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ABSTRACT

MOLECULAR EPIDEMIOLOGY OF GIARDIA AND CRYPTOSPORIDIUM IN DOGS AND

CATS IN CHIANG MAI THAILAND

Giardia duodenalis and Cryptosporidium spp. are the common causes of diarrhea in
humans and animals, including domestic and wildlife, throughout the world. The species
complex G. duodenalis and the genus Cryptosporidium consist of host-adapted and zoonotic
genotypes/species. Companion animals, especially dogs and cats, can be infected by the host-
adapted as well as the zoonotic genotype/species of these organisms. Therefore, these animals
have been questioned regarding their potential to serve as reservoirs for human transmission. In
this dissertation, an epidemiological study of Giardia and Cryptosporidium as well as the
molecular characterization of these organisms in dogs and cats in Chiang Mai, Thailand was
completed. A greater understanding of the prevalence and risk factors associated with Giardia
and Cryptosporidium infection can aid veterinarians in the control and prevention of these
important diseases. Furthermore, the potential for zoonotic transmission will be reduced.

In Chapter 1, Giardia and Cryptosporidium and its epidemiology in dogs and cats are
reviewed as well as an update on the situation regarding giardiasis and cryptosporidiosis in
Thailand.

In Chapter 2, a preliminary study to determine the prevalence of Giardia and
Cryptosporidium infection in dogs and cats in Chiang Mai, Thailand is described. Fecal samples
were collected for two months (July and August, 2008). The genotype/species of these two
organisms were determined as well as the risks associated with infection such as age, sex,

diarrhea status, housing type and the presence of co-infection of Cryptosporidium (for Giardia
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infection) or the presence of Giardia in the case of Cryptosporidium infection. It was shown that
Giardia and Cryptosporidium infections were common in dogs in Chiang Mai and that dogs
could be a potential reservoir for zoonotic transmission to humans.

In Chapter 3, the larger cross-sectional study is described. Samples were collected a year
later from August 2009 to February 2010. The objectives were to determine the effect of
seasonality (wet months or rainy vs. dry months or winter), to determine the potential risk factors
associated with Giardia and Cryptosporidium infections, as well as to determine the
genotype/species of these organisms. The results suggested that Giardia infection in dogs was
prevalent in the rainy season, whereas seasonality was not significantly associated with
Cryptosporidium infection. Young dogs, dogs living in crowded settings, dogs having diarrhea or
chronic diarrhea, and dogs shedding Cryptosporidium oocysts had a high risk for Giardia
infection. Risk factors associated with Cryptosporidium infection in dogs were age less than one
year and dogs having diarrhea. Giardia duodenalis assemblage A and C. parvum were identified
in this study; however, the potential role in zoonotic transmission could not be determined.

Chapter 4 presents a brief report on the comparison of sugar and sedimentation
concentration techniques prior to immunofluorescent assay to detect Giardia cysts and
Cryptosporidium oocysts. Concentration of fecal samples may enhance the detection of cysts and
oocysts. However, in frozen samples the spherical structure of Giardia cysts or Cryptosporidium
oocysts may be affected by the freeze-and-thaw process; therefore, the use of sugar concentration
technique may not appropriate for frozen fecal samples.

Chapter 5 compares the PCR assays using different target genes in detecting Giardia and
Cryptosporidium in dogs and cats from Chiang Mai, Thailand. Three PCR assays for Giardia

were compared, including the PCR targeting to glutamate dehydrogenase (gdh), triose phosphate
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isomerase (tpi), and B-giardin gene. Three PCR assays for Cryptosporidium, a heat shock protein
targeting PCR and two PCR assays to detect SSU-rRNA (one step PCR vs nested PCR assays),
were compared. Giardia gdh and Cryptosporidium one-step SSU-rRNA PCR assays had the
highest amplification rates. Using a multilocus analysis approach, most of the Giardia isolates
were dog genotypes, whereas 30%-40% of Cryptosporidium species were C. parvum. This
finding may suggest a potential role of zoonotic transmission of Cryptosporidium from dogs and
cats in this region of Thailand.

The research described in this dissertation raises the knowledge in the field of canine and
feline giardiasis and cryptosporidiosis. The results provide additional prevalence and risk
analysis results for dogs and cats in Chiang Mai, Thailand. The molecular analyses suggest that
the use of multilocus analysis is superior to using only one locus. In addition, the results also
suggest that sugar flotation was not appropriate as a concentrating method for frozen fecal

material and that sedimentation should be used when freezing of the sample is necessary.
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CHAPTER 1: LITERATURE REVIEW

1.1 Giardia duodenalis and its epidemiology in dogs and cats
1.1.1 Taxonomy

Giardia is a flagellate, binucleate enteric protozoan parasite. This organism has a pear- or
teardrop-shaped body with four pairs of flagella, one pair of median bodies, and a ventral
adhesive disc. This parasite has been placed in Phylum Metamonada, class Trepomonadea, order
Diplomonadida, family Hexamitidae [1].
1.1.2 Giardia species

Giardia was discovered more than 300 years ago by Antony van Leeuwenhoek in 1681.
It was described in detail by Lambl in 1859 and, as a result, human isolates have been named
after him [2]. The taxonomy of Giardia has been an issue of debate since then due to the
similarity of trophozoite and cyst morphology for some species described in various hosts [3].
Since the discovery of Giardia 51 species have been described but only six species are currently
accepted as valid (Table 1.1).
1.1.2.1 Giardia species characterized by morphology

In 1952, Filice utilized morphologic criteria to divide Giardia into three species: G.
agilis, G. muris, and G. duodenalis. Indeed, the morphologic characteristics of G. agilis and G.
muris are clearly distinguishable from others; however, in G. duodenalis several described
species have been grouped together awaiting more efficient techniques or criteria to differentiate
them. Almost 30 years later three more species were identified: G. psittaci from parakeets, G.
microti from voles, and G. ardeae from Great Blue Herons based on morphology seen using an

electron microscope [4-6].



1.1.2.2 Giardia duodenalis, a species complex

Among the six members in this genus, G. duodenalis (syn. G. intestinalis or G. lamblia)
is a common cause of gastrointestinal disease in humans, domestic animals and wildlife [7, §].
Eight distinct assemblages (A-H) (Table 1.2) have been identified based on allozymes and PCR
DNA sequencing analyses based on small subunit rRNA (SSU-rRNA), glutamate dehydrogenase
(gdh), triose phosphate isomerase (tpi), and elongation factor-1a (Efla); thus, it is considered as
a species complex [9-13].

Assemblages A and B can infect a wide range of hosts. Assemblages C-H are considered
host-adapted [1, 9, 13, 14]. Dogs can be infected by assemblages A, B, C and D, and cats can be
infected by A, B and F. Because of the host specificity and the genetic distinction among G.
duodenalis assemblages, revision of the nomenclature for this species has been proposed (Table
1.2) [3]. Assemblage H was recently discovered [13], therefore, the novel nomenclature for this
assemblage has not yet been proposed. However, this novel nomenclature is not generally
accepted.

Assemblages A and B are potentially zoonotic genotypes

Because Assemblages A and B can infect a wide range of mammalian hosts they are
considered potential zoonotic genotypes. However, subgroups of assemblages A and B have
been identified and not all subgroups have a broad range of hosts [11, 15, 16].

Sub-assemblage level of Giardia duodenalis Assemblages A and B

Originally, assemblages A and B were sub-classified into A-I and A-II, B-III and B-IV
using allozymes analysis, and supported by the DNA analysis based on gdh locus [15]. Using
allozymes analyses, members in assemblages A and B have been divided into eight subgroups:

A-I to A-1V, and B-I to B-IV. A-I has been shown to have a broad range of hosts and is



considered to be zoonotic. A-II can be found in animals, but has been identified primarily from
human isolates. Assemblages A-III and A-IV have been detected exclusively in animals. B-I to
B-IV have not shown host specificity [11]. Recently a study based the analyses of gdh, tpi, and
B-giardin (bg) loci on human and animal isolates from European countries as well as the
nucleotide sequence database from GenBank, confirmed the presence of sub-assemblages A-I to
A-IIT as well as B-III and B-IV [16]. A-I and A-II are found in both animals and humans, with
A-I primarily detected in livestock and pets, whereas sub-assemblage A-II is predominantly
found in humans. Subgroup A-III is almost exclusively reported in wild hoofed animals and is
most likely a host-adapted genotype; however, it is also found in cats and cattle but has not been
found in dogs, goats, pigs or humans [16].

Assemblages B-III and B-IV can be found in both humans and animals. Interestingly, the
distribution of B-III and B-IV infections in humans varied depending on the geographic region.
B-III was predominantly detected in Africa, Asia, the Middle East, and Central and South
America, whereas B-IV was more likely to be detected in North America. The frequencies of B-
IIT and B-IV were not much different in Australia and Europe [16]. Both B-III and B-IV can be
detected in wildlife as well as marine mammals. Taken altogether, G. duodenalis sub-
assemblages A-I, A-II, B-III and B-IV are considered potentially zoonotic [9, 16].

1.1.3 Genetic characterization of Giardia using molecular techniques

The limitation of using morphological characteristics to describe Giardia has been
recognized, and has resulted in many species being placed under the G. duodenalis umbrella
[17]. Therefore several molecular techniques have been developed in an attempt to solve this
problem, and have become crucial methods for epidemiological studies of this organism.

Enzyme electrophoresis



Molecular analyses using isozyme or allozyme electrophoreses have revealed extensive
genetic variation and host-specific patterns within the G. duodenalis morphologic group [3], and
the existence of substructure has been confirmed by the use of DNA-based analyses [15, 18].
Recently, using a 21-enzyme system, Monis et al. [11] demonstrated seven distinct assemblages
of G. duodenalis. However, most of the enzyme electrophoretic studies of G. duodenalis have
limited usefulness by either using too few characters, a small number of samples, or both. In
addition, in some studies the methods are open to criticism and the interpretation of the results
for environmental samples is questionable [3].

DNA-based study

The majority of DNA-based studies of genetic polymorphism have focused on G.
duodenalis. A variety of techniques such as Polymerase Chain Reaction (PCR), Restriction
Fragment Length Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD), M13
fingerprinting and nucleotide sequencing have been used to characterize G. duodenalis isolates.
The list of target genes, type of assay and main use of amplification-based techniques for
Giardia is shown in Table 1.3.

RFLP

RFLP is a technique where the pattern of DNA fragments resulting from the restriction
endonuclease is examined and compared among isolates or compared to a reference strain. One
of earliest RFLP studies was done by Nash et al. [19], who examined the RFLP patterns from the
whole genome of 15 human and animal isolates of G. duodenalis. Two major groups were
revealed. The RFLP patterns of trophozoite variant-specific surface protein (VSP) gene have also
been studied, and two RFLP patterns were identified in ten axenic isolates by Ey et al. [19].

These two patterns corresponded to the genetic groups I and II identified by Andrew et al. [20].



The use of PCR-RFLP on conserved segments from a subset of G. duodenalis VSP genes
allowed the identification of isolates belonging to genetic groups I and II as well as the Novel
livestock group [21, 22]. PCR-RFLP using the gdh gene was used to identify Giardia
assemblages A and B, and demonstrated that “Polish” and “Belgian” strains were assemblages A
and B, respectively [11]. A PCR-RFLP of gdh to characterize G. duodenalis isolates from a
variety of host species was performed by Read et al. [18] and the representing patterns for
Assemblages A-I, A-II, B-1II, B-1V, C, D, and E were identified. In that study primers were
designed to amplify a 432-bp region of the gdh gene. This PCR-RFLP has proven to be a
reproducible, reliable and sensitive method for genotyping Giardia from humans, companion
animals and livestock and has been widely used [3].
DNA fingerprinting

DNA fingerprinting techniques such as minisatellites and random amplified polymorphic
DNA (RAPD) have been useful for differentiating Giardia isolates. However, the use of the
DNA fingerprinting has been questioned. DNA fingerprinting using the phage M13 or human
minisatellite sequences as probes has been able to differentiate isolates of Giardia when other
methods could not [3]. The first DNA fingerprinting report used the bacteriophage M13 as a
hybridization probe to detect minisatellite polymorphisms and found the method to be highly
discriminatory [23]. The M13 DNA fingerprinting was also used to demonstrate the mixed
infection of two different strains of G. duodenalis in a human case of chronic giardiasis [24].
However, the hyper-variability of these minisatellite regions has been shown and the suitability
of this marker for epidemiological studies has been questioned. The long-term stability of these

markers needs to be verified [3].



RAPDs have also been shown to have a discriminatory power similar to isoenzyme
analysis [3, 25-27]. Depending on the primer used, RAPD-PCR has detected polymorphisms
between different isolates as well as between clonal lines of the same isolates. This technique
may be useful for the examination of strain population structure as well as for the study of
localized outbreaks. Genetic analysis of RAPD banding patterns by Morgan et al. [25]
demonstrated a correlation with the grouping determined by isoenzyme analysis. Nonetheless,
the long-term stability of the banding patterns of isolates also needs to be verified. Recently,
Paleyo et al. [27] employed RAPDs to characterize 18 isolates of G. duodenalis from humans.
They classified the isolates into six clusters and exhibited a good correlation between the cluster
and the clinical and epidemiological characters.

Nucleotide sequencing

Nucleotide sequencing was initially used to identify sequences for Giardia diagnosis and
to study the evolutionary relationship between Giardia and other eukaryotes using phylogenetic
analysis on sequences to determine the genetic distance among isolates. Many PCR protocols
targeting to SSU-rRNA, elongation factor 1 o, gdh, and B-giardin have been developed and
applied to epidemiological and clinical samples.

A widely used PCR protocol for Giardia SSU-rTRNA was developed by Hopkins et al.
[28]. This PCR amplified a 292 bp region which was used to compare the same region of
Giardia isolates from humans and dogs. Of 38 amplified sequences, four genotypes were
identified, two for humans and two for dogs. PCR for SSU-rRNA has been able to show the
discrimination of Giardia isolates from a variety of hosts. However, this protocol cannot

differentiate between sub-assemblages A or B [29].



A PCR assay based on gdh was initially developed to characterize human G. duodenalis
and it correlated with the results from isoenzyme analysis [15]. Several PCR-RFLP protocols
were also developed [18, 30]. The nucleotide sequences of this gene are highly polymorphic and
distinct assemblages can be successfully characterized. Nucleotide sequence analysis using this
gene has been shown to be superior to using the SSU-rRNA sequence since sub-assemblages can
be identified using gdh [29].

The genetic characterization of Giardia isolates using tpi genes was first described by
Sulaiman et al. [31]. However, with this original PCR protocol assemblages A, B, C, E and rat
and cat genotypes were identified, but not assemblage D. Later a modified PCR protocol to
detect assemblage D was developed by Lebbad et al. [32]. This protocol also showed high
discriminatory power in differentiating all eight assemblages as well as other species.

The PCR to amplify B-giardin was first developed in 1992 by Mahbubani et al. [33], and
the more sensitive nested PCR protocol was developed by Caccio et al. [34]. In that study the -
giardin PCR protocol was used to analyze 21 reference strains (human, cat, guinea pig, calf and
pig) and 30 human clinical samples. Assemblages A, B and E were identified. The results from
B-giardin correlated well with SSU-rRNA and gdh genes. The use of PCR targeting B-giardin to
determine Giardia isolates from various hosts, including humans, calves, dogs, and cats, has
been reported and substructuring has also been identified [35].

Multilocus genotyping

The molecular analysis of Giardia isolates using PCR and nucleotide sequencing is
crucial for epidemiologic study as it provides unbiased information. However, the limitations of
PCR have been recognized. Not all PCR works with every sample. Some samples may be

amplified with one PCR but not by others. So, a negative result on one PCR does not mean the



sample is free of Giardia. In addition, the genotype from one gene may be different from another
gene. This problem is significant when a host-adapted genotype is identified based on one gene
and a zoonotic genotype from another. Therefore, to achieve more accurate genotype
identification, multiple loci genotyping has been suggested for epidemiological studies [32].
1.1.4 Life cycle

Giardia has two stages in its life cycle: the trophozoite and the cyst. The trophozoite is
the active motile form that colonizes in the host’s intestinal tract. Giardia trophozoites are
approximately 12-15 pm long and 6-8 pm wide with the exception of G. agilis that has a
trophozoite measuring 20-30 um long and 4-5 pm wide. Median bodies can be observed as either
claw-, round- or club-shaped, depending on species [2]. The cyst has an ellipsoidal shape with a
size of 8 to 12 x 7 to 10 um [36].

The life cycle of Giardia is simple and direct and is complete in one host. After the cyst
is ingested by the susceptible host, excystation — the process where the immature trophozoites
are released from the cyst — occurs in the duodenum after exposure to the acidic environment of
the stomach and pancreatic proteases [8]. Two trophozoites then separate and mature quickly,
within 15 to 30 minutes after the onset of excystation, and attach to the brush border of the
villous epithelium [8]. Trophozoites multiply by binary fission in the intestinal tract and encyst —
the process where Giardia trophozoites transform into a cyst stage — after exposure to a high
level of bile, a low level of cholesterol and a basic pH. Cysts passed along with the feces are
immediately infective.

The trophozoite stage can be found in diarrheic feces because of the short transit time for
intestinal contents, but it is not environmentally resistant; therefore, it is not the major stage

responsible for transmission. The Giardia cyst is environmentally resistant and can live for



weeks to months in wet and cold conditions after excretion and is mainly responsible for
transmission; however, this stage is sensitive to desiccation and heat [37].
1.1.5 Transmission

Giardia infection in susceptible hosts can be transmitted via the fecal-oral route by
infectious cysts, either directly or indirectly. Direct transmission can occur from infected to
healthy individuals by direct contact; for example, in humans direct transmission could occur in
a day care or by sexual contact [38]. In animals, direct transmission can occur in nursing barns,
kennels, catteries, or in a crowded environment such as a shelter. Indirect transmission can occur
through the ingestion of Giardia cysts in contaminated food or water.
1.1.5.1 Cycles of Transmission

Based on epidemiological and molecular epidemiological data, G. duodenalis can be
maintained in at least four cycles of transmission. Giardia that maintain in each cycle can be
transmitted to other cycles via either direct contact or indirectly through food or water
contamination [3].
Humans

Molecular epidemiological studies revealed that the Giardia maintained in humans are
assemblages A-I, A-II, B-III, and B-IV. In humans, person-to-person transmission of Giardia
can occur directly in environments where hygiene may be compromised such as in a day care
center or a disadvantaged community setting in the developing world, or by sexual activities [3,
38].
Livestock

Assemblages A-I, A-II, and E are the primary types that infect livestock. Assemblage E is

considered host-adapted, and A-I and A-II are possibly zoonotic. In livestock the major source of



transmission is likely to be direct contact between animals; for example, grouping calves in pens
greatly increases the chance of Giardia transmission. Contaminated soil is considered to be a
potential reservoir that endangers newborn or newly introduced animals [3].
Dogs and cats

Dogs and cats can be infected with host-adapted assemblages C and D for dogs and F for
cats as well as zoonotic genotypes assemblages A-I, A-II, B-III, and B-IV in both dogs and cats.
Giardia infection in dogs and cats can be transmitted directly via direct contact in a crowded
environment such as a shelter, kennel or cattery [39-42]. Communal recreation areas may be
another potential source of infection, either directly or indirectly. One study by Wang et al. [43]
showed that dogs visiting dog parks are more likely to be infected with Giardia.
Wildlife

Wildlife such as beaver, nutria, deer, and rodents can have a high prevalence of Giardia
infection. Recent studies have confirmed the zoonotic genotypes of G. duodenalis in wild fallow
deer [44], white-tailed deer [45], red deer, roe deer [46] and beavers [31]. With the current
knowledge of molecular epidemiology of Giardia, wildlife have been shown to carry
assemblages A-I, A-I1, A-III, B-IIT and B-IV. A-III is exclusive to wildlife [16].
1.1.6 Pathogenesis

Although giardiasis has a worldwide distribution and Giardia has been discovered for
more than three hundred years, the pathogenesis of giardiasis and its virulent factors are not
completely understood [47]. Based on in vitro and in vivo studies, the pathogenesis of Giardia is
a multifactorial process involving the parasite-host interaction [47].

Studies of Giardia infection in vitro found that parasite-host interactions lead to the up-

regulation of genes involved in the apoptotic cascade and the formation of reactive oxygen
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species in the intestinal cells. The enterocyte apoptosis may cause a loss of intestinal epithelial
barrier function resulting in increased intestinal permeability. This change allows luminal
antigens to activate a host immune-dependent pathological pathway. Recent studies have
revealed a novel biological process that enhances glucose uptake by activation of sodium
coupled glucose transporter-1 (SGLT-1) and may rescue enterocytes from lipopolysaccharide-
induced epithelial cell apoptosis [48]. Giardia infection also alters the intestinal epithelial barrier
by disruption of cellular F-actin and tight junctional ZO-1, as well as the alpha-actinin, a
component of the actomyosin ring that regulates paracellular flow across intestinal epithelia.
Giardia also alters the claudin proteins which are critical components of the sealing properties of
tight junctions [48].

Giardia clinical abnormalities can be observed even in the absence of villus atrophy or
mucosal injury. Studies using in vitro and in vivo models as well as from humans infected with
Giardia duodenalis reported that this organism stimulates the diffuse shortening and/or loss of
brush border microvilli. A loss of epithelial absorptive surface area leads to malabsorption of
glucose, sodium and water, and reduced disaccharidase activity. Chloride secretion is also
induced by Giardia [48].

The epithelial barrier alterations, epithelial brush border injury, and disaccharidase
deficiencies appear to be mediated by CD8" T-lymphocytes. During the course of disease,
increased numbers of intra-epithelial lymphocytes can be observed in associated with the
sodium/glucose malabsorption [48].

Diarrhea in giardiasis appears to result from the combination of intestinal epithelial
malabsorption of nutrients and electrolytes and hypersecretion of chloride and water [48]. In

some cases of giardiasis, reduced lipase activity may be also observed and result in occasional
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production of steatorrhea [49]. In addition, the loss of epithelial barrier caused by Giardia
infection leads to the uptake of intestinal antigen to activate a host immune-dependent
pathological pathway. Mast cell hyperplasia has been observed to follow infection-induced loss
of the intestinal barrier and may be responsible for hypersensitive reactions observed in chronic
giardiasis [50]. The chronic disorders include food allergy, inflammatory bowel disease (IBD),
and irritable bowel syndrome (IBS) [48].
1.1.7 Canine and Feline giardiasis
1.1.7.1 Prevalence and molecular analysis of giardiasis in dogs and cats

Giardia duodenalis is one of the common causes of gastrointestinal disease in dogs and
cats worldwide [37, 51]. It has been estimated that the prevalence of giardiasis in dogs is up to
10% in household dogs, up to 50% in puppies, and up to 100% in shelter dogs [52, 53].
Nevertheless, the prevalence of giardiasis in dogs and cats varies depending on the location,
population tested, diagnostic tests and time (Table 1.4 and Table 1.5). For example, in one study
in Australia the overall prevalence in dogs was 22.1%. However, when divided into sub-
populations, the prevalence in samples from veterinary clinics or exercise areas was as low
(7.4% - 7.8%), whereas the prevalence was higher (29% - 37%) in samples from breeding
kennels, refuge dogs and pet shops [54]. In another study, four diagnostic tests (zinc sulfate
flotation, immunofluorescent antigen test, fecal ELISA, and PCR) applied on the same samples
revealed prevalences ranging from 7.9% to 95.9% [55]. A seasonal effect has also been reported
on Giardia prevalence in dogs with prevalence higher in the summer than in the winter [39].
From Table 1.4 and Table 1.5, it seems that when tests with higher analytical sensitivity are used,
i.e. IFA, ELISA or PCR, the higher the probability Giardia will be detected in the study

population.
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Dogs and cats are commonly infected with the host-adapted genotypes: assemblages C
and D for dogs and assemblage F for cats (Table 1.6 and Table 1.7). However, it has been shown
that in some geographic regions the majority of dog and cat isolates were zoonotic genotypes; for
example, this has been described in samples from Europe [16], Germany [56], Portugal [57],
Italy [58, 59], Canada [60], Mexico [61], India [62] and Thailand [55].
1.1.7.2 Clinical abnormalities

Giardia infection in dogs and cats has long been recognized: Giardia in cats has been
reported since 1925 [63, 64] and Giardia infection in dogs has been reported since 1946 [65].
However, the clinical relevance of this organism was not recognized until the 1980s [66, 67].
Puppies and kittens are at the most susceptible age for Giardia infection, but the organism is not
always an effective primary pathogen. Many infected dogs and cats are subclinical carriers. A
prepatent period of 5-12 days was reported for giardiasis in experimentally infected dogs [68,
69], and 5-16 days in naturally and experimentally infected cats [66]. Most dogs and cats
infected with Giardia are subclinical; however, in sick animals diarrhea is the most common
clinical sign. Dogs and cats may have acute, short-lived, intermittent or chronic diarrhea. The
feces are often pale, malodorous, and steatorrheic. Most infected dogs and cats are afebrile,
bright, and alert and have a normal appetite. Severe diarrhea can be observed in young or
immune-compromised animals and may result in dehydration, lethargy, and anorexia. Acute
vomiting may occasionally be observed [70].

In some animals, chronic malabsorption occurs and therefore weight loss and poor body
condition may be detected. On physical examination the small intestine may be slightly
thickened and the animal can appear unthrifty. The severity of the disease may be related to

interaction of both host and strain factors. Presence of immunosuppressive diseases or co-
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infection with other pathogens may also potentiate the development of clinical signs of disease
[71-73].
1.1.7.3 Mode of transmission

Giardia duodenalis infection in dogs and cat is transmitted by the fecal-oral route. Direct
transmission can be from infected to healthy individuals by direct contact especially in high
density or crowded settings such as in kennels, catteries, or in stray animals. Indirect
transmission can occur through the ingestion of cysts in contaminated food or water. [55].
1.1.7.4 Diagnosis

The clinical signs and results from standard laboratory tests in Giardia-infected animals
are not pathognomonic. Therefore, the diagnosis of Giardia infection is based solely on the
detection of its two stages, the trophozoite and the cyst, in the feces or samples collected from
the intestinal tract [37]. The traditional diagnostic tool is a microscopic fecal examination;
however, more rapid and more sensitive techniques have been developed such as
immunofluorescent assays and enzyme linked immunosorbent assays. In addition, several
molecular techniques have been developed for species and genotype determination for molecular
epidemiological studies and to determine zoonotic genotypes [74].

Detection of Giardia is a diagnostic dilemma. Giardia is one of the most commonly
misdiagnosed, underdiagnosed and overdiagnosed parasites [36]. False-positive and false-
negative fecal examination results are commonly reported from inexperienced workers. False-
positive fecal exams can result from mistakenly identifying pseudoparasites, such as yeasts, plant
remnants and debris, as Giardia. False-negative results, through the failure to identify Giardia
cysts, can be from deterioration of Giardia cysts in the fecal flotation or inability to identify the

Giardia cyst due to its small size. In addition, Giardia cysts are shed intermittently [52] and this
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variation may mask the detection of Giardia cysts in feces from infected dogs and cats [66, 75,
76]. It has been reported that young dogs shed an average of 200 cysts per gram of feces, and
that the average cyst count per gram of feces for all infected dogs was 705.8 [76]. Another study
found that the number of cysts shed by dogs ranged between 26 and 114,486 cysts per gram of
feces [75]. Shedding of Giardia cysts by cats may vary from undetectable to concentrations of
>1,000,000 cysts per gram of feces [66]. It has been shown that peaks of fecal shedding occur
sporadically rather than cyclically, and the duration between any two given peaks is generally
from two to seven days [66]. Therefore, a single negative test result cannot definitively rule out
Giardia infection, and repeated fecal examination may be needed to confirm an infection. Three
fecal samples collection over 7 days has been suggested to confirm Giardia infection in dogs and
cats [36]
Fecal microscopic examination
Direct smear

The direct smear or fecal wet mount is simple to perform. It can be used to evaluate for
the presence of trophozoites of Giardia spp. with or without staining agents and using light
microscope [77]. This procedure is important in the detection of Giardia in diarrheic fecal
samples; however, it can be performed using either diarrheic or formed fecal samples. The
trophozoites are short-lived outside the host; therefore, examining a sample several hours after
collection or refrigerating the sample greatly reduces the likelihood of identifying the organism
in that sample. Furthermore, morphological differentiation of Giardia and T. foetus trophozoites
may be difficult, so fecal concentration techniques, an antigen test, or PCR specific for the

organism can be used to confirm the infection. The disadvantage of the direct smear technique is
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its low sensitivity. Sensitivity of 30% - 40% has been reported even when feces were examined
in three different days [78].
Concentration techniques

Concentration techniques to detect Giardia cysts are recommended when the trophozoites
are not seen on the direct smear [52, 78]. Although sedimentation can be performed, most
samples are concentrated with fecal flotation. Common flotation solution recipes can be found
elsewhere [79]. These solutions are effective and are easy to make or purchase. However, fecal
flotation with zinc sulfate (ZnSO., specific gravity 1.18) or sugar (specific gravity 1.27)
centrifugal flotations are the optimal techniques for the demonstration of Giardia cysts [37].
Passive flotation is not recommended as it has been shown to be less sensitive [36, 80]. Sugar
solution is hypertonic and pulls the cytoplasm of the cysts to one side, makes it appear as a half
or quarter moon. Thus, some parasitologists prefer zinc sulfate solution over sugar since the
appearance of the cysts is preserved when examining the slide [37].

The sensitivity and specificity of concentration techniques range from 50% to more than
90% [52, 81]. In cases with diarrhea, combining fecal flotation with a wet mount examination or
with a fecal antigen assay will increase the sensitivity. In addition, the sensitivity of fecal
flotation increases to more than 90% if at least three fecal specimens are examined within 7 days
[36].

Although the sensitivity is not perfect when a single sample is evaluated, fecal flotation
remains the primary Giardia diagnostic test because it can be used to identify many other
potential parasites. If the feces contain much fat, formalin-ethyl acetate sedimentation is the best

technique for detecting cysts [78].
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Fecal monoclonal immunofluorescent assay (IFA)

Several fluorescein-labeled monoclonal antibody systems have been developed. These
include the Merifluor® Cryptosporidium/Giardia direct immunofluorescence assay (Meridian
Bioscience, Inc., Cincinnati, OH, USA), Crypto/Giardia Cel (Cellabs Pty, Ltd., Brookvale,
NSW, Australia), and Cyst-a-Glo™ (Waterborne, Inc., New Orleans, LA, USA). These systems
utilize monoclonal antibodies reacting with Giardia spp. cysts and Cryptosporidium spp.
oocysts. The Merifluor® kit is widely used for Giardia detection. Although this test has been
developed from human isolates, multiple studies have evaluated the test in dog and cat samples
[82-86]. These studies revealed that this assay is superior to ZnSOj flotation and antigen
detection techniques [81, 85, 86]. Although in one study the IFA test was shown to be
comparable to zinc sulfate centrifugal flotation and the Giardia-antigen assay (Heska
Corporation, Fort Collins, CO) [87], with its high sensitivity and specificity, some researchers
have considered IFA as a gold standard test [81, 86].

