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Investigation of Factors Associated with 
Subclinical Infections of Giardia duodenalis  

and Cryptosporidium canis in Kennel-Housed 
Dogs (Canis lupus familiaris)

Loni A Taylor, DVM, PhD, MPH,1,* Meriam N Saleh, PhD,2 Eric C Kneese, DVM,3 
Tracy H Vemulapalli, DVM, MS, DACLAM,4 Christine M Budke, DVM, PhD,5  

and Guilherme G Verocai, DVM, MS, PhD, DACVM2

Giardia duodenalis and Cryptosporidium spp. are zoonotic protozoal pathogens, spread by a fecal-oral route, which can 
infect a wide range of hosts including but not limited to dogs and humans. Giardia was recently estimated to be present in 
37% to 50% of kennel-housed dogs. Cryptosporidium infections in kennel-housed dogs have been reported in 7% to 21% of 
the population. The goal of this study was to define demographic factors and fecal scores associated with positive screen-
ing test cases of Giardia and Cryptosporidium in kennel-housed laboratory dogs in the state of Texas. Fecal samples were 
collected from 153 clinically normal laboratory dogs at an academic research facility and a local laboratory dog supplier. We 
used 3 diagnostic tests evaluated in parallel to determine test positivity to each organism: a human point-of-care coproantigen 
test, a direct immunofluorescent assay, and an in-house polymerase chain reaction. Dogs were significantly more likely to 
test positive for Giardia (45%) than Cryptosporidium (7%) (P < 0.01). Dogs that were 18 mo of age or younger had 3 times the 
odds (P = 0.009) of subclinical Giardia infection compared with older dogs. We found no significant relationship between 
age and Cryptosporidium prevalence. Dogs with hard feces (fecal score 1-2) at the time of screening had 0.34 times lower odds 
(P = 0.049) of testing positive for Giardia than dogs with normal feces, but no statistically significant relationship was found 
between fecal score and Cryptosporidium-positive test status. With these findings, we demonstrated the value of considering 
age and fecal score when choosing which dogs to screen for subclinical Giardia. Additional studies with larger sample sizes 
should be conducted to determine the relationship between age and fecal score and subclinical Cryptosporidium infection.

Abbreviations and Acronyms: DFA, direct immunofluorescent assay; QC, point-of-care coproantigen test
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Introduction
Giardia duodenalis is a protozoan parasite that can cause 

both clinical disease and subclinical infection in many species 
including dogs and humans. Current estimates of infection 
with Giardia in dogs have a wide range. Giardia was recently 
estimated to be present in 37% to 50% of kennel-housed dogs.17,29 
A recent global meta-analysis looked at 127 papers reporting 
Giardia infection in dogs of different ages, housing situations, 
and geographical regions using testing methods including mi-
croscopy, ELISA, direct fluorescent antibody (DFA), and PCR. 
They found an overall prevalence of 2.61% with a prevalence 
as low as 0% and as high as 70%.5 Another recent investigation 
that sampled 3,022 dogs from 288 dog parks in major cities 
around the United States evaluated the zinc sulfate centrifugal 
floatation, coproantigen method (Giardia Test, IDEXX Laborato-
ries, Westbrook, ME), or both methods together and found that 
13% of dogs were positive for Giardia using at least one of these 

methods.39 The same study found that 89.8% of positive Giardia 
samples via coproantigen tested negative on fecal floatation.39 
Investigations of kennel-housed laboratory dogs have reported 
a prevalence of Giardia infection ranging from 38.5% to 100.0% 
depending on housing location.3,22,32,34,36,42 Factors present in 
kennel-housed dogs that could potentially lead to higher levels 
of Giardia infection include frequency of cleaning kennels, access 
to contaminated outdoor spaces, and group housing.

Cryptosporidium infections in dogs are reported less often than 
Giardia. Cryptosporidium infections in kennel-housed dogs have 
been reported in 7% to 21% of the population.18,19 In 2020, a glob-
al meta-analysis of canine Cryptosporidium infection revealed 
an 8% pooled prevalence in studies that conducted various 
microscopic modalities with and without staining (n = 76) and 
7% in studies that conducted coproantigenic methods including 
immunofluorescence assays, ELISA, and enzyme immunoassays 
(n = 42). The pooled prevalence was 6% in studies that used 
molecular methods including PCR, nested PCR, real-time PCR, 
and restriction fragment length polymorphism-PCR (n = 42).41

Infection with Giardia or Cryptosporidium is also commonly 
associated with disease in humans.7,8 Giardia duodenalis is the 
most common gastrointestinal parasite in humans in the United 
States.9 Giardia duodenalis is currently divided into eight different 
genetic assemblages, lettered A thru H.28 Of these assemblages, 
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assemblages C/D most commonly affect dogs, assemblages A/B 
most commonly affect humans, yet dogs can be infected with 
assemblage A, which can cause disease in humans.28 Rarely, 
humans have been reported to contract infection with assem-
blages C/D as well as other assemblages.40 Cryptosporidium sp. 
infections are currently on the rise in humans, and the Centers 
for Disease Control and Prevention has recently implemented 
CryptoNet, a national reporting database, to enable the col-
lection and molecular characterization of clinical isolates of 
Cryptosporidium.7 The genus Cryptospordium contains many 
species including C. parvum, a zoonotic species that infects 
cattle and humans; C. hominis, a species that infects humans; 
and C. canis, a species that normally infects dogs but has been 
associated with rare zoonosis.10,45

With high levels of Giardia infection in kenneled dogs and 
low, yet consistent, levels of infection of Cryptosporidium in 
these dogs, it is important for veterinarians, researchers, fa-
cilities managers, animal rescues, and breeders to understand 
the factors associated with subclinical infection with either 
organism. The goal of this study was to identify if fecal score, 
as determined with the Purina Fecal Score chart, breed, sex, or 
age was associated with testing positive on a fecal screening test 
for either Giardia, Cryptosporidium, or both organisms together.

