may lead to many false alarms. Thus, finished
water monitoring is still in its infancy and requires further research and development. An effective
alternative for analyzing the risk of Giardia in finished waters, without the need to continuously monitor
water, is the use of a quantitative microbial risk assessment model (QMRA) (Pruss et al., 2002). A QMRA
is a structured, integrative, quantitative and multidisciplinary method to assess microbial risk (Pruss et
al., 2002). The method has been used previously to develop a risk assessment model for
Cryptosporidium, another waterborne parasite, in recreational waters in Ontario, Canada, by the Public
Health Agency of Canada (Pintar et al., 2010).

6.2.

Human cases:

Enteric disease burden is the impact of enteric disease as measured by mortality, morbidity, and
the financial cost associated with illness. There are various methods with which to investigate the
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burden of enteric disease in a population including: syndromic, sentinel site and laboratory surveillance,
outbreak investigation (Cheun et al., 2013), and disease notification (Doherty, 2006).
Syndromic surveillance focuses on the early symptom period before a disease is confirmed by a
laboratory or clinically, where symptoms are grouped into syndromes. This method of surveillance can
use either clinical (e.g., emergency department visits, poison control centre calls) or alternative (e.g.,
school absenteeism, over-the-counter medication sales) data sources. For example, Edge et al. (2006)
demonstrated that over-the-counter sales of anti-diarrheal and anti-nausea products were a good
predictor of community Norovirus activity in a Canadian province. This method of surveillance is useful
for identifying disease clusters early in an outbreak before diagnoses are confirmed and reported,
potentially allowing a quicker response than traditional surveillance methods (Josseran and Fouillet,
2013).
Laboratory-based surveillance relies on data produced in clinical and/or public health
laboratories and is responsible for confirming new cases of infectious disease. This type of surveillance
system is important for national and international disease surveillance and is used to detect changes in
the presence or behavior of pathogens, and to evaluate the impact of prevention and control measures
(Niesters et al., 2013). For example, the Public Health Agency of Canada operates the National Enteric
Surveillance Program (NESP), which is designed to provide timely confirmation and reporting of enteric
disease in Canada. The NESP is comprised of provincial public health laboratories that provide the
National Microbiology Laboratory (NML) with totals of new laboratory confirmed cases of enteric
diseases weekly. These data are subsequently used to detect emerging and priority diseases. Nationally,
notifiable diseases are communicable diseases that have been identified as priorities for monitoring and
control efforts by the federal government and rely on confirmed reported cases of communicable
diseases from laboratory based surveillance systems. For example, reporting of giardiasis cases is
compulsory in many European Union countries, the United States, and Canada.
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Sentinel site surveillance programs are based on collecting in-depth data, which would not be
feasible financially on a national or provincial level, with the hope that these results are representative
of the broader population. Therefore, results from these sentinel sites are used to inform policies that
affect a large geographic region, which makes this an effective and cost-efficient surveillance method.
Recently, PHAC implemented a comprehensive sentinel site surveillance program (in 2005), with the
goal of reducing the burden of enteric disease in Canada. The program focuses on reportable
gastrointestinal pathogens, including Giardia. The program is implemented through local public health
units, provincial and public laboratories, as well as partnerships with farms, retail food outlets, and
water monitoring areas at three different sentinel sites across Canada. Currently, the three sentinel sites
are located in: Region of Waterloo (Ontario), Faster Valley (British Colombia) and Central
Alberta/Calgary (Alberta). At each sentinel site, the local public health department implements a
systematic follow-up of each reported case by a public health inspector using a standardized
questionnaire. Detailed information on demographics, disease symptoms and potential risk factor
exposures prior to the disease onset is collected for each case; exposure time is based on the incubation
period for each disease (e.g., 25 days for giardiasis). Data from each site are then used for enteric
disease source attribution to inform policies and programs that affect large geographic areas which have
similar characteristics to the sentinel sites (Mullner et al., 2009, Patrick et al., 2010, David et al., 2013,
Thomas et al., 2013).

Study rationale and objectives
Humans may come into contact with surface waters, food, drinking water, animals and their
excrement contaminated with Giardia cysts while either in their city of residence, or while travelling
domestically or internationally. Although the association between contaminated water and giardiasis is
well documented in the literature, the impact of the seasonality of Giardia cyst concentration on human
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cases of giardiasis is not well known for the Grand River Watershed. Furthermore, routine testing of
surface waters for the presence of Giardia cysts is quite costly; a water quality parameter that indicates
a high level of Giardia contamination may be a cost effective alternative. Understanding the risk factors
for contracting giardiasis while traveling, either domestically or internationally, is important for source
attribution and determining the burden of illness in a population. Although the risk of contracting an
infectious enteric illness (e.g., giardiasis) while travelling internationally is well documented, the risk
associated with domestic travel is virtually unknown, as epidemiologic studies examining risk factors for
domestically acquired cases do not make a distinction between domestic travel cases and cases
acquired within a particular health unit. This represents a considerable knowledge gap, as risk factors for
contracting giardiasis via domestic travel may be different from the risk factors associated with endemic
infections. Understanding risks for giardiasis is important for developing and evaluating policies, and
effectively targeting public health promotion campaigns to decrease the burden of giardiasis in Ontario.
The objectives for this study were therefore as follows:
1. Describe the temporal patterns, both secular and seasonal, of water contamination with Giardia
among various points along the Grand River, Waterloo, Ontario (Chapter 2);
2. Determine if water quality parameters may act as markers of high Giardia contamination of the
Grand River (Chapter 2);
3. Assess the utility of these data to meet the surveillance objectives of FoodNet Canada (Chapter
2);
4. Describe the most frequent travel destinations for reported international travel-acquired
giardiasis cases (Chapter 3);
5. Determine how demographic factors and exposure to risk factors vary among reported
international travel related, domestic travel related and endemic cases of giardiasis (Chapter 3);
and

21

6. Assess the impact of grouping domestic travel-associated and endemic cases together for
comparisons with international travel-acquired cases (Chapter 3).
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Table 1.1. Natural hosts of Giardia duodenalis assemblages A to G*.
Giardia duodenalis
assemblage
Assemblage A

Natural host

Reference

Deer

Robertson et al. (2007), Caccio et al. (2008), and Bajer (2008)
Thompson et al. (2009)
Hamnes et al. (2007)
Trout et al. (2008)
Abe et al. (2010)
Geurden et al. (2008a), Feng et al. (2008), and Santin et al.
(2009)
Sprong et al. (2009)
Sprong et al. (2009)
Langkjaer et al. (2007) and Sprong et al. (2009)
Leonhard et al. (2007), Claerebout et al. (2009), and Sprong
et al. (2009)
Sprong et al. (2009)
Haque et al. (2005), Berrilli et al. (2006), and van der Giessen
et al. (2006)
Fayer et al. (2006)
Trout et al. (2006)
Van der Giessen et al. (2006)
Lalle et al. (2005)
Sprong et al. (2009)
Sprong et al. (2009)
Sprong et al. (2009)
Traub et al. (2004), Berrilli et al. (2006), and van der Giessen
et al. (2006)
Sprong et al. (2009)
Barutzki et al. (2007), Claerebout et al. (2009) and Sprong et
al. (2009)
Thompson et al. (2009)
Szenasi et al. (2007)
Thompson et al. (2009)
Gaydos et al. (2008) and Appelbee et al. (2010)
Becher et al. (2004), Trout et al. (2005), Langkjaer et al.
(2007), Santin et al. (2009), and Sprong et al. (2009)
Armson et al. (2009) and Sprong et al. (2009)
Ruiz et al. (2008) and Sprong et al. (2009)
Ruiz et al. (2008), Gomez-Munoz et al. (2009), and Sprong et
al. (2009)
Veronesi et al. (2010)
Sprong et al. (2009) and Suzuki et al. (2011)
Lebbad et al. (2010)

Coyote
Fox
Alpaca
Domestic ferret
Cattle
Sheep
Goat
Swine
Dog

Assemblage B

Assemblage C

Assembage D

Assemblage E

Cat
Humans
Beaver
Coyote
Domestic chinchilla
Cattle
Sheep
Goat
Swine
Humans
Dogs
Dog
Coyote
Dog
Coyote
Seals
Cattle
Swine
Goat
Sheep

Assemblage F
Assemblage G

Horse
Cat
Rats

*Adapted from Plutzer et al., 2010 and Feng and Xiao 2011 to only include domestic and wildlife species
found in Canada.
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Chapter 2
Temporal trends in Giardia contamination in the Grand River and surrounding
tributaries, Waterloo, Ontario (2005-2011).

Abstract
Giardia duodenalis, the etiologic agent of human giardiasis, is the most frequently identified
intestinal parasite of people in North America. Giardia contamination in the Grand River in Ontario and
surrounding tributaries was monitored from 2005-2011 as a part of the Public Health Agency of
Canada’s FoodNet Canada integrated enteric disease surveillance program. Our study objectives were to
describe the temporal pattern of water contamination with Giardia in the Grand River, determine if
water quality parameters could act as effective indicators for Giardia contamination in the river, and to
assess the utility of the sampling regime and these data to meet FoodNet Canada’s surveillance
objectives. Water samples were collected monthly from the Grand River and surrounding tributaries in
Waterloo, Ontario over a six year period (2005-2011). Giardia cysts were identified and enumerated
from surface water samples using the United States Environmental Protection Agency (USEPA) Method
1623. Water quality parameters were measured, and river discharge and precipitation data were
gathered from the Grand River Conservation Authority. Univariable and multivariable linear regression
models were generated to determine the association between temporal and water quality parameter
variables and Giardia cyst concentration (log10 transformed). Year and season were significant predictors
for river contamination with Giardia. Cyst concentrations were significantly higher in the winter and
spring compared to the summer and fall and were significantly higher in 2007 compared to other study
years. Daily river discharge, turbidity, phosphate and phosphorous concentrations had a significant
37

positive association with the log10 Giardia cyst concentration whereas conductivity had a negative
association. Sampling was not distributed consistently over time among sampling sites; the sampling
strategy was more vigorous in the summer and fall compared to the winter and spring months, and in
2006 and 2007 compared to other years. These findings are important for policy makers who use
quantitative microbial risk assessment modelling for source attribution of human giardiasis cases, or use
water quality measurements for surveillance purposes.

Highlights
-

Waste water treatment effluent had significantly higher Giardia cyst concentrations than all
other sites sampled.

-

Giardia cyst concentration was seasonal in nature and peaked in the winter and spring.

-

Increased river discharge was associated with increased Giardia cyst concentrations.

-

Increased water turbidity was associated with increased Giardia cyst concentrations.

Abbreviations
USEPA: United States Environmental Protection Agency, WWTP: waste water treatment plant, DWTP:
drinking water treatment plant
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1. Background
A considerable burden is placed on public health systems globally in terms of morbidity and
economic impact each year due to enteric disease (Scallan et al., 2005, Majowicz et al., 2010, Vrbova et
al., 2012). In Canada, the incidence of acute gastrointestinal (GI) illness is approximately 1.3 cases per
person-year (Majowicz et al., 2004). However, there is significant underreporting of GI illness in Canada
and the estimates have ranged from 10 to 313 community cases of infectious gastroenteritis for
everyone one case of infectious gastroenteritis reported depending on the pathogen of interest
(Majowicz et al., 2005, Thomas et al., 2006a). Various surveillance programs have been implemented to
identify the sources contributing to the burden of GI disease in Canada, including the integrated sentinel
site surveillance system, FoodNet Canada (formerly known as C-EnterNet) (David et al., 2014).
The Public Health Agency of Canada implemented FoodNet Canada in 2005 with the goal of
reducing the burden of enteric disease in Canada. Currently, the program maintains three sentinel site
locations: Region of Waterloo (Ontario), Fraser Valley (British Colombia) and Central Alberta/Calgary
(Alberta). The program at each site is implemented through local public health units and provincial and
public laboratories, as well as partnerships with farms, retail food outlets and water-monitoring teams.
The sentinel sites allow these data concerning potential foodborne, waterborne and environmental
exposures of people to enteric pathogen sources to be gathered, which would not be practical at the
provincial or national level due to the immense resources it would require. Data from each site are used
for enteric disease source attribution to inform policies and programs that affect larger geographic areas
which have similar characteristics to the sentinel sites.
Giardiasis is the most commonly reported intestinal parasite in humans in Canada (Ravel et al.,
2013). Giardiasis is caused by the enteric flagellated protozoan parasite, Giardia duodenalis. Symptoms
and signs may include nausea, weight loss, bloating, abdominal pain, diarrhea, malabsorption, and in
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some cases, failure to thrive in children (Cotton, 2011). The incidence of human giardiasis in North
America typically follows a seasonal trend with an increase in the summer and early fall months (Odoi et
al., 2003, Laupland and Church, 2005). The Canadian incidence rate of giardiasis cases is approximately
13.1 reported cases per 100,000 person-years (Public Health Agency of Canada), and the 2005-2009
estimate was 8.8 cases per 100,000 person-years in the Region of Waterloo (Ravel et al., 2013).
Giardiasis occurs from the ingestion of infectious cysts via the fecal-oral-route, often through
the consumption of contaminated food or water. Giardia is particularly well suited for waterborne
transmission as it is shed in large numbers by infected humans and animals, has a low infectious dose, is
able to persist in cool aquatic environments, has a small cyst size and is resistant to chemical
disinfection, such as chlorine, making inactivation of cysts during water treatment processes difficult
(Carmena, 2010). Consequently, Giardia is ubiquitous in aquatic environments and is a frequent cause
of waterborne enteric infections. Exposure to contaminated drinking or recreational water has been
noted as a significant source of human infection with this parasite (Karanis et al., 2007; Ravel et al.,
2013).
In Ontario, human giardiasis exhibits a seasonal pattern with higher incidence occurring in the
late summer and fall months (Odoi et al., 2003). Comparing this seasonal trend to environmental data is
helpful in strengthening our understanding of where the greatest environmental risks lie from a public
health perspective, in order to prioritize interventions as well as inform generation of public health
policies. Wildlife such as deer (Bajer, 2008), coyotes (Thompson et al., 2009), and aquatic birds (Plutzer
and Tomor 2009) are known to carry Giardia and can contaminate surface waters humans use for
recreational activities, such as swimming (Baldursson and Karanis, 2011), or drinking (Pardhan-Ali et al.,
2012). Water quality parameters, such as river discharge and turbidity, can also influence the amount of
contamination of surface waters by influencing the movement of Giardia cysts in the water column
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(LeChevallier et al., 1991, Ferguson et al., 1996, Medema et al., 1998, Kistemann et al., 2002).
Therefore, understanding the seasonality and influence of water quality parameters on surface water
contamination with Giardia cysts will contribute to improved source attribution and more informed
public health and water-shed management policies.
Therefore, the objectives of this study were to:
(A) Describe the temporal pattern, both secular and seasonal, of water contamination with
Giardia spp. among various points along the Grand River, in Waterloo, Ontario;
(B) Determine water quality parameters that may act as markers of high Giardia spp.
contamination of the Grand River;
(C) Assess the utility of these data and the nature of the sampling regimen to meet the
surveillance objectives of FoodNet Canada.