The advantage of IFA is that a false positive is unlikely because with immunofluorescent
detection the observer can base the diagnosis not only on the fluorescence but also on the
morphology (size and shape) of the organism. In addition, co-infection of Cryptosporidium in
Giardia-infected dogs and cats has been reported [71, 73, 88], so Giardia and Cryptosporidium
infection can be diagnosed simultaneously using this technique. Veterinarians can take the
advantage of this dual detection for their patients. Compared with Giardia antigen assays, the
primary disadvantages of the IFA include the need for a fluorescence microscope and additional
technician time. A false negative result is possible due to the lower detection limit of this test at
about 10° cysts per gram of feces [89] and poor performance of technician/examiner, such as

rigorously wash the slide or use low magnification power to observe the cyst/oocyst.
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Fecal antigen detection

Many enzyme-linked immunosorbent assays (ELISA) for detection of Giardia antigens
in feces have been developed and marketed mainly for humans. One point-of-care Giardia
antigen test is commercially available and licensed for use with dog or cat feces (SNAP Giardia
Test, IDEXX Laboratories). ELISAs have been evaluated for the detection of Giardia infection
in humans and animals; however, the results varied among methods and were inconsistent [85,
90-93].

Using the coproscopical method, Giardia cysts were identified in 9.5% and 0% of dog
and cat fecal specimens, respectively, whereas 29.5% and 22.4% were identified using ELISA
(ProSpecT™ Giardia Microplate Assay, Remel, Inc.) [94]. One study evaluated fecal flotation
and four ELISA based tests (SNAP Giardia, ImmunoCardSTAT! Cryptosporidium/Giardia
Rapid assay', Xpect Giardia/Cryptsporidium®, and ProSpecT™ Giardia Microplate Assay) for
the detection of Giardia infection in feline samples [86]. Using the IFA as a gold standard,
ProSpecT Giardia Microplate Assay had the highest sensitivity with 91.2%, followed by SNAP
Giardia (85.3%), ZnSO, flotation (85.3%), Xpect Giardia/Cryptosporidium (79.4%), and
ImmunoCardSTAT! Cryptosporidium/Giardia Rapid assay (72.7%). All five tests had a
specificity of more than 99% [86]. In another study, the sensitivity and specificity of the Giardia
SNAP test was reported to be 92% and 99% when compared to ProSpecT Giardia Microplate
Assay, and 90% and 96% when compared with IFA [95]. In one study in our laboratory, a 94.4%
agreement of Giardia SNAP test with IFA was shown, and with the ELISA tests (Xpect,

ImmunoCardSTAT!, and Giardia SNAP test) agreements were 97.2 - 100% [83].

! Meridian Diagnostics, Inc., Cincinnati, OH, USA
? Remel Inc., Lexana, KS, USA
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The advantages of ELISA include batching many samples into a single run and the rapid
assay the test can be done within 10 minutes [93]. In addition, for the SNAP Giardia test, a
spectrophotometer is not necessary. However, these ELISA kits are rapid tests, and a high
incidence of false positive and false negative results have been reported for Giardia antigen
assays. The antigen assays should be supplemental tests and should not replace fecal flotation
and wet mount examination [37].

Polymerase chain reaction (PCR)

Giardia infection can be determined using PCR assay to amplify the selected target gene.
Several target genes have been evaluated in human and animal fecal samples for Giardia DNA
detection and have been applied on clinical samples. These target genes include SSU-rRNA
[28], gdh, tpi [31, 32] and B-giardin [34]. A PCR assay is more analytical sensitive than
conventional microscopic and immunologic techniques; it may be advocated in a case of chronic
diarrhea where the conventional tests have failed and the individual did not respond to
conventional treatment. The disadvantage of PCR assay is that PCR inhibitor(s) may be present
in the fecal DNA samples and cause a failure to amplify Giardia DNA.
1.1.7.5 Recommendation

The Companion Animal Parasite Council (www.capcvet.org) recommends testing dogs

and cats with diarrhea with the combination of direct smear, fecal centrifugal flotation, and
Giardia antigen assay. If Cryptosporidium spp. co-infection is suspected, it may be prudent to
substitute the IFA for the Giardia antigen test in the initial diagnostic workup. In addition, repeat
testing performed over several days is also recommended to enhance the sensitivity of the

detection if the initial results are negative.
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1.1.7.6 Treatment and Prevention

Many drugs used to treat Giardia in dogs and cats have been extrapolated from human
medicine and have been evaluated in both naturally and experimentally infected dogs and cats.
However, no drugs have been officially approved for treating canine and feline giardiasis so this
use is extra-label. The drugs that have been used to treat giardiasis in dogs and cats are
summarized in Table 1.8 [78, 96-106].

Use of metronidazole USP or metronidazole benzoate may be preferentially suggested if
clinical findings indicate concurrent Clostridium perfringens overgrowth because this drug is
also effective against Clostridium spp.. In one experimental study, metronidazole benzoate
formulated into a tuna suspension was apparently effective and safe in cats [107]. Care should be
taken when using metronidazole because central nervous system toxicity can occur [108-110]. If
the clinical findings suggest a concurrent infection with nematodes or cestodes, the use of
fenbendazole or febantel combination should be indicated. Treatment failures have been
attributed to resistance of Giardia to drugs, lack of client compliance, failure of the animal to
adequately ingest the drug, and re-infection [111]. Re-infection can be from the environment
(fecal contaminated water and soil) or from the animal itself (contaminated hair and
coprophagia).

The most effective way to prevent Giardia infection is to avoid the ingestion of cysts
from contaminated environment, especially from water or food. These procedures include
filtering or boiling water before drinking, because chlorine disinfection of public drinking water
is not completely effective in killing Giardia cysts. Feces from infected animals should be
removed promptly from the environment. The organism can be inactivated on contaminated

surfaces by thorough cleaning followed by steam cleaning or disinfecting with quaternary
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ammonium compounds. Mechanical vectors should be controlled. Treatment and bathing of all
animals in the same environment should be considered, particularly if repeated bouts of diarrhea
are occurring [37].

Giardia vaccines previously licensed by Fort Dodge for dogs and cats were classified as
generally not recommended as preventatives by the vaccine guideline committees at the
American Animal Hospital Association and the American Association of Feline Practitioners As
a result, both products have been discontinued by the manufacturer.

1.1.8 Zoonotic Consideration

Because the species complex Giardia duodenalis contains both host-adapted and
zoonotic genotypes (Table 1.2) and assemblages A, B, C, D, E and F have been reported in
human patients [16, 55, 112], there are public health concerns that dogs and cats can be a
potential reservoir for disease transmission.

Healthy pets are not considered significant human health risks by the Centers for Disease

Control and Prevention (www.cdc.gov/hiv/pubs/brochure/oi pets.htm), and there is no current

recommendation for testing healthy dogs or cats for Giardia infection. However, it is
recommended that all healthy dogs and cats should be screened for hookworm and roundworm
infection once or twice yearly and by this recommendation some healthy dogs and cats that are
harboring Giardia cysts will certainly be detected.

Some Giardia may be zoonotic, and genotyping of Giardia species and/or treatment of
healthy infected animals should be considered with each owner. Treatment of subclinical animals
is debatable as all of the drugs can potentially cause adverse effects. Moreover, re-infection can

occur within days and treatment is unlikely to eliminate the infection. There is also no consensus
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on retesting for Giardia infection if the animal is subclinical however, if it is necessary, fecal

flotation is recommended (www.capcvet.org).

1.2 Cryptosporidium spp. and its epidemiology in dogs and cats
1.2.1 Taxonomy and Nomenclature

Cryptosporidium are coccidian protozoan parasites that are classified in Phylum
Apicomplexa, Class Coccidea, Order Eucoccidiorida, Family Cryptosporidiidae, [113].

1.2.2 Cryptosporidium species

Cryptosporidium was first discovered and described by Ernest Edward Tyzzer who
recognized this protozoan parasite from gastric glands of domestic mice in 1907, and at that time
the name Cryptosporidium muris was proposed [114]. In 1910, greater detail of this parasite was
described, including the life cycle by artificial infection through feeding gastric mucosa and
gastric contents from infected mice to young uninfected mice [115]. Following that study,
Tyzzer added Japanese waltzing mice and English mice as hosts of this parasite.

In 1912, Tyzzer described another new species, Cryptosporidium parvum, that infects
only the small intestine of tame laboratory mice and has smaller oocysts than C. muris [113].
Forty-three years later, in 1955, Slavin described Cryptosporidium meleagridis which infects
turkeys and is associated with illness and death [113, 116].

Since Tyzzer’s discovery in 1907, more than 40 genotypes/species of Cryptosporidium
have been reported. However, not all are considered valid species names due to the lack of
morphologic data, cross-transmission studies, or that a re-examination of the descriptions has
resulted in invalidation of its name [113, 117]. Currently, there are at least 24 valid species of

Cryptosporidium [117-123]. The hosts and the mean oocyst sizes are shown in Table 1.9.
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1.2.3 Host specificity

The protozoan parasites in the genus Cryptosporidium consist of host-specific and
zoonotic species that can infect over 150 mammalian hosts including humans, as well as birds,
reptiles, amphibians and fish [113-138]. In general, to determine the host range for a species or
genotype of Cryptosporidium, oocysts are obtained from the animal of one species and fed to or
intubated into animals of another species. If the life-cycle is completed and the excreted oocysts
are identical (by either morphology or genetic characterization) to the fed oocysts then the host
range is extended [113]. Most Cryptosporidium species and genotypes are host-adapted and have
a narrow spectrum of natural hosts. Therefore, one species or genotype usually infects only a
particular species or group of related animals. However, some species/genotypes demonstrate
exceptions to be able to infect a wide range of hosts including humans (Table 1.10) [139].
1.2.4 Genetic characterization of Cryptosporidium using molecular techniques

Over the last decade, the development of sensitive molecular techniques for detection,
genotyping, and sub-genotyping has allowed the identification of sources of oocyst
contamination and routes of transmission in both outbreak and non-outbreak situations [140].
Several techniques have been developed such as SDS-PAGE Western blotting with monoclonal
antibodies [141-143], isoenzyme electrophoresis [144], whole DNA restriction fragment patterns
[145], random amplified polymorphic analysis [146], PCR-RFLP analysis [147, 148], and PCR
generated DNA sequence data of a specific gene [149]. This latter approach includes sequence
analysis of SSU-rRNA, hsp70, Cryptosporidium oocyst wall protein (COWP), small double
strand virus-like RNA, microsatellite and minisatellite analysis and multilocus sequence typing

(Table 1.11).
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1.2.4 Life cycle

The primary site of infection of C. hominis and C. parvum is the small intestine, but it can
be found at extra-intestinal sites such as the respiratory tract. In some animals, such as mice and
calves, C. parvum is found in the ileum above the cecal junction. Other species such as C. muris,
C. andersoni, and C. serpentis infect the gastric mucosa. In the chicken, C. baileyi favors the
respiratory tree and cloaca [113].

The life cycle of Cryptosporidium is direct and complete within one host. The sporulated
oocyst passed in the feces of the infected host is responsible for transmission to the next host.
Following excystation, four sporozoites are released in the gastrointestinal tract (or respiratory
tract) and infect the mucosal epithelial cells, invading the intestinal cells at the apical end.

After the sporozoite attaches to the host cell, the sporozoite becomes oval or spherical;
then the parasitophorous vacuole is formed. The sporozoites in parasitophorous vacuoles are
intracellular but extracytoplasmic, as sporozoites are not directly in contact with the cytoplasm of
the host cell. At this stage it is called a trophozoite. Cryptosporidium has asexual and sexual
reproduction. A trophozoite differentiates into a type I meront which contains 4-6 nuclei, each of
which develops into a merozoite. Each mature merozoite leaves the meront to infect another host
cell and develop into another type I or type II meront. Type II meronts produce 4 merozoites.
After a merozoite from a type II meront infects a new host cell, it differentiates into either a
microgamont (male) or macrogamont (female) stage. Each microgamont then becomes
multinucleate and each nucleus develops into a microgamete which is equivalent to a sperm cell.
Macrogamonts are uninucleate and are equivalent to an ovum. After fertilization, the zygotes
develop into oocysts. Oocysts sporulate in situ and contain four sporozoites. Two types of

oocysts are produced, thin-walled and thick-walled. Sporozoites in a thin-walled oocyst can
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excyst and autoinfect the host. Thick-walled oocysts pass in the feces and are ready to infect a
new host [113].

The prepatent period of cryptosporidiosis varies with the host and species of
Cryptosporidium as well as the infective dose [113, 118]. Table 1.12 summarizes the prepatent
period and days of oocyst excretion in various host species.

Additionally, the observation of free sporozoites in the intestinal tract led to the
speculation that autoinfection occurred in the host from either sexual or asexual reproduction.
1.2.5 Transmission

Like Giardia, Cryptosporidium infection is transmitted via the fecal-oral route by the
ingestion of the oocyst stage. In humans, infection can occur directly by close human-to-human
contact and while caring for infected livestock, zoo, or companion animals. Drinking water and
recreational water can serve as vehicles for transmission and have been reported as sources of
infection in many outbreaks. In some foodborne outbreaks oocysts were detected on fresh
vegetables and in irrigation water.

Risk factors associated with Cryptosporidiosis

Numerous studies of outbreaks and sporadic disease have been conducted to identify the
risk factors associated with Cryptosporidium infections. The potential risk factors for
cryptosporidiosis in humans are shown in Table 1.13. This information is lacking with regard to
dogs and cats. In one study, the potential risk factors associated with Cryptosporidium infection
in cats were young age and the presence of Giardia cysts [150].

1.2.6 Pathogenesis
The pathogenic mechanism of Cryptosporidium infection that causes diarrheal disease is

not clearly understood. Observational studies of infected humans and experimental infection
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studies in animal models have suggested that the pathogenic mechanism of cryptosporidiosis
includes both parasite factors and host responses.

Like the pathogenic mechanism of giardiasis, diarrhea in Cryptosporidium-infected hosts
appears to be due to malabsorption of electrolytes and nutrients, as well as impaired
disaccharidase activity and hypersecretion of chloride and water [47]. The overall malabsorption
and maldigestion suggests the occurrence of diffuse mucosal injury and shortening and/or loss of
brush border microvilli, which have been observed in animal models [151]. However, because
the same process is also observed in a variety of other enteric disorders, it is suggested that the
insult is a host-mediated event. A recent study revealed increased population and activation of
CD8+ TCRgamma-delta T cells in the intra-epithelial compartment during intestinal infection
with Cryptosporidium [152, 153]. The findings imply that activated T lymphocytes cause
microvillus injury during infection. Disaccharidase deficiencies and epithelial malabsorption
then result in diarrhea in the infected host.

Observations from in vitro and in vivo models have suggested that Cryptosporidium
disrupts intestinal epithelium tight junctions and increases intestinal permeability. This
increasing permeability can allow luminal antigens to activate host immune-dependent
pathologic pathways. The loss of epithelial barrier function in Cryptosporidium is also due to a
Cryptosporidium-induced apoptosis [47].

1.2.7 Canine and feline cryptosporidiosis
1.2.7.1 Prevalence of cryptosporidiosis in dogs and cats and its distribution

Iseki was the first person to report the occurrence of Cryptosporidium oocysts in

naturally-infected cats in 1979, giving it the name C. felis [128]. Evidence of Cryptosporidium

infection in dogs was first reported by Tzipori and Campbell [154] when they detected
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Cryptosporidium antibody in serum samples. The first clinical case was reported in 1983 when
Cryptosporidium was identified in an intestinal sample of a 1-week-old puppy with acute
diarrhea [155]. Subsequently, Cryptosporidium infections have been reported in dogs and cats
with or with out clinical signs worldwide (Table 1.14 and Table 1.15). Prevalence has varied
among the studies depending on geographic location, population studied, and the diagnostic tests
used, with prevalences ranging from 0 to 28% in dogs and 0 to 24.5% in cats.

The Cryptosporidium genus is comprised of host-specific and zoonotic species. As
indicated based on molecular studies worldwide, dogs are mostly infected with C. canis and cats
are primarily infected with C. felis (Table 1.16 and Table 1.17). There has also been evidence
that dogs and cats harbored C. parvum, and it raised concerns regarding zoonotic transmission
from dogs and cats to humans. However, the link of zoonotic transmission from dogs and cats to
humans has not yet been proved.
1.2.7.3 Mode of transmission

Cryptosporidiosis in dogs and cats is transmitted via the fecal-oral route, directly or
indirectly. Infection can occur directly by coprophagia or grooming, or indirectly by ingestion of
contaminated food or water.
1.2.7.2 Clinical abnormalities

Most dogs and cats infected with Cryptosporidium are sub-clinical; however, clinical
signs are commonly seen in young animals [156-158]. Common clinical signs are small bowel
diarrhea, anorexia, and weight loss. Diarrhea is usually watery without mucous, blood, melena,
or straining. Vomiting is uncommon in dogs or cats with Cryptosporidium infection unless other

abnormalities exist.
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1.2.7.4 Diagnosis

Laboratory results for the complete blood count or blood chemistry are usually normal
except when severe diarrhea affects these tests, often reflecting the dehydration [159].
Cryptosporidium infection in dogs and cats is diagnosed by identifying the oocysts using
microscopic techniques, identifying the Cryptosporidium antigen using ELISA, or identifying
pathogen DNA using PCR in the fecal samples. Infected dogs and cats shed oocysts
intermittently, therefore a single negative test result may not completely rule out the infection.
Multiple tests in two or three consecutive days may be required [159].
Fecal Microscopic Examination

As small bowel diarrhea in dogs and cats can be caused a variety of pathogens, a
combination of wet mount examination and fecal flotation is generally suggested as part of the
screening tests [160]. However, due to the transparency and small size of Cryptosporidium
oocysts, conventional microscopic examination is usually of low sensitivity. A number of
staining methods may be used to assist in identification of Cryptosporidium oocysts such as
modified Ziehl-Neelsen (mZN), auramine-phenol (AP), Wright-Giemsa, safranin-methylene
blue, quinacrine, Kinyoun and fluorescein isothiocyanate-conjugated monoclonal antibody
(FITC-Mab) [161]. Even with staining the threshold of detection is low. The threshold of
detection using an unconcentrated fecal smear and Kinyoun staining was reported at 10° oocysts
per gram of feces [162]. Using a concentration technique and Kinyoun staining, a threshold of
detection of between 1x10* and 5x10° oocysts per gram of unconcentrated feces was
demonstrated [163].

Concentration techniques, including flotation by Sheather’s sucrose, zinc sulfate or

saturated sodium chloride, or sedimentation by formalin-ethyl-acetate are often the methods of
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choice for detecting oocysts. It has been reported that dogs and cats shed a relatively small
number of Cryptosporidium oocysts as compared to other species. For example, in naturally-
infected cats the mean number of oocysts shed with and without diarrhea were 1,817 and 191
oocysts per gram of feces, respectively [164], whereas infected calves shed a mean of 90,867
oocysts per gram of feces [165]. Therefore, fecal concentration methods are usually required to
increase the rate of detection in dogs and cats.

Immunofluorescent assay (IFA) has been developed to immunologically detect
Cryptosporidium oocysts in fecal samples. One study involving humans used direct fluorescent
assay and the threshold of detection was 5x10* oocysts per gram of feces. Using feline fecal
samples spiked with C. parvum oocysts, the detection limit with this technique was around 10*-
10° oocysts per gram of feces [84]. With the apple green on stained Cryptosporidium oocysts, it
can reduce the examination time and effort in finding the Cryptosporidium oocysts under the
microscope compared to conventional techniques. In addition, currently there are several IFA
tests that can detect Giardia cysts and Cryptosporidium oocysts at the same time and are
commercially available, such as Merifluor® Cryptosporidium/Giardia (Meridian Bioscience,
Inc., Cincinnati, OH, USA), Cyst-a-Glo™ Comprehensive Kit (WaterborneTM, Inc., New
Orleans, LA, USA) and Crypto/Giardia Cel (Cellabs Pty Ltd., Brookvale, NSW, Australia).
However, the major disadvantage of this technique is the need for a fluorescent microscope,
which may not be available in some diagnostic laboratories.

Fecal antigen detection

There are a number of different ELISA tests available for detection of C. parvum antigen

in feces. Although the available assays were developed for use with human feces, these tests

have also been used to test dogs and cats fecal samples [83, 86, 94, 166]. This technique does not
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need an experienced examiner. The results can be available quickly, and the results can be run in
a big batch. In dogs, the detection limit of the Cryptosporidium ELISA was at a level of 10°
oocysts per gram of feces. Compared to IFA, the diagnostic sensitivity of ELISA was 71% and
the specificity was 94% [166].
Molecular genetic techniques

DNA of Cryptosporidium spp. can be amplified from fecal samples by polymerase chain
reaction (PCR) and a number of PCR protocols have been developed. Some PCR protocols have
been reported to be more sensitive than IFA for the detection of Cryptosporidium spp. in cats
[167, 168]. In a number of investigations, detection thresholds as low as a single oocyst in fecal
samples have been reported [161, 169, 170]. A primary benefit of PCR compared with other
assays is that the amplification products can be analyzed by sequencing analysis to determine the
species of Cryptosporidium.
1.2.7.5 Treatment and prevention

More than 200 substances have been tested for the treatment of cryptosporidiosis in
humans, mice, and cattle; however, none of them have showed consistency in eliminating the
organism or controlling the clinical signs [171]. Only few reports have been published regarding
of the treatment of this disease in dogs and cats (Table 1.18).

Tylosin, at 11 mg/kg BID for 28 days PO, has been reported to resolve the clinical signs
in chronically infected cats [172]. The stool became normal within a week after initiating
therapy. However, the potential positive results with tylosin may have been due to antibacterial
or anti-inflammatory, rather than antiprotozoal, effects for this case. Tylosin can be a
gastrointestinal irritant and is not tolerated by most cats because of its unpleasant taste; thus,

administration of the drug in capsule form is often required.
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Azithromycin has been used with variable results at a dosage of 10 mg/kg daily by the
oral route in dogs and cats [159]. The optimal duration of therapy is unknown, but is usually
several weeks or until the clinical signs have resolved. This drug appears to be safe in dogs and
cats with the most common adverse effect being mild gastrointestinal irritation.

The administration of paromomycin (150 mg/kg, orally, every 12-24 hours for 5 days) to
naturally and experimentally infected cats decreased the shedding of oocysts to below the
detection limit of the assay used, but it is unknown whether the infection was eliminated [173].
Importantly, this drug should never be given to dogs or cats that have bloody diarrhea because it
can be absorbed systemically and renal toxicity and ototoxicity can occur [174]. If the dog or cat
appears to respond within the first week of therapy and toxicity has not been noted, treatment
should be continued for one week after clinical resolution of diarrhea.

Nitazoxanide, a salicylanide derivative of nitrothiazole, is effective against a broad
spectrum of parasites and bacteria and is the only drug approved by the U.S. Food and Drug
Administration (FDA) for the treatment of diarrhea caused by Cryptosporidium in humans[175].
Natazoxanide has been administered to Cryptosporidium infected dogs, and the diarrhea resolved
in 7 of 8 dogs receiving the drug at 25 mg/kg orally every 12 hours for at least 5 days [176]. This
drug, however, is a gastrointestinal irritant and frequently causes vomiting.

Prevention of Cryptosporidium infection

Prevention of Cryptosporidium infection can be accomplished by avoiding accidental
ingestion or inhalation of Cryptosporidium oocysts. Cryptosporidium oocysts are resistant to
extreme temperatures and to most frequently-used disinfectants such as commercial bleach.
Concentrated ammonia solutions (50%) effectively inactivate Cryptosporidium oocysts after 30

minutes. Moist heat (steam or pasteurization [>55°C]), freezing and thawing, or thorough drying
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can rupture the oocysts. Avoiding contact with contaminated food and water or mechanical
vectors are the primary ways for prevention of Cryptosporidium infection. Feeding cats and dogs
with commercial diets instead of raw meat may also decrease the chances of exposure to
Cryptosporidium spp.. In crowded environments, good sanitation practices and cleaning of the
water and food bowls with boiling water will decrease the possibility of contamination. It may be
beneficial to separate dogs or cats with diarrhea from other normal animals. However, because
infection is possible with a small infective dose, it is difficult to curtail the spread of
Cryptosporidium within groups of animals.
1.2.8 Zoonotic considerations

A number of case reports have described the transmission of Cryptosporidium spp. from
infected cattle to farm workers, visitors, and veterinary students [177-182]. In these incidences
the infective organism is likely C. parvum. Given that there is no effective treatment for
cryptosporidiosis, prevention is highly important especially for immunosuppressed individuals.
The Center for Disease Control and Prevention recommends hand washing after handling
animals, changing diapers, or contacting soil, and before and after food preparation to decrease
the risk of cryptosporidiosis in people with HIV [183]. It is also recommended that HIV-infected
people avoid contact with animal feces, especially from stray animals or pets aged <6 months,
and also to avoid direct exposure to calves and lambs. In addition, HIV-infected people should
not drink water directly from lakes or rivers. Boiling untreated water for at least three minutes
will eliminate the risk of cryptosporidiosis, and the use of submicron water filters or bottled
water might also reduce the risk for infection.

Each Cryptosporidium spp. generally only infects a particular species or a group of

related animals. Humans are usually infected with C. hominis or C. parvum. Infrequently the
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host-specific C. felis and C. canis have also been reported in human feces [184-188]. From a
total of 22,505 samples from immunocompetent and immunocompromised humans from 40
countries, only 59 isolates were C. felis (0.26%) and 4 were C. canis (0.02%) [139, 189].
Another study failed to find an association between pet ownership and cryptosporidiosis in HIV-
infected individuals [190]. Some studies have detected C. canis and C. felis oocysts in pets and
humans in the same house [55, 191], but the direction of transmission was difficult to establish.
Veterinarians should emphasize the importance of sanitation, particularly in the case of
immunocompromised individuals.

1.3 Giardiasis and cryptosporidiosis in Thailand

1.3.1 Human giardiasis and cryptosporidiosis

Giardia and Cryptosporidium are leading causes of gastrointestinal disease in both
developed and developing worlds. These organisms can produce severe and chronic disease
especially in immune-compromised individuals such as HIV-infected patients, the very young or
the elderly [192-194]. These infections can also lead to significant morbidity and mortality
within human populations in developing countries and have been a worldwide concern, resulting
in the inclusion of Giardia and Cryptosporidium in the WHO ‘Neglected Diseases Initiative’
since September 2004 [195].

The prevalence of Giardia and Cryptosporidium infections varies depending on the
region, detection method, and population tested. Worldwide, it has been estimated that G.
duodenalis cause infection in humans at a rate of 2.8 x 10® cases per year [196]. In the US the
annual incidence of giardiasis was estimated at 7.3-7.6 cases per 100,000 people, and for

Cryptosporidium at 2.9 cases per 100,000 people in 2010 [197, 198].
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In Thailand, reports regarding Giardia and Cryptosporidium infections have primarily
involved children and HIV patients. The geographic areas that have been studied are shown in
Figure 1.1. The reported prevalences of Giardia and Cryptosporidium infections in humans
range from 0%-37.7% (Table 1.19) and 0%-28.7% (Table 1.20), respectively. Based on 131
available genotypes published, 45 (34.3%) were single-infected with assemblage A, 52 (39.7%)
were single-infected with assemblage B, 1 was single-infected with assemblage C, 27 (20.6%)
were mixed-infected with assemblage A and B, 6 (4.6%) were mixed-infected with dog and
human genotypes (Table 1.21). Based on data available for 50 genotypes, 34 (68%) were C.
hominis, 7 (14%) were C. meleagridis, 4 (8%) were C. parvum, and 3 (6%) were C. felis. One of
C. canis and one of C. muris were also identified in human samples (Table 1.22).

1.3.2 Giardia and Cryptosporidium infections in livestock

Although Giardia and Cryptosporidium infections and their molecular characteristics
have been reported worldwide, only a few studies regarding these pathogens have been
conducted in livestock in Thailand. All the reported studies have been done in cattle [199-202],
and the studied provinces are labeled and shown in Figure 1.2.

In the northern region (Chiang Mai), Lwin [203] studied the prevalence of
Cryptosporidium, Giardia and other internal parasites in dairy and beef cattle. In this study she
reported a prevalence of Cryptosporidium in dairy cows of 0.5% based on simple smear with
modified Ziehl-Neelsen staining, and no Giardia cysts were detected in the fecal samples. Also,
Giardia cysts and Cryptosporidium oocysts were not detected in the fecal samples from the beef
cattle in this study. In another study, Inpankaew et al. [199] reported the seroprevalence of
Cryptosporidium in dairy cows in Chiang Mai, Chiang Rai and Lumpang provinces. The overall

seroprevalence of Cryptosporidium infection was 4.4%, and by province the prevalence rates
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were 3.3%, 5.1% and 3.0% for dairy cows in Chiang Mai, Chiang Rai and Lumpang provinces,
respectively.

In the western region (Ratchaburi and Kanchanaburi), Inpankaew et al. [200] reported a
prevalence of Cryptosporidium infection in dairy cows of 7% by acid-fast staining and 15.5% by
PCR-RFLP. In this study, all positive PCR-RFLPs were determined to be C. parvum.

In the northeastern region (Khon Kaen, Udonthani, and Sakon Nakorn provinces) the
prevalence of Giardia infection was reported to be 2.5% by zinc sulfate flotation and 1% by PCR
targeting SSU-rRNA gene. The genotype of the positive isolates was assemblage E [204].

In the southern region (Satun province), the prevalence of Giardia infection in goats has
been studied. Using microscopic examination after formalin ethyl ether sedimentation, the
prevalence was reported to be 2.7% [205].

In the eastern region (Chonburi province), the prevalence of Cryptosporidium infection in
diary cattle was 13% by acid-fast staining and 9.63% by nested PCR targeting SSU-rRNA.
Cryptosporidium parvum was identified in all available sequences [206].