Materials and Methods
Ethics statement. This study was conducted in accordance 

with the policies of the Texas A&M Institutional Animal Use 
and Care Committee. None of the experiments directly influ-
enced the routine activities of the dogs. The committee deemed 
an animal use protocol unnecessary since all samples were 
voided voluntarily into the environment and collected during 
the cleaning of the dogs' standard enclosures.

Animals and sample collection. Fecal samples (n = 170) were 
collected once from dogs housed at a research facility (n = 96) 
and a laboratory dog supplier (n = 74) in Texas between March 
and October 2021.42 These samples represented a census sample 
of all dogs in the research facility and a convenience sample 
of laboratory supplier dogs, with feces collected during daily 

cleaning activities and routine yearly physical exams. Dogs at 
the research facility and their associated samples were separated 
into 4 groups depending on the building or personnel respon-
sible for their care, with the laboratory dog supplier as the fifth 
and final group. Groups 1 to 4 had characteristics unique to each 
group including personnel and types of dry dog food fed. All 
dogs in groups 1 to 4 were housed indoors, some single housed 
and some group housed, with some dogs having playtime al-
lowed in outdoor grass yards (Table 1). Kennels were cleaned 
daily with 180 °F (82 °C) water, disinfected chemically with 
hydrogen peroxide (Peroxigard, Virox, Oakville, ON, Canada) 
every one to two weeks, depending on the building, and washed 
down with soap monthly or more often, as needed (Table 1). 
Dogs included in group 5 were housed in nonclimate-controlled 
large kennels with concrete flooring and brick walls (Table 1). 
Group 5 kennels were washed daily with water unless tempera-
tures were too cold to allow for this, in which case they were 
scraped clean that day. The kennels were chemically disinfected 
weekly with bleach (Table 1).

The dog’s sex, age, breed, location, and fecal score were avail-
able for 153 of the samples. A single individual determined fecal 
scores by visual assessment of the samples, based on the 1 to 
7 fecal score metric published by the Purina Institute where 1 
is a hard and pellet-like fecal mass and 7 is a watery defeca-
tion with no texture (Figure 1).30 Dog breeds included golden 
retrievers, Labrador Retrievers, Beagles, and a variety of large 
hounds and hound mixes. Ages were determined in months 
based on the date of birth.

Experimental design.  This is a secondary data analysis 
from samples that were tested using the QuickChek point of 
care rapid membrane enzyme immunoassay (QC; TechLab, 
Blacksburg, VA), Merifluor Cryptosporidium/Giardia direct im-
munofluorescent assay (DFA; Meridian Bioscience, Cincinnati, 
OH), and an in-house PCR using previously described primers 
and sequencing confirmation.2,16,35,42 All samples were analyzed 
to determine associations between subclinical Giardia infection, 
Cryptosporidium infection, or coinfections with both organisms 
and age, sex, and fecal score.

Table 1.  Population descriptive data

Group Sex Housing Diet Exercise Kennel disinfection
Group 1 
(n = 22)

M = 9 
F = 13

Kennel housed with 
raised flooring indoor, 
climate controlled, as 
singles and group

Purina Sport Free exercised in 
grassy enclosure 
outdoors

Cleaned daily with 180 °F (82 °C) water, 
disinfected chemically with a minimal 
contact time of 10 min with activated 
hydrogen peroxide every 2 wk

Group 2 
(n = 12)

M = 4 
F = 8

Kennel housed with 
raised flooring indoor, 
climate controlled, as 
singles and group

Lab Diet and 
Purina 
Sensitive Skin

Free exercised in 
grassy enclosure 
outdoors

Cleaned daily with 180 °F (82 °C) water, 
disinfected chemically with a minimal 
contact time of 10 min with activated 
hydrogen peroxide every 2 wk

Group 3 
(n = 41)

M = 22 
F = 19

Kennel housed with a 
mixture of raised and 
float flooring indoor, 
climate controlled, as 
singles and group

Lab Diet and 
Purina 
Sensitive Skin

Free exercised in 
grassy and dirt 
enclosure outdoors

Cleaned daily with 180 °F (82 °C) water, 
disinfected chemically with a minimal 
contact time of 10 min with activated 
hydrogen peroxide every 2 wk

Group 4 
(n = 10)

M = 0 
F = 10

Kennel housed with 
raised flooring indoor, 
climate controlled, 
as groups

Lab Diet and 
Purina 
Sensitive Skin

Free exercised in 
indoor playroom

Cleaned daily with 180 °F (82 °C) water, 
disinfected chemically with a minimal 
contact time of 10 min with activated 
hydrogen peroxide every week

Group 5 
(n = 68)