2. Materials and methods
2.1. Water collection and analysis
The Grand River is a large river in southwestern Ontario, Canada, which runs through the Region
of Waterloo during its 280 km southward journey to Lake Erie. As part of the Public Health Agency of
Canada’s FoodNet Canada integrated enteric disease surveillance program, water was sampled from
three locations along the Grand River: Grand River North, which is upstream of the Region of Waterloo;
the intake water for the municipal drinking water treatment plant (DWTP); and effluent discharge from
a municipal waste water treatment plant (WWTP) (Figure 2.1). Two tributaries that join the Grand River
upstream of the municipal WTP, Canagagigue Creek and Conestogo River, were also sampled as they are
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representative of areas with high livestock density and high levels of agricultural land runoff (Dorner et
al., 2004). River water was sampled approximately once or twice per month from the DWTP from 20052011. The remaining locations were sampled sporadically over the sampling period (Table 2.1). Grand
River north and the WWTP effluent were sampled from 2005-2008, Canagagigue Creek and Conestogo
River were sampled in 2007 and 2008, and the DWTP intake was sampled for the entire study period
(2005-2011).
Twenty-five liters of water were sampled during each site visit and passed through a Filta-max
®filter (IDEXX Laboratories Inc., Westbrook, ME, USA) in the field to test for the presence of Giardia
cysts. The filter was stored on ice and shipped to the lab for parasite detection and enumeration using
United States Environmental Protection Agency (USEPA) Method 1623 (USEPA, 2005). Samples were
processed at the British Columbia Centre for Disease Control from 2005-2007 and at Hyperion Research
Ltd. (Medicine Hat, Alberta) from 2008-2011, both laboratories used the same processing method.
Water was measured for temperature, pH, electrical conductivity and dissolved oxygen at the
time of sampling. Water samples were tested at the Ontario Ministry of the Environment for nitrite,
nitrate, phosphorous, phosphate, and nitrogen concentrations. Daily river discharge and weather data
were obtained from the Grand River Conservation Authority’s website
(http://www.grandriver.ca/index/document.cfm?Sec=2&Sub1=0&sub2=0).

2.2. Geographical mapping
A map indicating the river sampling locations in the Region of Waterloo was generated using the
geographical information system software ArcGIS 10 (ESRI, Redlands, CA, USA). The shapefile used for
municipal boundaries for the Region of Waterloo and the rivers in the area were accessed through the
Region of Waterloo Data Catalogue
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(www.regionofwaterloo.ca/en/regionalGovernment/OpenDataCatalogue.asp). The shapefiles used for
the inset map were accessed from GeoBase
(http://www.geobase.ca/geobase/en/search.do?produit=nrn&language=en) and ArcGIS
(http://www.arcgis.com/home/item.html?id=13d0d525764844a498667ddd0becb6a0).

2.3. Data management
There were two sampling days in which duplicate samples were taken from the Grand River
North site, one slightly upstream of the other. These two days were averaged, and the average Giardia
cyst concentration was used in all subsequent analyses. To meet the linear regression model
assumptions of homoscedasicity and normality, a base 10 logarithimic (log10) transformation was
performed on the outcome variable, Giardia cyst concentration (cysts/ 100L) (Dohoo et al., 2010). All
observations recorded as zeros (i.e., below the detectable limit of 4 oocysts per L) were changed to one
half of the observed minimum concentration (i.e., 2 cysts/ 100L ) to prevent mathematical exceptions
(i.e., log of zero). Only data gathered from the WTP intake were used for statistical models examining
the effect of temporal variables and raw water quality parameters on the log10 Giardia cyst
concentration since the number of observations from the remaining sampling locations was limited.

2.4. Statistical analyses
All statistical analyses were performed using Stata®13 for Windows (Stata Corporation, College
Station, Texas, USA) with an α level of 5%. All graphical visualizations of data were performed using
Microsoft Excel for Windows (Microsoft, Redmond, Washington, USA). The following univariable and
multivariable linear regression models were built using the “reg” command in Stata, and a manual
backwards stepwise model-building procedure:

43

Model A: Observations from all five of the sampling sites were used to construct a univariable
model to examine if the log10 Giardia cyst concentration was significantly different among the
various sampling sites over the study period (2005-2011).
Model B: A multivariable model was built using year, month and season as predictor variables to
examine the effect of temporal variables on the log10 Giardia cyst concentration in the DWTP
intake samples over the entire study period (2005-2011).
Model C: Water quality parameters (e.g., phosphorous concentration, pH, river flow) were
examined using univariable regression analysis to determine if these parameters were
appropriate to use as markers to signal Giardia cyst contamination in the DWTP intake using
data from 2008 to 2011.
To avoid modeling issues associated with collinear variables, all predictor variables were initially
analyzed for collinearity using a Spearman’s Rank or Pearson correlation analysis for categorical and
continuous variables, respectively. An absolute correlation value of >0.8 for a pair of variables was
considered to be of concern for collinearity (Dohoo et al., 2010). If a pair of variables was highly
correlated, the predictor which had the fewer number of missing observations was selected for inclusion
in the subsequent model. Continuous predictor variables were evaluated visually for linearity with the
log10 Giardia cyst concentration using lowess (i.e., locally weighted) smoothers (Dohoo et al., 2010).
Non-linearity was addressed by the addition of a quadratic term. If the quadratic term was not
significant, or did not adequately describe the relationship between the variable and the outcome,
various transformations were examined. If the transformations did not correct for non-linearity the
variable was categorized.
Interaction terms were generated between year and season, year and month, and month and
season and tested in model B. Interaction terms were assessed for statistical significance within just the

44

main effects model B, as it was the only multivariable model generated in this study. If significant
interaction effects were present, contrasts were constructed to examine the relationships between the
variables (Dohoo et al., 2010). Contrast statements were also constructed to examine relationships
among categories within statistically significant categorical variables, assuming the variable as a whole
was statistically significant based on a partial F-test. Confounding was assessed at the end of the modelbuilding process, and a confounding variable was defined as a non-intervening variable whose removal
resulted in a 20% or greater change in the coefficient of another significant variable in the model (Dohoo
et al., 2010). Variables were included in the final model if they were statistically significant (p < 0.05),
were part of a significant interaction term, or acted as a confounder.

2.5. Outlier and residual analyses
Homogeneity of variance was evaluated using a Cook-Weisberg test for heteroscedascity, and by
visually examining a plot of the predicted outcomes against standardized residuals (Dohoo et al., 2010).
Normality was assessed visually based on a histogram of standardized residuals and a normal quantile
plot. Outliers were assessed visually based on a scatter plot of standardized residuals and predicted
values. Highly influential observations on the overall model fit and on coefficients within the model
were examined with Cook’s D and DFBETA, respectively (Dohoo et al., 2010). Observations and outliers
which exhibited extreme influence on either variables within the model, or the model as a whole, were
examined for potential recording errors. If there were no errors the model was re-run without the
outlier or influential observation, and the models with and without the observation were compared.
Potential auto-correlation of the residuals from model B was examined visually based on an
autocorrelation plot using the ac command in Stata.
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2.6. Back transformation of model coefficients and 95% confidence
intervals
To allow for easier interpretation of the results from the various models, the estimated
coefficients were back transformed from the log10 scale by exponentiating 10 to the power of each
coefficient (i.e., 10β). The back transformation results in a measure of the proportion change from the
referent category (e.g., a value 0.9 would indicate the effect of a particular category was 90% of its
referent).

3. Results
Over the six year study period (2005-2011), 141 river water samples were collected from five
different sampling sites along the Grand River and two connecting tributaries. Of the 141 samples, 140
(99.3%) tested positive for Giardia spp. cysts.

3.1. Effect of geographical location on river contamination with Giardia spp.
The mean enumerated cyst concentrations for the various sampling locations ranged from 30.90
cysts/100L (Canagagigue Creek) to 255.27 cysts/100L (WWTP effluent) (Table 2.1). Overall, the WWTP
effluent had significantly higher Giardia cyst concentrations than all other sites (Table 2.2). However, the
concentrations of Giardia cysts among the remaining sampling locations were not significantly different
from each other (Table 2.2).
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3.2. Temporal pattern of river contamination with Giardia spp.
Month, year and season were significantly associated with the log10 Giardia cyst concentration
when examined using univaraible analyses (Table 2.3). Within a multivariable model, when examining
the effect of secular and seasonal trends on the log10 Giardia cyst count of the intake water, both year
and season were significantly associated with the log10 concentration of Giardia cysts enumerated from
the intake site (Table 2.4). Month was also significantly associated with the outcome, however, it was
removed from the multivariable model due to a very small (<5) number of observations per category.
Year was a significant variable in the model with 2007 having significantly higher cyst
concentrations compared to all other years (Figure 2.2, Tables 2.4 & 2.5). There were no significant
differences among the remaining years. The Giardia cyst concentration in the DWTP intake also
displayed seasonal differences (Tables 2.4 and 2.5). Giardia cyst concentrations were significantly higher
in the spring and winter months compared to the fall and summer months (Figure 2.2, Tables 2.4 & 2.5).
This multivariable model explained approximately 36.6% of the variation in the log10 Giardia cyst
concentration in the DWTP intake water. Overall, the model fit the data well and there was only one
observation considered to be an outlier. This observation also had a strong influence on the model.
Upon examination, it was discovered that this observation was sampled in December 2008 and had the
minimum observed log10 Giardia concentration of all the observations. Upon removal of this observation
from the model, there was no change to any of the coefficients in the model, nor the R2 value. There
was no identified temporal auto-correlation structure present in the residuals for model B.
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3.3. Water quality parameters
The following variables were significantly positively correlated with one another: phosphorous
concentration with daily river discharge; phosphorous concentration with water turbidity; water
turbidity with phosphate concentration; phosphate concentration with phosphorous concentration;
total ammonia concentration with total nitrogen concentration; phosphate concentration with daily
river discharge, and water turbidity with daily river discharge (Table 2.6).
The following variables were significantly associated with the log10 Giardia cyst concentration of
the intake water: conductivity, daily river discharge, water turbidity, phosphate concentration and total
phosphorous concentration (Table 2.7).
Water conductivity was not linearly associated with the log10 cyst concentration and was
therefore examined as a categorical variable. Conductivity was broken into the three following
categories: 0-360 (S/m), 361-540 (S/m) and 541-650 (S/m). When water conductivity was within the
361-540 (S/m) and 541-650 (S/m) categories the log10 Giardia cyst concentrations were significantly
lower than the 0-360 (S/m) category (Table 2.7). Conductivity explained 24.6% of the variation in Giardia
cyst concentration (Table 2.7).
Daily river discharge, water turbidity, phosphorous and phosphate concentrations were all
positively associated with the log10 Giardia cyst concentrations; these effects were all statistically
significant (Table 2.7). Likewise, the variables explained approximately 25.3%, 23.0%, 27.7% and 21.9%
of the variation in the Giardia cyst concentration in the WTP intake water, respectively (Table 2.7).
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3.4. Distribution and frequency of sampling along the Grand River
The sampling strategy employed over the six year study period was targeted to various needs
and objectives of the FoodNet program. Consequently, sampling was not distributed evenly over time or
among the five sampling sites. The intake for the DWTP was the only site consistently sampled during
the entire study period; a total of 108 samples were gathered (Table 2.1). The two tributaries,
Canagagigue Creek and Conestogo River, were only sampled five times over the course of two years,
2007 to 2008 (Table 2.1). Likewise, the Grand River North and WWTP effluent were sampled for the first
half of the study period, 2005 to 2008, a total of 8 and 15 times, respectively (Table 2.1). Sampling was
conducted with greater frequency in the first half of the study period, 2005 to 2008, with the majority
occurring in 2006 and 2007 (Figure 2.3). July, August and October were the only months in which all
sites were sampled. In contrast, the only site sampled in December through to February was the DWTP
intake (Figure 2.4). A more intense sampling strategy, in terms of number of sites visited and samples
taken, was seen in March as well as the summer and fall months (July to November) compared to the
winter and spring months (December to February and April to June) (Figure 2.4).