1.3.3 Giardia and Cryptosporidium infections in dogs and cats in Thailand

Information regarding Giardia and Cryptosporidium infections in dogs and cats in
Thailand is limited. To our knowledge there have been only two reports regarding the prevalence
and genotype of Giardia infections in dogs [55, 207], and no published reports regarding
Cryptosporidium infections in dogs and cats. In temple dogs in Bangkok, the median estimate of
Giardia infections in dogs was 56.8% using a Bayesian calculation based on results from
microscopic examination, IFA, ELISA, and PCR assays. The genotypic analyses on 42 PCR
(SSU-rRNA targeted) positive samples revealed that assemblage A was the most common

genotype isolated in these dogs (79%), followed by assemblage D (31%), assemblage B (21%)
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and assemblage C (12%). In this paper, the authors concluded that three transmission cycles,
anthroponotic, zoonotic and dog-specific cycles, have maintained Giardia infections among

humans and dogs in the temple community.
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1.4 Tables

Table 1.1 Recognized species of Giardia based on morphology.

Species Morphological Shape of Trophozoite Susceptible hosts
characteristics of median body dimensions
trophozoite length/width (um)
G. agilis Long, narrow shaped Club shaped  20-30/4-5 Amphibians
G. duodenalis  Pear shaped Claw shaped 12-15/6-8 Humans and other primates,
dogs, cats, livestock, rodents
and other wild mammals
G. muris Rounder than G. Small round  9-12/5-7 Rodents
duodenalis median
bodies
G. ardeae Rounder with Round-oval  ~10/~6.5 Birds
prominent notch in to claw
ventral disc and shaped
rudimentary caudal
flagellum
G. microti* Pear shaped Claw-shaped 12-15/6-8 Rodents
G. psittaci Pear shaped with no Claw-shaped ~14/~6 Birds

ventrolateral flange

* Mature cysts fully differentiated

Adapted from Monis et al. Variation in Giardia: towards a taxonomic revision of the genus. Trends Parasitol 2009, 25(2): 93-

100
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Table 1.2 Genotypic groupings on genetic analyses of Giardia duodenalis.

Assemblages Novel proposed nomenclature Susceptible host

Assemblage A G. duodenalis Humans and other primates, dogs, cats,
livestock, rodents, and other wild mammals

Assemblage B G. enterica Humans and other primates, dogs, some species

Assemblages Cand D  G. canis

of wild mammals
Dogs and other canids

Assemblage E G. bovis Cattle and other hoofed livestock
Assemblage F G. cati Cats

Assemblage G G. simondi Rats

Assemblage H ? Seals

Adapted from Feng and Xiao 2011. Zoonotic potential and molecular epidemiology of Giardia species and

giardiasis. Clin Microb Rev: 24 (1), 110-140.
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Table 1.3 List of the targets, type of assay and main use of amplification-based techniques for
Giardia.

Amplification target*Assay type Main application

SSU-rRNA PCR, nested PCR, microarray Species and genotype identification
gdh PCR, nested PCR, sequencing, PCR-RFLP Species and genotype identification
tpi PCR, nested PCR, sequencing, real-time PCR, microarray Species and genotype identification
B-giardin PCR, nested PCR, sequencing, PCR-RFLP Genotype identification

ef-la PCR, nested PCR, sequencing Species and genotype identification
GLORF-C4 PCR, sequencing, PCR-RFLP Genotype identification

1GS PCR, nested PCR, sequencing Genotype identification

"Abbreviations: TRNA, ribosomal RNA; RFLP, restriction fragment length polymorphism; GDH, glutamate
dehydrogenase; TPI, triose phosphate isomerase; EF-1a, Elongation factor - la; GLORF-C4, G. lamblia open
reading frame C4; IGS, intergenic spacer. Adapted from Caccio, S. M., et al. (2005). "Unravelling
Cryptosporidium and Giardia epidemiology." Trends Parasitol 21(9): 430-437. and Lee, J. H., et al. (2000).
"Detection and genotyping of Giardia intestinalis isolates using intergenic spacers (IGS)-based PCR." Korean
Journal of Parasitology 44(4): 343-353.
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Table 1.4 Prevalence of Giardia duodenalis in dogs worldwide.

Country Sample size Prevalence (%) Method Reference
Argentina 2193 8.9 Microscopy [208]
Argentina 106 14.5 Microscopy [209]
Argentina 1944 1.29 Microscopy [210]
Australia 1400 9.3 Microscopy [211]
Australia 421 22.1 Microscopy [54]
Belgium 1159 22.6 IFA [212]
Brazil 254 16.9 Microscopy [213]
Brazil 200 16.5 Microscopy [214]
Brazil 46 2.2 Microscopy [215]
Brazil 271 12.8 Microscopy [216]
Brazil 410 29.0 Microscopy [40]
Brazil 166 31.33 Microscopy [217]
Brazil 300 17.3 Microscopy [218]
Canada 102 7.0 ELISA [219]
Canada 1,216 7.2 ELISA [220]
Canada 619 8.1 Microscopy [221]
Canada 70 7.1 Microscopy [222]
Canada 241 13.0 SNAP [91]
China 209 8.6 Microscopy [223]
China 209 11.0 PCR [223]
Costa Rica 58 8.6 IFA [224]
Czech Republic 3,780 0.1 Microscopy [225]
Czech Republic 458 2.5 Microscopy [226]
Czech Republic 458 36.5 Serology [226]
Ecuador 97 5.1 Microscopy [227]
Finland 150 5.0 IFA [166]
Germany 8,438 16.6 ELISA [228]
Germany 24,677 18.6 ELISA [229]
Germany 341 11.4 SNAP [230]
Greece 281 43 Microscopy [231]
India 101 3.0 Microscopy [62]
India 101 20.0 PCR [62]
Iran 147 0.7 Microscopy [232]
Italy 183 55.2 ELISA [53]
Italy 240 26.6 Microscopy [233]
Italy 406 17.3 Microscopy [234]
Italy 616 213 Microscopy [235]
Italy 127 11.0 Microscopy [236]
Italy 127 20.5 PCR [236]
Japan 361 374 ELISA [237]
Japan 1,035 14.6 Microscopy [238]
Japan 1,105 12.4 Microscopy [239]
Japan 1,794 23.4 SNAP [240]
Japan 2,365 8.3 SNAP [241]
Korea 472 11.2 SNAP [242]
Mexico 200 46.5 Microscopy [39]
Nicaragua 100 8.0 Microscopy [243]
Poland 148 2.0 Microscopy [41]
Poland 108 28.0 IFA [88]
Romania 614 8.5 Microscopy [244]
Serbia 151 14.6 Microscopy [245]
Spain 1161 7.0 Microscopy [101]
Spain 81 4.9 Microscopy [246]
Spain 1800 1.0 Microscopy [247]
Spain 251 0.4 Microscopy [248]
Thailand 229 7.9 Microscopy [207]
Thailand 229 56.8% Microscopy, IFA, [55]
ELISA, PCR
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Country Sample size Prevalence (%) Method Reference
UK 80 20.0 Microscopy [249]
UK 878 21.0 SNAP [92]
USA 130 5.4 IFA [250]
USA 1,199,293 4.0 Microscopy [251]
USA 2294 7.2 Microscopy [252]
USA 6,555 33 Microscopy [253]
USA 16,064 15.6 SNAP [90]

* Median prevalence from 4 tests.
Adapted from Scorza, A. V. and M. R. Lappin (2012). Giardiasis - in Enteric Protozoa infection. Infectious

diseases of the dog and cat. C. E. Greene. St. Louis, Mo., Elsevier/Saunders: 785-792.
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Table 1.5 Worldwide prevalence of Giardia duodenalis in cats.

Country Sample size Prevalence (%) Method Reference
Australia 1,063 2.0 Microscopy [211]
Australia 40 5 Microscopy [254]
Australia 40 80 PCR [254]
Australia 120 9.2 SNAP [255]
Brazil 131 6.1 Microscopy [256]
Canada 41 2.4 Microscopy [222]
Canada 16 4.1 SNAP [91]
Chile 230 19.1 Microscopy [257]
Colombia 46 13.0 PCR [258]
Costa Rica 7 57.1 IFA [224]
Czech Republic 135 0.8 Microscopy [226]
Czech Republic 135 57.0 Serum [226]
Egypt 113 2.0 Microscopy [259]
Finland 402 32 ELISA [260]
Germany 3,167 12.6 ELISA [228]
Germany 8,560 12.6 ELISA [229]
Germany 584 6.8 SNAP [230]
Iran 113 0.9 Microscopy [261]
Italy 266 15.8 ELISA [262]
Italy 48 4.2 ELISA [263]
Japan 600 40.0 ELISA [264]
Japan 942 1.5 SNAP [265]
New Zealand 22 32.0 SNAP [266]
Romania 414 0.7 Microscopy [267]
Romania 183 27.9 ELISA [244]
Serbia 81 222 Microscopy [268]
The Netherlands 305 1.0 Microscopy [269]
The Netherlands 60 13.6 ELISA [270]
UK 57 7.2 SNAP [271]
USA 117 31.0 ELISA [72]
USA 273 7.0 ELISA [272]
USA 250 13.6 IFA [71]
USA 153 52 IFA [273]
USA 344 9.9 IFA [86]
USA 206 2.4 Microscopy [192]
USA 1,566 23 Microscopy [253]
USA 1,322 8.9 Microscopy [274]
USA 263 7.2 Microscopy [275]
USA 757 2.5 Microscopy [276]
USA 454 3.5 Microscopy [252]
USA 211,105 0.58 Microscopy [277]
USA 4,977 10.3 SNAP [90]

Adapted from Scorza, A. V. and M. R. Lappin (2012). Giardiasis - in Enteric Protozoa infection. Infectious
diseases of the dog and cat. C. E. Greene. St. Louis, Mo., Elsevier/Saunders: 785-792.
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Table 1.6 Giardia duodenalis genotypes in dogs”.

No. of No. of samples with assemblage
samples

Country Loci tested genotyped A B C D Others References
Australia gdh 11 10 1 [278]
Australia SSU-rRNA, gdh 9 1 2 4 2 [18]
Australia SSU-rRNA 88 1 44 41 C+D(2) [279]
Europe SSU-rRNA, gdh, bg, tpi 600 137 53 191 215 E(5) [16]
Belgium bg 119 40 4 26 49 [212]
Finland SSU-rRNA 8 3 4 1(E) [166]
Germany SSU-rRNA 55 33 5 2 A+C(15) [56]
Germany SSU-rRNA 150 4 54 83 C+D(8), [280]

(A+D) 1
Hungary SSU-rRNA 15 5 9 C+D(1) [281]
Italy bg 9 9 [58]
Italy SSU-rRNA 17 2 11 1 A+C(2),C+tD [282]

1)
Italy bg 21 6 1 12 A+D (1) [283]
Italy SSU-rRNA 30 8 14 4 [236]
Italy SSU-rRNA, bg 30 2 3 25 [233]
Poland bg 2 1 1 [41]
Portugal bg 31 21 2 2 A+C(2),A+tD [57]

)
Sweden SSU-rRNA, gdh, bg, tpi 28 1 8 14 C+D (5) [32]
The Netherlands ~ SSU-rRNA, gdh 2 2 [284]
The Netherlands ~ SSU-rRNA 13 1 7 3 C/D(1), [270]

unknown (1)
UK SSU-rRNA, bg 41 2 10 29 C+D (1) [92]
Canada bg 13 13 [60]
USA tpi 15 15 [31]
USA SSU-rRNA 3 1 2 [285]
USA gdh, bg, tpi 183 4 29 124 AI+D (7), [14]

AII+C (1),

C+D (18)
USA gdh, bg, tpi 2 1 2 C+D (1) [43]
Mexico bg 5 4 A+B (1) [35]
Mexico bg 19 19 [286]
Costa Rica gdh, bg 2 2 [224]
Nicaragua bg 8 2 5 C+D (1) [243]
Argentina tpi 1 1 [287]
Brazil gdh 27 7 20 [288]
Brazil SSU-rRNA, gdh, bg 36 20 10 C+D (5) [218]
Brazil bg 7 7 [289]
Peru SSU-rRNA 67 9 32 C+D(26) [290]
China gdh, bg, efla 23 5 18 [223]
Japan gdh 4 4 [291]
Japan gdh 24 14 1 6 A+D(3) [292]
Japan gdh 29 9 20 [240]
India SSU-rRNA, elflo, tpi 7 5 2 [62]
Thailand SSU-rRNA 13 5 1 3 A+B(3),A+D [207]

()
Thailand SSU-rRNA 60 33 9 5 13 [55]
Vietnam ND 8 8 [293]

Abbreviations: SSU-rTRNA, small subunit ribosomal RNA gene; gdh, glutamate dehydrogenase gene; bg, f-giardin
gene.

*Modified from Feng, Y. and L. Xiao (2011). "Zoonotic potential and molecular epidemiology of Giardia species
and giardiasis." Clinical Microbiology Reviews 24(1): 110-140. and Scorza, A. V. and M. R. Lappin (2012).
Giardiasis - in Enteric Protozoa infection. Infectious diseases of the dog and cat. C. E. Greene. St. Louis, Mo.,
Elsevier/Saunders: 785-792.
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Table 1.7 Giardia duodenalis genotypes in cats”.

No. of samples  No. of samples with assemblage References

Country Loci tested genotyped A B F Others

Australia SSU-rRNA, gdh 18 6 2 C@2),D(),E(1) [18]
Australia SSU-rRNA 8 7 D) [279]
Europe SSU-rRNA, gdh, bg, tpi 158 68 3 77 C(),D(3),E@2) [l6]
Italy SSU-rRNA 1 1 [282]
Italy bg 1 1 [283]
Italy SSU-rRNA 10 10 [59]
Italy SSU-rRNA, gdh, bg 3 3 [294]
Italy SSU-rRNA 11 3 8 [295]
Italy, Croatia SSU-rRNA, gdh, bg 3 3 [296]
Sweden SSU-rRNA, gdh, bg, tpi 18 5 12 E() [32]
The Netherlands SSU-rRNA 2 1 [270]
USA SSU-rRNA 1 [285]
USA gdh 17 6 11 [297]
USA gdh, bg, tpi 13 3 D (2),C+D (1) [14]
USA SSU-rRNA 8 7 D (1) [298]
Costa Rica gdh, bg 2 2 [224]
Brazil gdh 19 8 11 [288]
Brazil bg 1 1 [289]
Colombia SSU-rRNA 3 3 [258]
Japan SSU-rRNA, gdh, tpi 26 6 20 [299]
Japan gdh 3 3 [292]

Abbreviations: SSU-rRNA, small subunit ribosomal RNA gene; gdh, glutamate dehydrogenase gene; bg, -
giardin gene; elfla, elongation factor 1- a.

*Modified from Feng, Y. and L. Xiao (2011). "Zoonotic potential and molecular epidemiology of Giardia
species and giardiasis." Clinical Microbiology Reviews 24(1): 110-140. and Scorza, A. V. and M. R. Lappin
(2012). Giardiasis - in Enteric Protozoa infection. Infectious diseases of the dog and cat. C. E. Greene. St.
Louis, Mo., Elsevier/Saunders: 785-792.
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Table 1.8 Drugs used for the treatment of Giardia infections in dogs and cats.

Drug” Species Dosage
Febantel D 15 mg/kg febantel, PO, q24 hour for 3 days

D 25 mg/kg febantel, PO, q24 hour, for 3 days

C 56.5 mg/kg febantel, PO, q24 hour for 5 days
Fenbendazole B 50 mg/kg, PO, q24 hour for 3 days
Furazolidone C 4 mg/kg, PO, q12 hour, for 7 to 10 days
Ipronidazole D 126 mg/L drinking water, PO, ad libitum for 7 days
Metronidazole B 15 to 25 mg/kg, PO, q12 to 24 hour, for 5-7 days
Nitazoxanide B 100 mg/animal, PO, q12 hour for 3-4 days
Tinidazole D 44 mg/kg, PO, q24 hour, for 6 days

C 30 mg/kg, PO, q24 hour, for 7-10 days
Quinacrine D 9 mg/kg, PO, q24 hour, for 6 days

C 11 mg/kg, PO, q24 hour, for 12 days

Abbreviations: B, dog and cat; C, cat,: D, dog
*Adapted from Scorza, A. V. and M. R. Lappin (2012). Giardiasis - in Enteric Protozoa infection. Infectious
diseases of the dog and cat. C. E. Greene. St. Louis, Mo., Elsevier/Saunders: 785-792.
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Table 1.9 Valid Cryptosporidium species, hosts, and oocyst measurements.

Species Host Mean oocyst size/Range References
(um) per original description
C. andersoni Cattle (Bos taurus) 7.4 %x5.5/6.0-8.1 x 5.0-6.5 [124]
C. baileyi Chicken (Gallus gallus) 6.2 X 54.6/5.6-6.3 x 4.5-4.8 [125]
C. bovis Cattle (Bos tausus) 4.9 x4.6/4.8-5.4 x 4.2-4.8 [126]
C. canis Dog (Canis familiaris) 5.0 x4.7/3.7-5.9 x 3.7-5.9 [127]
C. cuniculus Rabbit (Oryctolagus cuniculus) 6.0 x 5.4/5.6-6.4 x 5.0-5.9 [118]
C. fayeri Red Kangaroo (Macropus rufus) 4.9 x 4.3/4.5-5.1 x 3.8-5.0 [134]
C. felis Cat (Felis catis) 5.0x4.5 [128]
C. fragile Black Spin toad (Duttaphrynus 6.2 x 5.5/ 5.5-7.0 x 5.0-6.5 [135]
melanostictus)
C. galli Chicken (Gallus gallus) 8.3 x6.3/8.0-8.5 x 6.2-6.4 [129]
C. hominis Human (Homo sapiens) 5.2 x4.9/4.4-59 x44-54 [130]
C. macropodum  Kangaroo (Macropus giganteus) 4.9 x 5.4/4.5-6.0 x 5.0-6.0) [136]
C. meleagridis Turkey (Meleagris gallopavo) 5.2 x4.6/4.5-6.0 x 4.2-5.3 [116]
C. molnari Gilthead sea bream (Sparus 4.7 x4.5/3.2-5.5 x 3.0-5.0 [123]
aurata), European sea bass
(Dicentrarchus labrax)
C. muris Mouse (Mus musculus) 7%5 [114]
C. parvum Mouse (Mus musculus) ovoid or spherical >4.5 [115]
C. ryanae Cattle (Bos Taurus) 3.2 x3.7/2.9-4.4 x2.9-3.7) [137]
C. serpentis Corn snake (Elaphe guttata) 2.8t03.6 [131]
C. scophthalmi ~ Turbot (Scophthalmi maximus) 4.4 x3.9/3.7-5.0 x 3.0-4.7 [122]
C. suis Pig (Sus scrofa) 4.6 x4.2/4.4-49 x 4.0-4.3 [132]
C. tyzzeri Mouse (Mus musculus) 4.6 x4.2 [120]
C. varanii Emerald monitor (Varanus 4.8 x4,7/4.8%x-5.1 x 4.4-4.8 [133]
prasinus)
C. ubiquitum Cattle (Bos tausus) 5.0x4.7/4.7-53 x 4.3-5.0 [119]
C. wrairi Guinea pig (Cavia porcellus) 5.4 x4.6/4.8-5.6 x 4.0-5.0 [138]
C. xiaoi Sheep (Ovis aries) 3.9 x3.4/2.9-44 x2.9-44 [121]

Adapted from Fayer, R. (2010). "Taxonomy and species delimitation in Cryptosporidium."

Experimental Parasitology 124(1): 90-97.
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Table 1.10 Cryptosporidium species that infect humans and selected domesticated animals and

wildlife.

Species

Hosts

C. andersoni

C. baileyi

C. bovis

C. canis

C. cuniculus
C. felis

C. hominis

C. meleagridis
C. muris

C. parvum

C. suis

Cattle, sheep, Bactrian camel, gerbil, multimammate mouse, wood
partridge

Chicken, duck, Bobwhite quail

Cattle, sheep

Dog, fox, coyote, humans

Rabbit, humans

Cat, cattle

Humans, primates, cattle, sheep, pig, dugong

Turkey, chicken, Bobwhite quail, dog, deer, mouse, humans
Mouse, hamster, squirrel, Siberian chipmunk, wood mouse, bank
vole, rock hyrax, Bactrian camel, mountain goat, cat, coyote, ringed
seal, bilby, cynomolgus monkey, tawny frogmouth, humans

Calf, lamb, horse, alpaca, dog, mouse, raccoon dog, eastern
squirrel, humans

Pig cattle

Adapted from Xiao, L. and R. Fayer (2008). Molecular characterisation of species and
genotypes of Cryptosporidium and Giardia and assessment of zoonotic transmission.
International Journal for Parasitology 38(11): 1239-1255.
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Table 1.11 List of targets gene, type of assay and main use of amplification for Cryptosporidium
molecular analysis.

Target gene Assay type Main application

SSU-rRNA PCR, nested PCR, DNA sequencing, PCR-  Species and genotype determination
RFLP, real-time PCR, microarray

Hsp70 PCR, nested PCR, DNA sequencing, real- Species and genotype determination
time PCR, microarray

COWP PCR, nested PCR, DNA sequencing, PCR-  Species and genotype determination
RFLP, microarray

Actin PCR, nested PCR, DNA sequencing, Species and genotype determination

B-tubulin PCR, nested PCR, DNA sequencing, PCR-  Species and genotype determination
RFLP

GP60 PCR, nested PCR, DNA sequencing, Sub-genotype determination

Microsatellites PCR, nested PCR, DNA sequencing, Sub-genotype determination

Minisatellites PCR, nested PCR, DNA sequencing, Sub-genotype determination

Extrachromosomal Reverse transcriptase, PCR, DNA Sub-genotype determination

double-stranded RNA sequencing, heteroduplex mobility assays

Adapted from Caccio, S. M., et al. (2005). "Unravelling Cryptosporidium and Giardia epidemiology." Trends
Parasitol 21(9): 430-437.
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Table 1.12 Prepatent and patent period of cryptosporidiosis for various species.

Cryptosporidium Species  Host species  Prepatent period (days) Patent period (days)

C. baileyi Chicken 4-24 Up to 18 days

C. bovis Cattle 10-12 18

C. cuniculus Rabbit 4-7 Up to 14 days

C. felis Cat 5-6 7-10

C. muris Mice 6-21 -

C. parvum Calves 2-7 1-12
Humans 4-22 1-20

C. ryanae Cattle 11 15-17

C. suis Pig 2-9 9-15

C. tyzzeri Mouse 6-7 24-29

C. xiaoi Sheep 7-8 13-15

C. ubuiquitum Cattle 6-7 11-12

Adapted from Fayer, R. 2008. General Biology. in Cryptosporidium and cryptosporidiosis. R.
Fayer and L. Xiao. Boca Raton, CRC Press, IWA Pub
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Table 1.13 Risk factors associated with human cryptosporidiosis.

Risk factors References
Food and drink
Drinking water [300-321]
Private water supplies [322, 323]
Bottled water [324, 325]
Ice [326]
Food [327-331]
Food and drink [327-339]
Drink [340, 341]
Unpasteurized milk [342, 343]
Fruit juice [341]
Raw salads [344, 345]
Mollusks [346-351]
Food handlers [352]
Recreational water
Swimming pools [353-366]
Interactive water features [367, 368]
Recreational lakes and rivers [369, 370]
Paddling/wading pools [368]
Animal to human
Direct animal contact [371-377]

Farm visits
Pets

Pet food
Travel
Camping
Visits to the countryside
Travel abroad
Tourist resorts
Travel away from home
Cruise and other ships
Human to human
Fairs and shows
Family spread
Nurseries and schools
Hospital

Wards with immunocompromised patients

Changing diapers

Sexual activity
Others

Flies

Weather

[180, 181, 378-381]
[94, 156, 157, 185, 208, 217, 250,

382-387]
[388]

[380]
[389-392]

[64, 371, 393-398]

[399]
[400]
[401, 402]

[403]
[404]
[405, 406]

[326, 407-411]

[410]
[371]
[412, 413]

[414-417]
[418]

Adapted from Nichols, G. (2008). Epidemiology. In Cryptosporidium and cryptosporidiosis.

R. Fayer and L. Xiao. Florida, USA, CRC Press.: 79-118.
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Table 1.14 Worldwide prevalence of Cryptosporidium spp. in dogs.

Country Sample size Prevalence (%) Method Reference
Argentina 2,193 0.2 Microscopy [208]
Argentina 1,944 0.05 Microscopy [210]
Australia 1,400 0.6 Microscopy [211]
Belgium 1,159 0 IFA [212]
Brazil 254 3.1 Microscopy [213]
Brazil 410 1.4 Microscopy [40]
Canada 102 0 ELISA [219]
Costarica 58 1.7 Microscopy, IFA, PCR [224]
Czech 3,780 1.4 Microscopy [225]
Ecuador (Galapagos island) 97 1.1 Microscopy, IFA, PCR [227]
Greece 281 2.8 Microscopy [231]
Japan 140 9.3 Microscopy, PCR [157]
Korea 257 9.7 IFA [419]
Poland 108 28.0 IFA, PCR [88]
Spain 81 7.4 Microscopy [246]
Spain 251 0 Microscopy [248]

Abbreviation: IFA, immunofluorescent assay; PCR, polymerase chain reaction.
Modified from Scorza, A. V. and M. R. Lappin (2012). Cryptosporidiosis. Infectious diseases of the dog and cat. C. E.
Greene. St. Louis, Mo., Elsevier/Saunders: 841-849.
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Table 1.15 Worldwide prevalence of Cryptosporidium spp. in cats.

Country Sample size Prevalence (%) Method Reference
Australia 1,063 2.2 Microscopy [211]
Colombia 46 13.0 PCR [258]
Costa Rica 7 14.0 Microscopy, IFA, PCR [224]
Italy 200 24.5 Microscopy [420]
UK 235 8.1 Microscopy [156]
UK 57 0.0 Microscopy [271]
USA 600 83 ELISA, serum IgG [421]
USA 153 6.5 IFA [273]
USA 206 54 Microscopy [192]
USA 344 4.7 Microscopy, IFA, ELISA [86]
USA 244 2.5 ELISA [272]
USA 250 12.0 Microscopy, IFA [150]
USA 263 3.8 Microscopy [275]
USA 1,322 3.8 Microscopy [274]

Abbreviation: PCR, polymerase chain reaction; IFA, immunofluorescent assay; ELISA, enzyme-linked immunosorbent
assay; IgG, immunoglobulin.

Modified from Scorza, A. V. and M. R. Lappin (2012). Cryptosporidiosis. Infectious diseases of the dog and cat. C. E.
Greene. St. Louis, Mo., Elsevier/Saunders: 841-849.

52



Table 1.16 Cryptosporidium species reported in dogs”.

Country Loci tested Cryptosporidium Species Reference
(Number of isolates)
Australia SSU-rRNA, hsp70 C. canis (8) [422]
Czech Republic SSU-rRNA C. parvum (1), C. meleagridis (1) [423]
Italy COWP C. parvum (7), C. canis (1) [424]
Japan SSU-rRNA C. canis (13) [157]
Japan SSU-rRNA C. canis (1) [425]
Japan SSU-rRNA C. canis (1) [426]
USA SSU-rRNA C. canis (1) [427]
USA SSU-rRNA, hsp70 C. canis (1), C. parvum (1) [127]
USA Actin C. canis (1) [428]

Abbreviation: SSU-rRNA, small subunit rRNA gene; hsp70, heat shock protein 70 kDa gene; COWP,
Cryptosporidium oocyst wall protein gene.

*Modified from Santin, M. and J. M. Trout (2008). Companion animals. in Cryptosporidium and cryptosporidiosis.
Boca Raton, FL, CRC Press.
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Table 1.17 Cryptosporidium species reported in cats”.

Country Loci tested Cryptosporidium Species Reference
(Number of isolates)
Australia SSU-rRNA C. felis (2) [429]
Australia SSU-rRNA C. felis (4) [430]
Colombia SSU-rRNA C. felis (18), C. muris (1) [258]
Czech Republic SSU-rRNA, hsp70 C. felis (2) [431]
Czech Republic SSU-rRNA C. felis (1) [423]
Czech Republic SSU-rRNA C. muris (1) [432]
Portugal SSU-rRNA C. felis (1) [433]
USA SSU-rRNA C. felis (1) [298]

Abbreviation: SSU-rRNA, small subunit rRNA gene; hsp70, heat shock protein 70 kDa gene.
*Modified from Santin, M. and J. M. Trout (2008). Companion animals. in Cryptosporidium and cryptosporidiosis.
Boca Raton, FL, CRC Press.
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Table 1.18 Drug therapy for Cryptosporidium infection in dogs and cats.

Drug Drug protocol

Azithromycin 5-10 mg/kg, PO, every 24 hours until clinical signs resolve.
Nitazoxanide 25 mg/kg, PO, every 12 hours for at least 5 days.
Paromomycin 125 to 165 mg/kg, PO, every 12 to 24 hours for at least 5 days.
Tylosin 10 to 15 mg/kg, PO, every 8 to 12 hours for 21 days.

These doses and duration are based on anecdotal experiences and are not supported by controlled studies. If a dog
or cat is improving during the initial treatment period, a longer duration of therapy may be indicated. Paromomycin
should not be administered to animals with bloody diarrhea because absorption may occur and cause
nephrotoxicity. From Scorza, V. and S. Tangtrongsup (2010). "Update on the diagnosis and management of
Cryptosporidium spp infections in dogs and cats." Top Companion Anim Med 25(3): 163-169.
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Table 1.19 Prevalence of Giardia infections in humans in Thailand.