M = 40 
F = 28

Kennel housed 
outdoors with 
concrete floors 
in groups

24/20 Red 
Diamond all 
stages of life

Exercised outdoors 
in grass and 
woody environ-
ment 3 times per 
week for 5–10 
miles each week

Washed daily with water (if tempera-
tures were too cold, they were scraped 
clean) and chemically disinfected 
weekly with bleach

M, male; F, female.
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Figure 1.  The Purina Fecal Scoring Chart (Société des Produits Nestlé, Vevey, Switzerland). This metric was used for assessing fecal consistency 
in this study.
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Statistical analysis. All data were analyzed using STATA SE 
17.0 (STATA Corp., College Station, TX). The main outcome of 
this analysis was the subclinical presence of gastrointestinal pro-
tozoa, treated as 3 discrete outcomes: Giardia, Cryptosporidium, 
and coinfection.

Definitions and handling of variables. Giardia, Cryptosporidium, 
and coinfection (presence of both detected) were reported as 
apparent prevalence. The apparent prevalence of subclinical 
infection was determined by interpreting the 3 tests, QC, DFA, 
and PCR in parallel. To be considered positive for either Giardia 
or Cryptosporidium, the sample needed to test positive on one of 
the 3 tests. A dog was considered coinfected with Giardia and 
Cryptosporidium if the sample was positive for both pathogens 
based on the criteria presented above. As a predictor of infec-
tion, the variable fecal score was categorized into hard, scores 
1 to 2, (n = 28); normal, scores 3 to 4; (n = 108); and soft, scores 
5 to 6; (n = 17). Due to the subclinical nature of the population, 
no samples with a fecal score of 7 were included in the analysis. 
For descriptive purposes, age was presented as medians with 
IQR. Previous work in dogs indicated that one component of 
the immune system needed for defense in parasitic infections, 
IgA, reaches protective levels by 18 mo of age.38 Therefore, 
age was dichotomized based on these biologic characteristics 
involved in the maturation of the immune system to facilitate 
appropriate age-based recommendations. These two categories 
include the following: 0 to 18 mo (n = 53) and greater than 18 mo 
(n = 100). The variable of breed was collapsed into two groups 
based on breed standard genetic backgrounds: hounds (n = 72) 
and retrievers (n = 81).

Variable analysis. Differences in prevalence between Giardia 
and Cryptosporidium overall and by housing group were evalu-
ated using the z test for 2 proportions. Differences in Giardia or 
Cryptosporidium prevalence among different housing groups 
were evaluated with the Fisher exact test. For organisms that 
were significantly related to the housing group the relation-
ship between prevalence of infection and the different housing 
groups was determined with exact logistic regression with a 
multiple comparisons correction adjustment applied to the P 
value. Due to the small population size, exact logistic regression 
was then performed, using the outcome variable Giardia-positive 
test status and a grouping variable based on housing group and 
the independent variable fecal score.20,27,44 Exact logistic regres-
sion was also used to evaluate demographic factors associated 
with Giardia test positivity, with the exposure variables breed, 
sex, and age. Any independent variable analyzed with a z score  
P value < 0.2 was included in the final regression model. Re-
sults were reported as odds ratios with a 95% CI, and P values 
less than 0.05 were considered statistically significant. Due to 
low prevalence, the Fisher exact test was used to determine 

relationships between Cryptosporidium infection or coinfection 
and fecal score, sex, age, and breed.

Results
The overall prevalence was 45.10% [95% CI: 37.34, 53.0]  

for Giardia and 6.54% [95% CI: 3.53, 11.77] for Cryptosporidium 
(Table 2). Group level Giardia positivity ranged from 22.72% 
[95% CI: 9.26, 45.87] in group 1 to 90.00% [95% CI: 45.33, 98.99] 
in group 4. Housing group was significantly associated with 
Giardia prevalence (P < 0.01) and group level prevalence of 
Giardia infection was significantly greater in group 4 compared 
with group 1 (P = 0.01). Group level Cryptosporidium positivity 
ranged from no cases in groups 1 and 2 to 11.80% [95% CI: 5.92, 
22.03] in group 5. Housing group level prevalence of Crypto-
sporidium infection was not significantly different between the 
groups (P = 0.18). The overall sample prevalence for Giardia 
was significantly higher than for Cryptosporidium (P < 0.01). 
Giardia prevalence was significantly higher than Cryptosporidium 
prevalence in each group.

Fecal score analysis showed that dogs with hard stool (fecal 
score 1 to 2) had 0.34 [95% CI: 0.1, 0.99] the odds of subclinical 
infection with Giardia compared with normal stool (fecal score 
3 to 4) (Table 3). There was no significant difference in the odds 
of subclinical infection between dogs with soft stool (fecal score 
5 to 6) and normal stool. The median age of dogs infected with 
Giardia was 19.0 [IQR: 7.0, 44.0] months. The median age of dogs 
without Giardia was 36.5 [IQR: 19.0, 56.0] months (Table 3). Being 

Table 2.  Positivity of Giardia and Cryptosporidium

Group
Giardia test 

positive Giardia (%) [95% CI]
Cryptosporidium 

test positive
Cryptosporidium (%) 

[95% CI] P value
Overall (n = 153) 69 45.10 [37.34, 53.10]* 10 6.54 [3.53, 11.77] <0.01
Group 1 (n = 22) 5 22.72 [9.26, 45.87]* 0 No cases detected 0.02
Group 2 (n = 12) 5 41.67 [16.44, 72.16]* 0 No cases detected 0.01
Group 3 (n = 41) 15 36.59 [23.05, 52.63]* 1 2.39 [0.32, 16.21] <0.01
Group 4 (n = 10) 9 90.00 [45.33, 98.99]*,† 1 9.49 [1.01, 5.47] <0.01
Group 5 (n = 68) 35 51.47 [39.52, 63.25]* 8 11.8 [5.92, 22.03] <0.01

*Giardia prevalence significantly greater than Cryptosporidium with P value < 0.05.
†Giardia prevalence in group 4 significantly greater than group 1 (P value = 0.01).