4. Discussion
From 2005 to 2011, 99.3% of water samples collected from the Grand River watershed tested
positive for Giardia cysts. This prevalence is much higher than a previous study conducted in this same
watershed by Dorner et al. (2007), where only 38% of collected samples tested positive for Giardia.
However, this difference may be due to the use of a quantitative real-time polymerase chain reaction
instead of USEPA Method 1623 for testing (Dorner et al., 2007). Other studies using USEPA Method
1623, in different watersheds in Ontario and the United States, have also reported lower prevalences
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than our study, ranging from 9 to 62% (Wilkes et al., 2009, Duris et al., 2013, Wilkes et al., 2013). Our
findings suggest that Giardia has a ubiquitous presence in the Grand River and surrounding tributaries in
the Region of Waterloo. The concentration of Giardia cysts in this water system was found to be
influenced by seasonal, secular, and hydrological parameters over the study period.
The mean Giardia cyst concentrations found in the various sampling locations in our study are
similar to the results from previous studies examining Giardia contamination of the same watershed
(Dorner et al., 2007). This agreement is important for future quantitative microbial risk assessment
models to examine the risk of Giardia infections in the populations surrounding this watershed.
However, it should be noted that the values reported in our study and other studies are not true
concentrations. Concentration should be calculated as the number of cysts identified by Method 1623
divided by the processed sample volume adjusted by the recovery efficiency (Ongerth, 2013); the
current USEPA method does not require the addition of recovery efficiency when expressing results
(USEPA, 2005). As this method typically finds only 20-50% of cysts in a sample (Ongerth, 2013) and is
dependent on water quality, it is possible that the Giardia cyst concentrations were underestimated in
our study, as well as others. This should be taken into consideration for future risk assessments.
It has been previously demonstrated that higher Giardia cyst concentrations have been
associated with source waters receiving industrial or sewage effluents (LeChevallier et al., 1991).
Therefore, it was not surprising that the WWTP effluent samples were found to have significantly higher
Giardia cyst concentrations than all other sampling locations, as samples from this location are partly a
product of human waste processing and treatment.
Giardia cyst concentrations in the Grand River watershed displayed a seasonal pattern, with
peak concentrations occurring in the winter and spring months, March in particular. It is possible that
the increase in concentration in the winter is due to reduced river discharge during this period, but
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seems unlikely since increased discharge has previously been positively associated with increased
Giardia cyst concentrations (LeChevallier et al., 1991, Ferguson et al., 1996, Medema et al., 1998,
Kistemann et al., 2002, Wilkes et al., 2011) as well as fluxes in parasite density (Burnet et al., 2014). The
peak in cyst concentration seen in March is likely due to precipitation and agricultural events. Snow melt
coupled with heavy precipitation may increase runoff or re-suspend cysts settled in sediments over the
winter (Kistemann et al., 2002). The beginning of calving season for beef cattle in the region also occurs
in March and this may be a source of cysts via agricultural runoff. It is likely that hydrological
parameters and land use in the surrounding watersheds have a large role in explaining the seasonality of
the load of Giardia cysts in water systems. In Ontario, the incidence of diagnosed human giardiasis
infections follows a seasonal trend with the incidence peaking in the summer and early fall months
(Odoi et al., 2003). It is likely that human exposure to this pathogen in the watershed is also highly
influenced by behavioral factors including the increased use of lakes and rivers for recreational purposes
during the summer months. It is interesting to note, that the peak concentrations of Giardia cyst
contamination in the Grand River watershed occurred far earlier than the increase in human giardiasis
cases in the summer and fall months, even after considering a two month lag period to account for a
reporting lag and the incubation period for this organism.
In this study, we used water turbidity and river discharge as surrogates for precipitation events.
Turbidity has been used in previous studies as a surrogate for extreme weather events as it increases
substantively during extreme runoff events, and has been previously associated with increases in
Giardia cyst concentration (LeChevallier et al., 1991, Ferguson et al., 1996, Medema et al., 1998,
Kistemann et al., 2002). Researchers have also identified a positive association between daily river
discharge and Giardia cyst concentration (Wilkes et al., 2011, Duris et al., 2013) as well as an association
between high impact weather events and waterborne disease outbreaks in North America (Curriero et
al., 2001, Thomas et al., 2006b, Karanis et al., 2007). Similarly, in our study, we found that daily river
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discharge and turbidity were positively associated with Giardia cyst concentrations. This positive
association is likely due to runoff events, which carry particulate matter as well as parasites into surface
water bodies during storm events.
We also found that phosphate and phosphorous concentrations had a statistically significant
positive association with Giardia cyst concentration and conductivity had a statistically significant
negative association with Giardia cyst concentration. In a similar watershed in Eastern Ontario, Wilkes et
al. (2011) described similar findings; Giardia cyst concentrations were highest when water conductivity
was below 0.13 mS cm -1, and cyst concentration was also positively associated with phosphorous
concentration. Manure and newly applied inorganic fertilizers, which have not yet been incorporated
into the soil, are significant sources of phosphate and phosphorous in the environment (Withers et al.,
2001, Hart et al., 2004). During precipitation events, these fertilizers are transported into surface water
systems via agricultural runoff and are influenced by rainfall intensity (Shigaki et al., 2007). Therefore, it
is possible that phosphate and phosphorous concentrations in surface waters may act as surrogates for
extreme weather events. It is possible that the association found between phosphorous and phosphate
concentrations with increased Giardia cyst concentrations is that fertilizer applications, containing these
elements, may occur at the same time as the observed peak season of Giardia cyst concentration in the
Grand River (e.g., early spring), as the surrounding regions of Waterloo are dominated by agricultural
activities. This is supported by our finding that river discharge and water turbidity were strongly
positively correlated (Pearson correlation coefficient >= 0.94) with both phosphorous and phosphate
concentrations. It is also possible that conductivity is a surrogate for extreme rainfall events; an
increase in precipitation would decrease the conductivity of the river system. It is important to note that
the sample size for this portion of our study was small due to sampling limitations. Also, the confidence
intervals for the associations between phosphorous or phosphate concentrations and Giardia cyst
concentrations were quite large, and therefore the results must be interpreted with caution.
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The sampling strategy employed by FoodNet Canada over the six year study period was targeted
to the various needs and objectives of the program as it was the pilot site for the surveillance program.
Consequently, very little sampling was carried out at sample sites other than the intake for the regional
DWTP. Monitoring the intake for the DWTP was useful as it allowed comparisons between what entered
the municipal drinking water seasonally and seasonality of the incidence of human giardiasis in the
region. As the seasonality of Giardia cyst concentration in the intake water for the DWTP and the
seasonality of human giardiasis cases in the Region of Waterloo did not concur and only 30 percent of
the drinking water in this region comes from the Grand River, and this water is regularly treated for at
least a 7 to 9 log removal of (oo)cysts (Pintar et al., 2012), monitoring other areas in the Grand River
may be a more efficient and practical use of FoodNet’s resources in the future. As the exposure of
humans to Giardia in this watershed could come in part from seasonal behaviours associated with
recreational waters, monitoring these areas would be valuable from a human risk assessment and
source attribution standpoint. Consequently, FoodNet Canada has implemented summer sampling at
local beaches and swimming areas where they sample monthly from June through September.
Sampling of the WWTP effluent was discontinued in 2008. However, effluent may be
contaminated with human pathogens which have not been inactivated during the treatment process,
such as resistant (oo)cysts, and is discharged back into the watershed and carried downstream possibly
to recreational waters. Furthermore, bio-solids generated from the WWTP processes are applied onto
agricultural lands in the area as an ecologically important means of nitrogen and phosphorous utilization
(Graczyk et al., 2008). The study by Graczyk et al. (2008) also demonstrated that sewage sludge can
contain high numbers of potentially viable, human-infective assemblages of Giardia. This application of
bio-solids may facilitate the continuation of the transmission cycle among humans, animals and the
environment since Giardia spp. have a low infectious dose and are able to persist in the environment for
long periods of time, if not exposed to freeze-thaw cycles (Olson et al., 1999). Therefore, from a risk
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assessment and source attribution stand point (among FoodNet Canada’s main objectives), it would be
worthwhile to reinstate the sampling of the WWTP, and consider sampling of bio-solids applied to
agricultural lands in the area.
Data from the WWTP effluent sampling may also be useful as an indication of the burden of
Giardiasis in the population serviced by the WWTP as there is considerable under-reporting of
gastrointestinal illness in the region (Majowicz et al., 2005). It would be worthwhile to determine if the
seasonality of the WWTP effluent matched the seasonality of human Giardiasis cases in the region.
Unfortunately, there were only 15 samples between 2005 and 2011, so it is not possible to examine this
potential relationship with these data. However, if changes in the concentration of effluent matched
temporal changes in the incidence of giardiasis, these data may be useful for community surveillance.
It is important to note that our study was based on data from a working surveillance system and
the sampling regime was tailored to the needs of this program. As such, the lack of consistency of
sampling among locations, years and months suggests that some of our results should be interpreted
cautiously. First, the majority of samples were taken from the DWTP intake (77%), followed by the
WWTP effluent (11%), and the remaining three locations comprised only 13% of the samples. It is
possible that the differences among sampling sites were due to the timing of sampling. Second, only
water quality parameter data were available after 2008, which limited the sample size for examining the
associations between these parameters and the Giardia cyst concentration in the DWTP intake. It is also
important to note that the FoodNet program changed the lab for Giardia identification and enumeration
in 2008 although both labs used the same method, USEPA Method 1623. It is possible that the
concentration peak seen in 2007 was due to the first lab’s method, as microscopy can be somewhat
subjective. However, if that would have been the case we would have expected to see significant
differences in the Giardia concentrations between the first half of the study period and the second half.
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However, the only year which was significantly different from others was 2007; therefore, it is likely that
the change of labs was not a major concern when interpreting the results of our study.
Based on our results, we suggest that Giardia has a ubiquitous presence in the Grand River
watershed and the concentration of Giardia cysts varies seasonally, but does not match the seasonality
typically seen in human giardiasis in the region. Therefore, it is likely that the rate of giardiasis in people
is more influenced by seasonal behaviours surrounding recreational waters and change in concentration
during the summer than relative changes in Giardia load in water throughout the year. Accordingly,
FoodNet Canada should focus its sampling on locations and times when the Giardia concentration may
increase the risk of human exposure, such as beaches in summer. Furthermore, we suggest that WWTP
effluent sampling should be reinstated, at least temporarily, to assess this source’s potential for
monitoring the burden of Giardiasis in the local human population. We also demonstrated that an
increased flow in river systems is associated with an increase in Giardia concentration, and that this
measure is highly correlated with more expensive measurements including phosphorous and phosphate
concentration that are also associated with Giardia concentration. This finding could have implications
for future monitoring, as the current method for Giardia isolation and enumeration is quite costly and
labour intensive. Collectively, these findings are important to help guide local decision making around
watershed management and public health protection policies.
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Table 2.1. Descriptive statistics for five sampling sites along the Grand River and connecting tributaries
from 2005-2011.
Sampling site

Years
sampled
2005-2008
2005-2011
2005-2008

Number of
samples
8
108
15

Mean cyst concentration
(cysts/100L)*
55.33
52.09
255.27

95% CI*

North (GR)
8.44, 363.92
DWTP Intake (GR)
40.36, 67.14
WWTP Effluent
120.22, 542.00
(GR)
Canagagigue Creek 2007-2008
5
30.90
9.25, 103.25
(T)
Conestogo River
2007-2008
5
35.31
14.79, 84.33
(T)
Both the intake and the effluent are for the regional water treatment plant located on the Grand River in
Waterloo, Ontario; the North site is upstream of the intake for the water treatment plant.
(GR) Indicates the sampling site is located on the Grand River.
(T) Indicates a tributary connected to the Grand River.
*

The mean and 95% CI intervals were calculated using the log-transformed values and then back
transformed for presentation purposes.
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Table 2.2. Mean log10 Giardia cyst concentrations and univariable analysis examining the relationship
between sampling location and log10 Giardia cyst concentrations (2005-2011) along the Grand River and
connecting tributaries.
Sampling site
North
DWTP Intake
WWTP Effluent
Canagagigue Creek
Conestogo River

10β
0.286
0.204
Referent
0.121
0.138

95% CI
0.093, 0.883
0.096, 0.435

P value
0.03
<0.001

0.029, 0.502
0.033, 0.547

0.004
0.004
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Table 2.3. Univariable analyses examining the relationship between temporal variables and log10 Giardia
cyst concentrations in the intake water for the municipal drinking water treatment plant (2005-2011).
Variable
10β
95% CI
P value
F-test
a
Year
0.0004
2006
1.165
0.482, 2.815
0.732
2007
3.747
1.336, 9.031
0.004
2008
1.647
0.626, 4.334
0.309
2009
0.699
0.232, 1.930
0.453
2010
0.748
0.271, 2.065
0.572
2011
0.991
0.293, 3.370
0.988
a
Season
0.0020
Spring
1.640
0.819, 3.283
0.161
Summer
0.566
0.295, 1.088
0.087
Winter
1.959
1.033, 3.717
0.040
a
Month
0.0036
February
0.485
0.166, 1.420
0.184
March
0.832
0.293, 2.365
0.727
April
0.577
0.171, 1.940
0.370
May
0.163
0.045, 0.590
0.006
June
0.172
0.051, 0.580
0.005
July
0.179
0.063, 0.509
0.002
August
0.174
0.061, 0.494
0.001
September
0.157
0.054, 0.459
0.001
October
0.352
0.127, 0.976
0.045
November
0.476
0.172, 1.318
0.151
December
0.393
0.129, 1.194
0.099
a
Referents for these categorical temporal variables are year=2005, season=fall and month=January.

62

Table 2.4. Multivariable analysis examining the relationship between temporal variables and the log10
Giardia cyst concentrations in the intake water for the municipal drinking water treatment plant (20052011).
Variable
10β
95% CI
P value
Yeara
2006
0.948
0.403, 2.231
0.901
2007
3.089
1.307, 7.294
0.011
2008
1.187
0.461, 3.061
0.720
2009
0.566
0.207, 1.550
0.265
2010
0.594
0.224, 1.577
0.292
2011
0.542
0.164, 1.788
0.311
a
Season
Spring
1.507
0.784, 2.896
0.216
Summer
0.498
0.300, 0.905
0.023
Winter
1.921
1.048, 3.526
0.035
a
Referents for these categorical temporal variables are year= 2005 and season = fall
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F-test
<0.0001

0.0002

Table 2.5. Significant contrast statements for categorical variables which were significant in the
multivariable linear regression model examining the relationship between temporal variables and the
log10 Giardia cyst concentration (cysts/100L) in the intake water for the drinking municipal water
treatment plant (2005-2011).
Variable
Year
2007 vs. 2005
2007 vs. 2006
2007 vs. 2008
2007 vs. 2009
2007 vs. 2010
2007 vs. 2011
Season
Spring vs. summer
Summer vs. winter
Summer vs. fall
Fall vs. winter

10β

95% CI

P value

3.089
3.258
2.601
5.459
5.200
5.700

1.307, 7.294
1.791, 5.929
1.288, 5.260
2.432, 12.246
2.443, 11.066
2.100, 15.488

0.011
<0.001
0.008
<0.001
<0.001
0.001

3.027
0.259
0.497
1.923

1.578, 5.808
0.141, 0.475
0.274, 0.905
1.048, 3.523

0.001
<0.001
0.023
0.035
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Table 2.6. Pearson correlation values for water quality variables from samples of the intake water for the municipal drinking water treatment
plant (2008-2011).
a, b

1. Conductivity 360
a, b
2. Conductivity 540
3. Daily precipitation
4. Daily river discharge
c
5. Phosphorous
c
6. Phosphate
c
7. Total nitrogen
c
8. Nitrate
c
9. Nitrite
c
10. Total Ammonia
11. Turbidity
12. Water temperature
13. pH
14. Dissolved oxygen

1
1.00
-0.79
-0.01
-0.41
-0.45
-0.36
0.27
-0.13
-0.04
0.55
-0.51
-0.39
0.01
0.25

2

3

4

5

6

7

8

9

10

11

12

13

14

1.00
-0.04
-0.22
-0.15
-0.23
-0.45
-0.26
0.39
-0.51
-0.01
0.70
-0.30
0.55

1.00
0.07
0.06
0.03
-0.08
-0.06
-0.14
-0.14
0.13
-0.04
-0.01
-0.10

1.00
0.98*
0.94*
0.25
0.61
-0.54
-0.11
0.96*
-0.43
0.30
0.45

1.00
0.96*
0.22
0.54
-0.51
-0.13
0.96*
-0.35
0.21
0.39

1.00
0.25
0.63
-0.61
0.004
0.91*
-0.50
0.26
0.54

1.00
0.10
-0.33
0.80*
0.19
-0.46
0.23
0.37

1.00
-0.53
0.09
0.48
-0.60
0.48
0.73

1.00
-0.29
-0.48
0.72
-0.06
-0.65

1.00
-0.22
-0.62
0.15
0.54

1.00
-0.27
0.30
0.29

1.00
-0.27
-0.90

1.00
0.38

1.00

a

The referent for this categorical variable was 0-360

b

This variable was examined using Spearman’s Rank Correlation coefficient, as it is a categorical variable

c

These variables were measured as concentrations (mg/L)