Province Source No. of samples Prevalence (%)  Diagnostic test used Reference

Bangkok Stool submitted at 6,231 1.2 Microscopy [434]
Parasitology Unit, of any
age

Bangkok Workers for overseas 2,213 1 Microscopy [435]
employment

Bangkok Pre-school orphan 266 143 Microscopy [436]

Bangkok Childcare worker 105 10.5 Microscopy [436]

Bangkok Temple community of any 204 20.3" Microscopy, IFA, [55]
age PCR, ELISA

Bangkok Irritable bowel syndrome 59 1.7 Microscopy [437]
patients

Bangkok Visitors for health check-up 6,018 0.4 Microscopy, PCR [438]

Bangkok HIV patients 64 6.2 Microscopy [439]

Bangkok Diarrheic children with HIV+: 82 2.4 Microscopy [440]
HIV+ and HIV- HIV-: 80 0

Bangkok HIV patients 45 4.4 Microscopy [441]

Bangkok 0-60 months orphanages 205 20 Microscopy [442]

Central Thailand (Ang  Primary school children, 3- 1037 1.25 Microscopy [443]

Thong, Ayudthaya, and 12 years old

Suphanburi)

Chacheongsao Primary school children 531 6.2 Microscopy, PCR [444]

Chiang Mai Hill-tribe school children 403 14.9 Microscopy [445]

Chiang Mai Karen hill-tribe, 3-19 years 781 2.21 Microscopy [446]
old

Chiang Mai Hill-tribe children 765 5.2 Microscopy, PCR [447]

Kanchanaburi 3-5 months old Pre-school Diarrhea: 236 13.6 Microscopy, ELISA [448]
children Non-diarrhea: 236 23.3

Khon Kaen HIV patients 78 1.3 Microscopy [449]

Nakhon Prathom 7-12 years student 1,920 2.2 Microscopy [450]

Nakornrachasrima Military personnel, ageup to 317 1.3 Microscopy, PCR [451]
60

Pathum Tani 10-82 months old pre-school 106 37.7 Microscopy [452]
orphan

Ratchaburi Community survey, of any 949 4.1 Microscopy, PCR [438]
age

Samut Sakhon 5-7 years old school 656 3 Microscopy [453]
children

Surin Volunteers of any age 3,358 0.8 Microscopy [453]

Abbreviations: HIV, human immunodeficiency virus; ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction.
*The median prevalence from 4 tests.
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Table 1.20 Prevalence of Cryptosporidium infections in humans in Thailand.

Province Source No. of samples Prevalence (%)  Diagnostic test used  Reference
Bangkok HIV+ patients 64 20.3 Microscopy [439]
Bangkok Diarrheic children HIV+: 82 6.1 Microscopy [440]
with HIV+and HIV-  HIV-: 80 1.2
Bangkok 0-60 months 205 8 Microscopy [442]
orphanages
Bangkok Orphanages Diarrheic: 303 7.3 Microscopy [454]
Non-diarrheic: 513 0
Bangkok HIV+ 45 20 Microscopy [441]
Bangkok HIV+ 250 8.8 Microscopy [455]
Bangkok HIV+ and HIV- HIV+: 61 10 Microscopy [456]
patients/ HIV-: 61 2
Kanchanaburi 3-5 months old Pre- Diarrhea - 236 0.8 Microscopy, ELISA  [448]
school children Non-diarrhea - 236
2.5
Khon Kaen HIV+ patients 78 11.5 Microscopy [449]
Lopburi HIV+ patients 46 28.7 Microscopy, PCR [206]

Abbreviations: HIV, human immunodeficiency virus; ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain

reaction.
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Table 1.21 Giardia duodenalis genotypes reported in humans in Thailand.

Province Source No. of Locus tested” Genotype Reference
isolates
Bangkok Temple 35 SSU-rRNA A (25),B (1), C (1), [55]
community of any A+B (2),
age Dog+human
genotype (6)
Bangkok Visitors for health 22 SSU-rRNA, B-giardin, B (12) [438]
check-up gdh and tpi A+B (10)
Chacheongsao Primary school 12 gdh A-11 (5), [444]
children B-IV (7)
Chiang Mai Hill-tribe children 19 SSU-rRNA, gdh A-I1 (10), B-1II (1), [447]
B-VI(8)
Nakornrachasrima Military personnel, 4 gdh B-IV [451]
age up to 60
Ratchaburi Community 39 SSU-rRNA, B-giardin, A (5),B(19) [438]
survey, of any age gdh and tpi A+B (15)

?Abbreviations: SSU-rRNA, small subunit ribosomal RNA gene; gdh, glutamate dehydrogenase gene; tpi, triose phosphate

isomerase gene.
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Table 1.22 Cryptosporidium species reported in humans in Thailand.

Province  Source No. of Locus Species Reference
isolates
Bangkok  HIV+ patients 8 SSU-rRNA C. parvum (human) (2) [187]

C. parvum (bovine) (1)
C. meleagridis (2)
C. felis (2)
C. canis (1)
Bangkok  HIV+ patients 11 SSU-rRNA C. hominis (8) [457]
C. parvum (1)
C. meleagridis (2)
Bangkok  HIV+ patients 29 SSU-rRNA, C. hominis (24) [188]
ITS1, ITS2, C. meleagridis (3)
5.8S rRNA C. felis (1)
C. muris (1)
Lopburi HIV+ patients 2 SSU-rRNA C. parvum [206]
Abbreviations: HIV, human immunodeficiency virus; SSU-rRNA, small subunit ribosomal RNA; ITS,
internal transcribed spacer.
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1.5 Figures
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Figure 1.1 Study locations in Thailand for Giardia and Cryptosporidium infections in humans.
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Figure 1.2 Study locations for Giardia and Cryptosporidium infections in animals in Thailand.
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CHAPTER 2: PREVALENCE AND MOLECULAR ANALYSIS OF GIARDIA AND
CRYPTOSPORIDIUM SPP. INFECTION IN DOGS AND CATS IN CHIANG MALI,
THAILAND: A PRELIMINARY FINDING"
Summary
Giardia duodenalis and Cryptosporidium spp. are common protozoans that can cause
diarrhea in humans, domestic animals, and wildlife worldwide. Giardia duodenalis Assemblages
A and B and C. parvum are considered as potential zoonotic disease agents. The available
information related to the distribution, spread, and characteristics of these two organisms in dogs
and cats in Thailand, however, is limited. Therefore, the objectives of the study were 1) to
determine prevalence of G. duodenalis and Cryptosporidium spp. infections in dogs and cats in
Chiang Mai, Thailand, 2) to characterize the organism isolates using molecular techniques in
order to determine the potential for zoonotic transmission, and 3) to determine agreements
among tests used to detect Giardia and Cryptosporidium infections. Fecal samples were
collected from 109 dogs and 15 cats between July-August 2008. Age, sex, diarrhea status, and
housing types were recorded. Giardia infection was diagnosed using a combination of
conventional zinc sulfate centrifugal flotation, immunofluorescent assay (IFA), and a PCR assay
that amplifies the Giardia glutamate dehydrogenase (gdh) gene. Cryptosporidium infection was
determined using both IFA and a PCR assay that amplifies the Cryptosporidium heat shock

protein 70 KDa (hsp70) gene. A sample was considered positive if any of the test results was
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positive. In dogs, the Giardia and Cryptosporidium prevalences were 45.9% (95%Cl1:23.5-41.7)
and 22.0% (95%CI:14.6-31.1), respectively. In cats, the Giardia and Cryptosporidium
prevalences were 40.0% (95%CI:16.3-67.7) and 26.7% (95%CI:7.8-55.1), respectively. The
multivariate analysis indicated that Giardia infections were more likely to be detected in dogs
less than one year of age (OR 6.53, 95%CI:1.76-24.25), dogs having diarrhea (OR 4.78,
95%CI:1.04-21.98) and dogs residing in a breeding kennel or shelter (OR 3.93, 95%CI:1.33-
11.65). Sequence analysis of 21 Giardia gdh PCR positive samples and 11 Cryptosporidium
hsp70 PCR positive samples from dogs revealed the presence of G. duodenalis Assemblage C
(8/21), and D (13/21), and C. canis (5/11) and C. parvum (6/11). Sequence analysis from Giardia
and Cryptosporidium positive samples from cats revealed the presence of G. duodenalis
Assemblage D (2/2) and C. canis (2/2). The present study suggested that Giardia and
Cryptosporidium infections were common in dogs in Chiang Mai. The presence of C. parvum
suggested that dogs could be a potential reservoir for zoonotic transmission to humans.
Keywords: Dogs; Cats; Giardia;, Cryptosporidium; Risk factors; Chiang Mai; Thailand
2.1 Introduction

Giardia duodenalis (syn. G. intestinalis and G. lamblia) and Cryptosporidium spp. are
common protozoans that can cause diarrhea in humans, domestic animals, and wildlife
throughout the world (Fayer, 2004; Thompson and Smith, 2011; Xiao, 2010). The clinical signs
in humans range from subclinical to diarrhea with slight abdominal discomfort to severe
abdominal pain and cramping. Clinically, diarrhea is usually of short duration and is self-limiting
in immune-competent individuals. It can be, however, a serious problem producing severe and
chronic disease in immune-compromised individuals such as HIV-infected patients, very young

or elderly individuals (Hill et al., 2000; Irwin, 2002; Robertson et al., 2000). These infections can
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lead to significant morbidity and mortality among human populations in developing countries
and have been a worldwide concern, resulting in the inclusion of Giardia and Cryptosporidium
in the WHO ‘Neglected Diseases Initiative’ since September 2004 (Savioli et al., 2006).

The prevalence rates of Giardia and Cryptosporidium in animal populations vary
depending on the population tested, the area studied, the diagnostic test used, and the health
status of the animal. Worldwide, the prevalence of Giardia and Cryptosporidium in dogs or cats
are commonly 5%-15% (Ballweber et al., 2009; Bugg et al., 1999; Carlin et al., 2006;
Fontanarrosa et al., 2006; Hackett and Lappin, 2003; Hill et al., 2000; Itoh et al., 2012; Itoh et
al., 2009; Kim et al., 1998; Little et al., 2009); however, previous studies have reported
prevalences of Giardia of higher than 25% in dogs and cats (see Table 2.1). In addition, it has
been estimated that in kennel dogs the prevalence can be as high as 100% (Papini et al., 2005).

The species complex Giardia duodenalis and the genus Cryptosporidium contain both
host-adapted and zoonotic genotypes/species (Monis and Thompson, 2003). At least eight
distinct Assemblages (A-H) of G. duodenalis have been reported based on genetic analyses
(Lasek-Nesselquist et al., 2010; Monis et al., 2009; Scorza et al., 2012). Assemblages A and B
have been detected in a wide range of hosts including humans, other primates, dogs, cats,
livestock, and wildlife (Ballweber et al., 2010; Monis et al., 2009; Scorza et al., 2012).
Assemblages C to H are considered host-adapted in dogs (Assemblages C and D), cats
(Assemblage F), livestock (Assemblage E), rats (Assemblage G) and marine mammals
(Assemblage H). There are at least 24 accepted Cryptosporidium species (Alvarez-Pellitero et
al., 2004; Alvarez-Pellitero and Sitja-Bobadilla, 2002; Fayer, 2010; Fayer and Santin, 2009;
Fayer et al., 2010; Ren et al., 2012; Robinson et al., 2010) and dogs and cats are usually infected

with the relatively species-specific C. canis or C. felis or the zoonotic C. parvum (Bowman and
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Lucio-Forster, 2010; Scorza and Tangtrongsup, 2010). Several studies have reported the
detection of zoonotic and human-specific genotypes of G. duodenalis and Cryptosporidium spp.
in dogs and cats (Eligio-Garcia et al., 2008; Eligio-Garcia et al., 2005; Inpankaew et al., 2007;
Lalle et al., 2005; Scorza et al., 2012; Scorza et al., 2011; Traub et al., 2004). Infrequently, the
dog- and cat-specific agents were also recovered from samples obtained from HIV patients and
children (Gatei et al., 2002; Srisuphanunt et al., 2011; Xiao et al., 2007). This evidence increases
the public health concern that not only the zoonotic species/genotypes, but also the species-
specific genotypes, could infect immune-compromised individuals and that dogs and cats might
play an important role in transmitting those diseases.

In Thailand, studies regarding giardiasis and cryptosporidiosis in dogs and cats are
limited. In one study in the Bangkok area, the prevalence of Giardia infection in temple dogs
was 7.9% using zinc sulfate and sodium nitrate flotation followed by microscopy (Inpankaew et
al., 2007). Using the same samples, the same group later reported an estimated median
prevalence of 56.8% in dogs using Bayesian analysis based on zinc sulfate flotation and
microscopy, an immunofluorescence antibody test, and nested polymerase chain reaction (PCR)
based on the SSU-rRNA gene (Traub et al., 2009). The majority of Giardia isolates recovered by
this group were Assemblages A, D, B and C. Furthermore, similar genotypes (Assemblage A)
were recovered from dogs and humans in the same monastery. To our knowledge the genotypes
of Cryptosporidium of dogs and of both Giardia and Cryptosporidium in cats are still unknown
in Thailand. Since these protozoal infections are a potential public health concern, determining
the prevalence and genotypes of these organisms in dogs and cats living in close proximity to
humans and other animals is a priority. Therefore, the aims of this study were 1) to determine the

prevalence of Giardia and Cryptosporidium infections in dogs and cats in Chiang Mai, Thailand,
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2) to characterize the organism isolates using molecular techniques in order to determine the
potential for zoonotic transmission, and 3) to determine agreements among tests used to detect
Giardia and Cryptosporidium infections.
2.2 Materials and Methods
2.2.1 Study location

Chiang Mai is the second largest province of Thailand. It is located in the northern part of
the country at geographic coordinates 18°47 N and 98°59’ E (Figure 2.1). This province covers
an area of 20,107.057 sq. km with an average elevation of 310 m above sea level. Approximately
70% of the area is covered with forest, 13% is agricultural land, and 17% is for housing and
other uses. There are three seasons: rainy ranges from mid-May to October, winter from
November to mid-February, and summer from mid-February to mid-May (Chiang Mai
Provincial Office, 2012). The average temperature in rainy, summer, and winter are 27.7 °C
(average min 22.4°C-average max 36.0°C), and 28.5°C (average min 20.1-average max 39.1),
and 23.9°C (average min 14.4°C - average max 34.35°C), respectively. Average rainfall in rainy,
summer and winter were 16.9 cm, 8.7 cm, and 0.8 cm, respectively (Thai Meteorological
Department Automate Weather System). Chiang Mai is administratively divided into 25 districts
(amphoe), 204 sub-districts (tambon) and 2,066 villages (mooban) (Chiang Mai Provincial
Office, 2012). Chiang Mai province was chosen for this study because the province includes
agricultural, industrial and tourism areas, and the knowledge of Giardia and Cryptosporidium
infections in this area was unknown. In addition, there was limited laboratory access to IFA and
PCR for Giardia and Cryptosporidium detection in dogs and cats. This study could therefore
introduce the use of IFA and PCR for canine and feline Giardia and Cryptosporidium detection

in this province.
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2.2.2 Sample collection

During July-August 2008, 109 canine and 15 feline fecal samples were obtained from
animals visiting the Small Animal Hospital of the Faculty of Veterinary Medicine, Chiang Mai
University, other volunteered private clinics, or from a shelter and breeders in Chiang Mai
province, Thailand. The samples were collected on a volunteer basis regardless of the health
status of the animals. Demographic information (age, sex, and housing types) was recorded.
Fecal consistency was estimated using the Nestle Purina Fecal Scoring System for Dogs and Cats
(Nestle-Purina Pet Food Co, St Louis, MO). Fecal scores of 1-4 were considered as normal, with
5-6 classified as diarrheic. All fecal samples were stored at -20°C until fecal concentration was
performed.
2.2.3 Diagnostic methods

Giardia infection was diagnosed using conventional zinc sulfate centrifugal flotation,
immunofluorescent assay (IFA) and PCR techniques. Cryptosporidium infection was determined
using IFA and PCR techniques.
2.2.3.1 Fecal concentration and immunofluorescent assay

Prior to IFA and DNA extraction, all fecal samples were concentrated using sugar
concentration techniques as previously described (O'Handley et al., 2000; Vasilopulos et al.,
2006). In brief, 3 grams of feces were mixed with 4.5 ml PBS-EDTA and strained through
cheesecloth then overlaid on 7 ml sugar solution (Sp.g. 1.13). Samples were centrifuged at a
speed of 800g for 10 minutes. The top layer was transfer to new falcon tube and centrifuged at a
speed of 1,200g for 10 minutes. The pellet was washed twice with PBS-EDTA and centrifuged at
1,200g for 10 minutes. A pellet then re-suspended in 1 ml PBS-EDTA. A thin fecal smear was

made on IFA slides using the loop supplied with the kit (Merifluor® Cryptosporidium/Giardia
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IFA kit, Meridian Diagnostic Corporation, Cincinnati, OH) and slides processed in accordance
with manufacturer's instructions. The remaining concentrated fecal material was stored at -20°C
until DNA extraction was performed
2.2.3.2 Fecal DNA extraction

All fecal samples were subjected to DNA extraction. DNA of concentrated fecal samples
was extracted following an established protocol (Scorza et al., 2003). The extracted DNA was
stored at -20°C until assayed by PCR.
2.2.3.3 Polymerase chain reaction

To detect Giardia and Cryptosporidium DNA present in fecal samples, a semi-nested
PCR of Giardia glutamate dehydrogenase (gdh) gene and a nested PCR of Cryptosporidium heat
shock protein 70 kDa (hsp70) gene were performed as previously described (Morgan et al., 2001;
Read et al., 2004) using a commercial HotStarTaq Master Mix (Qiagen, Valencia, CA).
2.2.4 DNA sequence and phylogenetic analysis

The PCR products were evaluated by nucleotide sequencing using a commercially
available service (Proteomics and Metabolomics Facility, Colorado State University). The
obtained sequences were compared with nucleotide sequences from the nucleotide database from

the GenBank by BLAST analysis (http:/blast.ncbi.nlm.nih.gov/Blast.cgi). Amino acid

translation was performed on all sequences to determine whether a DNA substitution could lead
to an amino acid change.

Phylogenetic and molecular analyses were performed using MEGA 5 (Tamura et al.,
2011). Multiple sequence alignment was performed using MUSCLE (Edgar, 2004) The
phylogenetic analyses were performed by Maximum Likelihood method based on the Kimura 2-

parameter model. The consensus tree was obtained after bootstrap analysis, with 1000
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replications. Additional Giardia gdh sequences (Assemblages A (L40509), B (L40508), C
(DQ414243, EF507623), D (EU769228, EF507633, HQ538710, EU769230), E (AY178740), F
(EU769234), G (AY178747), H (GU176089) and G. ardeae (AF069060)) and Cryptosporidium
hsp70 sequences (C. parvum bovine isolate (AF221528), a mouse isolate (AF221530) a
marsupial isolate (AF221531), a reptile isolate (FJ429597), C. canis (AY120920), C. felis
(AF221538), C. meleagridis (AF221537), C. muris (AF221542) and C. hominis (EF591787), C.
baileyi (AF221539), C. serpentis (AF221541), and C. wrairi (AF221536)) were retrieved from
the Genbank for comparative phylogenetic analyses.
2.2.5 Data analysis

The sample was considered positive if any of the test results for Giardia (zinc sulfate
fecal flotation, IFA and PCR) and for Cryptosporidium (IFA and PCR) were positive. Overall
prevalence and 95% confidence interval (95% CI) were calculated (Fleiss, 2003). Associations
between either Giardia or Cryptosporidium infections and age (less than one year or one year or
more), sex, diarrhea status (yes or no), and housing type (household or breeding kennel/shelter)
were assessed using Fisher’s exact test (Fleiss, 2003). Agreements among the tests used to
diagnose the infection in dogs were calculated based on kappa statistics (Fleiss, 2003). Odds
ratios and 95% CI were estimated using univariate logistic regression analysis to measure the
strength of association of each independent variable including age, sex, diarrhea status, housing
type and the presence of co-infection (having both Giardia and Cryptosporidium) with Giardia
or Cryptosporidium infection. A multivariate logistic regression model, against either Giardia or
Cryptosporidium infection in dogs, was constructed using a backward stepwise elimination
procedure (Dohoo et al.,, 2007). Variables found to be associated with Giardia or

Cryptosporidium infection in the univariate logistic regression (p<0.25) were included in the
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multivariable logistic regression analysis. Variables were retained in the model based on the
likelihood ratio y2 statistic, at p <0.05. All statistical analyses were performed using the Stata
statistical software release 10.1 (Stata Corp., College Station, Texas, USA).

2.3 Results

2.3.1 Detection of Giardia and Cryptosporidium spp. infection in dogs and cats in Chiang
Mai, Thailand

A single fecal sample was collected from 109 dogs and 15 cats. The characteristics of the
population sampled are shown in Table 2.2.

The prevalence of Giardia infections in dogs and cats was 45.9% (95%CI1:36.3-55.7) and
40.0% (95%CI:16.3-67.7), respectively (Table 2.3). The prevalence of Cryptosporidium
infections in dogs and cats was 22% (95%CI:14.6-31.0) and 26.7% (95%CI:7.8-55.1),
respectively. In addition, in dogs, single infections with Giardia or Cryptosporidium were 33.0%
(36/109) and 9.2% (10/109), respectively. Co-infection of Giardia and Cryptosporidium was
shown in 12.8% (14/109) of the canine samples. In cats, 26.7% (4/15) were infected only with
Giardia, 13.3% (2/15) only with Cryptosporidium, and 13.3% (2/15) had a co-infection.

The kappa analysis in dog samples revealed low or no agreement on detection of Giardia
among three tests (flotation, IFA and PCR) with a kappa index of 0.270 and Cryptosporidium
among two tests (IFA and PCR) with a kappa index of -0.037 in this study (Table 2.4 and Table
2.5).

Age was significantly associated with the prevalence of both Giardia and
Cryptosporidium in dogs (Table 2.6). Other variables were not associated with infection in dogs

or cats in this study.
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2.3.2 Univariate and multivariate analysis for risk associated with Giardia and
Cryptosporidium infection in dogs and cats in Chiang Mai, Thailand

Univariate logistic regression analyses for categorical variables showed dogs age less
than one year were more likely to be infected with Giardia (OR 4.52, 95%CI:1.61-12.65) or
Cryptosporidium (OR 4.94, 95%CI:1.80-13.55) than dogs age one year or older (Table 2.7). Cats
from shelters were more likely to be infected with Giardia (OR 16, 95%CI:1.09-234.25) than
household cats (Table 2.7).

The variables remaining in the model following multivariate logistic regression for
Giardia infection were age less than one year (OR 6.53, 95%CI:1.76-24.25), having diarrhea
(OR 4.78, 95%CI:1.04-21.98), and residing in breeding kennels or a shelter (OR 3.93,
95%CI:1.33-11.65) (Table 2.8). For the cats, since the housing type was the only significant
variable the multivariate logistic regression was not performed.

2.3.3 Genotyping of Giardia and Cryptosporidium isolated from positive dogs and cats in
Chiang Mai, Thailand

Twenty-three sequences from Giardia gdh PCR-positive samples were available for
genotype analysis, 21 from dogs and 2 from cats. Using BLAST analyses, eight dog isolates
were typed as Assemblage C and 13 were typed as Assemblage D. Sequences from the two cat
isolates were also Assemblage D. Four of all 23 sequences contained ambiguous nucleotides.
Sample THO8Dog36 and THO8Dog45 had double peaks at the same position, C or T at position
69 and 177. These two samples were from the same shelter. THO8Dog24 and TH08dogl107
contained three ambiguous nucleotides. THO8Dog24 had double peaks at position 189 (A or C),
366 (C or T) and 378 (A or G). THO8Dog107 contained double peaks at position 189 (A or C),

204 (C or T) and 300 (A or G). Neither of the ambiguous nucleotides resulted in amino acid
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changes (a synonymous substitution). When translate all gdh DNA sequences to amino acids,
THO8Dog19 and TH09Dog22, both identified as assemblage C, were one amino acid different
from the rest of assemblage C identified in this study.

Thirteen sequences from hsp70 PCR positive samples were available for analysis, 11
from dogs and two from cats. Six dog isolates were typed as C. parvum and five were typed as C.
canis. Both cat isolates were typed as C. canis.

From the phylogenetic analysis of gdh gene, two subgroups of assemblage C were
identified, and all D except THO8Dogl07 were placed on the same branch (Figure 2.2).
Phylogenetic analysis of a 325-bp region of the Cryptosporidium hsp70 gene placed all of the
close sequences from dog and cats isolates into either C. parvum or C. canis; however, one cat
isolate identified as C. canis from BLAST was diverted from its branch (Figure 2.3).

2.4 Discussion

Although there are several studies reporting Giardia and Cryptosporidium spp. infections
in dogs and cats worldwide, information regarding to these two enteric protozoan parasites in
dogs and cats in Thailand is limited. To the authors’ knowledge, the current study represents the
first report of the Giardia and Cryptosporidium prevalence rates and genotypes/species in dogs
and cats in Chiang Mai, Thailand. Elsewhere in the world, the prevalence of Giardia and
Cryptosporidium in dogs and cats is commonly 5%-15% (Ballweber et al., 2009; Bugg et al.,
1999; Carlin et al., 2006; Fontanarrosa et al., 2006; Hackett and Lappin, 2003; Hill et al., 2000;
Itoh et al., 2012; Itoh et al., 2009; Kim et al., 1998; Little et al., 2009). The prevalence of Giardia
and Cryptosporidium infections, however, has varied owing to the population tested, diagnostic
test used, as well as the geographic and chronologic differences between studies. In the present

study, overall Giardia and Cryptosporidium prevalence were 45.9% and 40% in dogs and 22%
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and 26.7% in cats, respectively. These high prevalences were derived by considering detection in
parallel from three tests for Giardia and two tests for Cryptosporidium. The prevalence of canine
Giardia found in this study is comparable to a previous report of 56.8% in Bangkok (Traub et al.,
2009) and similarly high rates in other countries such as Japan (Itoh et al., 2005), Mexico
(Ponce-Macotela et al., 2005), Brazil (Mundim et al., 2007), Italy (Papini et al., 2005) and
Belgium (Claerebout et al., 2009), where most of the studies were from breeding kennels,
shelters or abandoned dogs. For cats, the prevalence of 40% is comparable with a study of
household cats in Japan (Itoh et al., 2006) and show cats in New Zealand (Kingsbury et al.,
2010). The wide 95% confidence interval for the prevalence estimations of Giardia and
Cryptosporidium infections was noted in cat samples. This finding likely relates to the small
sample size. The prevalence of Cryptosporidium in dogs is comparable to a previous report of
sled dogs from Poland (Bajer et al., 2011) and domestic cats from Italy (Rambozzi et al., 2007).
Nevertheless, the prevalences of these two organisms in this study may be overestimated due to
selection bias. The samples available for this study were not randomly selected but depended on
voluntary participation of the owner visiting the small animal hospital and caregivers of breeders
and a shelter. The animals might have already had the disease or were exposed to the risk factors
(such as young age and living in the crowded environment). Therefore, the selection of the
sample may be biased toward the infected animals, resulting in the overestimation of the
apparent prevalence.

Young age, presence of diarrhea, feeding a home-cooked diet, presence of other enteric
parasites, being an abandoned or stray dog, dogs in kennels or cats in catteries are the risk factors
that have been reported associated with Giardia and Cryptosporidium in dogs and cats (Katagiri

and Oliveira-Sequeira, 2008; Mircean et al., 2012; Rambozzi et al., 2007; Scaramozzino et al.,
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2009; Upjohn et al., 2010). Similarly, in this study, Giardia infection in dogs is shown to be
associated with young age, the presence of diarrhea, and being a breeder/shelter resident.

Concurrent infection of Giardia and Cryptosporidium in dogs and cats has been reported
and it compounds the difficulty in eliminating these two parasites (Keith et al., 2003; Scorza and
Lappin, 2007). Cryptosporidium has been reported as a significant risk for Giardia infection in
cats, and vice versa (Ballweber et al., 2009; Vasilopulos et al., 2006); however, this finding was
not observed in the current study.

Dogs and cats can harbor not only host-adapted species but also the zoonotic
genotypes/species of G. duodenalis and Cryptosporidium (Claerebout et al., 2009; Scorza et al.,
2012; Traub et al., 2009; Volotao et al., 2007), which increases the concern for their potential as
reservoirs for human infections. In this study, the results from molecular analysis of
Cryptosporidium revealed the presence of C. parvum in dog samples. This finding suggests that
dogs could be a potential reservoir for the zoonotic transmission of Cryptosporidium spp.;
however, further investigation of these parasites among humans and animals living in the same
household or in close proximity are needed to confirm this relationship.

Cross-species transmission of a parasite may be possible when animals share the same
habitat and the parasite is biologically capable of infecting multiple host species (Xiao and
Fayer, 2008). It has been shown that cats can be infected with G. duodenalis Assemblages A, B,
C, D and E (Read et al., 2004). In another study from Europe, of 158 sequences analyzed, cats
were reported to be infected not only with Assemblage F (49%) but also by A (43%), B (1.3%),
C (1.9%), D (1.3%) and E (0.6%) (Sprong et al., 2009). In the current study, Giardia
Assemblage D was identified in a house cat and a shelter cat. In addition, C. canis was identified

in two house cats from different households. These findings suggest that cats may be infected
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with dog-adapted pathogens from dogs living in the same area. Therefore, dogs could also be a
reservoir for giardiasis and cryptosporidiosis for cats, or vice versa. It is noted, however, that the
cats that were positive with G. duodenalis Assemblage D did not have diarrhea but both of the C.
canis positive cats had diarrhea.

While C. parvum and C. hominis are significant causes of human cryptosporidiosis, the
detection of C. canis and C. felis in HIV patients in Thailand (Gatei et al., 2002; Srisuphanunt et
al., 2011; Tiangtip and Jongwutiwes, 2002) and elsewhere (Alves et al., 2001; Cama et al.,
2003), as well as the detection of C. canis in children (Xiao et al., 2001) has raised concerns
regarding transmission of protozoal diseases from pets to humans even when they harbor the
host-adapted pathogens. Therefore, good sanitary practices are recommended for all pet owners
to avoid zoonotic transmission to humans.

Phylogenetic analysis for Giardia gdh gene revealed possibly two subgroups of
assemblage C, and two subgroups of assemblage D. For Cryptosporidium hsp70 analysis, all
BLAST identified C. parvum and C. canis were closely placed on its group with the exception of
THO8Cat6 that was placed between the C. felis and C. canis branch. Since the genotypes of
Giardia and Cryptosporidium in this study were identified based on a single gene for each
organism, and discrepancies of genotype/species of Giardia and Cryptosporidium isolates using
multilocus analyses have been reported regarding which locus identifies the zoonotic genotype
versus the host-adapted locus (Beck et al., 2012; Scorza et al., 2012), we are not certain these
results are absolute. Further studies on other loci, for example beta-giardin and triose phosphate
isomerase (tpi) for Giardia and small subunit rRNA (SSU-rRNA) and 60 kDa glycoprotein
(gp60), may be suggested to confirm the presence and subtype of the zoonotic organisms in these

samples.
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The limitations of this study include the small sample size and the convenience nature of
the sample collection. Due to the lack of a pet registry in Chiang Mai, random sampling for this
study was not possible. Selection bias may have led to either underestimation or overestimation
of the prevalence rates. A larger sample size is needed for further study, particularly for cats.
This study had inadequate power to detect associations between age or diarrhea and infection in
cats. We analyzed age, sex, diarrhea status, and housing type; however, other important risk
factors, e.g. season, diet, concurrent parasitic infection could be suggested for future study to
help in prevention and control.