Table 3.  Univariable analysis of Giardia subclinical infection

Variable Prevalence (%) OR [95% CI] P value
Fecal score
  Hard stool 8/28 (28.57) 0.34 [0.10, 0.99] 0.049*

  Normal stool 52/108 (48.15) (ref) (ref)
  Soft stool 9/17 (52.94) 1.93 [0.57, 7.01] 0.358
Demographics
  Age
    >18 mo 35/100 (35.00) (ref) (ref)
    0–18 mo 34/53 (64.15) 3.36 [1.31, 9.17] 0.009*
  Breed
    Hound 34/72 (47.22) (ref) (ref)
    Retriever 35/81 (43.21) 1.60 [0.71, 3.67] 0.294
  Sex
    Male 35/75 (46.67) (ref) (ref)
    Female 34/78 (43.59) 0.73 [0.34, 1.52] 0.453

*Statistically significant.
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18 mo of age or younger was associated with 3.36 [95% CI: 1.31, 
9.17] times the odds of having a subclinical Giardia infection 
compared with older dogs (Table 3). Because dog age was the 
only statistically significant demographic variable, multivari-
able regression was not performed.

There was no statistically significant relationship detected 
between infection with Cryptosporidium and fecal score 
(Table 4). The median age of dogs infected with Cryptosporidium 
was 7.0 [IQR: 5.0, 46.0] months and 29.0 [IQR: 7.0, 50.0] months 
for those not infected. There was no statistically significant 
association between Cryptosporidium infection and age, sex, 
or breed (Table 4).

Only 4 of the 153 dogs sampled had coinfections with Giardia 
and Cryptosporidium. The median age of dogs with and without 
coinfection was 5.5 [IQR: 3.5, 17] and 29 [IQR: 7, 50] months, 
respectively. Coinfection was not significantly related to breed 
(P = 1.0), fecal score (P = 1.0), or age (P = 0.12).

Discussion
Understanding the relationship between variables associ-

ated with subclinical infection of parasites, such as Giardia 
and Cryptosporidium, is important for veterinarians, breeders, 
researchers, and any professional who maintains large popula-
tions of dogs in a colony, breeding, performance, or other kennel 
setting. This study looked at a population of kennel-housed 
dogs and evaluated the associations between commonly avail-
able variables, including fecal score, age, breed, and infection 
with either Giardia, Cryptosporidium, or coinfection with both 
organisms.

There are several fecal scoring metrics available to animal 
care professionals. For this study we chose the widely used 
Purina 7-point fecal scoring system. A recent study compared 
the Purina metric and the Waltham 5-point fecal scoring scale 
on 126 canine bowel movements. The Purina metric resulted 
in a κ of 0.40 to 0.77, and the Waltham metric resulted in a κ of 
0.54 to 0.61 when scored by 3 sets of evaluators.6 The κ statistic 
is a method for evaluation of interrater agreement, and these 
values indicate that there could be more variability of scoring 
with the Purina Scale than the Waltham Scale, which is reason-
able due to a greater number of rating options in that metric. 
Despite this difference in agreement, we chose the Purina Scale 
due to its wide availability and the familiarity of veterinarians 
with the scale.

There is disagreement in the literature regarding the effect 
of subclinical infection with either Giardia or Cryptosporidium 
on fecal consistency. However, it is biologically plausible that 
dogs harboring either organism would have softer feces than 
those without the organism. One study reported that a positive 
test status for Giardia, but not Cryptosporidium, was significantly 
associated with development of loose stool in sled dogs dur-
ing racing.26 The study was limited by small sample size with 
only 5 of 53 dogs testing positive for Giardia before racing and 
5 of 67 testing positive during the race. The same study only 
found 1 of 53 dogs positive for Cryptosporidium before the race 
and 2 of 67 positive during the race. Chronic subclinical infec-
tion has been associated with dysbiosis, with a recent study 
reporting an enrichment in proinflammatory bacterial species 
and opportunistic pathogens in Giardia-positive dogs.4 Unlike 
subclinical Giardia infection, subclinical Cryptosporidium has not 
been associated with fecal consistency, with no clear link to soft 
stools in subclinical animals.1,34,46