*Indicates a statistically significant correlation (p < 0.05)
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Table 2.7. Univariable analyses examining the relationship between water quality parameters and log10

Giardia cyst concentrations in the intake water for the municipal drinking water treatment plant (20082011) and mean values for the water quality parameters and total number of observations.
Water quality
parameters
Water temperature (◦C)
Conductivitya (S/m)

Mean

10β

95% CI

Adjusted
R2

P value

9.1

0.975

0.552, 1.008

0.052

0.127

0.246

0.011c

456.9

361-540

0.400

0.200, 0.795

0.011

541-650

0.276

0.117, 0.631

0.004

Nitrite concentration
(mg/L)

0.07

0.0007

5.07x10-7,
1.055

0.105

0.052

Nitrate concentration
(mg/L)

3.3

1.226

0.968, 1.556

0.108

0.089

Total nitrogen (mg/L)

3.4

1.187

0.398, 3.540

-0.0343

0.750

Daily river discharge
(m3/s)

27.1

1.01

1.003, 1.016

0.253

0.005

Dissolved oxygen (mg/L)

10.9

1.076

0.977, 1.185

0.053

0.129

pH

8.3

1.159

0.740, 1.816

-0.021

0.504

Turbidity (NTUb)

8.3

1.036

1.011, 1.062

0.23

0.006

Total ammonia
concentration (mg/L)

0.3

0.662

0.225, 1.945

-0.0143

0.438

Phosphate concentration
(mg/L)

0.02

93110

26.112,
3.32x108

0.219

0.008

Phosphorous
concentration (mg/L)

0.05

711.2

12.912, 39174

0.277

0.002

Daily precipitation (mm)

1.9

1.034

0.949, 1.127

-0.0155

0.429

a

Referent category for this categorical variable is 0-360 (S/m)

b

NTU= Nephelometric Turbidity Units

c

This number represents the overall p-value for the categorical variable
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Figure 2.1. Map of the Region of Waterloo indicating the location of the five FoodNet Canada water sampling locations from 2005 to 2011: (1)
Grand River North, (2) Canagagigue Creek, (3) Conestogo River, (4) Waste Water Treatment Plant Effluent and (5) Drinking Water Treatment
Plant Intake. The inset map depicts the location of the Region of Waterloo, identified by the yellow colour, in Southern Ontario, Canada.
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Figure 2.2. Temporal trends of Giardia cyst concentrations (cysts/100L) in water treatment plant

intake samples from 2005 to 2011.
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Figure 2.3. Number of samples collected per year and sampling site from 2005 to 2011 by the FoodNet
Canada program.
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Figure 2.4. The sum of samples collected per month at each sampling site from 2005 to 2011 by the
FoodNet Canada Program.
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Chapter 3
A comparison of exposures to risk factors for giardiasis among non-travelers,
domestic travelers and international travelers in a Canadian community
(2006-2012)

Abstract
Infections with Giardia acquired while traveling abroad can contribute significantly to the overall
burden of giardiasis in developed countries. As part of the FoodNet Canada Integrated Enteric Disease
Surveillance Program, giardiasis cases reported to the Region of Waterloo Public Health were collected
from 2006 to 2012. Our study objectives included the following: describe the most common travel
destinations for giardiasis cases that appear to be associated with international travel; determine how
demographic factors and exposure to risk factors for giardiasis vary among international travel-related
cases, domestic travel-related cases and endemic cases; and assess the impact of grouping domestic
travel and endemic cases together for comparison with cases related to international travel, as is
common practice. Reported giardiasis cases were all followed up by administration of a standardized
questionnaire by a public health inspector, in which detailed information pertaining to demographic
factors and exposure to potential risk factors were collected. Multivariable logistic regression models
were generated to determine the difference in exposure to risk factors for giardiasis among
international travel-related cases and Canadian acquired cases while controlling for age and sex.
Multivariable multinomial regression models were also generated to determine the difference in
exposure to risk factors for giardiasis among international and domestic travel-related cases and
endemic cases while controlling for age and sex. The following results were obtained from multivariable
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multinomial regression models: domestic travel-related cases were more likely to have a pet cat, visit a
petting zoo, go camping/kayaking, swim in a river or lake, drink untreated water, or eat food from a
cafeteria, deli or restaurant compared to endemic cases; domestic travel-related cases were also more
likely to have a cat, go camping/kayaking, have contact with manure, swim in a river or lake, or eat food
from a deli compared to international travel-related cases. International travel-related cases were more
likely to go camping/kayaking, go swimming in a pool, river or ocean, or drink untreated water, but were
less likely to have contact with manure, compared to endemic cases; and international travel-related
cases were more likely to swim in the ocean compared to domestic travel-related cases. In contrast,
owning a cat, visiting a petting zoo/farm, swimming in a river or lake, and eating food from a deli,
restaurant or cafeteria were not significantly associated with international travel-related cases
compared to Canadian acquired cases when the traditional groupings of cases (i.e, foreign travel vs.
Canada) were analyzed using multivariable logistic regression. Likewise, eating food from a food vendor
or at a social gathering was significantly associated with international travel-related cases compared to
Canadian acquired cases when the traditional grouping of cases was used, but was not significant in
multinomial models. These findings demonstrate that travel related (domestic and international) and
endemic cases have different risk exposures associated with them. Furthermore, they have important
implications for appropriately targeting health promotion campaigns to prevent giardiasis in the Region
of Waterloo.
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Highlights
-

Forty percent and six percent of giardiasis cases diagnosed in the Region of Waterloo were
related to international and domestic travel, respectively.

-

Domestic travel-related cases were more likely to own a cat, visit a petting zoo/farm, go
camping/kayaking, swim in a river or lake, drink untreated water or eat food from a deli,
cafeteria or restaurant compared to endemic cases.

-

Domestic travel-related cases were more likely to own a cat, go camping/kayaking, have contact
with manure, eat food purchased from a deli or swim in a river or lake, but less likely to swim in
an ocean, compared to international travel-related cases.

-

International travel-related cases were more likely to go camping/kayaking, swim in an ocean,
river or pool, or drink untreated water, but less likely to have contact with manure, compared to
endemic cases.

-

Gender was not significantly different among cases.

-

In several models, 28-43 year olds were significantly less likely to be an international travelrelated case compared to an endemic case or a Canadian-acquired case.

-

Having a pet cat, visiting a petting zoo/farm, swimming in a river or lake, and eating at a deli or
restaurant were not significantly associated with international travel-related cases compared to
Canadian acquired cases when domestic travel related cases and endemic cases were analyzed
together, as traditionally done.
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Abbreviations
ROW: Region of Waterloo, PHAC: Public Health Agency of Canada, ITRC: International travel related
case, DTRC: domestic travel related case, CC: Canadian case, EC: endemic case, GI: gastrointestinal
illness

1. Background
International travel, especially to countries with developing economies, has dramatically
increased over the past decade with over one billion international tourist arrivals, and 5 to 6 billion
domestic tourist arrivals worldwide in 2013 (UNWTO, 2014). Travelers can contract infectious
gastrointestinal illness (GI) outside their country of residence and therefore can contribute to the global
spread of infectious diseases (Greenwood et al., 2008, Swaminathan et al., 2009, Ravel et al., 2010,
Harvey et al., 2013). Regions where travelers are at greatest risk of contracting infectious diarrhea
include South America, Sub-Saharan Africa and South Asia (Greenwood et al., 2008). Giardia duodenalis,
an enteric flagellated protozoan parasite, is the most commonly reported parasitic cause of traveler’s
diarrhea, particularly chronic diarrhea (Ravel et al., 2010, Leder et al., 2013). Infection with Giardia can
result in the following signs and symptoms: nausea, weight loss, bloating, abdominal pain, diarrhea and
malabsorption, and in severe cases, failure to thrive in children (Cotton, 2011).
Infection with Giardia occurs via the fecal-oral-route by either direct (e.g., person-to-person) or
indirect (e.g., contaminated food or water) contact. Giardia is particularly well suited for waterborne
transmission, and is consequently a frequent cause of waterborne enteric infections (Carmena, 2010,
Baldursson and Karanis, 2011). Although waterborne transmission is common, foodborne outbreaks of
giardiasis have also been reported due to contamination from food handlers or contaminated water
(Smith et al., 2007, Pozio, 2008). In countries with developing economies, infections are often associated
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with poor sanitary conditions, inadequate water treatment, and overcrowding (Younas et al., 2008),
whereas in industrialized nations, cases are often associated with crowding in institutionalized settings
(e.g., daycares) (Ang, 2000), exposure to recreational water (Serdarevic et al., 2012), international travel,
and immigration (Boggild et al., 2014).
Increasing immigration to Canada coupled with the increasing number of Canadians travelling
abroad is expected to significantly impact the burden of illness due to enteropathogens, including
Giardia, in Canada (Ravel et al., 2010). When estimating this burden of illness, travel cases are
considered to be distinct from domestically acquired cases due to differences in control measures in
other countries (Ravel et al., 2010, Gormley et al., 2012). However, even though international travelrelated cases (ITRCs) and domestic cases are differentiated, most studies do not distinguish between
domestic travel and endemic cases as these two categories are traditionally lumped together. As such,
there has been no published research where domestic travel-related cases (DTRCs) have been analyzed
separately from endemic cases (ECs). This potentially represents a considerable knowledge gap, as risk
factors for contracting giardiasis via domestic travel may be different from those associated with
endemic giardiasis or international travel. Therefore, the objectives of this study were to:
(A) Describe the most common travel destinations for giardiasis cases associated with international
travel;
(B) Determine how demographic factors and exposure to risk factors for giardiasis vary among
ITRCs and Canadian cases;
(C) Determine how demographic factors and exposure to risk factors for giardiasis vary among
ITRCs, DTRCs and ECs (i.e., cases acquired in the Region of Waterloo) of giardiasis; and
(D) Assess the impact of lumping domestic travel and endemic cases together for comparisons with
cases related to international travel on our understanding of the epidemiology of giardiasis.
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2. Materials and Methods
2.1. Study population and time frame
The data for this retrospective study were obtained from the Canadian National Integrated
Enteric Pathogen Surveillance Program, FoodNet Canada. Specifically, they were gathered from the
Public Health Agency of Canada’s (PHAC) FoodNet Canada’s sentinel surveillance site in the Region of
Waterloo (ROW), Ontario, Canada. The ROW is home to approximately 500,000 residents divided among
the cities of Kitchener, Cambridge and Waterloo, as well as the four rural townships of Woolwich,
Wellesley, Willmont and North Dumfries (http:mpas.region.waterloo.on.ca/locator/locator.htm). The
study period included cases reported from January 2006 to November 2012, inclusive.

2.2. Surveillance data collection
FoodNet Canada focuses on illnesses caused by enteric pathogens that are reportable in Canada
(e.g., giardiasis), with the goal of reducing the burden of enteric disease in Canada. In Canada, it is
mandatory for diagnostic laboratories to report all confirmed notifiable diseases to the local health
authority. FoodNet Canada enhanced this existing laboratory-based surveillance system in the ROW by
implementing a systematic follow-up of each reported giardiasis case by a ROW public health inspector
using a standardized questionnaire specific to giardiasis cases. Detailed information on disease and
demographic factors, as well as exposures to potential risk factors that may have occurred up to 25 days
prior to the onset of illness were collected. The ROW health authorities provided FoodNet Canada with
de-personalized epidemiological data for all giardiasis cases reported in the region. Ethics approval was
obtained through the ROW Public Health Ethics Review Committee in 2009.
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2.3. Data management and variables used
Outbreak-related cases, as determined by ROW Public Health, were removed from the dataset.
Fields which were coded as unsure or unknown were re-coded as missing. The remaining cases were
classified as acquired in Canada or acquired while travelling internationally for subsequent logistic
regression analyses. For multinomial regression analyses, cases were classified as endemic, domestic
travel- or international travel-related. For all case definitions, a minimum and a maximum incubation
period of 3 to 25 days was chosen, as per previous work by Ravel (2010). The definition of an
international travel related case (ITRC) was adopted from Ravel et al. (2010). Briefly, it was defined as a
case for which travel outside of Canada prior to the disease onset was recorded and the expected
incubation period overlapped with the travel time. For logistic regression analyses, a Canadian case (CC)
was defined as any case of giardiasis which was acquired within Canada. For multinomial regression
analyses, cases acquired within Canada were split into domestic travel-related cases (DTRCs) and
endemic cases (ECs). A DTRC was defined as a case for which travel within Canada, outside of the ROW,
was recorded prior to disease onset, and the expected incubation period overlapped with the travel
time. Cases not classified as an ITRC or DTRC were considered to be ECs (i.e., acquired within the ROW).
Travel destinations were grouped into the following categories: Africa, Asia, Europe, Americas
(i.e., the Caribbean, Central and South America), and the United States (US). An “other” category was
used for cases that visited other parts of the world that did not fit into the previous categories (e.g.,
Australia), as well as cases that visited destinations in multiple categories. Age was categorized into the
following age groups: 0-8, 9-27, 28-43 and 44 years. Seasons were categorized in the following manner:
winter (December to February), spring (March to May), summer (June to August), and fall (September to
November).
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The variables used for multivariable analyses included: age, gender, season, exposure to
companion animals (reptile, birds, cats, dogs, horses, rodents, other), exposure to environmental
contaminants (manure/compost/organic fertilizers, visited a petting zoo or farm), exposure to
recreational water (swam in a pool, ocean, river, or lake or hot tub, or went camping/kayaking), drank
untreated water , and exposure to unpasteurized foods or foods prepared outside of the home
(attended a social event where food was consumed, consumed unpasteurized juice or milk, ate food
purchased from a food vendor, deli, restaurant, fast food chain or cafeteria). As age was not linearly
associated with the log odds of the outcome, it was categorized based on quartiles.

2.4. Statistical analyses
All statistical analyses were performed using Stata®13 for Windows (Stata Corporation, College
Station, Texas, US). All graphs were prepared using Microsoft Excel for Windows (Microsoft, Redmond,
Washington, US).