2.5 Conclusion

Giardia and Cryptosporidium infections were common in young dogs in Chiang Mai,
Thailand. Animals living in high-density situations and those having diarrhea were also at risk.
The presence of C. parvum suggested that dogs could be a potential reservoir for the zoonotic
transmission of C. parvum in humans. The molecular analyses suggested that cats could be
infected with the dog-adapted G. duodenalis and C. canis and dogs could be a potential reservoir
for the transmission of these parasites to cats, or vice versa. Further investigation involving a
larger sample size and additional risk factors, (e.g., season, presence of other parasites,
indoor/outdoor activity), are suggested in order to better define the risk of the infection.
Preventive measures then could be implemented to control Giardia and Cryptosporidium

infections in this location.
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2.6 Tables

Table 2.1 List of the sources of animal that have been reported to have high prevalence of
Giardia infection in dogs and cats worldwide.

Source of sample Prevalence (%) Reference

Privately owned animals 28-57 (Itoh et al., 2006; Mircean et al., 2012;
Scorza et al., 2011)

Pet shops 37 (Bugg et al., 1999)

Stray animals 28-51 (Mundim et al., 2007; Paz e Silva et al.,
2012; Ponce-Macotela et al., 2005)

Sled dogs 28 (Bajer et al., 2011)

Breeding kennels 28.6-43.9 (Bugg et al., 1999; Claerebout et al.,

2009; Itoh et al., 2005; Mundim et al.,
2007; Paoletti et al., 2008; Paz e Silva et

al., 2012)

Shelter 55.2 (Papini et al., 2005)

Show cats 31-32 (Gookin et al., 2004; Kingsbury et al.,
2010)
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Table 2.2 Characteristics of samples included in the current study.

No. of samples in this study (%)

Dog (n=109) Cat (n=15)

Age
< 1 year 21.1 (23) 20.0 (3)
> [ year 76.1 (83) 73.3(11)
Unknown 3 (2.8) 6.7 (1)
Sex
Male 31.2 (34) 46.7 (7)
Female 60.6 (66) 46.7 (7)
Unknown 8.3(9) 6.7 (1)
Diarrhea status
Yes (17) 15.6 (17) 20.0 (3)
No (89) 81.7 (89) 73.3(11)
Unknown (3) 2.8 (3) 6.7 (1)
Housing type
Breeder & Shelter (64) 58.7 (64) 33.3(5)
Household (45) 41.3 (45) 66.7 (10)
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Table 2.3 Prevalence of Giardia and Cryptosporidium infections by flotation, IFA, PCR and
combined results. The results were from 109 canine and 15 feline fecal samples. The prevalence
is shown in percent with the 95% confidence interval (CI).

Prevalence % (95%CI)

Dog

Cat

Giardia duodenalis
Flotation

IFA

PCR-gdh
Combined

Cryptosporidium
IFA

PCR-hsp70
Combined

30.3 (21.8-39.8)
21.1 (13.9-30.0)
19.3 (12.3-27.9)
45.9 (36.3-55.7)

12.8 (7.2-20.6)
10.1 (5.1-17.3)
22.0 (14.6-31.0)

13.3 (1.7-40.5)
26.7 (7.8-55.1)
13.3 (1.7-40.5)
40.0 (16.3-67.7)

13.3 (1.7-40.5)
13.3 (1.7-40.5)
26.7 (7.8-55.1)
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Table 2.4 Tabulation of the Giardia-test results based on detection by conventional flotation,
IFA, and PCR in dog samples. Numbers represent the count in each cell.

Diagnostic test™* FAL PCR+ TFA FAL PCR - TFA Total
Flotation + 7 4 7 15 33
Flotation - 2 8 7 59 76
Total 9 12 14 74 109

*Kappa statistic for agreement was 0.270 (p<0.001).
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Table 2.5 Tabulation of the Cryptosporidium-test results based on detection by IFA and PCR in
dog samples. Numbers represent the count in each cell.

Diagnostic test™* PCR+ PCR- Total
IFA+ 1 13 14
IFA - 10 85 95
Total 11 98 109

*Kappa statistic for agreement was -0.037 (p=0.653).

105




Table 2.6 Prevalence of Giardia and Cryptosporidium infections by age, sex, diarrhea status, and
housing type. Number in parentheses represents the number of samples in each category.

G. duodenalis

Cryptosporidium spp. P value

% (95%CI*) Palue o “gs0, 1)

Dog (109) 459 (36.3-55.7) 22.0 (14.6-31.0)

Age 0.003 0.001
< 1year (23) 73.9 (51.5-89.8) 47.8 (26.8-69.4)
> [ year (83) 38.6  (28.1-49.9) 15.7 (8.6-25.3)

Sex 0.666 0.942
Male (34) 50.0 (32.4-67.6) 20.6 (8.7-37.9)

Female (66) 455 (33.1-58.2) 212 (12.1-33.0)

Diarrhea status 0.065 0.842
Yes (17) 64.7 (38.3-85.5) 23.5 (6.8-49.9)

No (89) 40.4 (30.2-51.4) 21.3  (13.4-31.3)

Housing type 0.070 0.370
Breeder & Shelter (64) 53.1 (40.2-65.7) 25.0 (15.0-37.4)
Household (45) 35.6  (21.9-51.2) 17.8  (8.0-32.1)

Cat (15) 40.0 (16.3-67.7) 26.7 (7.8-55.1)

Age =1.000 =1.000
< 1 year (3) 33.3  (0.8-90.6) 33.3  (0.8-90.6)
>1 year (11) 455 (16.7-76.6) 27.3  (6.0-61.0)

Sex 0.592 0.192
Male (7) 28.6  (3.7-71.0) 0
Female (7) 57.1  (18.4-90.1) 429 (9.9-81.6)

Diarrhea status 0.258 0.176
Yes (3) 0 66.7 (9.4-99.2)

No (11) 455 (16.7-76.6) 18.2 (2.3-51.8)

Housing type 0.089 =1.000
Breeder & Shelter (5) 80 (28.4-99.5) 20 (0.5-71.6)

Household (10) 20 (2.5-55.6) 30 (6.7-35.2)

* 95%CI = 95% confidence interval
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Table 2.7 Univariate logistic regression analysis of variables associated with Giardia and
Cryptosporidium spp. infections in dogs and cats in Chiang Mai, Thailand.

Odds Ratio 95%CI* P Value
(OR)
Dog
Giardia duodenalis
Age <1 year (n=106) 4.52 1.61-12.65 0.004
Sex (male) (n=100) 1.20 0.52-2.75 0.666
Diarrhea (n=106) 2.70 0.92-7.96 0.072
Breeder & Shelter (n=109) 2.05 0.94-4.50 0.072
Presence of Cryptosporidium infection 1.91 0.76-4.77 0.169
Cryptosporidium spp.
Age <1 year (n=106) 4.94 1.80-13.55 0.002
Sex (male) (n=100) 0.96 0.35-2.67 0.942
Diarrhea (n=106) 1.13 0.33-3.88 0.842
Breeder & Shelter (n=109) 1.54 0.60-3.99 0.372
Presence of Giardia infection 1.91 0.76-4.77 0.169
Cat
Giardia duodenalis
Age <l year (n=14) 0.60 0.04-8.73 0.708
Sex (male) (n=14) 0.30 0.03-2.76 0.288
Diarrhea (n=14)
N/A**
Breeder & Shelter (n=15) 16.0 1.09-234.25 0.043
Presence of Cryptosporidium infection 1.75 0.17-17.69 0.635
Cryptosporidium spp.
Age <l year (n=14) 1.33 0.09-20.71 0.837
Sex (male) (n=14) N/A**
Diarrhea (n=14) 9.0 0.52-155.24 0.130
Breeder & Shelter (n=15) 0.58 0.04-4.66 0.682
Presence of Giardia infection 1.75 0.17-17.69 0.635
* 95%CI = 95% confidence interval
**Abbreviation
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Table 2.8 Multivariate logistic regression analysis of variables associated with Giardia
duodenalis infection in dogs in Chiang Mai, Thailand (n=97).

Variables Odds Ratio [95%CT*] P Value
Age <l year 6.53 1.76-24.25 0.005
Diarrhea 4.78 1.04-21.98 0.045
Breeder/shelter 3.93 1.33-11.65 0.013

* 95%CI = 95% confidence interval
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2.7 Figures

Figure 2.1 Map of Thailand. Chiang Mai province is in yellow with geographic coordinates at
18°47° N and 98°59” E.
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Figure 2.2 A phylogenetic tree of the Giardia isolates from dogs and cats based on the glutamate
dehydrogenase (gdh) gene. The tree was constructed by a Maximum Likelihood method based
on the Kimura 2-parameter model using MEGAS program. The percentage of trees in which the
associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with
branch lengths measured in the number of substitutions per site. Sequences obtained from
GenBank are indicated by their accession numbers.
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Figure 2.3 A phylogenetic tree of the Cryptosporidium isolates from dogs and cats based on the
heat shock protein 70 kDa (hsp70) gene. The tree was constructed by a Maximum Likelihood
method based on the Kimura 2-parameter model using MEGAS program. The percentage of trees
in which the associated taxa clustered together is shown next to the branches. The tree is drawn
to scale, with branch lengths measured in the number of substitutions per site. Sequences

obtained from GenBank are indicated by their accession numbers.
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CHAPTER 3: PREVALENCE OF AND RISK FACTORS FOR GIARDIA AND
CRYPTOSPORIDIUM INFECTION IN DOGS AND CATS IN CHIANG MAI,
THAILAND: 2009-2010 STUDY"
Summary
This cross-sectional study was designed to determine seasonal and other risk factors
associated with Giardia and Cryptosporidium infections in dogs and cats in Chiang Mai,
Thailand. Fecal samples from 301 dogs and 66 cats were collected between August 2009 and
February 2010. The fecal samples were analyzed for the presence of Giardia cysts and
Cryptosporidium oocysts using zinc sulfate fecal flotation and immunofluorescent assay (IFA).
Demographic and geographic data were recorded. For each animal, potential risk data obtained
by a questionnaire were analyzed for associations with Giardia and Cryptosporidium infections.
Giardia cysts were identified in 76 dogs (25.3%, 95%CI: 20.3-30.2) and 18 cats (27.3%, 95%CI:
16.2-38.3) and Cryptosporidium oocysts were identified in 23 dogs (7.6%, 95%CI: 4.6-10.7) and
8 cats (12.1%, 95%CI: 4.0-20.2). The multivariate analysis indicated that Giardia infections
were more likely to be detected in dogs infected with Cryptosporidium (OR 157.39,
95%CI:17.15-1,444.43), dogs in shelters, breeding farms, or Buddhist temples (OR 8.54,
95%CI:1.94-37.63), dogs with reporting chronic diarrhea (OR 5.85, 95%CI:1.52-22.53), dogs
sampled during the rainy season (OR 5.16, 95%CI:1.77-15.03), dogs that drink untreated water

(OR 3.22, 95%CI:1.16-8.96) and in dogs having diarrhea (OR 2.68, 95%CI:1.15-6.26).
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Cryptosporidium infection was more likely to be detected in dogs less than one year of age (OR
3.55, 95%CI: 1.76-11.73), and dogs having diarrhea (OR 3.06, 95%CI:1.17-8.0). Sequence
analyses of 19 Giardia gdh PCR positive samples and 3 Cryptosporidium hsp70 PCR positive
samples from dogs revealed the presence of G. duodenalis assemblage D (100%), C. canis (2/3)
and C. parvum (1/3). Sequence analysis from 6 Giardia PCR positive- and 2 Cryptosporidium
PCR positive samples from cats revealed the presence of Giardia duodenalis assemblage C (4/6),
D (1/6) and A (1/6) and C. parvum (2/2). Additional studies are needed to address the zoonotic
potential of dogs and cats in this area. Multilocus genotyping studies characterizing larger
number of Cryptosporidium and Giardia isolates from dogs and cats are needed to assess their
zoonotic potential.
Keywords: Dogs; Cats; Giardia; Cryptosporidium; Risk factors; Seasonality; Chiang Mai;
Thailand
3.1 Introduction

Giardia duodenalis and Cryptosporidium spp. are common causes of gastrointestinal
disease in mammalian hosts including humans, dogs and cats (Xiao and Fayer, 2008). The
clinical signs vary from sub-clinical to gastrointestinal discomfort to severe chronic diarrhea.
Diarrhea can be of short duration in immune-competent individuals; however, in immune-
compromised, severe, chronic diarrhea can occur and is potentially life threatening (Buret et al.,
2002; Tzipori and Ward, 2002). Giardia duodenalis is comprised of eight genotypes or
assemblages (A-H) (Lasek-Nesselquist et al., 2010; Monis et al., 2009). Humans are usually
infected with assemblages A and B, which also infect a wide range of hosts including domestic
animals and wildlife, and are considered zoonotic genotypes. Dogs and cats can be infected with

species-adapted assemblages C and D (dogs) and F (cats) and the zoonotic assemblages A and B.
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The genus Cryptosporidium contains at least 24 valid species (Alvarez-Pellitero et al.,
2004; Alvarez-Pellitero and Sitja-Bobadilla, 2002; Fayer, 2010; Fayer and Santin, 2009; Fayer et
al., 2010; Ren et al., 2012; Robinson et al., 2010). Humans are preferentially infected by C.
hominis and C. parvum, with a lesser extent of C. meleagridis, C. canis and C. felis. Dogs are
infected with C. canis, C. parvum, C. meleagridis and C. muris (Santin, 2013). Cats are mostly
infected with C. felis and C. muris (Santin, 2013). Often, the diagnoses of Cryptosporidium and
Giardia are determined at the genus level (as Cryptosporidium spp. and Giardia spp.). Thus,
Giardia cysts and Cryptosporidium oocysts detected in dogs and cats are always assumed
zoonotic and can be a potential reservoir for a zoonotic transmission to humans unless molecular
genotyping is performed.

Worldwide, it has been estimated that G. duodenalis causes human infections at a rate of
2.8 x 10° cases per year (Lane and Lloyd, 2002). In the US, the annual incidence of giardiasis
was estimated at 7.3-7.6 cases per 100,000 people and for Cryptosporidium, at 2.9 cases per
100,000 people in 2010 (Yoder et al., 2012a; Yoder et al., 2012b). The prevalence of Giardia
and Cryptosporidium infections vary depending on the region, detection method, and population
tested. Worldwide, the prevalence of Giardia in dogs and cats range from 0 to 57% (Feng and
Xiao, 2011) and that of Cryptosporidium in dogs and cats ranges from 0 to 28% (Fayer, 2008).

In Thailand, information regarding these organisms is limited. Reports regarding Giardia
and Cryptosporidium infections were mostly done in children and HIV patients. The reported
prevalences of Giardia and Cryptosporidium infection in humans range from 1.3-37.7% and 0.3-
32.9%, respectively (Dib et al., 2008; Srisuphanunt et al., 2011; Wongstitwilairoong et al., 2007).

The only report in dogs showed a prevalence of Giardia of 56.8% (Traub et al., 2009).
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Several significant risk factors associated with infections of these parasites have been
reported such as season of the year (Batchelor et al., 2008; Fontanarrosa et al., 2006), breed of
dog (Gates and Nolan, 2009) and presence of other enteric parasites such as Giardia cysts for
cryptosporidiosis (Ballweber et al., 2009) and presence of Cryptosporidium and coccidial
oocysts as a risk of giardiasis in cats (Vasilopulos et al., 2006).

Our research group performed a small pilot study on the epidemiology of giardiasis and
cryptosporidiosis in dogs and cats in Chiang Mai, Thailand (see Chapter 2). In that study,
prevalence rates of Giardia spp. infections in dogs and cats were 45.9% and 40% respectively.
Prevalence rates of Cryptosporidium spp. infections in dogs and cats were 22% and 26.7%,
respectively. The risks associated with Giardia infection in dogs were being less than one year of
age, having diarrhea and residing in a shelter or breeder setting. In our pilot study, some risks
factors like co-infections and association with season were not reported in the dog and cat
populations in Chiang Mai, Thailand.

Seasonality of these infections was considered in previous studies. A study of
endoparasites in dogs in the UK revealed that the Cryptosporidium infection was more prevalent
in autumn than any other season (Batchelor et al., 2008). A study in Argentina reported that
Giardia infection in dogs was more prevalent in winter than at any other time (Fontanarrosa et
al., 2006). Thailand has three seasons: summer (March-May), rainy (June-October), and winter
(November-February), the latter of which is considered a dry period. Understanding risk factors
associated with Giardia and Cryptosporidium infections in dogs and cats in this region could aid
veterinarians in prevention and control of these important diseases, In addition, the potential

zoonotic transmission will be reduced.
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In this study, we hypothesized that the prevalence of Giardia and Cryptosporidium
infection in dogs and cats is higher in the rainy season than in winter. The aims of the current
study were 1) to determine risk factors associated with Giardia and Cryptosporidium infections
in this population, 2) to explore the seasonal differences of Giardia and Cryptosporidium
prevalences, and 3) to genetically determine the genotype/species of these organisms in dogs and
cats in Chiang Mai, Thailand.

3.2 Materials and Methods
3.2.1 Study location

Chiang Mai is the second largest province of Thailand. It is located in the northern part of
the country at geographic coordinates 18°47° N and 98°59° E. This province covers an area of
20,107.057 sq. km with an average elevation of 310 m above sea level. Approximately 70% of
the area is covered with forest, 13% is agricultural land, and 17% is for housing and other uses.
There are three seasons: rainy ranges from mid-May to October, winter from November to mid-
February, and summer from mid-February to mid-May (Chiang Mai Provincial Office, 2012).
The average temperature in rainy, summer, and winter are 27.7 °C (average min 22.4°C-average
max 36.0°C), and 28.5°C (average min 20.1-average max 39.1), and 23.9°C (average min 14.4°C
- average max 34.35°C), respectively. Average rainfall in rainy, summer and winter were 16.9
cm, 8.7 cm, and 0.8 cm, respectively (Thai Meteorological Department Automate Weather
System). Chiang Mai is administratively divided into 25 districts (amphoe), 204 sub-districts
(tambon) and 2,066 villages (mooban) (Chiang Mai Provincial Office, 2012).

3.2.2 Sample collection
A cross-sectional study was conducted. Animals visiting the Small Animal Hospital of

the Faculty of Veterinary Medicine, Chiang Mai University, as well as shelters and breeders in
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Chiang Mai province, Thailand were the sources of samples. Four hundred and sixty fecal
samples were targeted for collection during August 2009 to February 2010 (230 samples from
rainy months and 230 samples from dry months). This sample size was calculated based on the
preliminary prevalence of Giardia in dogs in Chiang Mai (21% by immunofluorescent, IFA) and
the assumption that the prevalence is reduced by 10% in the dry months (alpha of 0.05 and
power of 0.80) (Fleiss, 2003).

The samples were collected on a volunteer basis regardless of the health status of the
animals. Owners or caregivers of the animals were asked to complete a written questionnaire
(see Appendix) with information regarding geographic and demographic data, number of
animals, details of housing and living conditions, health status, owners or caregivers’
socioeconomic status. The fecal consistency was estimated using the Nestle Purina Fecal Scoring
System for Dogs and Cats (Nestle-Purina Pet Food Co, St Louis, MO, USA). Fecal scores of 1-4
were considered as normal with scores of 5 or 6 classified as diarrheic.

3.2.3 Diagnostic methods

Fecal consistency was determined upon the receipt of the sample and all fecal samples
were stored in closed plastic containers at 4°C. Microscopic examination of feces after
performance of a conventional zinc sulfate centrifugal flotation was used to determine intestinal
parasitic infection within 5 days of collection and then samples were stored at -20°C until
shipped to Colorado State University for IFA and molecular analysis. Fecal samples were
shipped to the USA on dry ice and stored at -70°C.

Feces were evaluated for Giardia cysts and Cryptosporidium oocystsusing a
commercially available immunofluorescent assay (IFA) (Merifluor® Cryptosporidium/Giardia

IFA kit, Meridian Diagnostic Corporation, Cincinnati, OH). Prior to IFA, all fecal samples were

122



thawed at room temperature (20°C) and concentrated using sugar concentration techniques as
previously described (O'Handley et al., 2000; Vasilopulos et al., 2006). In brief, 3 grams of feces
were mixed with 4.5 ml PBS-EDTA and strained through cheesecloth then overlaid on 7 ml
Sheather’s sugar solution. Samples were centrifuged at a speed of 800g for 10 minutes. The top
layer was transfer to new falcon tub and centrifuged at a speed of 1,200g for 10 minutes. The
pellet was washed twice with PBS-EDTA and centrifuged at 1,200g for 10 minutes. The pellet
were then re-suspended in 1 ml PBS-EDTA. A thin fecal smear was made on the IFA slides
following the manufacturer’s instructions.
3.2.4. Molecular analysis

Genomic DNA was extracted from fecal samples containing Giardia cysts or
Cryptosporidium oocysts following an established protocol (Scorza et al., 2003) and stored at
-20°C until assayed in the different polymerase chain reaction (PCR) assays. A fragment of
Giardia glutamate dehydrogenase gene and a fragment of Cryptosporidium heat shock protein 70
kDa (hsp70) gene were amplified by PCR as previously described with the following
modifications (Morgan et al., 2001; Read et al., 2004); use of a commercial master mix
(HotStarTaq Master Mix, Qiagen, Valencia, CA) with 10 pmol of each primer and 1 pl of
genomic DNA per PCR reaction.

The PCR products were analyzed by nucleotide sequencing using a commercially
available service (Proteomics and Metabolomics Facility, Colorado State University). The
obtained sequences were compared with nucleotide sequences from the nucleotide database,

GenBank, by BLAST analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
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3.2.5. Statistical analyses

The sample was considered positive if the test results for Giardia (zinc sulfate fecal
flotation or IFA) and for Cryptosporidium (IFA) were positive. Agreement of Giardia detection
were assessed using the exact McNemar’s test and Kappa statistics (Fleiss, 2003). Samples were
grouped by age (< 1 yr, 1-7 yrs and > 7 yrs). Fecal samples collected during August to October
2009 were grouped and represented as samples collected during the wet months or rainy season.
Fecal samples collected during November 2009 to February 2010 were grouped and represented
as dry months or winter samples. Responses to the questions for each individual animal
information were entered into a spreadsheet and all statistical analyses were performed using the
Stata statistical software release 10.1 (Stata Corp., College Station, Texas, USA). Overall
prevalence and 95% confidence interval (95%CI) were calculated. Association of risk factors
and Giardia or Cryptosporidium positive outcomes were analyzed using x” or Fisher’s exact test
whenever appropriate (Fleiss, 2003). Odd ratios (OR) and 95%CI were estimated to measure the
strength of association using univariate logistic regression. A multivariate logistic regression
model was constructed using a backward stepwise elimination procedure, against either Giardia
or Cryptosporidium infection (Dohoo et al., 2007). Variables found to be associated with Giardia
or Cryptosporidium infection in (p<0.1) were included in the multivariate logistic regression
analysis. Variables were retained in the model based on the likelihood ratio y* statistic, at
p<0.05. Association of risk factors and Giardia infection alone and Giardia and
Cryptosporidium co-infections were assessed with the same methods.
3.3 Results

There were 301 canine and 66 feline fecal samples obtained for this study. Ninety-two

percent of dog owners and 71.2% of cat owners or caregivers answered or returned the
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questionnaires although not all questions were answered in all questionnaires. Samples were
collected from 15 of 22 districts (Figure 3.1). Distributions of samples collected in each month
are shown in Table 3.1. For dogs, the number of fecal samples collected in the rainy and winter
seasons were 167 (55.5%) and 134 (44.5%), respectively. In cats, the number of samples
collected in the rainy and winter seasons were 24 (36.4%) and 42 (63.6%), respectively. The
majority of fecal samples were obtained from household dogs and cats (Table 3.2). Of the
samples, 58.5% (176/301) of dogs and 65% (43/66) of cats were from central Chiang Mai
(Muang district) (Table 3.3 and Table 3.4). Of 301 canine fecal samples 67 (22.3%), 161
(53.5%) and 73 (24.3%) were from dogs less than 1 year of age, 1-7 years of age and more than
7 years of age, respectively. Of 66 feline fecal samples, 20 (30.3%), 40 (60.6%) and 6 (9.1%)
were from cats age less than 1 year of age, 1-7 years of age and more than 7 years of age,
respectively. Of dog and cat fecal samples, 48.5% (146/301) and 57% (38/66) were from male
dogs and cats, respectively.

The overall prevalence of Giardia infections in dogs and cats was 25.3% (95%CI: 20.3-
30.2) and 27.3% (95%CI: 16.2-38.3), respectively. Overall prevalence of Cryptosporidium
infections in dogs and cats were 7.6% (95%CI: 4.6-10.7) and 12.1% (95%CI: 4.0-20.2),
respectively. Of 301 canine and 66 feline fecal samples, 117 (38.9%, 95%CI: 33.3-44.4) of dogs
and 30 (45.5%, 95%CI: 33.1-57.8) of cats were infected with at least one parasite. Distributions
of intestinal parasitic infections are shown in Table 3.5. Of these parasitic infections, co-infection
patterns in dogs and cats are shown in Figure 3.2 and 3.3.

The univariate analyses of risk factors associated with Giardia and Cryptosporidium
infection in dogs and cats are shown in Table 3.6 and Table 3.7, respectively. Age, diarrhea

status, and source of drinking water were significantly associated with both Giardia and
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Cryptosporidium infection in dogs. In cats, the breed category and type of housing were
significantly associated with both Giardia and Cryptosporidium infections. During the rainy
season, the odds of dogs shedding Giardia cysts were 2.24 times higher than the dry winter
season (95%CI:1.29-3.91). Giardia infection was more likely in dogs with diarrhea (OR 2.55,
95%CI:1.43-4.55) than dogs having normal stool. Dogs infected with Cystoisospora spp. (OR
3.22, 95%CI:1.23-8.45) or Cryptosporidium spp. (OR 91.26, 95%CI:12.03-692.03) were more
likely to have Giardia co-infection. Dogs living in crowded settings like shelters, breeding farms
or temples had higher risk for Giardia infection than household dogs (OR 4.03, 95%CI:1.59-
10.17). Dogs with diarrhea also had a higher risk of infection with Cryptosporidium (OR 2.98,
95%CI:1.24-7.15). The odds of having Cryptosporidium infection were also higher in dogs
infected with Giardia cysts (OR 91.26, 95%CI:12.03-692.03). Persian cats were more likely to
be infected with Giardia (OR 7.08, 95%CI:1.99-25.27) as well as Cryptosporidium (OR 24.6,
95%CI:2.65-228.09). Cats in breeding farms had 18.75 (95%CI:4.21-83.48) times higher risk of
being infected with Giardia and 10.42 (95%CI:2.07-52.33) times higher risk of being infected
with Cryptosporidium compared to household cats. The odds of having Giardia was 11.5
(95%CI:2.06-64.34) in cats infected with Cryptosporidium, and vice versa. Due to the high
proportion of the co-infection of Giardia and Cryptosporidium in dogs in this study, the samples
were again categorized to Giardia infection alone, Cryptosporidium infection alone, Giardia and
Cryptosporidium co-infection and no infection groups (Table 3.10). Univariate analyses of risk
factors and these categories were shown in Table 3.11. Rainy season (OR 3.77, 95%CI:1.85-
7.69), pure bred dogs (OR 2.17, 95%CI:1.12-4.18), having diarrhea (OR 2.11, 95%CI:1.08-
4.18), presence of Toxocara canis eggs (OR 4.4, 95%CI:1.06-18.19), presence of Cystoisospora

oocysts (OR 4.15, 95%CI:1.52-11.34), residing in a shelter, breeding facility, or temple (OR
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2.99, 95%CI:1.01-8.79), and having chronic diarrhea (OR 6.0, 95%CI:2.12-17.0) were
significantly associated with infection by Giardia alone. For co-infection of Giardia and
Cryptosporidium co-infection, the significant associated risk factors were age <1 year (OR 8.71,
95%CI:1.85-40.96), having diarrhea (OR 3.83, 95%CI:1.55-9.49), and residing in in a shelter,
breeding facility, or temple (OR 7.03, 95%CI:2.12-23.3). Although non-significant, the dogs
with co-infection of Giardia and Cryptosporidium are more likely to have diarrhea than dogs
with Giardia infection alone (OR 1.81, 95%CI: 0.66-5.01, p=0.251). In contrast, dogs with
Giardia infection alone are more likely having chronic diarrhea than dogs with Giardia and
Cryptosporidium co-infection (OR 4.07, 95%CI:0.48-34.46, p=0.198)..

From the univariate analyses (Table 3.6), the candidate variables (p<0.1) to be included
in the multivariable analysis for Giardia infection in dogs were season, age, diarrhea status,
presence of Cystoisospora oocysts, presence of Cryptosporidium oocysts, type of housing,
number of animals in the household, defecating area, source for drinking water and reporting
chronic diarrhea. For Cryptosporidium multivariable analysis in dogs, age, diarrhea status, type
of housing, number of animals in the household, free roaming and source for drinking were
included. The variables remaining in the multivariate logistic regression model for Giardia
infection were presence of Cryptosporidium oocysts, residing in shelter/breeding setting or
temple, reporting chronic diarrhea, rainy season, drinking untreated water, and having diarrhea
(Table 3.8). The variables remained in the multivariable model for Cryptosporidium infection
were age less than 1 year, and having diarrhea (Table 3.9). The results of multivariate analyses
when determine an infections as Giardia alone, Cryptosporidium alone, and co-infection of
Giardia and Cryptosporidium are shown in Table 3.12 and Table 3.13. The significant risk

factors for Giardia infection alone were residing in shelter/breeding setting or temple, reporting
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chronic diarrhea, rainy season and having diarrhea. The significant risk factors for Giardia and
Cryptosporidium co-infection were residing in shelter/breeding setting/temple, age less than 1
year and having diarrhea. For cats, from multivariate analysis, Giardia infection was significant
high in Persian cats with odds ratio of 7.08 (95%CI:1.99-25.27), whereas, Cryptosporidium
infection was higher in cats shedding Giardia cysts with OR of 11.5 (95%CI:2.06-64.34).