In the present study, age was related to infection with Giardia. 
This fits with our understanding of the immune system and its 
responses to Giardia infection. The host’s response to Giardia 
has been demonstrated to depend on IL-17A, Th17 cells, and 
production of IgA.14,24 IL-17, secreted by the CD4+ Th17 cells, 
has been shown to upregulate complement and play a role in the 
secretion of parasite-specific IgA antibodies.14,24 We know that 
these cells, cytokines, and immunoglobulins take time to fully 
develop and increase during the maturation process.31 A study 
in Beagles revealed that IgA showed a steady age-dependent 
increase over 10 to 20 mo.38,43 Furthermore, future research 
could assess the involvement of long-term stimulation of the 
Th17 cells and the IL-17A response in parasitic infections in-
cluding the predisposition to autoimmune conditions such as 
immune-mediated hemolytic anemia, irritable bowel disease, 
asthma, and idiopathic epilepsy.13,21,25,31,37

There were more dogs 18 mo of age or younger that were 
positive for Cryptosporidium than dogs older than 18 mo, al-
though this relationship was not statistically significant. The 
relationship of age to Cryptosporidium infection susceptibility 
is biologically plausible, as recent investigations have led to a 
deeper understanding of the immune response to Cryptosporid-
ium infections. There are several components essential to the 
immune response to this organism, including intestinal epithe-
lial cells, innate and adaptive immunity, chemokines, cytokines, 
and antimicrobial peptides.23,33 While some components of the 
immune system are viable early in a dog’s life, it is accepted 
that full functionality and serum immunoglobulin levels do not 
reach those of adults until 12 mo of age.12 A recent study found 
that CCL20, a chemokine needed for T-lymphocyte recruitment, 
was downregulated during Cryptosporidium infection in neona-
tal mice, likely making them susceptible to infection.15 When 
researchers supplemented mice with recombinant CCL20, they 
found that the number of Cryptosporidium oocysts significantly 
decreased compared with control mice. This is an area for further 
research in dogs and may provide a potential model for human 
cryptosporidiosis.

The size of our study limits the degree to which we can assess 
significant relationships between specific breeds, genetics, and 
fecal scores. Due to this limitation, breed was dichotomized. De-
spite this limitation, this study provides valuable management 
insight that can be built on in the future. This study adds to the 
literature as we show a potential relationship between fecal score 
and Giardia infection as well as between age and Giardia infec-
tion. With these findings, we hope to provide managers of canine 
facilities with the information needed to refine evidence-based 

Table 4.  Univariable analysis of Cryptosporidium subclinical 
infection

Variable Prevalence Percentage (%) P value
Fecal score 0.666
  Hard stool 1/28 3.57
  Normal stool 9/108 8.33
  Soft stool 0/17 0
Demographics
  Age 0.120
    >18 mo 4/100 4.00
    0–18 mo 6/53 11.32
  Breed 0.301
    Hound 6/72 8.33
    Retriever 4/81 4.94
  Sex 0.348
    Male 6/75 8.00
    Female 4/78 5.13
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standard operating procedures. Studies using larger cohorts of 
both clinical and subclinical dogs to assess the viability of us-
ing fecal scores as a predictor for infection with either of these 
organisms are needed. Future studies that focus on age-related 
biologic factors and their association with subclinical infection 
will help researchers and clinical veterinarians better manage 
kennel-housed dog colonies.

In conclusion, we found that kennel-housed dogs 18 mo of 
age or younger were at 3.4 times the odds of Giardia infection 
compared with older dogs and that hard stool was associated 
with negative test status for Giardia in the stool. Based on these 
findings, dogs 18 mo of age or younger should be screened for 
Giardia. Given the increased odds of Giardia infection, screen-
ing should be as robust as the recommended combination of 
testing methods.11,36 This study demonstrates that coinfections 
with Giardia and Cryptosporidium can occur in kennel-housed 
groups of dogs. These data suggest that there is no clear link 
between sex or breed and Giardia or Cryptosporidium infections 
in kennel-housed dogs. While there were more young dogs (that 
is, 18 mo or younger) with Cryptosporidium infections, the rela-
tionship was not significant and there was no clear link between 
fecal score and Cryptosporidium infection. Future studies with 
larger numbers of kennel-housed dogs are recommended to 
fully understand the relationship between fecal score and Giardia 
infection and fecal score, age, and Cryptosporidium infection.

Acknowledgments
We thank the staff of the Texas A&M University Comparative Medi-

cine Program who helped collect samples and the principal investigators 
who allowed their colonies to be sampled.

Conflict of Interest
The authors have no conflicts of interest to declare.

Funding
The work conducted in this study was internally funded by the Saleh 

and Verocai laboratories and the Texas A&M Comparative Medicine 
Program.

References
	 1.	Abe N, Sawano Y, Yamada K, Kimata I, Iseki M. 2002. Crypto-

sporidium infection in dogs in Osaka, Japan. Vet Parasitol 
108:185–193. https://doi.org/10.1016/S0304-4017(02)00204-2.

	 2.	Appelbee AJ, Frederick LM, Heitman TL, Olson ME. 2003. 
Prevalence and genotyping of Giardia duodenalis from beef calves 
in Alberta, Canada. Vet Parasitol 112:289–294. https://doi.
org/10.1016/S0304-4017(02)00422-3.

	 3.	Barr SC, Bowman DD. 1994. Giardiasis in dogs and cats. Compend 
Contin Educ Pract Vet 16:603–609.

	 4.	Boucard A-S, Thomas M, Lebon W, Polack B, Florent I, Langella 
P, Bermúdez-Humarán LG. 2021. Age and Giardia intestinalis 
infection impact canine gut microbiota. Microorganisms 9:1862. 
https://doi.org/10.3390/microorganisms9091862.