2.4.1. Canadian acquired vs. international travel analysis
For analyses comparing CCs versus ITRCs, multivariable logistic regression models were built
using the “logit” command in Stata. In these models, we compared the exposure to a risk factor for
giardiasis in ITRCs compared to CCs, while controlling for age and gender. Significance of the risk factor
was determined using an α value of 0.05, and significance of a categorical variable within the model was
examined using a Wald χ2 test (Dohoo et al., 2010), using the “test” command in Stata. Many risk factors,
some subcategories of others, were causally unrelated, but age and gender were potential confounders
for all of the variables in our study. Therefore, age and gender were included in all models, regardless of
significance, to control for their potential confounding effects. Interaction terms were generated
between all risk factors and age or gender. Interaction terms were assessed for statistical significance
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within each respective multivariable model. If significant interaction effects were present in the model,
contrasts were constructed to examine the relationships between the variables (Dohoo et al., 2010).
Contrasts were also constructed to examine relationships between all categorical variables; all
significant contrasts were reported (Dohoo et al., 2010).

2.4.2. International travel vs. domestic travel vs. endemic analysis
For analyses comparing ITRCs and DTRCs with ECs, multivariable multinomial regression models
were built using the “mlogit” command in Stata. These models were built in the same manner as the
Canadian acquired versus international travel models. All relationships between international travel
cases and domestic travel cases were compared and significant differences in exposures to risk factors
among the cases are reported within the text. Contrasts were constructed to examine relationships
between variables, to determine if they were part of a significant interaction, and to compare categories
within a categorical variable.

3. Results
3.1. Travel
Over the six year study period (2006 to 2012), 473 giardiasis cases were reported to the ROW,
but one case was removed from the dataset for subsequent analyses as it was related to an outbreak. Of
the 472 remaining cases, 40% were ITRCs and 60% were CCs. Of the cases acquired in Canada, 10% were
related to domestic travel, and the remaining cases were acquired within the ROW. Of the ITRCs, 40% of
the cases had travelled to Asia (Figure 3.1), in particular, India, Pakistan and Bangladesh (Figure 3.2a).
Travel to the Americas and Africa were the second and third most visited travel categories by cases
(Figure 3.1). Cuba was the most common destination in the Americas among cases (Figure 3.2b),
whereas Kenya and Ethiopia were the most common destinations in Africa (Figure 3.2c). Travel to
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Europe had the fewest number of reported giardiasis cases, when compared to other travel destinations
(Figure 3.1). The reason for international travel included: pleasure (15 cases), visiting friends and
relatives (8 cases), business (1 case), and other (5 cases). For the remaining 161 international travel
cases, there was no information recorded the reason for travel. Eighteen percent (out of 99 responses)
received travel health information prior to traveling internationally. Locations for domestic travel were
not recorded, but the reason for travelling was recorded for 5 of the 29 domestic travel-related cases.
These reasons included, rural/backpacking (2 cases), pleasure (2 cases), and business (1 case). There
were no domestic travel-related cases that obtained travel health advice prior to travel out of 14
responses.

3.2. Exposures to risk factors for giardiasis among international travelrelated cases compared to Canadian acquired cases
The majority of giardiasis cases occurred in males compared to females, with males accounting
for 56.8% of CCs and 59.8% of ITRCs. However, there was no significant difference in distribution of
genders between ITRCs and CCs (Tables 3.1-3.3). International travel-related cases were more likely to
go camping/kayaking/canoeing (Table 3.1), drink untreated water, swim in an ocean (Table 3.2), or eat
food from a food vendor or at a social gathering (Table 3.3) compared to Canadian acquired cases, after
controlling for age and gender. In contrast, ITRCs were significantly less likely to be in contact with
manure/organic fertilizer compared to Canadian acquired cases (Table 3.1).

3.3. Exposures to risk factors for giardiasis among international travel- and
domestic travel-related cases compared to endemic cases
In general, the lowest percentage of missing observations was for DTRCs and the highest
percentage of missing observations was for ECs (Table 3.4). Domestic travel-related cases had the
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fewest number of observations available for analysis (maximum n= 29), compared to ITRCs (maximum
n= 191) and ECs (maximum n=252) (Table 3.4). Overall, there were more cases that were male,
compared to female in all three case groups. However, there was no significant difference in distribution
of genders between ITRCs, DTRCs and ECs, regardless of which case type was examined as the referent
outcome (p >0.2 for all models with DTRCs as the referent outcome) (Tables 3.5-3.7). Domestic travelrelated cases were significantly more likely to have a pet cat, visit a petting zoo, go
camping/kayaking/canoeing (Table 3.5), swim in a river or lake, drink untreated water (Table 3.6), or eat
food from a cafeteria, deli or restaurant (Table 3.7) compared to ECs, after controlling for age and
gender. International travel-related cases were significantly less likely to own a cat (OR= 0.17, 95% CI:
(0.062, 0.45), p <0.001), go camping/kayaking/canoeing (OR= 0.39, 95% CI: (0.15, 0.99), p= 0.048), have
contact with manure (OR=0.17, 95% CI: (0.049, 0.56), p=0.004), go swimming in a river (OR= 0.29, 95%
CI: (0.90, 0.93), p=0.037) or lake (OR= 0.13, 95% CI: (0.047, 0.35), p=0.037), or eat food purchased from a
deli (OR= 0.16, 95%CI: (0.034, 0.80), p=0.025) compared to DTRCs after controlling for gender and age.
However, ITRCs were significantly more likely to have gone swimming in an ocean than DTRCs (OR=
14.89, 95% CI: (0.034, 0.80), p=0.025). International travel-related cases were also more likely to go
camping/kayaking/canoeing (Table 3.5), swim in a river, ocean or pool, or drink untreated water
compared to ECs (Table 3.6), after controlling for age and gender. However, ITRCs were less likely to
have contact with manure or organic fertilizer than ECs (Table 3.5).

3.4. Temporal and seasonal trends
The total number of giardiasis cases reported each year varied, with the greatest number of
cases reported in 2008 and the fewest in 2007 (Figure 3.3). Cases were more likely to be an ITRC
compared to a DTRC in 2009 compared to 2008 (OR=5.27, 95% CI: (1.03, 26.77), p=0.045). Cases were
also more likely to be an ITRC compared to a DTRC in 2012 compared to 2008 (OR=4.18, 95%CI: (1.001,
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17.47), p=0.05). However, there was no specific trend seen over time in the number of cases per year,
nor the number of cases per case type (e.g., international, domestic) (Figure 3.3). There was an evident
seasonal trend in ECs, with the number of reported cases peaking in the late summer and early fall
months (July to October) (Figure 3.4). International travel-related cases showed a small peak in the
spring months (March to May), whereas the peak in reported DTRCs occurred in September. When
examined using multivariable logistic regression analysis, cases were significantly more likely to be an
ITRC compared to a CC in the spring compared to the summer (OR= 2.12, 95%CI: (1.28, 3.50), p=0.003)
and in the spring compared to the fall (OR=2.02, 95%CI: (1.19, 3.45), p= 0.010). Similarly, when
examined using multivariable multinomial regression analysis, cases were significantly more likely to be
ITRCs compared to DTRCs in the spring compared to the summer (OR=3.62, 95%CI: (1.05, 12.45),
p=0.042) and in the spring compared to the fall (OR=5.02, 95%CI: (1.48, 16.99), p=0.009).

3.5. Age
The greatest number of reported Canadian acquired giardiasis cases were in people aged 28 to
43 years (Figure 3.5). Similarly, the greatest numbers of reported cases also occurred in this category
when CCs were analyzed separately as DTRCs and ECs (Figure 3.6). In contrast, the fewest numbers of
international travel-related cases occurred in this age category, whereas most occurred in the 0-8 years
of age category (Figures 3.5 & 3.6). In several models, 28-43 year olds were significantly less likely to be
ITRCs compared to endemic cases or Canadian cases (Tables 3.1, 3.2, 3.3, 3.5, 3.6). Age was found to
interact with swimming in a pool for the multivariable logistic regression model, but not for the
multinomial regression model (Table 3.2). Cases aged 28 years and older that swam in a pool were
significantly more likely to be an ITRC than a CC compared to people in the same age categories that did
not swim in a pool (Table 3.8).
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4. Discussion
Although the association between international travel and GI illness has been well documented,
there exists a significant gap in the literature pertaining to enteric infections acquired while travelling
domestically. Current travel research focuses on risk factors such as location and duration of stay,
reason for travel, and acquisition of pre-travel health advice (Van Herck et al., 2004, Ravel et al., 2010,
Baer et al., 2014). However, there is a lack of knowledge surrounding activities which may increase the
risk of enteric infections among both international and domestic travelers. Therefore, this analysis of the
exposures to various risk factors for giardiasis cases in the ROW demonstrates that travel-related
(domestic and international) cases and ECs have differing levels of risk behaviors associated with these
activities. Both types of travel cases were more likely to go camping or kayaking, and consume
untreated water, compared to ECs. Domestic travel-related cases were more likely to visit a petting zoo
or farm compared to ECs, and were more likely to go swimming in fresh water (e.g., river or lake)
compared to ECs and ITRCs. International travelers were more likely to swim in an ocean compared to
both DTRCs and ECs. These differences are important for targeting health promotion programs for the
prevention of giardiasis.
In previous studies, the percentage of reported giardiasis or GI illness cases attributable to
international travel ranged from approximately 20 to 50% in developed countries (e.g, the United States
(Kendall et al., 2012), New Zealand (Hoque et al., 2002), Germany (Espelage et al., 2010)). Our findings
are similar, as 40% of giardiasis cases in this study were attributable to international travel. Previous
studies have identified South Asia, South and Central America, Africa, the Middle East and the Caribbean
as regions of high risk for contracting a GI illness (Boggild et al., 2006, Greenwood et al., 2008, Kendall et
al., 2012, Leder et al., 2013). Similarly, the majority of international travel-related cases in our study
reported travel to destinations in South Asia, the Caribbean, South America, and sub-Saharan Africa.
However, without knowledge of a proper denominator (i.e., the number of travelers to these regions
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from the ROW), we are unable to determine if these are high risk areas for contracting a Giardia
infection, or just common travel destinations for the residents of the ROW. Travel destinations were not
recorded for DTRCs in this study. However, in the future, it would be worthwhile to examine if exposure
to risk factors for giardiasis are different among different types of domestic travel (e.g., within-province,
vs. out of province).
Animals, including wildlife and livestock, can shed high numbers of Giardia cysts in their feces
and contaminate the surrounding environment where humans may become exposed (Langkjaer et al.,
2007, Bajer, 2008, Plutzer et al., 2009, Sprong et al., 2009, Thompson et al., 2009). As such, DTRCs were
more likely to be exposed to manure or organic fertilizer compared to ECs and ITRCs. Similarly, visiting a
petting zoo was also more common for DTRCs compared to ECs and ITRCs. These results suggest that
DTRCs are more likely to be exposed to livestock than cases acquired endemically or abroad. This
suggests that the nature of travel activities is different for DTRCs, and includes more rural and
agricultural related activities.
Recreational water exposure, such as swimming in lakes and rivers, has frequently been
associated with enteric diseases, especially when contaminated surface water is consumed during these
activities (Hoque et al., 2002, Stuart et al., 2003, Snel et al., 2009, Baldursson and Karanis, 2011, Hlavasa
et al., 2011). Surface waters may become contaminated during extreme weather events and when
human activity increases during favourable weather conditions (Carmena, 2010). Exposure to
recreational fresh water bodies (e.g., rivers and lakes) is significantly more common in DTRCs compared
to both ECs and ITRCs. In contrast, ITRCs have greater exposures to swimming in salt water (e.g., the
ocean) or a pool, compared to ECs. This difference in exposures to different types of recreational waters
is likely due to the nature of travel, and the availability of these water sources to travelers. For example,
fresh water bodies (e.g., river, lake) surround domestic travelers, especially those who camp or visit
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cottages, whereas Canadians often travel internationally to tropical destinations and are frequently in
close proximity to an ocean. These findings suggest that the nature of recreational water use differs
among domestic and international travel-related cases, and includes swimming in different types of
water, which may pose different levels of risk for infection with Giardia.
The relationship between drinking untreated water and GI illness has been thoroughly
documented throughout the literature, for both international travel-related and endemic cases of GI
illness (Boulware, 2004, Yoder et al., 2008, Pardhan-Ali et al., 2012). In particular, drinking non-municipal
water outside the country of residence has been identified as a significant risk factor for giardiasis
(Hoque et al., 2002). Exposure to untreated drinking water was significantly more common in travel
(both international and domestic) related cases compared to endemic cases in the Region of Waterloo.
It is possible that travelers have less access to treated drinking water than they would at home, leading
to this difference in exposure. For cases who were visiting friends and relatives (VFR), it is also probable
that they would drink water from the same source as their friends and relatives, regardless of
treatment, and may not perceive a risk in consuming the same water. It is also a possibility that
travelers are unaware of where their water comes from and they may assume it is treated, depending
on their travel destination, and may underestimate their exposure to untreated water. Validating these
fields in the questionnaire may have practical implications for future studies and disease prevention.
Enteric disease outbreaks due to improper food safety in restaurants have been well
documented in both developed and developing nations (Vollaard et al., 2004, Gould et al., 2013).
Exposure to foods prepared at a restaurant, deli or cafeteria were significantly more common in DTRCs
compared to endemic cases, and exposure to deli foods was also more common in DTRCs compared to
ITRCs. However, exposure to these types of foods was not significantly different among ITRCs and ECs. It
is possible that this difference in exposure is due to the method of travel (e.g., by car) for domestic
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travelers, where they may be more likely to stop for food at a restaurant or similar place during long
trips. It is also likely that travelers have less access to facilities to prepare their own food, especially if
they are staying in a hotel without a kitchen, making them more likely to visit a restaurant. As parasitic
infections, such as giardiasis, in international travelers have been related to longer travel durations
(Boggild et al., 2006), it is likely that for these extended trips, travelers would likely have access to
cooking facilities, thus making their exposure to ready-made foods similar to ECs. It is also possible that
a proportion of the ITRCs are VFRs and would therefore likely consume more meals prepared by their
friends and relatives compared to ready-to-eat foods during their visit. Improved follow up should be
implemented for the questions pertaining to reason for travel, as there are likely differences in exposure
to risk factors for giardiasis among different types of travelers (e.g., VFRS, pleasure, business,
immigrant). These results therefore suggest that the nature of exposure to prepared foods is different
for domestic travel compared to other types of cases.
Traditionally, domestic travel and endemic cases are grouped together into a domestic category
(e.g., Canadian acquired) in studies that examine the effect of travel on the burden of illness in a
population. To the best of the authors’ knowledge, this is the first study to separate Canadian acquired
cases into ECs and DTRCs, instead of this traditional method. However, the results from our multinomial
regression analyses must be interpreted with caution due to the small number of DTRCs available for
analysis (n = 29). There were differences in exposures to risk factors when the traditional grouping was
compared to separation of the CCs into DTRCs and ECs. Significant risk factors identified in the
multinomial regression that allowed for separation of domestic travel and endemic cases included:
having a pet cat, visiting a petting zoo, swimming in a river or lake, and eating food prepared at a deli,
cafeteria or restaurant. However, exposure to attending a social function or consuming food from a food
vendor was only found to be significantly different among ITRCs compared to CCs (i.e., when domestic
travel and endemic cases were included together). An interaction was also found between swimming in
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a pool and age when all Canadian cases were included together, but this effect was not noted when
DTRCs and ECs were analyzed separately. As significant differences in exposure to various risk factors
for giardiasis were identified between DTRCs and ECs when analyzed separately, this suggests that for
future studies, DTRCs and ECs should not be included together as this may result in missing important
associations or risk factors.
In our study, we used a case-case study design, as our interest was the relative differences in
exposures to risk factors for giardiasis cases among ITRCs, DTRCs and CCs. This study design has
previously been recommended for identifying risk factors for diseases from an ongoing surveillance
system for focused subsets of disease, such as FoodNet Canada (Dohoo et al., 2010). A case-control
study design is a possible alternative to the case-case design. However, picking appropriate controls
would be difficult as only enteric infections are reported to FoodNet Canada, and other cases would
share similar exposures with giardiasis cases. A longitudinal study examining the rates of giardiasis
would be another possible alternative study design, but there is an absence of an appropriate
denominator as there are no available data concerning the number of residents travelling either
domestically or internationally.
It is important to consider potential recall and misclassification biases when interpreting the
results of our study. First, recall bias is a possible concern due to the relatively long incubation period
(up to 21 days) of giardiasis (Rendtorff, 1954). It is quite likely that cases would not remember possible
exposures, which would result in false negative answers to exposure questions. Furthermore, individuals
who have an increased awareness of the possible health risks associated with travelling may be more
likely to recall certain risky exposures, compared to individuals unaware of travelling risks, leading to
differential misclassification bias. Second, the long and variable incubation period of giardiasis can also
complicate the classification of case type (e.g., endemic vs. travel-related) and lead to misclassification.
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Therefore, it would be difficult to discern where cases had become infected if they had travelled both
internationally and domestically during the same trip. Likewise, if someone was travelling
internationally for a short period (e.g., travelling to the United States for a few days) they would be
classified as an ITRC, however, they may have not been exposed while traveling. It is also important to
understand that different travel destinations and reasons for international travel likely result in different
risks for giardiasis. For example, a day trip to the United States for shopping would likely have a lower
risk for contracting giardiasis compared to back-packing in a developing country.
As indicated, this is the first study to explore separating DTRCs and ECs instead of collapsing
them together into a Canadian acquired case group. We found that there were significant differences in
exposures to various risk factors for giardiasis among the various case groups, including significant
differences between ECs and DTRCs, suggesting that collapsing these cases together into one category
may not be appropriate. Current risk assessment and source attribution methods use the traditional
method of collapsing ECs and DTRCs together. However, it is important to distinguish between these
two case types as the exposures to various risk factors for giardiasis varies among these groups, and may
have an impact on public health policies. Perhaps of greater significance, our findings are important for
creating effective and targeted health promotion campaigns to prevent giardiasis in this region, by
targeting activity-specific (e.g., endemic, domestic or international travel) risk activities.