Seventy-six dog and eighteen cat samples containing Giardia cysts were genotyped using
the Giardia gdh PCR assay. Bands of ~ 432 bp fragment of the gdh gene were successfully
amplified in 19 dog- and 6 cat samples. All dog gdh sequences were identified as G. duodenalis
assemblage D. For cats, 1 (16.7%) was identified as assemblage D, 4 (66.7%) as assemblage C,
and 1 (16.7%) as assemblage A. For Cryptosporidium genotyping, 23 dog and 8 cat samples
were analyzed. Bands of ~ 325-bp fragment of hsp70 were successfully amplified in 3 dog and 2
cat samples. Two of three PCR positive dog samples were identified as C. canis and a remaining
sequence was identified as C. parvum. Both PCR positive cat samples were identified as C.
parvum.

Kappa analysis (K, 0.03, p = 0.270) and McNemar’s test (p<0.001) on the Giardia
detection by zinc sulfate flotation and IFA revealed that the two tests were inagreement.
3.4 Discussion

The limitations of this study include the small sample size for cats and sample collection
based on convenience. Most of the samples in this study were from healthy animals; selection
bias may have led to underestimation of the prevalence rates. The prevalence of Giardia and
Cryptosporidium infection in this study, therefore, may not reflect the general population of dogs

and cats in this province.
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In our previous pilot study in 2008, the prevalence rates of Giardia spp. infection in dogs
and cats were 45.9% and 40%, and the prevalence rates for Cryptosporidium spp. infections in
dogs and cats were 22% and 26.7%, respectively. In our current study, performed on samples
collected approximately one year later, over a longer period of time, the prevalence of Giardia in
dogs and cats were 25.2% and 27.3%, and the prevalence of Cryptosporidium in dogs and cats
were 7.6% and 12.1%. The difference of prevalences of infection may be due to the fact that in
the previous study, in 2008, fecal samples the majority of samples were from shelters/breeders
(55%) whereas in the current study, 93.3% of dog samples and 80% of cat samples were from
household pets. Therefore, the previous study and the current study may represent the prevalence
of Giardia and Cryptosporidium infection in shelter/breeding dogs and the household dogs,
respectively.

Most of Thailand has a tropical wet and dry or savanna climate, in which some months of
the year have heavier rain fall than other months. As Giardia and Cryptosporidium are common
causes of waterborne gastrointestinal disease, it was hypothesized in the current study that the
prevalence of Giardia and Cryptosporidium in wet months (rainy season) is higher than in the
dry months (winter). From the analysis, regardless to co-infection with Cryptosporidium,
Giardia infection was significantly higher in the rainy season than in winter. Dogs in the rainy
season were 5.16 times more at risk of having Giardia infection when compared to dogs in the
winter. This finding was also true when the analysis was done in dogs with Giardia infection
alone (OR 3.82, 95%CI:1.37-10.70). However, the seasonality was not significantly associated
with Cryptosporidium infection or Giardia and Cryptosporidium co-infection in dogs. A
retrospective study of endoparasites in dogs based on fecal samples submitted to a commercial

diagnostic laboratory in the United Kingdom revealed that Cryptosporidium was more prevalent
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in autumn (October-December) than any other period (Batchelor et al., 2008). It has also
reported that Giardia infection was more prevalent in cool weather than warm weather
(Fontanarrosa et al., 2006). Therefore, in Chiang Mai, Thailand, veterinarians should be aware of
an increased risk for Giardia infection in dogs with diarrhea during the rainy seasons

To authors’ knowledge, this is the first report to assess the association of risk factors and
co-infection of Giardia and Cryptosporidium. In this study, it is shown that rate of co-presence
of Giardia and Cryptosporidium infection is high, with 22 of 76 (31.6%) Giardia infected dogs
had Cryptosporidium infection and 22 of 23 (95.7%) Cryptosporidium infected dogs had Giardia
infection. Previous studies have shown the co-presence of Giardia and Cryptosporidium in cats
(Ballweber et al., 2009; Mundim et al., 2007; Scorza and Lappin, 2007; Vasilopulos et al., 2006),
but neither of these studies have analyzed the association of risk factors and co-infection of these
parasites.

Risk factors associated with the Giardia and Cryptosporidium infection in dogs and cats
have been studied and vary depending on the population studied. Mostly, the infections were
associated with young age, having diarrhea or chronic diarrhea, the presence of other intestinal
parasites, eating homemade food, living in a crowded setting or being abandoned (i.e., stray
animals) (Ballweber et al., 2009; Fontanarrosa et al., 2006; Itoh et al., 2011; Katagiri and
Oliveira-Sequeira, 2008; Rambozzi et al., 2007; Vasilopulos et al., 2006). The risk factors
evaluated in the current study support these previous studies. When adjusting for factors other
than season of the year, significant risks for Giardia infection in dogs were presence of
Cryptosporidium infection, residing in a crowded setting (shelter/breeder/temple), reporting
chronic diarrhea and currently having diarrhea. Therefore, the transmission of Giardia and

Cryptosporidium in dogs and cats may be reduced by limiting the exposure to diarrheic dogs.
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The infected dogs should be separated from other animals and should be treated and bathed
before moving to the new clean cage. A soiled cage or contaminated floor should be thorough
cleaned followed by steam cleaning or disinfecting with quaternary ammonium compounds with
a minimum contact time of 1 minute (Tangtrongsup and Scorza, 2010). In the diarrheic dogs
with co-infection of Giardia and Cryptosporidium, nitazoxanide at the dose of 25 mg/kg, orally
every 12 hours for at least 5 days may be suggested as this drug has been shown to be able to
treat both Giardia and Cryptosporidium infection in dogs and cats (Scorza and Tangtrongsup,
2010; Tangtrongsup and Scorza, 2010).

In the current study, 17 of 54 dogs (31.5%) infected with Giardia alone and 10 of 22
dogs (45.45%) with Giardia and Cryptosporidium co-infection had diarrheic stool. In contrast, 9
of 51 dogs (17.6%) infected with Giardia alone and 1 of 21 dogs (5%) with Giardia and
Cryptosporidium co-infections had chronic diarrhea (reported by owners or caregivers).
Although, these diarrhea status and reporting chronic diarrhea information were not significant,
with power of 0.15 and 0.11, respectively, the larger collection of samples may be suggested to
analyze the association between diarrhea (as well as chronic diarrhea) and single or co-infection
of Giardia and Cryptosporidium.

Giardia cysts and Cryptosporidium oocysts can be resistant to extreme environmental
conditions and survive in soil or water for long periods of time (Fayer, 2008; Pozio, 2003).
Therefore, untreated water is always a risk not only for Giardia and Cryptosporidium but also
with other waterborne pathogens (Baldursson and Karanis, 2011; O'Reilly et al., 2007; Smith et
al., 2006). The multivariate analysis in this study revealed that sources of water significantly

associated with Giardia infection. Therefore, choosing safe, reliable water sources or boiling or
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filtering untreated water (i.e, river water, underground and well water) with an appropriate filter
before giving to animals is recommended.

Infection with intestinal parasites has a negative health effect on the hosts and co-
infection of Giardia with Cryptosporidium or with other enteric parasites has been documented
(Ballweber et al., 2009; Itoh et al., 2011; Scorza and Lappin, 2007; Vasilopulos et al., 2006). The
co-infection of other parasites can worsen the clinical symptoms of giardiasis and
cryptosporidiosis. In this study, the high prevalence of intestinal parasites was detected in both
dogs and cats (38.9% and 45.5%); therefore, setting a regular schedule for deworming and
testing for enteric parasites is also suggested.

The genera Giardia and Cryptosporidium comprise host-adapted and zoonotic genotypes
or species. Dogs and cats can be infected by G. duodenalis assemblage A and B, and C. parvum,
which means they may be a potential reservoir for zoonotic transmission. The transmission cycle
among dogs and humans living in the same community has been documented (Traub et al., 2009;
Traub et al., 2004). In the current study all Giardia isolates from dogs were the dog-adapted
genotype assemblage D, whereas in cats, 3 of 4 of Giardia isolates was assemblage C or D.
Although only one assemblage A was identified in a cat, there is not enough evidence to support
or refute the proposal that dogs and cats have a potential role in zoonotic transmission since only
9-25% of positive samples could be amplified. More studies are needed to clarify the role of
dogs and cats in this area in zoonotic transmission, including the using of multilocus genotyping,
expanding the study time or focusing on target populations that have a high prevalence, such as
breeding farms, shelters, kennels or catteries. In addition, the study of Giardia and
Cryptosporidium isolates from animals and humans in the same household may elucidate

zoonotic transmission potential of pets to their owners.
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The detection of parasites on unfrozen fecal samples has been suggested to diagnosed for
accurately detection (Scorza and Tangtrongsup, 2010; Tangtrongsup and Scorza, 2010);
however, in this study, freezing were required because the fecal material needed to be stored for
up to 8 months before international shipment. This freezing step might have affected Giardia and
Cryptosporidium detection in later steps. Although the IFA technique used can detect Giardia
cysts in frozen samples, the number of freeze-thaw cycles likely had a negative effect on the
quantity of recovered cysts from the fecal samples (Erlandsen et al., 1990). After three freeze-
thaw cycles, a loss of approximately 22-27% of Giardia muris cysts in high-concentration fecal
samples (>4.6 x 10°/ml) and a 70-80% loss at the lower cyst concentration (<9 x10*ml) have
been reported. In this study, the sugar concentration technique was applied to the frozen samples,
which relies on the ability of the cysts or oocysts of these organisms to float. If freezing disrupts
the cyst or oocyst wall, Giardia and Cryptosporidium infection could be underestimated, since
the cysts/oocysts would fail to float. Therefore, evaluating concentration techniques for use on

frozen samples would be beneficial.
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3.5 Tables

Table 3.1 Proportion of fecal samples from dogs and cats in Chiang Mai, Thailand included in
the current study distributed by month of collection.

Dog Cat
% (n) % (n)
Rainy 2009
August 12.6 (38)
September 22.3 (67) 25.8 (17)
October 20.6 (62) 10.6 (7)
Winter November 13.3 (40) 15.2 (10)
December 7.3 (22) 16.7 (11)
2010
January 10.6 (32) 6.1 (4)
February 13.3 (40) 25.8 (17)
100 (301) 100 (66)
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Table 3.2 Proportion of fecal samples from dogs and cats in Chiang Mai, Thailand distributed by
housing type of animals.

Housing type Dog Cat
% (n) %0 (n)
Household 93.4 (281) 80.3 (53)
Shelter 5.3(16) -
Breeding farm 1(3) 19.7 (13)
Temple 0.3 (1) -
100 (301) 100 (66)
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Table 3.3 Prevalence of Giardia and Cryptosporidium infection in dogs in Chiang Mai, Thailand
distributed by district of sample collected.

District % of all samples (n) Prevalence of Prevalence of
G. duodenalis Cryptosporidium spp.

% (n) % (n)

Doi Lor 0.3 (1) 0(0) 0(0)

Doi Sa Ket 10.0 (30) 10 (3) 6.7 (2)

Fang 0.3 (1) 0(0) 0(0)

Hang Dong 7.6 (23) 47.8 (11) 13.0 (3)

Jom Thong 0.3 (1) 100 (1) 0(0)

Mae On 0.3 (1) 0(0) 0(0)

Mae Rim 10.3 (31) 19.3 (6) 3.2(1)

Mae Wang 0.7 (2) 0(0) 0(0)

Muang 58.5(176) 26.1 (46) 8.5 (15)

Prao 0.3 (1) 0(0) 0(0)

San Kum Paeng 0.7 (2) 0(0) 0(0)

San Pa Tong 2.0 (6) 50 (3) 0(0)

San Sai 6.3 (19) 26.3 (5) 10.5(2)

Sarapee 2.3(7) 14.3 (1) 0 (0)

Total 100 (301) 25.2 (76) 7.6 (23)
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Table 3.4 Prevalence of Giardia and Cryptosporidium infection in cats distributed by district of
sample collected.

District % of all samples (n) Prevalence of Prevalence of
G. duodenalis Cryptosporidium spp.
% (1) % (n)
Doi Sa Ket 19.7 (13) 76.9 (10) 38.5(5)
Hang Dong 7.6 (5) 0(0) 0(0)
Mae Rim 1.5 (1) 0(0) 0(0)
Muang 65.2 (43) 16.8 (7) 7.0 (3)
San Sai 4.6 (3) 33.3 (1) 0(0)
Sarapee 1.5 (1) 0(0) 0 (0)
Total 100 (66) 27.3 (18) 12.1 (8)
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Table 3.5 Prevalence of intestinal parasites detected in dogs and cats in this Chiang Mai,
Thailand distributed by species of parasites.

Parasite Dog (n=301) Cat (n=66)
% positive (n) % positive (n)
At least one parasite 38.9 (117) 45.5 (30)
Giardia duodenalis 25.3(76) 27.3 (18)
Ancylostoma spp. 12.0 (36) 3.0(2)
Cryptosporidium spp. 7.6 (23) 12.1 (8)
Cystoisospora spp. 6.0 (18) 10.6 (7)
Toxocara canis 2.7 (8) -
Coccidian-like 1.7.(5) 3.0(2)
Trichuris vulpis 2.0 (6) -
Strongyloides spp. 0.7 (2) -
Toxascaris leonine 0.7 (2) 1.5 (1)
Toxocara cati - 3.0(2)
Spirometra spp. - 4.6 (3)
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Table 3.6 Factors examined for association with Giardia and Cryptosporidium infections in dogs
in Chiang Mai, Thailand. (n=301).

Factor n3 G. duodenalis Pvalue®  Cryptosporidium spp. P value®
% positive (n) % positive (n)

Season 0.004 0.228
Rainy 167 31.7 (53) 6.0 (10)

Winter 134 17.2 (23) 9.7 (13)

Age 0.01 0.005
<1 year 67 37.3 (25) 17.9 (12)

1 -7 years 161 24.8 (40) 4.9 (8)
> 7 years 73 15.0 (11) 4.1(3)

Sex 0.197 0.714
Male 146 21.9 (32) 8.2 (12)

Female 155 28.4 (44) 7.1(11)

Breed 0.154 0.184
Purebred 62 32.3 (20) 32(2)

Mixed 239 23.4 (56) 8.8 (21)

Diarrhea status 0.001 0.011
Yes 67 40.3 (27) 14.93 (10)

No 234 20.9 (49) 5.56 (13)

Ancylostoma eggs present 0.656 0.868
Yes 36 22.2 (8) 83(3)

No 265 25.7 (68) 7.6 (20)

Trichuris vulpis eggs present N/A N/A
Yes 6 0(0) 0 (0)

No 295 25.8 (76) 7.8 (23)

Toxocara canis eggs present 0.114 N/A
Yes 8 50.0 (4) 0 (0)

No 293 24.6 (72) 7.8 (23)

Toxascarid leonina eggs present 0.422 0.745
Yes 2 50.0 (1) 83(3)

No 299 25.1(75) 7.6 (20)

Cystoisospora oocysts present 0.022 =1.000
Yes 18 50.0 (9) 5.6 (1)

No 283 23.7 (67) 7.7 (22)

Coocidian-like oocysts present 0.603 N/A
Yes 5 40.0 (2) 0 (0)

No 296 25.0 (74)) 7.8 (23)

Strongyloides eggs present N/A N/A
Yes 2 0(0) 0 (0)

No 299 25.4 (76) 7.8 (23)

Cryptosporidium oocysts present <0.001
Yes 23 95.7 (22)

No 278 19.4 (54)

Giardia cysts present <0.001
Yes 76 29.0 (22)

No 225 0.4 (1)

Type of Housing 0.006 0.012
Household 281 23.1 (65) 6.4 (18)
Shelter/breeder/Temple 20 55.0 (11) 25.0 (5)

No of animals 0.062 0.050
1 60 30.0 (18) 6.7 (4)

2-4 106 24.5 (26) 9.4 (10)
5-10 70 15.7 (11) 1.4 (1)
>10 43 37.2(16) 14.0 (6)

Cat in the same house 0.454 =1.000
Yes 44 20.5(9) 6.8 (3)

No 231 26.8 (62) 7.8 (18)
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Factor n3 G. duodenalis Pvalue®  Cryptosporidium spp. P value®
% positive (n) % positive (n)

Free roaming 0.719 N/A
Yes 48 22.9(11) 0(0)
No 234 26.1 (61) 9.0 (21)

Defecating area 0.019 0.330
In household area 199 25.6 (51) 9.6 (19)
Out side household area 37 8.1(3) 2.7 (1)

Fecal picked immediately 0.745 =1.000
Yes 86 20.9 (18) 7.0(7)
No 143 23.1 (33) 8.1(11)

Drinking water source 0.026 0.013
Bottled water 42 35.7 (15) 16.7 (7)
Filtered water 13 15.4 (2) 0(0)
Tap water 180 20.6 (37) 4.4 (8)
Untreated water® 44 38.6 (17) 13.6 (6)

Food type 0.329 0.360
Commercial 65 32.3(21) 9.2 (6)
Homemade 35 25.709) 11.4 (4)
Mix 179 22.9 (41) 6.15(11)

Ever eaten raw meat 0.192 0.206
Yes 21 38.1(8) 14.3 (3)
No 255 24.3 (62) 7.1 (18)

Regular deworming 0.674 0.607
Yes 142 24.0 (34) 7.8 (11)
No 130 26.2 (34) 6.2 (8)

Household ever been flooded 0.477 0.773
Yes 54 22.2(12) 5.6 (3)
No 215 27.0 (58) 7.9 (17)

Chronic diarrhea reported by owner 0.001 =1.000
Yes 17 58.8 (10) 59()
No 258 23.6 (61) 7.8 (20)

Owners/Care givers Educational level 0.253 0.236
Higher school and lower 45 31.1(14) 11.1 (5)
Bachelor 139 28.8 (40) 8.6 (12)
Diploma 33 18.2 (6) 0(0)
Master&PhD 51 31.1(14) 5903)

Household income (Baht) 0.935 0.522
<10,000 44 25.0 (11) 9.1 (4)
10,000 — 25,000 64 25.0 (16) 3.1(2)
25,001 — 50,000 79 21.5(17) 7.6 (6)
> 50,000 71 25.4 (18) 8.5 (6)

3In some factors the total number are less due to lack of response on the questionaire.

*95%CI = 95% confidence interval
*For Cryptosporidium calculation n for Yes =116, n for No= 185

® Untreated water includes river, underground and well water.
‘P value was calculated using Fisher’s exact or y2 test whichever appropriated; N/A= not applicable.
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Table 3.7 Factors examined for association with Giardia and Cryptosporidium infections in cats

in Chiang Mai, Thailand. (n=66).

Factor n3 G. duodenalis Pvalue®  Cryptosporidium spp. P value®
no. positive (%) no. positive (%)

Season 0.165 N/A
Rainy 24 16.7 (4) 0 (0)
Winter 42 33.3(14) 19.1 (8)

Age 0.234 =1.000
<1 year 20 15.0(3) 15.0(3)
1 — 7 years 40 35.0 (14) 12.5(5)
> 7 years 6 16.7 (1) 0(0)

Sex 0.446 0.063
Male 38 23.7(9) 532
Female 28 32.1(9) 21.4 (6)

Breed 0.001 0.001
DSH 42 19.1 (8) 2.4(1)
Persian 16 62.5(10) 37.5(6)
Siamese 8 0 (0) 12.5(1)

Diarrhea status 0.474 =1.000
Yes 11 36.4 (4) 9.1 (1)
No 55 25.5(14) 12.7 (7)

Ancylostoma eggs present N/A N/A
Yes 2 0(0) 0(0)
No 64 28.1(18) 12.5(8)

Spirometra eggs present =1.000 N/A
Yes 3 33.3(1) 0(0)
No 63 27.0 (17) 12.7 (8)

Toxocara cati eggs present N/A N/A
Yes 2 0(0) 0(0)
No 64 28.1(18) 12.5(8)

Toxascarid leonina eggs present N/A N/A
Yes 1 0(0) 0(0)
No 65 27.7 (18) 12.3 (8)

Cystoisospora oocysts present =1.000 N/A
Yes 7 28.6 (2) 0 (0)
No 59 27.1 (16) 13.6 (8)

Coccidian-like oocysts presence 0.474 N/A
Yes 2 50.0 (1) 0)
No 64 26.6 (17) 12.5(8)

Cryptosporidium oocysts present 0.004
Yes 8 75.0 (6)
No 58 20.7 (12)

Giardia cysts present 0.004
Yes 18 33.3(6)
No 48 42(2)

Type of Housing 0.001 0.006
Household 53 15.1 (8) 5.7(3)
Breeder 13 76.9 (10) 38.5(5)

No of animals <0.001 0.250
1 8 12.5(1) 25(2)
2-4 11 0(0) 0 (0)
5-10 8 75.0 (6) 12.5(1)
>10 18 55.0(10) 27.8 (5)

Dog in the same house 0.396 N/A
Yes 6 16.7 (1) 0 (0)
No 41 39.0 (16) 19.5 (8)

Free roaming 0.375 N/A
Yes 14 7.1(1) 0 (0)
No 20 30.0 (6) 15.0 (3)
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Factor n3 G. duodenalis Pvalue®  Cryptosporidium spp. P value®
no. positive (%) no. positive (%)

Defecating area 0.627 0.627
In household area 12 41.7 (5) 83 (1)
Litter box 10 0 (0) 20.0 (2)
Out side household area 1 0(0) 0(0)

Fecal picked immediately 0.127 N/A
Yes 6 40.0 (4) 0(0)
No 13 7.7 (1) 23.1(3)

Drinking water source =1.000 0.566
Bottled water 6 16.7 (1) 16.7 (1)
Filtered water 1 0(0) 0(0)
Tap water 26 23.1(6) 7.7 (2)
Untreated water 1 0(0) 0(0)

Food type 0.738 =1.000
Commercial 19 26.3(5) 10.5(2)
Homemade 1 0(0) 0(0)
Mix 14 143 (2) 7.14 (1)

Ever eaten raw meat 0.384 N/A
Yes 2 50.0 (1) 0(0)
No 31 19.4 (6) 9.7(3)

Regular deworming 0.426 N/A
Yes 15 13.3(2) 20.0 (3)
No 19 26.3 (5) 0 (0)

Household ever been flooded N/A N/A
Yes 2 0 (0) 0(0)
No 27 25.9 (7) 11.1(3)

Chronic diarrhea reported by owner 0.580 N/A
Yes 6 33.3(2) 0(0)
No 28 17.9 (5) 10.7 (3)

Owners/Care givers Educational level 0.145 =1.000
Higher school and lower 11.1 (1) 11.1 (1)
Bachelor 17 35.3(6) 11.8(2)
Master&PhD 7 0(0) 0 (0)

Household income (Baht) 0.008 0.141
<10,000 4 0(0) 25.0(1)
10,000 — 25,000 5 0(0) 0 (0)
25,001 — 50,000 10 20.0 (2) 20.0 (2)
> 50,000 14 18.5(5) 0 (0)

3In some factors the total number are less due to the non-responding.

*95%CI = 95% confidence intervalT

*For Cryptosporidium calculation n for Yes =28, n for No= 38

® Untreated water includes river, underground and well water
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Table 3.8 Multivariate logistic regression analysis of significant variables associated with
Giardia duodenalis infection in dogs in Chiang Mai, Thailand (n=231).

Variables Odds Ratio  95%CI’ P value
Presence of Cryptosporidium oocysts 157.39 17.15-1,444.43 <0.001
Shelter/Breeder/Temple 8.54 1.94-37.63 0.005
Reporting chronic diarrhea 5.85 1.52-22.53 0.010
In rainy season 5.16 1.77-15.03 0.003
Drinking untreated water” 3.22 1.16-8.96 0.025
Having diarrhea 2.68 1.15-6.26 0.023

* 95% Confidence interval
* Untreated water includes river, underground and well water
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Table 3.9 Multivariate logistic regression analysis of variables associated with Cryptosporidium
spp. infection in dogs in Chiang Mai, Thailand (n=217).

Variables Odds Ratio  95%CI P value
Age<l year 3.55 1.76-11.73 0.002
Having diarrhea 3.06 1.17-8.00 0.022

* 95% Confidence interval
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Table 3.10 Factors examined for association with Giardia and Cryptosporidium single and co-
infections in dogs in Chiang Mai, Thailand. (n=301)

Factor n’ No. of Giardia No. of No. of co- No.of P value®
single infection  Cryptosporidium infection neither
single infection infection
Season <0.001
Rainy 167 43 0 10 114
Winter 134 11 1 12 110
Age 0.003
<1 year 67 23 0 12 42
1 —7 years 161 32 0 8 121
> 7 years 73 9 1 2 61
Sex 0.309
Male 146 21 1 11 113
Female 155 33 0 11 111
Breed 0.046
Purebred 62 18 0 2 42
Mixed 239 36 1 20 182
Diarrhea status 0.005
Yes 67 17 0 10 40
No 234 37 1 12 184
Ancylostoma eggs present 0.806
Yes 36 5 0 3 28
No 265 49 1 19 196
Trichuris vulpis eggs present 0.753
Yes 6 0 0 0 6
No 295 54 1 22 218
Toxocara canis eggs present 0.085
Yes 8 4 0 0 4
No 293 50 1 22 220
Toxascarid leonina eggs 0.447
present
Yes 2 1 0 0 1
No 299 53 1 22 223
Cystoisospora oocysts present 0.032
Yes 18 8 0 1 9
No 283 46 1 21 215
Coocidian-like oocysts present 0.497
Yes 5 2 0 0 3
No 296 52 1 22 221
Strongyloides eggs present N/A
Yes 2 0 0 0 2
No 299 54 1 22 222
Type of Housing 0.004
Household 281 48 1 17 215
Shelter/breeder/Temple 20 6 0 5 9
No of animals 0.114
1 60 14 0 4 42
2-4 106 17 1 9 79
5-10 70 10 0 1 59
>10 43 10 0 6 27
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Factor n’ No. of Giardia No. of No.ofco-  No.of P value’
single infection  Cryptosporidium infection neither
single infection infection
Cat in the same house 0.709
Yes 44 6 0 3 35
No 231 45 1 17 168
Free roaming 0.102
Yes 48 11 0 0 37
No 234 41 1 20 172
Defecating area 0.125
In household area 199 33 1 18 147
Out side household area 37 2 0 1 34
Fecal picked immediately 0.707
Yes 86 12 1 6 67
No 143 22 0 11 110
Drinking water source 0.041
Bottled water 42 8 0 7 27
Filtered water 13 2 0 0 11
Tap water 180 30 1 7 142
Untreated water® 44 11 0 6 27
Food type 0.287
Commercial 65 15 0 6 44
Homemade 35 6 | 3 25
Mix 179 30 0 11 138
Ever eaten raw meat 0.275
Yes 21 5 0 3 13
No 255 45 1 17 192
Regular deworming 0.854
Yes 142 24 1 10 107
No 130 26 0 8 96
Household ever been flooded 0.866
Yes 54 9 0 3 42
No 215 42 1 16 156
Chronic diarrhea reported by 0.004
owner
Yes 17 9 0 1 7
No 258 42 1 19 196
Owners/Care givers 0.296
Educational level
Higher school and lower 45 10 1 4 30
Bachelor 139 28 0 12 99
Diploma 33 6 0 0 27
Master&PhD 51 6 0 3 42
Household income (Baht) 0.672
<10,000 44 8 1 3 32
10,000 — 25,000 64 14 0 2 48
25,001 — 50,000 79 11 0 6 62
> 50,000 71 12 0 6 53

*In some factors the total number are less due to the non-responding.
®P value were calculated based on Fisher’s exact test.
¢ Untreated water includes river, underground and well water.
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Table 3.11 Odds ratios of risk factors examined for association with Giardia
Cryptosporidium single and co-infections in dogs in Chiang Mai, Thailand.

and

Factor Giardia single infection Cryptosporidium single Co-infection
OR® (95%CI) infection OR™ (95%CI>)  OR® (95%CI®)
Season
Rainy 3.77 (1.85-7.69) N/A 0.80 (0.33-1.94)
Winter Ref Ref
Age
<1 year 2.10 (0.82-5.35) N/A 8.71 (1.85-40.96)
1 -7 years 1.79 (0.80-3.99) 2.02 (0.42-9.79)
> 7 years Ref Ref
Sex
Male 0.63 (0.34-1.15) N/A 0.98 (0.41-2.36)
Female Ref Ref
Breed
Purebred 2.17 (1.12-4.18) N/A 0.433 (0.10-1.92)
Mixed Ref Ref
Diarrhea status
Yes 2.11(1.08-4.12) N/A 3.83 (1.55-9.49)
No Ref Ref
Ancylostoma eggs present
Yes 0.71 (0.26-1.95) N/A 1.11 (0.31-3.98)
No Ref Ref
Trichuris vulpis eggs present
Yes N/A N/A N/A
No
Toxocara canis eggs present
Yes 4.4 (1.06-18.19) N/A N/A
No Ref
Toxascarid leonina eggs present
Yes 4.21 (0.26-68.36) N/A N/A
No Ref
Cystoisospora oocysts present
Yes 4.15(1.52-11.34) N/A 1.14 (0.14-9.4)
No Ref Ref
Coocidian-like oocysts present
Yes 2.83 (0.46-17.39) N/A N/A
No Ref
Strongyloides eggs present
Yes N/A N/A N/A
No
Type of Housing
Household Ref Ref
Shelter/breeder/Temple 2.99 (1.01-8.79) N/A 7.03 (2.12-23.3)
No of animals
1 Ref N/A Ref
2-4 0.65 (0.29-1.44) 1.20 (0.35-4.12)
5-10 0.51(0.21-1.25) 0.18 (0.02-1.65)
>10 1.11 (0.43-2.86) 2.33 (0.60-9.04)
Cat in the same house
Yes 0.64 (0.25-1.62) N/A 0.85(0.24-3.05)
No Ref Ref
Free roaming
Yes 1.25(0.59-2.65) N/A N/A
No Ref
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Factor

Giardia single infection
OR® (95%CI)

Cryptosporidium single
infection OR™® (95%CI")

Co-infection
OR® (95%CI)

Defecating area
In household area
Out side household area
Fecal picked immediately
Yes
No
Drinking water source
Bottled water
Filtered water
Tap water
Untreated water®

Food type
Commercial
Homemade
Mix

Ever eaten raw meat
Yes
No

Regular deworming
Yes
No

Household ever been flooded

Yes
No

Chronic diarrhea reported by
owner

Yes

No

Owners/Care givers Educational

level
Higher school and lower
Diploma
Bachelor
Master&PhD
Household income (Baht)
<10,000
10,000 — 25,000
25,001 — 50,000
> 50,000

3.82 (0.87-16.68)
Ref

0.90 (0.42-1.93)
Ref

Ref

0.61 (0.11-3.36)
0.71 (0.30-1.72)
1.38 (0.48-3.95)

Ref
0.70 (0.24-2.05)
0.64 (0.31-1.29)

1.64 (0.56-4.84)
Ref

0.83 (0.45-1.54)
Ref

0.80 (0.36-1.77)
Ref

6.0 (2.12-17.0)
Ref

1.98 (0.76-5.13)
1.56 (0.45-5.32)
2.33 (0.76-7.12)
Ref

1.10 (0.41-2.99)
1.29 (0.54-3.06)
0.78 (0.32-1.92)
Ref

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4.16 (0.54-32.27)
Ref

0.90 (0.32-2.53)
Ref

Ref
N/A
0.19 (0.06-0.59)
0.86 (0.25-2.88)

Ref
0.88 (0.20-3.83)
0.58 (0.20-1.67)

2.61 (0.68-10.05)
Ref

1.12 (0.43-2.96)
Ref

0.70 (0.19-2.50)
Ref

1.47 (0.17-12.62)
Ref

1.70 (0.46-6.32)
N/A
1.87 (0.39-8.96)
Ref

0.83 (0.19-3.54)
0.37 (0.07-1.91)
0.85 (0.26-2.81)
Ref

*OR=o0dds ratio, calculate using neither Giardia or Cryptosporidium infections as a reference group
°95%CI=95% confidence interval
‘OR for Cryptosporidium single infection was not applicable due to the single isolate in this category.