	 5.	Bouzid M, Halai K, Jeffreys D, Hunter PR. 2015. The prevalence 
of Giardia infection in dogs and cats, a systematic review and 
meta-analysis of prevalence studies from stool samples. Vet Para-
sitol 207:181–202. https://doi.org/10.1016/j.vetpar.2014.12.011.

	 6.	Cavett CL, Tonero M, Marks SL, Winston JA, Gilor C, Rudinsky 
AJ. 2021. Consistency of faecal scoring using two canine faecal 
scoring systems. J Small Anim Pract 62:167–173. https://doi.
org/10.1111/jsap.13283.

	 7.	Centers for Disease Control and Prevention. 2019. Cryptosporidi-
osis. Epidemiology & risk factors. Atlanta (GA): CDC.

	 8.	Centers for Disease Control and Prevention. 2021. Pathogen and 
environment. Giardia. Parasites. Atlanta (GA): CDC.

	 9.	Centers for Disease Control and Prevention. 2022. Water-related 
topics. Healthy water. Giardiasis NNDSS summary report for 2019. 
Atlanta (GA): CDC.

	 10.	Chako CZ, Tyler JW, Schultz LG, Chiguma L, Beerntsen BT.  
2010. Cryptosporidiosis in people: It’s not just about the cows. 
J Vet Intern Med 24:37–43. https://doi.org/10.1111/j.1939- 
1676.2009.0431.x.

	 11.	Companion Animal Parasite Council. 2023. Giardia. Salem 
(OR): CAPC.

	 12.	Day MJ. 2007. Immune system development in the dog and 
cat. J Comp Pathol 137:S10–S15. https://doi.org/10.1016/j.jcpa. 
2007.04.005.

	 13.	Fujino S, Andoh A, Bamba S, Ogawa A, Hata K, Araki Y, Bamba 
T, Fujiyama Y. 2003. Increased expression of interleukin 17 in in-
flammatory bowel disease. Gut 52:65–70. https://doi.org/10.1136/
gut.52.1.65.

	 14.	Ge Y, Huang M, Yao Y. 2020. Biology of interleukin-17 and its 
pathophysiological significance in sepsis. Front Immunol 11:1558. 
https://doi.org/10.3389/fimmu.2020.01558.

	 15.	Guesdon W, Auray G, Pezier T, Bussière FI, Drouet F, Le Vern Y,  
Marquis M, et  al. 2015. CCL20 displays antimicrobial activity 
against Cryptosporidium parvum, but its expression is reduced 
during infection in the intestine of neonatal mice. J Infect Dis 
212:1332–1340. https://doi.org/10.1093/infdis/jiv206.

	 16.	Hopkins RM, Meloni BP, Groth DM, Wetherall JD, Reynoldson 
JA, Thompson RCA. 1997. Ribosomal RNA sequencing reveals dif-
ferences between the genotypes of Giardia isolates recovered from 
humans and dogs living in the same locality. J Parasitol 83:44–51. 
https://doi.org/10.2307/3284315.

	 17.	 Itoh N, Muraoka N, Saeki H, Aoki M, Itagaki T. 2005. Preva-
lence of Giardia intestinalis infection in dogs of breeding kennels 
in Japan. J Vet Med Sci 67:717–718. https://doi.org/10.1292/
jvms.67.717.

	 18.	 Itoh N, Tanaka H, Iijima Y, Kameshima S, Kimura Y. 2019. 
Molecular prevalence of Cryptosporidium spp. in breeding kennel 
dogs. Korean J Parasitol 57:197–200. https://doi.org/10.3347/
kjp.2019.57.2.197.

	 19.	 Jian F, Qi M, He X, Wang R, Zhang S, Dong H, Zhang L. 2014. 
Occurrence and molecular characterization of Cryptosporidium 
in dogs in Henan Province, China. BMC Vet Res 10:26. https://
doi.org/10.1186/1746-6148-10-26.

	 20.	King EN, Ryan TP. 2002. A preliminary investigation of maximum 
likelihood logistic regression versus exact logistic regression. Am 
Stat 56:163–170. https://doi.org/10.1198/00031300283.

	 21.	Knebel A, Kämpe A, Carlson R, Rohn K, Tipold A. 2022. Th17 
cell-mediated immune response in a subpopulation of dogs 
with idiopathic epilepsy. PLoS One 17:e0262285. https://doi.
org/10.1371/journal.pone.0262285.

	 22.	Lee NN, Bidot WA, Ericsson AC, Franklin CL. 2020. Effects of 
Giardia lamblia colonization and fenbendazole treatment on canine 
fecal microbiota. J Am Assoc Lab Anim Sci 59:423–429. https://
doi.org/10.30802/AALAS-JAALAS-19-000113.

	 23.	Ludington JG, Ward HD. 2015. Systemic and mucosal immune 
responses to Cryptosporidium—Vaccine development. Curr 
Trop Med Rep 2:171–180. https://doi.org/10.1007/s40475-015- 
0054-y.

	 24.	Maertens B, Gagnaire A, Paerewijck O, De Bosscher K,  
Geldhof P. 2021. Regulatory role of the intestinal microbiota in 
the immune response against Giardia. Sci Rep 11:10601. https://
doi.org/10.1038/s41598-021-90261-z.