88

References
Ang, L.H., 2000. Outbreak of giardiasis in a daycare nursery. Commun Dis Public Health. 3, 212-213.
Baer, A., Libassi, L., Lloyd, J.K., Benoliel, E., Brucker, R., Jones, M.Q., Kwan-Gett, T.S., McKeiran, S., Pecha,
M., Rietberg, K., Serafin, L., Walkinshaw, L.P., Duchin, J.S., 2014. Risk factors for infections in
international travelers: an analysis of travel-related notifiable communicable diseases. Travel Med Infect
Dis. In press.
Bajer, A., 2008. Cryptosporidium and Giardia spp. infections in humans, animals and
the environment in Poland. Parasitol Res. 104, 1–17.
Baldursson, S., Karanis, P., 2011. Waterborne transmission of protozoan parasites: review of worldwide
outbreaks- an update 2004-2010. Water Res. 45, 6603-6614.
Boggild, A.K., Geduld, J., Libman, M., Ward, B.J., McCarthy, A.E., Doyle, P.W., Ghesquiere, W., Vincelette,
J., Kuhn, S., Freedman, D.O., Kain, K.C., 2014. Travel-acquired infections and illness in Canadians:
surveillance report from CanTravNet surveillance data, 2009-2011. Open Med. 8, e20-32.
Boulware, 2004. Influence of hygiene on gastrointestinal illness among wilderness backpackers. J Travel
Med. 11, 27-33.
Bradford, S.A., Schijven, J., 2002. Release of Cryptosporidium and Giardia from dairy calf manure: impact
of solution salinity. Environ Sci Technol. 36, 3916-3923.
Carmena, D., 2010. Waterborne transmission of Cryptosporidium and Giardia: detection, surveillance
and implications for public health. In: Mendez-Vilas, A. (Eds.), Current research, technology and
education topics in applied microbiology and microbial biotechnology. Formatex, Badajoz, pp.3-14.
Cotton, J.A., 2011. Host parasite interactions and pathophysiology in Giardia infections. Int J
Parasitology. 41, 925-933.
Dohoo, I., Martin, W., Stryhn, H., 2010. Veterinary Epidemiologic Research, 2nd ed. VER Inc.,
Charlottetown.
Espelage, W., van der Heiden, M., Stark, K., Alpers, K., 2010. Characteristics and risk factors for
symptomatic Giardia lamblia infections in Germany. BMC Public Health. 10, 41.
Gormley, F.J., Rawal, N., Little, C.L., 2012. Choose your menu wisely: cuisine-associated food-poisoning
risks in restaurants in England and Wales. Epidemiol Infect. 104, 997-1007.
Gould, L.H., Rosenblum, I., Nicholas, D., Phan, Q., Jones, T.F., 2013. Contributing factors in restaurantassociated foodborne disease outbreaks, FoodNet sites, 2006 and 2007. J Food Prot. 76, 1824-1828.
Greenwood, Z., Black, J., Weld, L., O’Brien, D., Leder, K., Von Sonnenburg, F., Pandey, P., Schwartz, E.,
Connor, B.A., Brown G., Freedman, D.O., Torresi, J., 2008. Gastrointestinal infection among international
travelers globally. J Travel Med. 15, 221-228.
89

Harvey, K., Esposito, D.H., Han, P., Kozarsky, P., Freedman, D.O., Plier, D.A., Sotir, M.J., 2013.
Surveillance for travel-related disease—GeoSentinel surveillance system, United States, 1997-2011.
MMWR. 62, 1-23.
Hlavasa, M.C., Roberts, V.A., Anderson, A.R., Hill, V.R., Kahler, A.M., Orr, M., Garrison, L.E., Hicks, L.A.,
Newton, A., Hilborne, E.D., Wade, T.J., Beach, M.J., Yoder, J.S., CDC, 2011. Surveillance for waterborne
disease outbreaks and other health events associated with recreational water – United States, 20072008. MMWR Surveill Summ. 60, 1-32.
Hoque, M.E., Hope, V.T., Kjellstrom, T., Scragg, R., Lay-Yee, R., 2002. Risk of giardiasis in Aucklanders: a
case-control study. Int J Infect Dis. 6, 191-197.
Kendall, M.E., Crim, S., Fullerton, K., Ham, P.V., Cronquist, A.B., 2012. Travel-associated enteric
infections diagnosed after return to the United States, Foodborne Diseases Active Surveillance Network
(FoodNet), 2004-2009. 54, S480-487.
Langkjaer, R.B., Vigre, H., Enemark, H.L., Maddox-Hyttel, C., 2007. Molecular and phylogenic
characterization of Cryptosporidium and Giardia from pigs and cattle in Denmark. Parasitology. 134,
339–350.
Leder, K., Torresi, J., Libman, M.D., Cramer, J.P., Castelli, F., Schlagenhauf, P., Wilder-Smitch, A., Wilson,
M.E., Keystone, J.S., Schwartz, E., Barnett, E.D., von Sonnenburg F., Brownstein, J.S., Cheng, A.C., Sotir,
M.J., Esposito, D.H., Freedman, D.O., 2013. GeoSentinel surveillance of illness in returned travelers,
2007-2011. Ann Intern Med. 158, 456-468.
Pardhan-Ali, A., Wilson, J., Edge, V.L., Furgal, C., Reid-Smith, R., Santos, M., McEwen, S.A, 2012. A
descriptive analsysis of notifiable gastrointestinal illness in the Northwest Territories, Canada, 19912008. BMJ Open. 2, e000732.
Plutzer, J., Tomor, B., 2009. The role of aquatic birds in the environmental dissemination of human
pathogenic Giardia duodenalis cysts and Cryptosporidium oocysts in Hungary. Parasitol Int. 58, 227-231.
Pozio, E., 2008. Epidemiology and control prospects of foodborne parasitic zoonoses
in the European Union. Parassitologia 50, 17–24.
Ravel, A., Nesbitt, A., Marshall, B., Sittler, N., Pollari, F., 2010. Description and burden of travel-related
cases caused by enteropathogens reported in a Canadian community. J Travel Med. 18, 8-19.
Rendtorff, R.C., 1954. The experimental transmission of intestinal protozoan parasites. II. Giardia
lamblia cysts given in capsules. Am J Epidemiol. 59, 209-220.
Serdarevic, F., Jones, R.C., Weaver, K.N., Black, S.R., Ritger, K.A., Guichard, F., Dombroski, P., Emanuel,
B.P., Miller, L., Gerber, S.I., 2012. Multi-pathogen waterborne disease outbreaks associated with a
dinner cruise on Lake Michigan. Epidemiol Infect. 140, 621-625.
Smith, H.V., Cacci., S.M., Cook, N., Nichols, R.A., Tait, A., 2007. Cryptosporidium and Giardia as
foodborne zoonoses. Vet. Parasitol. 149, 29–40.
90

Snell, S.J., Baker, M.G., Kamalesh, V., French, V., Learmonth, J., 2009. A tale of two parasites: the
comparative epidemiology of cryptosporidiosis and giardiasis. Epidemiol Infect. 137, 1641-1650.
Sprong, H., Cacci., S.M., van der Giessen, J.W., ZOOPNET network and partners, 2009. Identification of
zoonotic genotypes of Giardia duodenalis. PLoS Negl Trop Dis. 3, e558.
Stuart, J.M., Orr, H.J., Warburton, F.G., Jeyakanth, S., Pugh, C., Morris, I., Sarangi, J., Nichols, G., 2003.
Risk factors for sporadic giardiasis: a case-control study in southwestern England. Emerg Infect Dis. 9,
229-233
Swaminathan, A., Torresi, J., Schlagenhauf, P., Thursky, K., Wilder-Smith, A., Connor, B.A., Schwartz, E.,
Vonsonnenberg, F., Keystone, J., O’Brien, D.P., 2009. A global study of pathogens and host risk factors
associated with infectious gastrointestinal disease in returned international travelers. J Infect. 59, 19-27.
Thompson, R.C., Colwell, D.D., Shury, T., Appelbee, A.J., Read, C., Njiru, Z., Olson, M.E., 2009. The
molecular epidemiology of Cryptosporidium and Giardia infections in coyotes from Alberta, Canada, and
observations on some cohabiting parasites. Vet Parasitol. 159, 167-170.
Van Herck, K., Van Damme, P., Castelli, F., Zuckerman, J., Nothdurft, H., Dahlgren, A.L., Gisler, S., Steffen,
R., Gargalianos, P., Lopez-Velez, R., Overbosch, D., Caumes, E., Walker, E., 2004. Knowledge, attitudes
and practices in travel-related infectious diseases: the European airport survey. J Travel Med. 11, 3-8.
Vollaard, A.M., Ali, S., Can Asten, H.A.G.H., Ismid, I.S., Widjaja, S., Visser, L.G., Surjadi, Ch., van Dissel,
J.T., 2004. Risk factors for transmission of foodborne illness in restaurants and street vendors in Jakarta,
Indonesia. Epidemiol Infect. 132, 863-872.
United Nations World Tourism Organization (UNWTO), 2014. UNWTO tourism highlights: 2014 edition
[WWW document] URL.
http://dtxtq4w60xqpw.cloudfront.net/sites/all/files/pdf/unwto_highlights14_en_hr_0.pdf (accessed
09.14.14).
Yoder, J., Roberts, C., Craun, G.F., Hill, V., Hicks, L.A., Alexander, N.T., Radke, V., Calderon, R.L., Hlavasa,
M.C., Beach, M.J., Roy, S.L., 2008. Surveillance for waterborne disease and outbreaks associated with
drinking water and water not intended for drinking—United States, 2005-2006. MMWR Surveill Summ.
57, 39-62.
Younas, M., Shah, S., Talaat, A., 2008. Frequency of Giardia lamblia infection in children with recurrent
abdominal pain. JPMA. 58, 171-174.