N/A= not applicable

‘Untreated water includes river, underground and well water.
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Table 3.12 Multivariate logistic regression analysis of significant variables associated with
Giardia infection alone in dogs in Chiang Mai, Thailand (n=212).

Variables Odds Ratio  95%CI P value
Shelter/Breeder/Temple 9.86 2.30-42.34 0.002
Reporting chronic diarrhea 5.37 1.40-20.60 0.014
In rainy season 3.82 1.37-10.70 0.011
Having diarrhea 2.50 1.07-5.85 0.034

* 95% Confidence interval
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Table 3.13 Multivariate logistic regression analysis of significant variables associated with
Giardia and Cryptosporidium co-infection alone in dogs in Chiang Mai, Thailand (n=214).

Variables Odds Ratio  95%CI” P value
Shelter/Breeder/Temple 6.00 1.53-23.57 0.010
Age <1 year 5.67 2.02-15.9 0.001
Having diarrhea 3.22 1.15-9.03 0.026

* 95% Confidence interval
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Figure 3.1 Map of Chiang Mai, Thailand, Asterisk indicated the sources of samples include in
this study.
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Figure 3.2 Parasitic co-infection among 117 infected dogs in Chiang Mai, Thailand
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Figure 3.3 Parasitic co-infection among 30 infected cats in Chiang Mai, Thailand.
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CHAPTER 4: A COMPARISON OF IFA DETECTION OF GIARDIA AND
CRYPTOSPORIDIUM INFECTION AFTER TWO FECAL CONCENTRATION
TECHNIQUES IN FROZEN FECAL SAMPLES’

Summary

The current study was conducted to determine whether a sugar concentration technique
was appropriate for previously frozen fecal samples prior immunofluorescent assay (IFA) to
detect Giardia and Cryptosporidium infections. Included in this study were 252 fecal samples
from dogs and 61 fecal samples from cats. All fecal samples had been previously tested using
fecal flotation (on fresh samples) and IFA after sugar concentration (with one freeze-thaw cycle).
All fecal samples were concentrated using sedimentation technique after a second freeze-thaw
cycle and IFA were applied. McNemar’s test was used to determine the difference of proportion
of Giardia and Cryptosporidium IFA-positive results from both concentration techniques. The
agreements of IFA-positive results of Giardia and Cryptosporidium detections after sugar
concentration and sedimentation were further analyzed using kappa statistics. The proportion of
Giardia-positive results from dogs and cats were 12.3% and 13.1%, respectively, after
sedimentation, compared to 9.5% and 13.1% after sugar concentration. The proportion of
Cryptosporidium-positive results from dogs and cats after sedimentation were 10.7% and 13.1%,
respectively, compared to 8.3% and 8.2% after sugar concentration. The exact McNemar’s test

revealed that Giardia and Cryptosporidium 1FA-positive results in dogs and cats from the two
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concentration techniques were not significantly different (p>0.05). Kappa analyses revealed
substantial agreement for Giardia detection (kappa 0.654, p<0.01) and Cryptosporidium
detection (kappa 0.632, p<0.01) in dogs. In cats, high agreements were observed in Giardia
detection (kappa 0.843, p<0.01) and Cryptosporidium detection (kappa 0.920, p<0.01) after the
two concentration techniques. Although there were no significant differences between the two
concentration techniques, sedimentation is recommended for concentrating frozen fecal samples.
Keywords: Dogs; Cats; Fecal concentration; Sugar flotation; Sedimentation; Frozen feces;
Giardia: Cryptosporidium

Giardia duodenalis and Cryptosporidium spp. are common causes of gastrointestinal
diseases in humans and animals worldwide. These protozoans can be transmitted via the fecal-
oral route and lead to severe disease in immunocompromised individuals, especially in young,
old or HIV-infected individuals, and both are considered as potential zoonotic agents®. The
prevalence of Giardia and Cryptosporidium infections in dogs or cats are frequently reported as
5%-15% *HOH1014172022 Kowever, it can be as high as 57% for Giardia® and 28% for
Cryptosporidium’®. Giardiasis and cryptosporidiosis can be diagnosed by the presence of Giardia
cysts or Cryptosporidium oocysts in the fecal samples using light microscopy, through
immunofluorescent assay (IFA), the detection of antigen using ELISAs, or DNA using the
polymerase chain reaction technique. Zinc sulfate centrifugal flotation with iodine staining (for
Giardia cysts) or modified Ziehl-Neelsen (mZN) staining (for Cryptosporidium oocysts) have
normally been used for screening for these parasites®"; however, false negative results are
likely because of the small size of the Giardia cyst and Cryptosporidium oocysts. The direct
immunofluorescence assay (Merifluor® Cryptosporidium/Giardia kit") has been commercially

available and is now widely used. This technique uses a mixture of fluorescein isothiocyanate
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(FITC)-labeled monoclonal antibodies directed against cell wall antigens of Giardia cysts and
Cryptosporidium oocysts. Used with human fecal samples, this test has 100% sensitivity and
99.8-100% specificity for Giardia detection and 93-100% sensitivity and 100% specificity for

11,13,19,38

Cryptosporidium detection . Because stained cysts and oocysts can be confirmed by

morphology a false positive is unlikely, so this technique has been adopted as a reference test in

PILIZIS yWith the high sensitivity and specificity of the IFA test in dogs and cats, some

humans
researchers have considered IFA as a gold standard test**’. The nature of this test requires
observing at least one oocyst of Cryptosporidium or a Giardia cyst on the testing slide. A study
of human stool samples that were spiked with Cryptosporidium oocysts revealed that in watery
stool specimens, oocysts were detected by IFA technique in 90% of specimens containing 5,000
oocysts per gram of stool, and this increased to 100% of specimens containing 10,000 oocysts
per gram of stool. In formed stool specimens, the IFA detected 60% of samples with 10,000
oocysts per gram of stool and 100% of specimens seeded with 50,000 oocysts per gram of
stool’’. In cat fecal samples seeded with known numbers of Cryptosporidium oocysts, it was
shown that 76% of fecal samples seeded with 10,000 oocysts per gram feces and 100% of
samples with 100,000 oocysts were detected®. In a study of dogs, the detection limit for IFA was
at the level of 100,000 cysts or oocysts per gram for both Giardia and Cryptosporidium™. It
should be noted that in the human and dog study the formalin-ethyl acetate (FEA) method was
used on spiked fecal samples to concentrate the feces prior to IFA tests; however, with different
amounts of feces. The human fecal concentrated samples were prepared from 5 grams of feces,

whereas the dog fecal concentrates were prepared from 2 grams ***’. For the cat study the

Cryptosporidium oocysts detection using IFA were performed on unprocessed fecal samples™.
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Sykes et al. (1989) found that young dogs with Giardia infection shed an average of
2,000 cysts per gram of feces, and the mean cyst count per gram of feces for infected dogs of all
ages was 705.8'. Another study reported that infected dogs shed between 26 and 114,486 cysts
per gram of feces’. In cats, the shedding of Giardia cysts may fluctuate from undetectable to
concentrations of >1,000,000 cysts per gram of feces’. In naturally-infected cats the mean
number of Cryptosporidium oocysts shed in feces with and without diarrhea were 1,817 and 191
oocysts per gram, respectively’>. Therefore, the Giardia and Cryptosporidium IFA test applied
on an unprocessed fecal sample may yield a false negative result in specimens that contain low
concentrations of either Giardia cysts or Cryptosporidium oocysts.

In the sugar flotation technique the ability of Giardia cysts and Cryptosporidium oocysts
to float is solely dependent on their intact cyst/oocyst walls, whereas sedimentation is not
affected by wall damage. The advantage of sugar flotation, however, is the cleaner final
concentrated sample — less debris or fecal material — compared to the sedimentation technique,
thus allowing the technician to more easily identify cysts or oocysts on the testing slides. IFA
testing on fecal sediment was believed to be difficult due to masking by the remaining fecal
material, but detection may actually be enhanced, as fewer organisms are lost during the
concentration process. Therefore, this study was conducted on frozen fecal samples to determine
whether the sugar concentration technique was appropriate to use prior to IFA detection of
Giardia and Cryptosporidium as compared to the sedimentation technique. We hypothesized that
IFA results after sugar concentration or sedimentation technique are comparable, and that the
sugar concentration technique is appropriate to use with frozen fecal samples.

Freezing has long been used for fecal storage and is sometimes necessary for

international shipment. When the freeze-thaw cycle is applied to fecal samples, however, the
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Giardia cysts or Cryptosporidium oocysts may deteriorate™®. In one study, IFA was used to
detect Giardia muris and Giardia lamblia cysts in animal tissues and fecal samples that had been
subjected to multiple freeze-thaw cycles®. After three freeze-thaw cycles, losses of
approximately 22-27% of Giardia muris cysts in high-concentration fecal samples (>4.6 X
10°/ml) and 70-80% at the lower cyst concentration (<9 x10*/ml) occurred. Given the potential
loss and low starting numbers, a fecal concentration technique on samples prior to IFA testing
may be recommended to increase the sensitivity of detection. Concentration methods such as the

28,29 : 25263 - -
* and sugar flotation techniques™>**® have been studied and are in

sedimentation technique
common use.

The fecal samples used in this experiment were originally collected from dogs and cats
between August 2009 and February 2010 as part of an investigation of the prevalence and risk
factors of Giardia and Cryptosporidium in these animals in Chiang Mai, Thailand. In that
experiment, zinc sulfate flotation for parasite eggs was performed on fresh samples and the
remaining feces were stored at -20°C. The frozen fecal samples were shipped on dry ice to the
United States and stored at -70°C. On the day of IFA assay, the fecal samples were thawed and
concentrated with the sugar concentration technique as previously described”~® A thin fecal
smear was made on IFA slides (Merifluor® Cryptosporidium/Giardia IFA kit") and the slides
were processed in accordance with manufacturer's instructions. On that same day the fecal
concentrates were stored at -20°C.

The original fecal samples were maintained at -70°C (9-11 months) until they were used
in the experiment described here. The samples available for this study included 252 fecal

samples from dogs and 61 fecal samples from cats. The fecal samples were thawed at room

temperature (18°C) and were concentrated using fecal sedimentation technique. Briefly, three
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grams of feces were mixed thoroughly in 4.5 ml PBS-EDTA then strained with surgical gauze.
The strained mixture was transferred to a clean 15 ml tube. The mixture was centrifuged at
1200g for 10 minutes and the supernatant was discarded. The pellet was then washed with 12 ml
PBS-EDTA, centrifuged at 1200g for 10 minutes and the supernatant was discarded. The pellet
was washed a second time with 7 ml PBS-EDTA, centrifuged at 1200g for 10 minutes and the
supernatant was discarded. The pellet was re-suspended with 1 ml PBS-EDTA. The IFA was
performed on the same day of fecal concentration and the remaining fecal concentrates were
stored at -20°C.

The results for Giardia and Cryptosporidium in dogs and cats for the two fecal
preparations, sugar flotation and sedimentation, were analyzed using the exact McNemar’s test’.
Kappa statistics were used to determine agreement of the two different fecal preparations’. A P
value of less than 0.05 was considered as significant. All statistical analyses were performed
using the Stata statistical software release 10.1°.

Proportions of Giardia and Cryptosporidium infections in dogs and cats are shown in
Table 4.1. Giardia detection in dogs using IFA after sedimentation was 12.3% compared to 9.5%
from IFA after sugar concentration. Cryptosporidium IFA results after sedimentation in dogs and
cats were 10.7% and 13.1%, respectively, compared to 8.3% and 8.2% after sugar concentration.
The contingency table of Giardia and Cryptosporidium detection after the two fecal
concentrations are shown in Tables 4.2 and 4.3. The exact significance of McNemar’s tests
showed no difference in the proportion of IFA Giardia- and Cryptosporidium-positive results
after sugar concentration and sedimentation in canine and feline frozen feces (p>0.05). For
canine fecal samples, kappa statistics revealed substantial agreement between IFA results after

sugar concentration and sedimentation techniques. Almost perfect agreement between IFA
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results after sugar concentration and sedimentation techniques was observed on feline fecal
samples.

It has been suggested that fecal samples submitted for parasitological diagnosis should
not be frozen’” as the freeze-thaw can affect the morphology, making recognition of parasitic
eggs, cysts or oocysts more difficult and possibly leading to false negative results. However,
freezing of samples is unavoidable in some circumstances such as the need for long-term storage
or international shipment. It has been reported that freeze-thaw did not affect the IFA detection®*
of Giardia cysts in non-fixed long-term stored human feces; however, the freeze-thaw can
deteriorate the Giardia cysts, and lower concentrations of Giardia recovered from the frozen
fecal samples resulted in lower test sensitivity®. In the current study, we compared the detection
of Giardia and Cryptosporidium using IFA after two concentration techniques, sugar flotation
and sedimentation, in frozen dog and cat fecal samples. The results of IFA testing after
sedimentation gave a higher proportion of detection for Giardia and for Cryptosporidium in
canine fecal samples, and a lower proportion of detection for Cryptosporidium in feline fecal
samples as compared to sugar concentration; however, there was no significant difference
detected in these comparisons. Non-significant difference of two concentration techniques may
have resulted from insufficient power (0.137 for Giardia detection and 0.116 for
Cryptosporidium detection). In addition, it should also be noted that in the current study the fecal
concentrates were prepared following different numbers of freeze-thaw cycles. Fecal
concentrates using sugar technique were prepared after the first freeze-thaw cycle and the fecal
concentrates using sedimentation were prepared after second freeze-thaw cycle. The study

comparing the use of IFA on unprocessed feces, sugar concentrates, and sedimentation
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concentrates in different freeze-thaw cycles or in different freezer storage times may be
suggested.

False negative IFA results after sugar concentration and sedimentation are possible. With
the sugar concentration technique, loss of Giardia cysts or Cryptosporidium oocysts may occur
due to damage from freeze-thaw, and then the lower number of cysts or oocysts recovered may
lead to negative results on an IFA test. In the sedimentation technique, false negative results may
be from the masking of fecal material over the Giardia cysts or Cryptosporidium oocysts. False
positive results, on the other hand, are unlikely as the stained Giardia cysts or Cryptosporidium
oocysts can be confirmed by morphology.

If all positive samples were true positives, there were 36 canine and 11 feline positive
specimens for Giardia and 32 canine and 8 feline positive specimens for Cryptosporidium. Using
only the sugar concentration technique we could have missed 12/36 of Giardia positives and
11/32 of Cryptosporidium positives in dog fecal samples. In cats, when using only the sugar
concentration method we could have missed 3/11 of Giardia positives. On the other hand if
sedimentation was considered alone, 5/36 of Giardia positives and 5/32 Cryptosporidium
positives in dog fecal samples and 3/11 of Giardia positives and 3/8 of Cryptosporidium
positives in cat fecal samples could have been missed.

In conclusion, the IFA results for detection of Giardia and Cryptosporidium after sugar
flotation and sedimentation were comparable. However, for frozen clinical samples
sedimentation should be recommended instead of sugar concentration. For optimal results,
however, fecal samples submitted for IFA testing for Giardia or Cryptosporidium should not be

frozen.
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Table 4.1 Proportions of Giardia- and Cryptosporidium-positive samples by zinc sulfate flotation
and IFA after sugar flotation and sedimentation techniques.

Freeze- % of positive Giardia % of positive Cryptosporidium
thaw cycle Dog Cat Dog Cat
Fecal Flotation 0 19.8 (50/252) 19.7 (12/61) - -
IFA after sugar concentration 1 9.5 (24/252) 13.1 (8/61) 8.3 (21/252) 13.1 (8/61)
IFA after sedimentation 2 12.3 (31/252) 13.1 (8/61) 10.7 (27/252) 8.2 (5/61)
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Table 4.2 IFA Giardia-positive results in dog and cat fecal samples after sugar flotation and
sedimentation techniques.

Sugar Sedimentation
Flotation Dog' Cat®
IFA positive IFA positive
IFA positive Yes No Total Yes No Total
Yes 19 5 24 5 3 8
No 12 216 228 3 50 53
Total 31 221 252 8 53 61

TExact McNemar’s p=0.14, kappa = 0.654, p<0.01
YExact McNemar’s p=1.00, kappa = 0.843, p<0.01

167



Table 4.3 IFA Cryptosporidium-positive results in dog and cat fecal samples after sugar flotation

and sedimentation techniques.

Sugar Sedimentation
Flotation Dog' Cat’
IFA positive IFA positive
IFA positive Yes No Total Yes No Total
Yes 16 5 21 5 3 8
No 11 220 231 0 53 53
Total 27 225 252 5 56 61

TExact McNemar’s p=0.21, kappa = 0.632, p<0.01
YExact McNemar’s p=0.25, kappa = 0.843, p<0.01
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CHAPTER 5: COMPARISON OF MOLECULAR GENOTYPING USING
GLUTAMATE DEHYDROGENASE (GDH), B-GIARDIN, (BG) AND TRIOSE
PHOSPHATE ISOMERASE (TPI) FOR GIARDIA ISOLATES AND HEAT SHOCK
PROTEIN 70 KDA (HSP70) AND SMALL SUBUNIT RIBOSOMAL RNA (SSU-
RRNA) FOR CRYPTOSPORIDIUM ISOLATES FROM DOGS AND CATS IN
CHIANG MAI, THAILAND'
Summary
The current study was conducted to genetically characterize isolates of Giardia
duodenalis and Cryptosporidium spp. from dogs and cats in Chiang Mai, Thailand using PCRs
targeting Giardia glutamate dehydrogenase (gdh), B-giardin (bg), and triose phosphate isomerase
(tpi) genes, Cryptosporidium heat shock protein 70 kDa (hsp70) and small subunit ribosomal
RNA (SSU-rRNA). For Cryptosporidium SSU-rRNA gene, two PCR assays — one-step and
nested PCRs — were evaluated. There were 131 canine and 28 feline fecal samples included for
Giardia genotypic analysis and 56 canine and 12 feline fecal samples included for
Cryptosporidium species analysis. For Giardia genotypic analysis, 40 canine samples were
successfully amplified by gdh, bg or tpi PCR assays. Twenty-nine were assemblage D, 9 were
assemblage C, and 2 were co-infected with C and D. In cats, of 8 PCR-positive samples, 4 were
assemblage C, 3 were assemblage D, and 1 was assemblage A-I. For Cryptosporidium species

analysis, of 32 canine PCR-positive samples, 23 were C. canis, 8§ were C. parvum, and 1 was
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mixed C. canis and C. parvum. In cats, of 5 PCR-positive samples, 2 were C. canis, 2 were C.
parvum, and 1 was C. felis. PCR targeting the Giardia gdh gene had the highest amplification
rate compared to the others (30% vs. 12% and 12%). For Cryptosporidium, a one-step SSU-
rRNA PCR had the highest amplification rate compared to hsp70 and nested SSU-rRNA PCR
assays (57% vs. 49% and 32%). In both Giardia and Cryptosporidium genetic analyses, 33% and
11% of samples were amplified by all PCR tests for each organism. Of the Giardia PCR-positive
samples, 56% were positive by a single gene, and of the Cryptosporidium positive samples 73%
were positive by a single PCR assay. Multilocus analysis is suggested for Giardia and
Cryptosporidium for correct genotypic/species identification and also for increasing the
sensitivity of detection.
Keywords: Dogs; Cats; Multilocus genotyping; Giardia; Cryptosporidium
5.1 Introduction

Giardia duodenalis and Cryptosporidium spp. are common causes of diarrheal disease in
a wide range of mammals throughout the world including humans, domestic animals, and
wildlife (Feng and Xiao, 2011). Giardia duodenalis is a species complex consisting of eight
assemblages (A-H) (Feng and Xiao, 2011). Assemblages A and B infect humans and other
species including dogs, cats and livestock. Assemblages C-H have a narrower range of hosts:
assemblages C and D infect canids, assemblage E infects hoofed animals, assemblage F infects
cats, assemblage G infects rats, and assemblage H infects marine mammals. Assemblages A and
B have been further subclassified as A-I through A-III, B-III and B-IV based on analyses of
glutamate dehydrogenase (gdh), B-giardin (bg), and triose phosphate isomerase (tpi). A-1, A-II,
B-III and B-IV have a wide range of hosts and are considered zoonotic, whereas A-III has been

found only in wild animals (Sprong et al., 2009). The genus Cryptosporidium is comprised of at
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least 24 valid species (Alvarez-Pellitero et al., 2004; Alvarez-Pellitero and Sitja-Bobadilla, 2002;
Fayer, 2010; Fayer and Santin, 2009; Fayer et al., 2010; Ren et al., 2012; Robinson et al., 2010).
Humans can be infected by C. parvum, C. hominis and rarely by C. canis, C. felis, C. muris, C.
meleagridis, and C. cuniculus (Chalmers et al., 2009; Gatei et al., 2002; Srisuphanunt et al.,
2011; Xiao et al., 2007). Dogs and cats are mostly infected with species-specific
Cryptosporidium, C. canis for dogs and C. felis for cats; however, they also can be infected by
the zoonotic species C. parvum. In addition, C. meleagridis has been identified in dogs
(Hajdusek et al., 2004) and C. muris has been identified in cats (Pavlasek and Ryan, 2007; Santin
et al., 2006).

Dogs and cats are companion animals for people, and it has been reported that dogs and
humans living in the same area, such as a remote tea-growing community in India or a temple
community in Thailand, carry the same genotype of G. duodenalis (Traub et al., 2009; Traub et
al., 2003). Therefore, dogs and cats may be considered as a potential zoonotic reservoir for
human transmission (Feng and Xiao, 2011; Sprong et al., 2009).

In a clinical setting, G. duodenalis is traditionally diagnosed by identifying Giardia
trophozoites or cysts, and Cryptosporidium spp. is diagnosed by identifying Cryptosporidium
oocysts in fecal samples under light microscope or by using immunologic diagnostic tests. The
immunologic diagnostic tests include an enzyme-linked immunosorbent assay (ELISA) or an
immune fluorescent assays (IFA) (Scorza and Tangtrongsup, 2010; Tangtrongsup and Scorza,
2010). However, these tests have a known limitation, specifically that they cannot differentiate
the species or genotype of these organisms. Trophozoites and cysts of all assemblages of G.
duodenalis are morphologically alike. For Cryptosporidium, some species can be differentiated

by the size of oocysts, but this minute difference is difficult to ascertain unless it is measured
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using a micrometer. Polymerase chain reaction and DNA nucleotide analysis have been widely
used to genetically identify the genotype/species of pathogens. Although various genes have
been targeted for Giardia and Cryptosporidium detection, glutamate dehydrogenase (gdh), -
giardin (bg), and triose phosphate isomerase (tpi) genes for Giardia, and heat shocked protein 70
kDa (hsp70) and small subunit ribosomal RNA (SSU-rRNA) genes for Cryptosporidium are
most often used and have sufficient discriminatory power to genotype these organisms (Caccio
and Ryan, 2008; Caccio et al., 2005; Covacin et al., 2011; Sprong et al., 2009). Although most of
the molecular studies of Giardia and Cryptosporidium in dogs and cats have been done using a
single gene, multilocus genotyping of Giardia and Cryptosporidium in animals have recently
been published (Abe and Makino, 2010; Lebbad et al., 2010; Scorza et al., 2012; Sprong et al.,
2009; Wang et al., 2008). In multilocus studies, discordance of Giardia genotypes resulting from
different gene analyses has been reported. In addition, not all genotypes may be amplified by a
single gene PCR (Lebbad et al., 2011; Scorza et al., 2012). As a result, multilocus analysis is
suggested for accurate identification of Giardia or Cryptosporidium genotype/species in suspect
samples. The objectives of this study were to genetically characterize isolates of Giardia
duodenalis and Cryptosporidium spp. from dogs and cats in Chiang Mai, Thailand using the gdh,
bg, tpi loci for Giardia and the hsp70 and SSU-rRNA loci for Cryptosporidium.
5.2 Materials and Methods
5.2.1 Source of fecal materials

Canine and feline fecal samples available for this study were fecal samples that were
collected between July and August 2008, and between August 2009 and February 2010, as part
of epidemiological studies of Giardia and Cryptosporidium infections in dogs and cats in Chiang

Mai, Thailand (Chapter 2 and Chapter 3). For these studies, Giardia infection was identified
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using fecal flotation, IFA, and PCR targeting the gdh gene, and Cryptosporidium infection was
identified using IFA and PCR targeting the hsp70 gene. Thus, fecal samples that were positive
for infection with Giardia or Cryptosporidium were included in the current study.
5.2.2 Molecular analysis

Two nested PCR assays targeting for a 510-bp fragment of bg and a 511-bp fragment of
tpi genes (generic and dog-specific primers) for Giardia molecular identification were performed
as previously described (Caccio et al., 2002; Lebbad et al., 2001; Sulaiman et al., 2004). Two
PCR assays for Cryptosporidium identification were performed. These PCR assays targeted the
SSU-rRNA gene but with different primer sets: a one-step ~290-bp fragment (Morgan et al.,
1997) and a ~830-bp fragment nested PCR (Xiao et al., 1999). All PCRs had several
modifications from original publication; all PCR reactions were performed in 25-ul reaction
using HotStarTaq Master Mix (Qiagen, Valencia, CA) with 10 pmol of each primer and 1 pl of
template DNA. The PCR products were sequenced in both directions with the same set of
primers using a commercially available service (Proteomics and Metabolomics Facility,
Colorado State University). Giardia gdh and Cryptosporidium hsp70 sequences were obtained
from the 2008 and 2009 samples for comparison (Chapter 2 and Chapter 3).

Nucleotide sequence traces were checked and manually edited using Geneious version

6.1 (Biomatter Ltd., Auckland, New Zealand, http://www.geneious.com/). When available, a

consensus sequence was constructed using sequences from both forward and reverse directions.
Nucleotide sequences were compared with nucleotide sequences from the NCBI GenBank
database. Multiple sequence alignment was performed using MUSCLE (Edgar, 2004).
Phylogenetic analyses were performed using Maximum Likelihood method based on the Kimura

2-parameter model using MEGA 5.0 (Tamura et al., 2011). The consensus tree was obtained

176



after bootstrap analysis with 1000 replications. For comparison, phylogenetic trees based on
Giardia gdh and Cryptosporidium hsp70 were constructed using the same method.

The evolutionary divergence between PCR generated gdh sequences were estimated
using the Maximum Composite likelihood model (Tamura et al., 2004). All sequences that have
number of base substitutions per site less than 0.005 were group together for sub-assemblage
clustering. Associations of age, diarrhea, and housing and Giardia assemblage (obtained from
Chapter 2 and Chapter 3) were assessed using Fisher’s exact test (Fleiss, 2003).

5.3 Results
5.3.1 PCR results and sequencing analyses

A total of 159 (131 canine and 28 feline) fecal samples were evaluated for Giardia gdh,
bg, and tpi PCR assays, and a total of 68 (56 canine and 12 feline) fecal samples were evaluated
for Cryptosporidium hsp70, one-step, and nested SSU-rRNA PCR assays.

Giardia duodenalis assemblage determination

A summary of Giardia PCR results is shown in Table 5.1. Giardia gdh was successfully
amplified in 39 of 131 (30%) canine samples and in 8 of 28 (29%) feline samples. In dogs, 31 of
39 (79%) were identified as assemblage D and the remaining 8 isolates (21%) were identified as
assemblage C. In cats, 4 of 8 (50%) were identified as assemblage C, 3 isolates as assemblage D,
and one assemblage as A-I isolate.

Of 159 DNA samples, 19 (12%) were positive by Giardia bg locus, with 9 being
assemblage C and 10 assemblage D. For the tpi locus, of 159 DNA samples, 9 (6%) were
positive by tpi-generic primers and 19 (12%) of the samples were positive by tpi dog-specific

primers. Of positive samples, seven were identified as assemblage C, 10 were assemblage D, and
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a mixed infection of assemblages C and D was identified in 2 samples. None of the cat samples
were amplified by bg or tpi PCRs.

Of the positive results, 27 samples were identified by one gene, 6 samples by 2 genes and
16 samples were identified by 3 genes (Table 5.3). In dogs, all isolates were identified as dog-
adapted assemblages C or D. In cats, among 8 positive samples, 7 were dog genotype,
assemblages C and D, and 1 was assemblage A-I. Two genes or more were compared in 22
samples and 3 discordant results were identified. Two discordances were assemblage C by one or
two genes but D by other genes (THO8Dogl7 and THO8Dogl107). When interpreted with all
genes, of 40 dogs 29 (73%) were infected with G. duodenalis assemblage D, 9 (22%) with
assemblage C, and 2 (5%) were infected with assemblages C and D.

Cryptosporidium species determination

For the hsp70 locus, 18 of 68 (26%) DNA samples were successfully amplified. Of 18
PCR positive samples, C. parvum was identified in 7 dogs and 2 cats and C. canis was identified
in 7 dogs and 2 cats (Table 5.2).

For SSU-rRNA PCR, 21 of 68 (31%) and 12 of 68 (21%) samples were positive by one-
step and nested PCR (Table 5.2). Using one-step PCR, C. parvum was identified in 2 canine
samples and C. canis was identified in 19 dog samples. Using nested PCR for SSU-RNA, 11 C.
canis isolates were identified from dogs and one C. felis was identified from the cat samples.