	 25.	Margelidon-Cozzolino V, Tsicopoulos A, Chenivesse C, de Nadai 
P. 2022. Role of Th17 cytokines in airway remodeling in asthma 
and therapy perspectives. Front Allergy 3:806391. https://doi.
org/10.3389/falgy.2022.806391.

	 26.	McKenzie E, Riehl J, Banse H, Kass PH, Nelson S Jr, Marks 
SL. 2010. Prevalence of diarrhea and enteropathogens in 
racing sled dogs. J Vet Intern Med 24:97–103. https://doi.
org/10.1111/j.1939-1676.2009.0418.x.

	 27.	Mehta CR, Patel NR. 1995. Exact logistic regression: Theory and 
examples. Stat Med 14:2143–2160. https://doi.org/10.1002/
sim.4780141908.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25

https://doi.org/10.1016/S0304-4017(02)00204-2
https://doi.org/10.1016/S0304-4017(02)00422-3
https://doi.org/10.1016/S0304-4017(02)00422-3
https://doi.org/10.3390/microorganisms9091862
https://doi.org/10.1016/j.vetpar.2014.12.011
https://doi.org/10.1111/jsap.13283
https://doi.org/10.1111/jsap.13283
https://doi.org/10.1111/j.1939-1676.2009.0431.x
https://doi.org/10.1111/j.1939-1676.2009.0431.x
https://doi.org/10.1016/j.jcpa.2007.04.005
https://doi.org/10.1016/j.jcpa.2007.04.005
https://doi.org/10.1136/gut.52.1.65
https://doi.org/10.1136/gut.52.1.65
https://doi.org/10.3389/fimmu.2020.01558
https://doi.org/10.1093/infdis/jiv206
https://doi.org/10.2307/3284315
https://doi.org/10.1292/jvms.67.717
https://doi.org/10.1292/jvms.67.717
https://doi.org/10.3347/kjp.2019.57.2.197
https://doi.org/10.3347/kjp.2019.57.2.197
https://doi.org/10.1186/1746-6148-10-26
https://doi.org/10.1186/1746-6148-10-26
https://doi.org/10.1198/00031300283
https://doi.org/10.1371/journal.pone.0262285
https://doi.org/10.1371/journal.pone.0262285
https://doi.org/10.30802/AALAS-JAALAS-19-000113
https://doi.org/10.30802/AALAS-JAALAS-19-000113
https://doi.org/10.1007/s40475-015-0054-y
https://doi.org/10.1007/s40475-015-0054-y
https://doi.org/10.1038/s41598-021-90261-z
https://doi.org/10.1038/s41598-021-90261-z
https://doi.org/10.3389/falgy.2022.806391
https://doi.org/10.3389/falgy.2022.806391
https://doi.org/10.1111/j.1939-1676.2009.0418.x
https://doi.org/10.1111/j.1939-1676.2009.0418.x
https://doi.org/10.1002/sim.4780141908
https://doi.org/10.1002/sim.4780141908


98

Vol 74, No 2
Comparative Medicine
April 2024

	 28.	Monis PT, Andrews RH, Mayrhofer G, Ey PL. 1999. Molecular 
systematics of the parasitic protozoan Giardia intestinalis. Mol 
Biol Evol 16:1135–1144. https://doi.org/10.1093/oxfordjournals.
molbev.a026204.

	 29.	Mundim MJS, Rosa LAG, Hortêncio SM, Faria ESM,  
Rodrigues RM, Cury MC. 2007. Prevalence of Giardia duodenalis 
and Cryptosporidium spp. in dogs from different living conditions 
in Uberlândia, Brazil. Vet Parasitol 144:356–359. https://doi.
org/10.1016/j.vetpar.2006.09.039.

	 30.	Nestle Purina. 2023. Purina fecal scoring chart. Vevey (Switzer-
land): Société des Produits Nestlé.

	 31.	Ouyang X, Yang Z, Zhang R, Arnaboldi P, Lu G, Li Q, Wang W, 
et al. 2011. Potentiation of Th17 cytokines in aging process con-
tributes to the development of colitis. Cell Immunol 266:208–217. 
https://doi.org/10.1016/j.cellimm.2010.10.007.

	 32.	Papini R, Gorini G, Spaziani A, Cardini G. 2005. Survey on 
giardiosis in shelter dog populations. Vet Parasitol 128:333–339. 
https://doi.org/10.1016/j.vetpar.2004.12.005.

	 33.	Petry F, Jakobi V, Tessema TS. 2010. Host immune response 
to Cryptosporidium parvum infection. Exp Parasitol 126:304–309. 
https://doi.org/10.1016/j.exppara.2010.05.022.

	 34.	Rishniw M, Liotta J, Bellosa M, Bowman D, Simpson KW.  
2010. Comparison of 4 Giardia diagnostic tests in diagnosis of 
naturally acquired canine chronic subclinical giardiasis. J Vet 
Intern Med 24:293–297. https://doi.org/10.1111/j.1939-1676.2010. 
0475.x.

	 35.	Roellig DM, Xiao L. 2020. Cryptosporidium genotyping for 
epidemiology tracking, p 103–116. In: Mead JR, Arrowood MJ, 
editors. Cryptosporidium: Methods and protocols. New York (NY) 
Springer.