91

Table 3.1. Multivariable logistic regression analyses examining the exposure to companion animal and
environmental risk factors for giardiasis among international travel-related giardiasis cases compared to
cases acquired in Canada, reported to the FoodNet Canada Region of Waterloo sentinel site from 2006
to 2012.
Exposure Model
Contact with organic fertilizer
or manure

Camping, kayaking or canoeing

Season

Variable
Exposed vs. not
exposed to manure
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male
Exposed vs. not
exposed to camping
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male
Season
Winter
Spring
Summer
Fall
Age (years)
0-8
9-27
28- 43
44
Gender
Female
Male

92

OR
0.22

p-value
0.001

95% CI
0.087, 0.55

Referent
0.97
0.67
0.97

0.93
0.20
0.93

0.52, 1.82
0.36, 1.23
0.53, 1.79

Referent
0.85
2.41

0.47
0.01

0.55, 1.32
1.23, 4.73

Referent
0.82
0.46
0.76

0.55
0.013
0.37

0.43, 1.57
0.25, 0.85
0.42, 1.38

Referent
0.88

0.58

0.57, 1.37

Referent
1.58
0.75
0.40

0.092
0.30
0.40

0.93, 2.70
0.43, 1.28
0.44, 1.38

Referent
0.97
0.52
0.79

0.89
0.015
0.38

0.58 ,1.62
0.30, 0.88
0.46, 1.34

Referent
0.88

0.78

0.60, 1.29

Table 3.2. Multivariable logistic regression analyses examining the exposure to risk factors, related to
recreational water and drinking water, for giardiasis among international travel-related giardiasis cases
compared to cases acquired in Canada, reported to the FoodNet Canada Region of Waterloo sentinel
site from 2006 to 2012.
Exposure Model
Consumed untreated
water

Swam in a pool

Swam in an ocean

Variable
Exposed vs. unexposed to
untreated drinking water
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male
Exposed vs. unexposed to
swimming in a pool
Age (years)
0-8
9-27
28-43
44
Pool x Age 0-8
Pool x Age 9-27
Pool x Age 28-43
Pool x Age 44+
Gender
Female
Male
Exposed vs. unexposed to
swimming in an ocean
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male

93

OR
3.83

p-value
<0.001

95% CI
2.13, 6.87

Referent
0.82
0.50
0.82

0.60
0.056
0.57

0.39, 1.72
0.24, 1.01
0.40, 1.65

Referent
0.85
0.79

0.57
0.69

0.40, 1.65
0.25, 2.44

0.94
0.01
0.095

0.55, 1.90
0.20, 0.81
0.30, 1.10

0.61
0.035
0.015

0.32, 7.12
1.12, 21.14
1.49, 42.23

Referent
0.75
32.50

0.19
<0.001

0.49, 1.15
9.71, 109.05

Referent
1.01
0.43
0.57

0.96
0.011
0.087

0.56, 1.83
0.22, 0.82
0.30, 1.09

Referent
0.82

0.40

0.52, 1.30

Referent
1.03
0.41
0.57
Referent
1.50
4.87
7.95

Table 3.3. Multivariable logistic regression analyses examining the exposure to risk factors, related to
food consumption, for giardiasis among international travel-related giardiasis cases compared to cases
acquired in Canada, reported to the FoodNet Canada Region of Waterloo sentinel site from 2006 to
2012.
Exposure Model
Ate food purchased
from a food vendor

Attended a social
gathering where food
was served

Variable
Consumed food from a vendor
vs. did not consume
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male
Attended a social gathering
where food was served vs. did
not attend a social gathering
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male

94

OR
3.24

p-value
0.018

95% CI
1.22, 8.60

Referent
0.99
0.45
0.61

0.99
0.019
0.13

0.55, 1.80
0.24, 0.88
0.33, 1.16

Referent
0.70
1.79

0.12
0.026

0.44, 1.10
1.07, 2.99

Referent
0.88
0.53
0.79

0.70
0.041
0.45

0.46, 1.67
0.28, 0.97
0.43, 1.44

Referent
0.92

0.73

0.59, 1.44

Table 3.4. Descriptive statistics, including percentage of missing observations, number of observations
available for multinomial regression analyses and percentage of respondents with exposure to each risk
factor for giardiasis for each outcome category for giardiasis cases reported from the FoodNet Canada
Region of Waterloo sentinel site from 2006 to 2012.
Variable

Environmental exposure
Owns a cat

Owns a dog

Owns a bird

Owns a reptile

Contact with manure

Visited a farm or petting zoo

Went kayaking, canoeing or camping

Water exposure
Swam in a hot tub

Swam in a pool

Swam in the ocean

Swam in a river

Swam in a lake

% Missing
observations

N1

% of
respondents
with
exposure to
risk factor

Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International

24.6
13.8
18.8
23.4
6.9
17.8
25.0
13.8
19.9
24.6
13.8
20.4
33.7
0.0
19.9
34.9
0.03
19.9
32.9
6.9
19.9

190
25
155
193
27
156
189
25
153
190
25
152
167
29
153
164
28
153
169
27
153

13.2
40.0
9.7
24.9
44.4
23.7
3.2
0
2.7
2.6
8.0
0
15.0
24.1
3.9
9.1
21.4
13.7
2.8
3.4
17.0

Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic
International
Endemic
Domestic

22.6
6.9
17.8
22.6
6.9
17.2
22.6
6.9
17.2
22.6
10.3
17.8
22.6
6.9

195
27
157
195
27
158
195
27
158
195
26
157
195
27

4.1
7.4
8.3
12.8
14.8
25.9
1.0
3.7
27.2
3.1
23.1
7.6
8.7
44.4

Outcome
Category

95

Drank untreated water

International
Endemic
Domestic
International

Food Exposure
Attended a social gathering with food

Endemic
Domestic
International
Ate meat not purchased at a grocery store Endemic
Domestic
International
Unpasteurized milk
Endemic
Domestic
International
Unpasteurized juice
Endemic
Domestic
International
Ate at a restaurant
Endemic
Domestic
International
Ate at a food vendor
Endemic
Domestic
International
Ate food from a deli
Endemic
Domestic
International
Ate fast food
Endemic
Domestic
International
Ate food from a cafeteria
Endemic
Domestic
International
1
N represents the number of observations available for analysis

96

18.3
42.1
10.3
39.3

156
146
26
116

8.3
11.0
30.8
37.9

34.5
0
24.6
33.0
10.3
33.0
27.0
10.3
26.7
27.0
10.3
26.7
26.7
17.2
26.7
33.7
17.2
27.7
33.7
17.2
27.2
33.3
17.2
28.3
33.3
17.2
27.2

165
29
144
128
26
128
184
26
140
184
26
140
140
24
140
167
24
138
167
24
139
168
24
137
168
24
139

12.7
20.7
29.2
28.9
11.5
28.9
2.7
0.0
5.0
0.5
0.0
1.4
40.0
66.7
40.0
3.6
4.2
9.4
1.8
16.7
2.9
14.3
33.3
14.6
3.0
16.7
8.6

Table 3.5. Multivariable multinomial logistic regression analyses examining the exposure to companion
animal and environmental risk factors for giardiasis for domestic travel-related cases and international
travel related cases relative to endemic cases, reported to the FoodNet Canada Region of Waterloo
sentinel site from 2006 to 2012.
Exposure Model

Variables

Cat

Owns a cat vs. does
not own a cat
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male

Petting zoo or farm

Visited a zoo/farm
vs. did not

Outcome
Category
Domestic

OR1

p-value

95% CI

4.23

0.002

1.68, 10.64

International

0.71

0.33

0.36, 1.40

0.47
0.51
0.07
0.37
0.039
0.59

0.33, 11.4
0.63, 2.16
0.88, 21.70
0.41, 1.39
1.09, 25.95
0.46, 1.55

Referent
1.31
0.81
3.17

0.55
0.34
0.036

0.53, 3.23
0.53, 1.25
1.08, 9.36

1.60

0.19

0.79, 3.24

0.43
0.97
0.064
0.19
0.033
0.96

0.35, 12.02
0.53, 1.93
0.92, 21.38
0.36, 1.22
1.14, 26.92
0.53, 1.83

Domestic
International
Domestic
International
Domestic
International

Domestic
Endemic
Domestic
International

Age (years)
0-8
9-27
28-43
44
Gender
Female
Male
Camping, kayaking
or canoeing

Participated in
activity vs. did not
Age (years)
0-8
9-27
28-43
44

Domestic
International
Domestic
International
Domestic
International

Referent
1.91
1.22
4.39
0.76
5.31
0.85

Referent
2.05
1.01
4.43
0.66
5.55
0.98

Domestic
International
Domestic

Referent
1.73
0.91
13.61

0.22
0.68
<0.001

0.72, 4.15
0.58, 1.43
4.04, 42.02

International

5.27

<0.001

2.18, 12.77

0.56
0.61
0.077
0.072
0.040

0.19, 21.29
0.43, 1.63
0.81, 54.81
0.30, 1.05
1.11, 74.85

Domestic
International
Domestic
International
Domestic
97

Referent
2.02
0.84
6.67
0.56
9.11

Gender
Female
Male
Contact with
manure or organic
fertilizer

Exposed to
manure/fertilizer
vs. unexposed
Age (years)
0-8
9-27

28-43
44
Gender
Female
Male
Season

Season
Winter
Spring
Summer
Fall
Age (years)
0-8
9-27
28-43
44

International

0.98

0.95

0.53, 1.81

Domestic
International
Domestic

Referent
1.21
0.88
1.39

0.67
0.59
0.52

0.50, 2.94
0.56, 1.39
0.52, 3.75

International

0.23

0.002

0.09, 0.59

0.34

0.41, 13.73

Domestic

Referent
2.37

International
Domestic
International
Domestic
International

1.08
4.75
0.82
5.30
1.22

0.81
0.052
0.54
0.039
0.54

0.57, 2.05
0.99, 22.82
0.44, 1.53
1.08, 25.91
0.65, 2.28

Domestic
International

Referent
1.56
0.88

0.30
0.59

0.67, 3.61
0.56, 1.39

Domestic
International
Domestic
International
Domestic
International

Referent
0.81
1.31
0.46
0.36
0.30
0.25

0.80
0.74
0.26
0.15
0.079
0.048

0.17, 3.88
0.27, 6.26
0.12, 1.78
0.09, 1.44
0.079, 1.15
0.065, 0.99

Referent
Domestic
International
Domestic
International
Domestic
International

0.52
0.54
0.21
0.13
0.16
0.15

0.47
0.49
0.05
0.010
0.021
0.018

0.092, 2.97
0.093, 3.08
0.046, 0.99
0.026, 0.61
0.033, 0.75
0.031, 0.722

0.44
0.31

0.32, 1.65
0.28, 1.50

Gender
Female
Male

Referent
Domestic
0.72
International
0.64
1
Some researchers refer to this as a relative risk ratio instead of an odds ratio
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Table 3.6. Multivariable multinomial logistic regression analyses examining the exposure to risk factors,
related to recreational water and drinking water, for domestic travel-related cases and international
travel-related cases relative to endemic cases, reported to the FoodNet Canada Region of Waterloo
sentinel site from 2006 to 2012.
Exposure Model

Variables

Swam in a river

Swam in a river
vs. did not swim
in a river
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male

Swam in a lake

Swam in a lake vs.
did not swim in a
lake
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male

Swam in an ocean

Swam in an ocean
vs. did not swim
in an ocean
Age (years)
0-8
9-27

Outcome
Category
Domestic

OR1

p-value

95% CI

10.15

<0.001

2.81, 36.55

International

2.92

0.039

1.05, 8.10

0.75
0.73
0.086
0.17
0.017
0.99

0.21, 8.62
0.61, 1.94
0.82, 19.77
0.36, 1.20
1.40, 32.65
0.55, 1.83

Domestic
International
Domestic
International
Domestic
International

Referent
1.35
1.09
4.03
0.65
6.76
1.00

Domestic
International
Domestic

Referent
0.92
0.73
8.09

0.85
0.15
<0.001

0.38, 2.22
0.47, 1.12
3.12, 21.03

International

1.03

0.935

0.47, 2.23

0.88
0.65
0.12
0.19
0.028
0.99

0.18, 7.48
0.64, 2.03
0.71, 17.69
0.36, 1.22
1.21, 29.15
0.55, 1.83

Domestic
International
Domestic
International
Domestic
International

Referent
1.15
1.14
3.56
0.66
5.99
1.00

Domestic
International
Domestic

Referent
1.02
0.75
2.76

0.99
0.20
0.41

0.42, 2.49
0.49, 1.16
0.24, 31.89

International

41.20

<0.001

9.67, 175.35

Domestic
International

Referent
1.61
1.03

0.61
0.91

0.26, 10.10
0.57, 1.88
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28-43
44
Gender
Female
Male
Swam in a pool

Swam in a pool
vs. did not swim
in a pool
Age (years)
0-8
9-27

28-43
44
Gender
Female
Male
Drank untreated
water

Exposed to
untreated
drinking water vs.
unexposed
Age (years)
0-8
9-27
28-43
44

Domestic
International
Domestic
International

5.29
0.50
6.67
0.69

0.036
0.039
0.017
0.28

1.12, 25.09
0.25, 0.97
1.40, 31.84
0.36, 1.34

Domestic
International
Domestic

Referent
1.13
0.83
0.91

0.78
0.44
0.87

0.48, 2.63
0.52, 1.33
0.28, 2.86

International

2.23

0.004

1.229, 3.85

0.61

0.26, 10.12

Domestic

Referent
1.62

International
Domestic
International
Domestic
International

1.10
5.45
0.65
6.85
0.98

0.73
0.033
0.17
0.016
0.95

0.62, 1.98
1.15, 29.91
0.36, 1.20
1.44, 32.64
0.53, 1.80

Domestic
International
Domestic

Referent
1.13
0.75
4.05

0.77
0.20
0.007

0.48, 2.63
0.50, 1.16
1.47, 11.09

International

5.19

<0.001

2.70, 9.97

Domestic
International
Domestic
International
Domestic
International

Referent
1.73
0.92
3.93
0.64
4.07
1.05

0.55
0.83
0.092
0.24
0.09
0.89

0.29, 10.32
0.43, 1.98
0.80, 19.31
0.30, 1.34
0.81, 20.53
0.51, 2.18

0.37
0.64

0.62, 3.65
0.52, 1.49

Gender
Female
Male

Referent
Domestic
1.50
International
0.88
1
Some researchers refer to this as a relative risk ratio instead of an odds ratio
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Table 3.7. Multivariable multinomial logistic regression analyses examining the exposure to risk factors,
related to food consumption, for domestic travel-related cases and international travel-related cases
relative to endemic cases, reported to the FoodNet Canada Region of Waterloo sentinel site from 2006
to 2012.
Exposure Model

Variables

Ate in a cafeteria

Exposed to food from a
cafeteria vs.
unexposed
Age (years)
0-8
9-27
28-43
44
Gender
Female
Male

Ate food from a
deli

Exposed to food from a
deli vs. unexposed

Outcome
Category
Domestic

OR1

p-value

95% CI

5.41

0.021

1.30, 22.59

International

3.87

0.015

1.29, 11.58

0.48
0.88
0.13
0.041
0.039
0.43

0.33, 10.91
0.58, 1.91
0.70, 17.93
0.25, 0.97
1.09, 26.0
0.40, 1.45

Referent
1.02
0.74
10.83

0.96
0.20
0.004

0.41, 2.54
0.46, 1.18
2.10, 55.91

1.78

0.46

0.38, 8.34

0.65
0.86
0.15
0.07
0.038
0.58

0.25, 9.05
0.58, 1.92
0.64, 16.90
0.27, 1.05
1.10, 26.38
0.44, 1.58

Domestic
International
Domestic

Referent
1.00
0.79
5.31

0.99
0.32
0.001

0.40, 2.53
0.50, 1.26
2.01, 13.98

International

2.87

<0.001

1.67, 4.93

0.75
0.68
0.41

0.22, 7.99
0.48, 1.63
0.37, 10.95

Domestic
International
Domestic
International
Domestic
International

Domestic
Endemic
Domestic
International

Age (years)
0-8
9-27
28-43
44
Gender
Female
Male
Ate food from a
restaurant

Exposed to food from a
restaurant vs.
unexposed
Age (years)
0-8
9-27
28-43

Domestic
International
Domestic
International
Domestic
International

Domestic
International
Domestic
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Referent
1.89
1.05
3.53
0.49
5.31
0.77