Among the 37 positive samples, 4 samples were positive by 3 PCRs, 6 were positive by 2
PCRs and 27 were positive by a single PCR (Table 5.4). In dogs, C. canis was the most common,
being detected in 21 of 32 (66%) Cryptosporidium PCR-positive samples. Eight of 32 (25%)

were identified as C. parvum. One discordant result was C. parvum by hsp70 gene and C. canis
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by one-step SSU-rRNA. In cats, of the five positives, two were identified as C. parvum, two as
C. canis and one as C. felis.

When interpreted with all three PCR assays, of the 32 Cryptosporidium-infected dogs 23
(72%) were infected with C. canis and 9 (28%) with C. parvum. Of the 5 Cryptosporidium-
infected cats, 2 (40%) had C. parvum, 2 (40%) had C. canis, and 1 was infected with C. felis.
5.3.2 Phylogenetic analyses

The phylogenetic analyses included 48 isolates at the gdh locus, 19 at the bg locus and 21
isolates at the tpi locus (Figure 5.1-5.3). Based on the gdh phylogenetic tree, three subgroups of
assemblage D were identified. No substructuring of assemblage C isolates was observed. Based
on the bg locus, no substructure was observed in either assemblage C or D. However, sample
THO09Dog68 (identified as assemblage D) diverted from the main group. Based on the tpi locus,
5 subgroups of assemblage C and 6 subgroups of assemblage D were observed.

Eighteen isolates at the hsp70 locus and 33 isolates at the SSU-rRNA (21 from one-step
PCR and 12 from nested PCR) were included in the phylogenetic analyses (Figure 5.4-5.6).
Based on the hsp70 locus, 8 of the C. parvum isolates were placed together; however, a C.
parvum isolate from one dog (TH08Dog9) was placed together with the C. parvum marsupial
genotype. One cat isolate, which was identified as C. canis using BLAST analysis, diverted from
the other C. canis isolates (Figure 5.4). Based on one-step SSU-rRNA sequences ~290-bp long,
all C. canis isolates were placed together; however, the two isolates identified as C. parvum were
placed together with reference sequences of C. hominis and C. parvum (Figure 5.5). This result
may suggest that using one step SSU-rRNA to amplify DNA of C. hominis and C. parvum
cannot discriminate the species. Based on nested PCR of SSU-rRNA with the sequence length of

~830 bps, C. canis and C. felis isolates were placed together with the reference sequences.
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5.3.3. Giardia duodenalis sub-assemblages and risk factors (age, diarrhea and housing type)
Using the Maximum composite likelihood model, the distance of evolutionary divergence
between sequences of all 47 gdh sequences were estimated. Four clusters of assemblage D and
only one assemblage C cluster were identified. Table 5.5 shows a contingency table of Giardia
sub-assemblage and age, diarrhea status, and housing type of the animals. In Table 5.6, sub-
assemblages of D were collapsed and the association of risk factors was determined regarding
the assemblage of the agent. There were no diarrhea in animals infected with assemblage C,
whereas, 8 of 31 dogs with assemblage D have had diarrhea. All C assemblage isolates were
identified from dogs age one year and over, in contrast, 41.9% of assemblage D isolates were
from dogs age less than one year. All assemblage C isolates were from dogs residing in
shelter/breeding setting or temples, whereas 61% of assemblage D isolates were from household
dogs. Due to the small data set and zero value observed in some categories, the statistical
analysis was not possible.
5.4 Discussion

Zoonotic species or genotypes of Cryptosporidium parvum and Giardia duodenalis
cannot be distinguished from host-adapted organisms using morphological differentiation.
However, molecular characterization using PCR assay and sequence analysis is a rapid and
sensitive method to differentiate the species or genotypes of these organisms.

Worldwide, the majority of genotypes of G. duodenalis that infect dogs and cats are host-
adapted (assemblage C or D for dogs and assemblage F for cats); however, the pattern can differ
geographically (Ballweber et al., 2010; Feng and Xiao, 2011; Scorza et al., 2012). For examples,
in several studies genotyping Giardia in subclinically infected dogs in the Western United States

(Covacin et al., 2011) and in temple dogs in Bangkok Thailand (Traub et al., 2009), the majority

180



of Giardia isolates were zoonotic assemblages. In the current study, most of the G. duodenalis
isolate assemblages detected from dogs and cats were dog-adapted assemblages (C or D), with
only one zoonotic A-I assemblage identified in a cat. Whether these represent ingestion and pass-
through of cysts originating from dogs, contamination of the sample during collection, or actual
infection of cats by these assemblages remains to be determined. However, given that both
assemblages C and D have been previously identified in cats (Sprong et al., 2009), it is likely that
cats can become infected with these assemblages under certain circumstances (Scorza et al.,
2012). There is no evidence of dogs have been infected by cat-adapted G. duodenalis. Whether
the cat-adapted G. duodenalis infects dogs remains unclear.

In this study, 72% and 28% of Cryptosporidium isolates from dogs were identified as C.
canis and C. parvum, respectively. In cats, of 5 Cryptosporidium isolates, C. parvum and C.
canis were identified equally (40%) and C. felis was identified in one isolate (20%). The
observation in dogs was supported by previous studies of Cryptosporidium isolates from dogs
and cats worldwide. Of 41 Cryptosporidium species/genotypes that had been previously reported
in dogs, 76% were identified as C. canis, 22% as C. parvum and 2% were identified as C.
meleagridis (Palmer et al., 2008; Santin and Trout, 2008). In cats, previous studies reported that
of 65 molecularly characterized isolates, 97% were identified as C. felis and 6% as C. muris
(Ballweber et al., 2009; Palmer et al., 2008; Santin and Trout, 2008). As observed for Giardia
genotypes, whether cats were infected by C. canis cross-transmission, or ingestion and pass-
through of cysts originating from dogs, or contamination of the sample during collection,
remains to be determined.

All PCR assays do not have the similar sensitivity for detecting Giardia nucleotides in

fecal samples. In the current study, gdh PCR had the highest amplification rate compared to bg
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and tpi genes (30% compared to 12% and 12%). This observation was similar to the study by
Scorza et al. (2012) that showed the gdh PCR had higher amplification rate than bg or tpi.
However, this observation was in contrast to the studies by Covacin et al. (2011) and Sprong et
al. (2009) that showed that gdh PCR had the least amplification rate compared to bg, tpi and
SSU-rRNA. Considering our experiences, PCR for the gdh gene may be suggested if the
multilocus PCR assay is not affordable. For Cryptosporidium detection, SSU-rRNA one-step
(amplification rate 30%) or hsp70 (amplification rate 26%) may be suggested as the nested PCR
for SSU-rRNA shows a lower amplification rate (21%) in our study.

In the current study, 3 subgroups of assemblage D were identified based on the gdh gene.
Based on the bg gene, 2 subgroups of assemblage D were identified. Based on the tpi gene, 5
subgroups of assemblage C and 6 subgroups of assemblage D were identified. In one study,
substructuring of assemblage C (C-I to C-IV) and D (D-I to D-V) was identified when the
sequences obtained from tpi genes were analyzed; however, when molecular analysis was
performed on the gdh gene substructuring in assemblage D (D-I to D-IV) was observed, and
substructuring of assemblage C (C-1 to C-III) was only observed when bg sequences were
analyzed (Lebbad et al., 2010).

The association of diarrhea and Giardia assemblage subgroups was not possible in this
study due to the small sample size; however, several trends were observed. For example, none of
assemblage C infected dogs had diarrhea whereas about a quarter of assemblage D infected dogs
did. Furthermore, all assemblage C isolates were from dogs in high-density environments
(breeding/shelter dogs), whereas assemblage D was identified in dogs from both sources. This

suggests that assemblage D is more likely to be transmitted among household dogs. A case
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control study with a larger sample size is suggested to further assess for associations among
diarrhea and different Giardia assemblages and subgroups.

The majority of genotypes/species of Giardia and Cryptosporidium isolates from dogs
and cats in this study may not reflect the majority of genotypes/species for the dog and cat
population as a whole in Chiang Mai, Thailand since we made our interpretation in the light of
the available nucleotide sequences. The information regarding the genotype/species for about
70% of Giardia-infected samples and 54% of Cryptosporidium-infected samples was unknown.
Failure of PCR assays to amplify the organisms’ target genes may be from the presence of a PCR
inhibitor (da Silva et al., 1999), or degradation of DNA material in the samples which may result
from international shipment or long-term storage before PCR processing. Therefore, the failure
to amplify Giardia or Cryptosporidium genes in the fecal samples using PCR did not rule out
Giardia or Cryptosporidium infection, thus PCR should not be used as the primary test for
Giardia or Cryptosporidium diagnoses.

The current information suggests that dogs and cats in Chiang Mai may not be a primary
reservoir for zoonotic transmission of G. duodenalis; however, these animals may be a reservoir
for zoonotic transmission of Cryptosporidium. Further investigation using molecular analysis of
Giardia and Cryptosporidium genotype/species isolated from animals and humans (pets and
owners or shelter animals with the care givers) may clarify the transmission cycle of these

organisms between humans and animals in the same environmental setting.
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5.5 Tables

Table 5.1 Giardia genotypes determined by nucleotide sequence analyses of glutamate
dehydrogenase (gdh), B-giardin (bg) and triose phosphate isomerase (tpi) PCR products from dog
and cat samples in Chiang Mai, Thailand.

ID gdh bg tpigen® tpiD®
THO8Dog5 D D n/a D
THO08Dogl5 D D n/a n/a
THO8Dogl17 D D C D
THO8Dog19 C C C C
THO8Dog22 C C C C
THO8Dog23 D D n/a D
THO08Dog24 D*" D n/a D
THO08Dog30 C C C C
THO8Dog33 D D n/a D
THO08Dog36 D*" D n/a D
THO08Dog40 D n/a n/a n/a
THO08Dog43 D D n/a D
THO08Dog45 D*" D n/a D
THO08Dog73 C C C C
THO08Dog93 D n/a n/a n/a
THO08Dog9%6 D n/a n/a n/a
THO08Dog100 C C n/a n/a
THO8Dogl101 C C C C
THO08Dog103 C C n/a n/a
THO08Dog107 D*" ch ch D
THO8Dog108 ceh C C ch
THO09Dog68 D D n/a D
THO09Dog69 n/a n/a C C
THO09Dog78 D n/a n/a n/a
THO09Dog80 D n/a n/a D
THO09Dog83 D n/a n/a n/a
THO09Dog84 D n/a n/a n/a
THO09Dog91 D n/a n/a D
THO09Dog92 D n/a n/a n/a
THO09Dog97 D n/a n/a n/a
THO09Dogl106 D n/a n/a n/a
THO09Dogl126 D n/a n/a n/a
THO09Dogl128 D n/a n/a n/a
THO09Dog133 D n/a n/a n/a
THO09Dogl134 D n/a n/a n/a
THO09Dogl135 D n/a n/a n/a
THO09Dogl141 D n/a n/a n/a
THO09Dogl51 D n/a n/a n/a
THO09Do0g293 D n/a n/a n/a
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ID gdh bg tpigen® tpiD"
THO09Do0g299 D n/a n/a n/a
THO8Cat7 D n/a n/a n/a
THO8Cat13 D n/a n/a n/a
THO09Catl11 C n/a n/a n/a
THO09Cat29 C n/a n/a n/a
THO09Cat59 Al n/a n/a n/a
THO09Cat60 C n/a n/a n/a
THO09Cat63 D n/a n/a n/a
THO09Cat65 C n/a n/a n/a

n/a = no amplification.

ash = allelic sequence heterogeneity

* tpigen = PCR of tpi gene with generic primers that can detect all G. duodenalis assemblages
except assemblage D

® tpiD, dog specific = PCR of tpi gene with dog-specific primers can detect both assemblages C
and D
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Table 5.2 Cryptosporidium genotypes determined by nucleotide sequence analyses of heat
shock protein 70 (hsp70), one step Small Subunit-rRNA, and nested Small Subunit-rRNA PCR
products from dog and cat samples in Chiang Mai, Thailand.

Sample hsp70 One step Nested
SSU-rRNA SSU-rRNA
THO8Dog5 n/a C. canis n/a
THO8Dog7 n/a C. canis C. canis
THO08Dog22 n/a C. parvum n/a
THO8Dog28 n/a C. canis C. canis
THO8Dog 42 n/a C. canis C. canis
THO8Dog43 C. parvum n/a n/a
THO08Dog46 C. canis C. canis C. canis
THO8Dog54 C. parvum n/a n/a
THO08Dog55 C. canis C. canis C. canis
THO08Dog58 C. canis n/a n/a
THO8Dog61 n/a n/a C. canis
THO8Dog68 n/a n/a C. canis
THO8Dog69 n/a C. canis n/a
THO8Dog71 n/a C. canis n/a
THO8Dog76 C. parvum n/a n/a
THO8Dog86 C. parvum n/a n/a
THO8Dog87 C. parvum n/a n/a
THO08Dog92 C. canis n/a n/a
THO08Dog9%6 C. canis n/a n/a
THO8Dogl101 C. parvum n/a n/a
THO8Dog102 n/a C. canis n/a
THO8Dog107 n/a C. canis C. canis
THO09Dog5 C. canis C. canis C. canis
THO09Dog9 C. parvum C. canis n/a
THO09Dog32 n/a C. parvum n/a
THO09Dog68 C. canis C. canis C. canis
TH09Do0g203 n/a C. canis n/a
THO09Dog227 n/a C. canis C. canis
THO09Dog289 n/a C. canis n/a
TH09Do0g290 n/a C. canis n/a
THO09Dog321 n/a C. canis n/a
THO09Dog328 n/a C. canis n/a
THO8Cat3 C. canis n/a n/a
THO8Cat6 C. canis n/a n/a
THO09Cat6 n/a n/a C. felis
THO09Cat35 C. parvum n/a n/a
THO09Cat69 C. parvum n/a n/a

n/a = no amplification.
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Table 5.3 Giardia duodenalis assemblages in dogs and cats in Chiang Mai, Thailand by
glutamate dehydrogenase (gdh), B-giardin (bg) and triose phosphate isomerase generic (tpi)
genes.

# of genes amplified Species gdh bg tpigen” tpiD*
Dog (40)

1(19)*" 18 D n/a n/a n/a
1 n/a n/a C C

2(5° 2 C C n/a n/a
1 D D n/a n/a
2 D n/a n/a D

3(16)° 6 C C C C
8 D D n/a D
1 D D C D
1 D C C D
Cat (8)

1(8)* 1 Al n/a n/a n/a
3 D n/a n/a n/a
4 C n/a n/a n/a

‘Number of animals that tested positive for the number of genes tested
®tpigen = PCR of tpi gene with generic primers that can detect all G. duodenalis assemblages
except assemblage D

“tpiD, dog specific = PCR of tpi gene with dog-specific primers can detect both assemblages C
and D

n/a = no amplification
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Table 5.4 Cryptosporidium species in dogs and cats in Chiang Mai, Thailand by heat shock
protein 70 (hsp70), one-step and nested small subunit ribosomal RNA (SSU-rRNA) PCR assays.

# of positive PCRs Species hsp70 Onestep  Nested PCR
SSU-rRNA  SSU-rRNA

Dog (32)
1(22)* 6 C. parvum n/a n/a
3 C. canis n/a n/a
9 n/a C. canis n/a
2 n/a C. parvum n/a
2 n/a n/a C. canis
2(6)° 5 n/a C. canis C. canis
1 C. parvum C. canis n/a
3(4° 4 C. canis C. canis C. canis
Cat (5)
1(5° 2 C. parvum n/a n/a
2 C. canis n/a n/a
1 n/a n/a C. felis

* Number of animals that tested positive for the number of PCR assays tested.
n/a = no amplification
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Table 5.5 Proportion of genotype cluster of G. duodenalis isolates in dogs and cats in Chiang
Mai, Thailand, based on nucleotide derived from glutamate dehydrogenase by diarrhea status,
age and housing type.

Risk Al C D1 D2 D3 D4
% (No./Total) % (No./Total) % (No./Total) % (No./Total) % (No./Total) %
(No./Total)

Diarrhea*

Yes 0(0/1) 0(0/11) 31.8(7/22) 0 (0/4) 16.7 (1/6) 0(0/1)

No 100 (1/1) 100 (11/11) 68.2 (15/22) 100 (4/4) 83.3 (5/6) 100 (1/1)
Age

<1 0(0/1) 8.3 (1/12) 40.9 (9/22) 25 (1/4) 42.9 3/7) 0(0/1)

>1 100 (1/1) 91.7 (11/12) 59.1(13/22) 75 (3/4) 57.1 (4/7) 100 (1/1)
Housing type

Breeder/Shelter/Temple 100 (1/1) 83.3 (10/12) 27.3 (6/22) 100 (4/4) 42.9 3/7) 100 (1/1)

Household 0(0/1) 16.7 (2/12) 72.7 (16/22) 0(0/4) 57.1 (4/7) 0(0/1)

*Contain missing value
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Table 5.6 Proportion of G. duodenalis assemblages in dogs and cats in Chiang Mai, Thailand,
based on nucleotide derived from glutamate dehydrogenase by diarrhea status, age and housing

type.

Risk A C D
% (No./Total) % (No./Total) % (No./Total)
Dog
Diarrhea*
Yes 0 (0/7) 25.8 (8/31)
No 100 (7/7) 74.2 (23/31)
Age
<1 0 (0/8) 41.9 (13/31)
>1 100 (8/8) 58.1 (18/31)
Housing type
Breeder/Shelter/Temple 100 (8/8) 38.7 (12/31)
Household 0 (0/8) 61.3 (19/31)
Cat
Diarrhea
Yes 0 (0/1) 0 (0/4) 0 (0/2)
No 100 (1/1) 100 (4/4) 100 (2/2)
Age'
<1 0 (0/1) 25 (1/4) 0(0/3)
>1 100 (1/1) 75 (3/4) 100 (3/3)
Housing type
Breeder/Shelter/Temple 100 (1/1) 50 (2/4) 66.7 (2/3)
Household 0 (0/1) 50 (2/4) 33.3(1/3)

*Contain missing value
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5.6 Figures

Figure 5.1 Phylogenetic relationships of the Giardia isolates from dogs and cats in Chiang Mai, Thailand
based on the glutamate dehydrogenase (gdh) gene. The numbers on the branches are the percentage
bootstrap support values from 1000 replicates. Only values greater than 50% are included to the left of
each node. Reference sequences were labeled as its accession number and assemblage. The tree is drawn
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Figure 5.2 Phylogenetic relationships of the Giardia isolates from dogs and cats in Chiang Mai,
Thailand based on B-giardin gene (bg). The numbers on branches are the percentage bootstrap
support values from 1000 replicates. Only values greater than 50% are included to the left of
each node. Reference sequences were labeled as its accession number and assemblage. The tree
is drawn to scale, with branch lengths measured in the number of substitutions per site.
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Figure 5.3 Phylogenetic relationships of the Giardia isolates from dogs and cats in Chiang Mai,
Thailand based on the triose phosphate isomerase (tpi) gene. The numbers on branches are the
percentage bootstrap support values from 1000 replicates. Only values greater than 50% are
included to the left of each node. Reference sequences were labeled as its accession number and
assemblage. The tree is drawn to scale, with branch lengths measured in the number of
substitutions per site. tpigen = tpi sequences amplified by generic primers, tpiD = tpi sequences

amplified by dog genotype specific primers.
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Figure 5.4 Phylogenetic relationships of the Cryptosporidium isolates from dogs and cats in
Chiang Mai, Thailand based on the heat shock protein 70 (hsp70) gene. The numbers on
branches are the percentage bootstrap support values from 1000 replicates. Only values greater
than 50% are included to the left of each node. Reference sequences were labeled as its accession
number and identified species. The tree is drawn to scale, with branch lengths measured in the
number of substitutions per site.
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Figure 5.5 Phylogenetic relationships of the Cryptosporidium isolates from dogs and cats in Chiang Mai,
Thailand based on the ~290-bps fragment from one step PCR of small subunit RNA (SSU-rRNA) gene.
The numbers on branches are the percentage bootstrap support values from 1000 replicates. Only
values greater than 50% are included to the left of each node. Reference sequences were labeled
as its accession number and identified species. The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site.
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Figure 5.6 Phylogenetic tree of the Cryptosporidium isolates from dogs and cats in Chiang Mai,
Thailand based on the ~ 820-bps fragment from a nested PCR of small subunit RNA (SSU-
rRNA) gene. The numbers on branches are the percentage bootstrap support values from 1000
replicates. Only values greater than 50% are included to the left of each node. Reference
sequences were labeled as its accession number and identified species. The tree is drawn to scale,
with branch lengths measured in the number of substitutions per site.
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CHAPTER 6: CONCLUSIONS AND FUTURE DIRECTIONS
6.1 Conclusions

Giardia and Cryptosporidium are leading infectious causes of diarrhea in humans,
domestic animals, and wildlife throughout the world. These infections can lead to significant
morbidity and mortality in developing and developed countries. The genera Giardia and
Cryptosporidium include both host-specific and zoonotic species/genotypes, and dogs and cats
can be infected with zoonotic genotypes and potentially serve as a reservoir for zoonotic
transmission. Understanding the prevalence and risk factors associated with Giardia and
Cryptosporidium infections as well as the genotypes/species of the organisms that infect dogs
and cats could aid veterinarians in the control and prevention of these infections and reduce the
potential for zoonotic transmission. The major goals of this dissertation were to estimate the
prevalence of Giardia spp. and Cryptosporidium spp. infections in dogs and cats in Chiang Mai,
Thailand, to determine risk factors associated with these infections including seasonality, and to
molecularly characterize the genotype/species of Giardia and Cryptosporidium isolates from
these animals to determine whether infected dogs and cats can be a potential reservoir for
zoonotic transmission.

This dissertation describes epidemiological studies of Giardia and Cryptosporidium in
dog and cat populations in Chiang Mai, Thailand. The results suggest that Giardia and
Cryptosporidium infections in dogs and cats are common. Significant risk factors associated with
Giardia and Cryptosporidium infections were young age, having diarrhea or chronic diarrhea,
and living in crowded settings. The prevalence of Giardia infection in the rainy season is higher
than during the dry winter season. The prevalence of Cryptosporidium was higher in winter than

in the rainy season. Multilocus analyses of Giardia duodenalis genotypes and Cryptosporidium
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species suggested that dogs and cats in this area were infected by a canine-specific G. duodenalis
and that C. parvum was present in about 1/3 of the tested samples. This finding documents
transmission of C. parvum to dogs, likely from ingesting materials contaminated with bovine
feces and suggests that people may also be commonly exposed to this agent. However, the work
as designed does not address whether or not dogs are associated with transmission of C. parvum
to people. The results also suggested that using multiple loci is better than targeting a single
gene, as a polymerase chain reaction (PCR) assay on one target gene may be able to detect the
presence of organisms where other assays do not. However, if testing must be limited to single
gene detection, Giardia gdh PCR and one-step Cryptosporidium SSU-rRNA are recommended.

In the studies presented in this dissertation, sugar flotation was used to concentrate the
fecal samples to enhance the detection of Giardia cysts and Cryptosporidium oocysts by
immunofluorescent assay (IFA). In some situations, the freezing of samples is unavoidable, such
as when international shipment or long-term storage is required. A comparison of the sugar and
sedimentation concentration techniques was performed to assure that using sugar technique was
appropriate. Although there were no significant differences between the two tests, for best results
I recommend using the sedimentation concentration technique for Giardia cysts or
Cryptosporidium oocysts to prepare frozen samples for IFA.
6.2 Future direction
6.2.1 National study

The results presented in this dissertation show that Giardia and Cryptosporidium
infections in dogs and cats are common; however, in previous reports the prevalence, risk factors
and genotype/species of these organisms varied depending on geographical area. Therefore,

further study on a national or region level should be designed to better understand the nature of
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these diseases in Thailand. The prevalence of Giardia and Cryptosporidium infections in dogs
and cats reported in this dissertation could be used for sample size estimation in future studies.
6.2.2 Determining the potential for Giardia and Cryptosporidium zoonotic transmission
from dogs and cats to their owners.

Although most of the Giardia duodenalis assemblages and Cryptosporidium species in
this study were dog-adapted, 30% of Cryptosporidium isolates found in our study were the
zoonotic species. In addition, C canis and C. felis have been isolated from HIV+ patients.
Therefore, the potential zoonotic transmission of these two organisms from dogs and cats to
humans is still of interest. In addition, in Chiang Mai, many dogs and cats are allowed to run
free. This behavior could increase the risk of Giardia and Cryptosporidium infection by direct
contact with the infected animals. Especially, in the dairy farm or other types of livestock, dogs
and cats could serve as a potential reservoir for zoonotic transmission. Further studies based on
molecular analyses of Giardia and Cryptosporidium isolates from dogs and cats and their owners

and/or livestock could establish whether a zoonotic link exists from dogs and cats to humans.
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APPENDIX: QUESTIONNAIRE

Questionnaire
“Prevalence and molecular analysis of Giardia and Cryptosporidium spp. isolates from dogs and

cats in Chiang Mai, Thailand”

General information

Species:  Dog  Cat

Age:  year(s)  month(s)

Sex: Male Female Intact spayed/neutered

Breed:

Area: subdistrict , District , Postcode

Risk information

1. How many dogs/cats do you own?
dog(s) cat(s)

2. Where did you get this dog/cat?
___bought from pet shop/farm ___in house bred
___adopt from strayed dog/cat ___other (please indicate)

3. Please indicate the type of the household?
___home (owned dog) = breeding farm ___animal shelter
_temple __strayed dog __other (please indicate)

4. How do you keep your dogs/cats?
__inhouse  hours  outside  hours __free roaming

5. Do you cage your dogs/cats?
_ No ~ Yes __sometimes
6. Do you allow your dogs/cats as a free roaming animal?
__Never let animal out of the house area
_ Yes, always allow free roaming outside.
__Restrict free roaming time _ hours every day

7. Where does your dog/cat defecate?

__in household area __out of the household area
__in the litter box
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10.

11.

12.

13.

14.

15.

16.

17.

After you dog/cat defecate, do you

__pick up/clean the area immediately.  did not pick up/clean the area immediately.

Your dog/cat drinking water is from

__tap water __bottle water __roof harvested water
___underground water __ river _other (please indicate)
The water was boiled before given to dog/cat?

__no __yes __sometimes

Food type:

__home made __commercial food  mixed

Have you ever let your dog/cat eat raw meat?
__no _yes
Ifyes: you give  pork _ beef __poultry (chicken/duck) __fish

__other (please indicate)

Within past month have you dog/cat had chronic diarrhea (7-10 days)?
no _yes

Have your dog/cat had regular deworming program?
___no
__yes __every year

___every 6 month
___every 3 month
__other

Latest deworming was

Your dog/cat has concurrent disease?
__no __yes, what is it?

Your dog/cat is on immunosuppressant drug/corticosteroid?
__no __yes __ Idon’tknow
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18. Within past month have your dog/cat had any clinical signs

Clinical signs No Yes
Fever
Anorexia
Lethargy
Vomiting
Dehydrate
Bloody diarrhea
Watery diarrhea
Pale
19. Have you had any another animal?
__no __yes
Plase indicate.
Animal Number Animal Number
O Pig O Rodent
O Cow [ Rabbit
[ Buffalo O Chicken
O Goat O Duck
O Sheep O Other...ccvuveeeeeeeieeeneenneee.
20. Within past month, have these animals had diarrhea?
__no
__yes had diarrhea for _ days
__don’t know
21. Is your household located near any of the below water resources?
Water resources Distance
Don’t know <0.5 km. 0.5-1km. 1.01 - 2.5 km. 2.51 — 5 km. > 5 km.
1.  River
2. Irrigation canal
3. Swamp
4. Dam
5. Other.......cocu...
22. How often you take your dog/cat for water recreation?
Water resources Frequency
Never <1-2 1-2 3-4 5-6 everyday
times/week times/week times/week times/week
1.  River
2. Irrigation canals
3. Swamp
4. Dam
5. Other..................
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23. Is your household located near agricultural activity?

Agriculture Distance
Don’t <0.5 km. 0.5—1km. 1.01 - 25| 251-5km. | >5km.
know km.
1. Dairy farm
2.  Feedlot
3. Poultry
4. Rice field
5. Orchard
6. Fishery
7. Other...............

24. How many members in household?, Have anyone had diarrhea and been taking antibiotics?

Member Age (year) Diarrhea Duration (day) Receiving Antibiotics
(Indicate only gender)
1.Female (example) O no Oyes Odon’tknow O no Oyes Odon’tknow
2.Male O no Oyes Odon’tknow O no Oyes Odon’tknow
3. O no Oyes Odon’tknow O no Oyes Odon’tknow
4. O no Oyes Odon’tknow O no Oyes Odon’tknow
5. O no Oyes Odon’tknow O no Oyes Odon’tknow
6. O no Oyes Odon’tknow O no Oyes Odon’tknow

(Please use space on backside, if the table is not enough.)

25. Have your household every had flooding problem?

__never
__within past months __within 1-3 months
__within 4-6 months __within 6-12 months
__more than 1 year

__don’t know

Owner’s knowledge

1. Diarrhea in dog/cat can be from
__ fungi/mold _ bacteria ~ _ virus __parasite __protozoa __ don’t know
other

2. Do you know Giardia/cryptosporidium?
__no
__know Giardia
___know Cryptosporidium

3. Do you know if you have zoonottic Giardia or Cryptosporidium infection you can transmit
the protozoa to your pet?
no _ yes
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. Do you know if your dog/cat has zoonottic Giardia or Cryptosporidium infection, it can be

transmitted to you?
no _ yes

. What is your occupation

OGovernment officer OOffice worker ORetired

OMedical service Oworking in day car/nursery OFreelance
OAgriculture(animal) OAgriculture (plant) OSelf-employed (business)
OStudent OAcademic OOther ......ccevvevieviiieee,

. What is your highest education?
OElementary School
OJunior high school

OHigh school or equivalence
ODiploma

. Your income?

< 5,000 Baht
[05,001-10,000 Baht
[010,001-25,000 Baht
[025,001-50,000 Baht
0> 50000 Baht

. Your household income?

< 5,000 Baht
05,001-10,000 Baht
[010,001-25,000 Baht
[025,001-50,000 Baht
0> 50000 Baht
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OBachelor degree or equivalence
OMaster degree or equivalence

OPhD
OOther....c.coveireieinenccncece