Referent
1.51
1.05
3.30
0.54
5.38
0.83

Referent
1.34
0.88
2.02

44

International
Domestic
International

Gender
Female
Male

0.37
3.01
0.56

Referent
Domestic
1.02
International
0.75
1
Some researchers refer to this as a relative risk ratio instead of an odds ratio
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0.007
0.19
0.097

0.18, 0.77
0.58, 15.71
0.28, 1.11

0.83
0.22

0.44, 2.75
0.47, 1.19

Table 3.8. Contrast statements for the interaction between age and pool, when swimming in a pool vs.
not swimming a pool was compared between age categories, from the multivariable logistic regression
model for giardiasis among international travel-related giardiasis cases compared to cases acquired in
Canada, reported to the FoodNet Canada Region of Waterloo sentinel site from 2006 to 2012.
Contrast
Age 0-8; pool vs. no
pool
Age 9-27; pool vs. no
pool
Age 28-43; pool vs. no
pool
Age 43+; pool vs. no
pool

OR
0.79

p-value
0.69

95% CI
0.26, 2.45

1.19

0.75

0.41, 3.50

3.86

0.005

1.50, 9.96

6.31

0.003

1.83, 21.73
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Number of reported giardiasis cases

Figure 3.1. Number of international travel-related giardiasis cases reported to the FoodNet Canada
program, Region of Waterloo sentinel site, attributed to various travel destinations from 2006 to 2012.
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Figure 3.2. Number of international travel-related giardiasis cases reported to the FoodNet Canada program sentinel site in the Region of
Waterloo from 2006 to 20012, attributed to specific countries within the top three travel destination categories: (A) Asia, (B) Americas, and (C)
Africa.
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Number of reported giardiasis
cases

Figure 3.3. Number of giardiasis cases reported to the FoodNet Canada program sentinel site in the
Region of Waterloo per year from 2006 to 2012 for international travel-related cases, domestic travelrelated cases and endemic cases.
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Figure 3.4. The sum of reported giardiasis cases per month from the Region of Waterloo FoodNet
Canada sentinel site from 2006 to 2012 for international travel-related cases, domestic travel-related
cases and endemic cases.
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Figure 3.5. The number of reported giardiasis cases per age category from the Region of Waterloo
FoodNet Canada sentinel site from 2006 to 2012 for international travel-related cases, and cases
acquired within Canada.
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Number of reported giardiasis cases

Figure 3.6. The sum of reported giardiasis cases per age category from the Region of Waterloo FoodNet
Canada sentinel site from 2006 to 2012 for international travel-related cases, domestic travel-related
cases and endemic cases.
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Chapter 4
Summary of findings and conclusions

Summary of findings
The objective of this thesis was to explore source attribution for human giardiasis in the Region
of Waterloo, Ontario. In particular, we wanted to assess the temporal patterns of water contamination
and differences in exposure to risk factors for giardiasis between endemic infections and those acquired
while travelling. Water monitoring data (parasite enumeration and water quality parameters), and
detailed demographic and exposure history data pertaining to all laboratory confirmed giardiasis cases
from the FoodNet Canada Waterloo sentinel site, were used to achieve the objective of this thesis. The
development of various linear regression models for the water monitoring data allowed for the
identification of seasonal trends in water contamination in the Grand River and identified potential
water quality measures which may be used to signal high Giardia cyst concentrations in this watershed.
Development of multivariable logistic regression models using the human giardiasis case data allowed
for the identification of statistically significant differences in exposures to risk factors for giardiasis
among internationally acquired cases compared to Canadian-acquired cases. Similarly, multinomial
regression models allowed for identification of statistically significant differences in exposures to risk
factors for giardiasis between cases acquired within the Region of Waterloo (endemic cases (ECs)),
domestic travel-related cases (DTRCs) and international travel-related cases (ITRCs). By comparing these
modeling approaches, we were able to note unique differences between domestic and international
travel cases, and gain insight on the impact of grouping DTRCs and ECs in our understanding of the
epidemiology of giardiasis.
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Data from chapter 2 indicated that the Grand River Watershed is frequently contaminated with
Giardia, as over 99% of water samples were positive for Giardia cysts. The enumerated mean cyst
concentrations at the various study locations were similar to that of a previous study by Dorner et al.
(2007) that was conducted in the same watershed. We determined that samples from the waste water
treatment plant effluent had significantly higher Giardia cyst concentrations compared to all other
sample locations, which concurs with previous research demonstrating that higher cyst concentrations
are associated with source waters receiving industrial or sewage effluents (LeChevallier et al., 1991).
Although a previous study by Van Dyke et al. (2012) found that higher cyst concentrations were
associated with cooler water temperatures in the Grand River watershed, to the best of our knowledge,
there have been no studies which have examined the seasonal trend in the concentration of Giardia
cysts in this watershed. We found that Giardia cyst concentrations in the Grand River were significantly
higher in the winter and spring months compared to the summer and fall months. Cyst concentration
often peaked in March, which may be due to snow melt and heavy precipitation (LeChevallier et al.,
1991, Ferguson et al., 1996, Medema et al., 1998, Kistemann et al., 2002), as well as re-suspension of
cysts from the sediment (Kistemann et al., 2002). Interestingly, this seasonal trend did not match that of
the incidence of human giardiasis in the region, even after accounting for an incubation period of 21
days, which peaks in the late summer and early fall months.
We also found that daily river discharge, turbidity, phosphate concentrations and phosphorous
concentrations had statistically significant positive associations with Giardia cyst concentrations. In
contrast, conductivity had a statistically significant negative association with Giardia cyst concentrations.
These findings are similar to a previous study in a similar Ontario watershed by Wilkes et al. (2011), as
well as earlier publications from the United States (LeChevallier et al., 1991), Australia (Ferguson et al.,
1996), and Germany (Kistemann et al., 2002).
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This thesis also compared risk behaviours among domestic travelers, international travelers, and
endemic cases of giardiasis. We found that DTRCs had significantly different exposures to risk factors for
giardiasis when compared to both ECs and ITRCs, and that ITRCs also had significantly different
exposures to risk factors for giardiasis when compared to ECs. Travel cases (both international and
domestic) were more likely to go camping or kayaking, and consume untreated water, compared to ECs.
Domestic travel-related cases were more likely to visit a petting zoo or farm compared to ECs, and were
more likely to go swimming in fresh water (e.g., river or lake) compared to ECs and ITRCs. International
travelers were more likely to swim in an ocean compared to both DTRCs and ECs.
To our knowledge, this thesis is the first report to examine the effect of examining ECs and
DTRCs of giardiasis as separate categories, compared to the traditional method of grouping them
together into a Canadian acquired category. The results suggest that there are significant differences
among exposures to various risk factors for infection with Giardia for endemic cases compared to
domestic travel-related cases, suggesting that the traditional grouping method may not be appropriate.
Further classification of domestic and international travel cases should therefore be investigated.

Limitations
When discussing the limitations of this thesis, it is important to note that the data used for the
analyses were collected based on the needs and objectives of the FoodNet Canada program. Therefore,
data collection was not tailored to the needs and objectives of this thesis. As such, there were
limitations in our study due to small sample sizes for water testing, as well as a lack of detailed questions
concerning behaviours related to domestic travel.
As sampling was tailored to the needs of the FoodNet program, sampling of the Grand River and
surrounding tributaries was not uniformly distributed over time. Sampling was also not performed
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equally at all sample locations, as the intake for the water treatment plant was the only location
sampled regularly. The remaining sites were sampled infrequently (n < 20), which limited the analysis of
temporal trends in Giardia concentration to the sampling location at the regional water treatment plant.
In the future, research should determine if there are differences in temporal trends in the Giardia cyst
concentrations among other sample locations, such as small tributaries and the waste water treatment
plant effluent. Temporal trends in these other sampling locations could be of interest from a risk
assessment standpoint: to better understand the distribution of Giardia within the watershed, and
particularly to determine what external sources of Giardia are likely impacting the water system (e.g.,
wildlife, livestock or humans) throughout the year. Due to the small number of samples from most
sampling locations in the work described here, there was low statistical power to determine if there
were significant differences in Giardia concentrations among these locations. If this watershed is to be
sampled in the future for surveillance purposes, more samples should be collected from the tributaries
surrounding the Grand River and the waste water treatment plant effluent to determine the most
appropriate locations for surveillance of this watershed.
Water quality parameter data were provided for 2008 and beyond, and only for the water
intake for the treatment plant. As such, we were not able to determine if sample location affected the
water quality parameters. Furthermore, the number of observations available for statistical analysis
was limited. As a result, some of the 95% confidence intervals for the linear regression models
examining the association between water quality parameters and Giardia cyst concentrations were
quite large. Therefore, the results of these analyses must be interpreted with caution.
Although the use of a detailed questionnaire provided excellent information about exposure to
risk factors for giardiasis among cases, there were some inherent limitations. First, there were very few
questions relating to domestic travel-related exposures (e.g., staying at a cottage, storing food in a
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cooler). Also, there were only two DTRCs for which the location of travel was recorded. Questions
pertaining to domestic travel should be asked in the future, as they may be important for future studies
and surveillance: to determine risk factors for domestic travel and to determine if there are differences
in risk behaviours among people who travel within their province of residence compared to those who
travel to other provinces. Second, there were some variables which were not available for analysis, due
to a high non-response rate (e.g., refugee status, reason for travel). For example, reason for travel was
missing for the majority of cases. Greater care should be taken in the future to ask travel-related cases
their reason for travelling as this can influence risk behaviours or access to particular exposures (e.g.,
travelers visiting friends and relatives vs. camping). Third, some questions may have been difficult to
answer and may have needed further clarification of what would constitute a true positive exposure. For
example, cases were asked if they had consumed untreated water up to 21 days prior to the start of
illness; it is unclear if the question only includes drinking water or exposure through other sources,
including water used for bathing and recreation.
As giardiasis has a relatively long incubation period (up to 3 weeks) (Rendtorff, 1954), recall bias
is a concern. Cases may not remember possible exposures that could result in false negative answers to
exposure questions, and cases who have an increased awareness of the possible risks associated with
travelling may be more likely to recall certain exposures. This difference may be more pronounced when
comparing endemic cases from the Waterloo region compared to both types of travel-related cases. It is
also important to note that travelers may be less aware of the source of their food or water, and thus
the possibility of exposure to potential risk factors (e.g., untreated water, unpasteurized juice).
Furthermore, the long and variable incubation period of giardiasis can always complicate the
classification of case type (e.g., endemic vs. travel related). Therefore, it is possible that some cases may
have been misclassified based on their travel history as some cases had travelled both domestically and
internationally during the same trip, making it difficult to discern where they had become infected.
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Future research
Although we identified that Giardia has an ubiquitous presence in the Grand River watershed,
we were unable to determine the public health significance of the identified cysts as USEPA Method
1623 does not assess viability, species or genotype (USEPA, 2005). Information regarding these
characteristics are important as only viable cysts are able to infect new hosts, and only Giardia
duodenalis assemblages A and B are able to infect humans (Caccio et al., 2005). This should be explored
in a future study to determine if the peak in cyst concentration seen in the winter and spring months is
due to viable cysts or non-viable cysts which do not pose a threat to public health. However, the USEPA
Method 1623 has a very poor sensitivity, resulting in many false negatives. Therefore, it is possible that
the increase in concentration due to non-viable cysts may be cancelled out by the number of false
negatives seen in the field due to poor recovery of cysts (Petterson et al., 2007). It is also important to
understand the distribution of assemblages in this watershed in space and time to determine the origins
of the Giardia cyst contamination and the potential risk of waterborne giardiasis in humans. This
information is of particular importance as recreational water use and swallowing water while swimming
have been identified as important risk factors for giardiasis (Stuart et al., 2003, Snel et al., 2009, Hlavasa
et al., 2011) . As many areas within the Grand River watershed, such as the Elora Gorge, are used for
recreational activities in the summer, this information would be important in developing policies
surrounding watershed management and public health promotion.
Since there is considerable under-reporting of gastrointestinal illness in general (Majowicz et al.,
2005), concentrations of Giardia cysts from the waste water treatment plant may be useful as an
indication of the burden of giardiasis in this population. However, due to the small number of water
samples collected from the waste water treatment plant effluent, we were not able to examine this
relationship. Future studies should compare the seasonality of the concentration of Giardia cysts in the
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effluent and incidence of human giardiasis cases in the region to determine if effluent samples could act
as a cost-effective method of monitoring giardiasis in this population.
Lastly, it would also be of interest to investigate the numbers, and demographics, of domestic
and international travelers from the Region of Waterloo; this information could be used to provide a
proper denominator for rate-based studies. We identified that India, Cuba and Pakistan were the most
common travel destinations for ITRCs, however, due to a lack of data concerning the number of
travelers it cannot be determined if this is due to a greater risk of contracting giardiasis in this region or
a greater number of residents travelling to this destination. With travel data pertaining to the number of
domestic and international travelers each year from the Region of Waterloo, it would be possible to
determine the risk of developing giardiasis among the various travel destinations. It would also be of
interest to determine which risk behaviours international and domestic travelers engage in during their
travel time, and if these behaviours vary based on the location and purpose of their travel. This
information would be helpful for appropriately targeting public health promotion campaigns, as well as
properly informing travelers of risks associated with travelling to various destinations.

Conclusion
This study has demonstrated that the Grand River watershed is frequently contaminated by
Giardia, especially in the winter and the spring months when cyst concentrations are highest. Future
research should focus on genotyping and determining the viability of recovered cysts to determine the
true public health significance of these findings. Assessing these issues would have implications for
future monitoring, as well as guide local decision making and the development of policies around
watershed management. It also appears that domestic and international travel-related cases partake in
significantly different risk behaviours, compared to non-travel cases. These findings are important for
future studies as they suggest that endemic cases and domestic travel-related cases should be analyzed
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separately and not grouped together as has been traditionally done. Overall, the findings of this thesis
are important for understanding the current state of source attribution data for human giardiasis in the
Region of Waterloo, and for providing insight on effective targeting of health promotion campaigns
among different types of travelers.
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