	 36.	Saleh MN, Heptinstall JR, Johnson EM, Ballweber LR, Lindsay 
DS, Werre S, Herbein JF, Zajac AM. 2019. Comparison of diagnos-
tic techniques for detection of Giardia duodenalis in dogs and cats. J 
Vet Intern Med 33:1272–1277. https://doi.org/10.1111/jvim.15491.

	 37.	Schmitz S, Garden OA, Werling D, Allenspach K. 2012. Gene 
expression of selected signature cytokines of T cell subsets in 
duodenal tissues of dogs with and without inflammatory bowel 
disease. Vet Immunol Immunopathol 146:87–91. https://doi.
org/10.1016/j.vetimm.2012.01.013.

	 38.	Schreiber M, Kantimm D, Kirchhoff D, Heimann G, Bhargava 
AS. 1992. Concentrations in serum of IgG, IgM and IgA and 

their age-dependence in beagle dogs as determined by a newly 
developed enzyme-linked-immuno-sorbent-assay (ELISA). Eur J 
Clin Chem Clin Biochem 30:775–778. https://doi.org/10.1515/
cclm.1992.30.11.775.

	 39.	Stafford K, Kollasch TM, Duncan KT, Horr S, Goddu T, 
Heinz-Loomer C, Rumschlag AJ, Ryan WG, Sweet S, Little SE. 
2020. Detection of gastrointestinal parasitism at recreational canine 
sites in the USA: The DOGPARCS study. Parasit Vectors 13:275. 
https://doi.org/10.1186/s13071-020-04147-6.

	 40.	Sun J, Qin Z, Fu Y, Qin H, Sun M, Dong H, Chao L, Zhang L, Li 
J. 2023. Assessment of potential zoonotic transmission of Giardia 
duodenalis from dogs and cats. One Health 17:100651. https://doi.
org/10.1016/j.onehlt.2023.100651.

	 41.	Taghipour A, Olfatifar M, Bahadory S, Godfrey SS, Abdoli A, 
Khatami A, Javanmard E, Shahrivar F. 2020. The global prevalence 
of Cryptosporidium infection in dogs: A systematic review and 
meta-analysis. Vet Parasitol 281:109093. https://doi.org/10.1016/ 
j.vetpar.2020.109093.

	 42.	Taylor LA, Saleh MN, Kneese EC, Vemulapalli TH, Verocai 
GG. 2023. Comparison of 3 diagnostic tests for the detection of 
Giardia and Cryptosporidium spp. in symptomatic dogs (Canis lu-
pis familiaris). J Am Assoc Lab Anim Sci 62:139–146. https://doi.
org/10.30802/AALAS-JAALAS-22-000108.

	 43.	Vilson Å, Hedhammar Å, Reynolds A, Spears J, Satyaraj E, Pelker 
R, Rottman C, Björkstén B, Hansson-Hamlin H. 2016. Immuno-
globulins in dogs: Correspondence and maturation in 15 litters of 
German shepherd dogs and their dams. Vet Rec Open 3:e000173. 
https://doi.org/10.1136/vetreco-2016-000173.

	 44.	Wilson JR, Lorenz KA. 2015. Exact logistic regression model,  
p 147–165. In: Wilson JR, Lorenz KA, editors. Modeling binary 
correlated responses using SAS, SPSS and R. Cham (Switzerland): 
Springer International Publishing.

	 45.	Xiao L, Cama VA, Cabrera L, Ortega Y, Pearson J, Gilman RH. 
2007. Possible transmission of cryptosporidium canis among children 
and a dog in a household. J Clin Microbiol 45:2014–2016. https://
doi.org/10.1128/JCM.00503-07.

	 46.	Yoshiuchi R, Matsubayashi M, Kimata I, Furuya M, Tani H, 
Sasai K. 2010. Survey and molecular characterization of Crypto-
sporidium and Giardia spp. in owned companion animal, dogs and 
cats, in Japan. Vet Parasitol 174:313–316. https://doi.org/10.1016/ 
j.vetpar.2010.09.004.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25

https://doi.org/10.1093/oxfordjournals.molbev.a026204
https://doi.org/10.1093/oxfordjournals.molbev.a026204
https://doi.org/10.1016/j.vetpar.2006.09.039
https://doi.org/10.1016/j.vetpar.2006.09.039
https://doi.org/10.1016/j.cellimm.2010.10.007
https://doi.org/10.1016/j.vetpar.2004.12.005
https://doi.org/10.1016/j.exppara.2010.05.022
https://doi.org/10.1111/j.1939-1676.2010.0475.x
https://doi.org/10.1111/j.1939-1676.2010.0475.x
https://doi.org/10.1111/jvim.15491
https://doi.org/10.1016/j.vetimm.2012.01.013
https://doi.org/10.1016/j.vetimm.2012.01.013
https://doi.org/10.1515/cclm.1992.30.11.775
https://doi.org/10.1515/cclm.1992.30.11.775
https://doi.org/10.1186/s13071-020-04147-6
https://doi.org/10.1016/j.onehlt.2023.100651
https://doi.org/10.1016/j.onehlt.2023.100651
https://doi.org/10.1016/j.vetpar.2020.109093
https://doi.org/10.1016/j.vetpar.2020.109093
https://doi.org/10.30802/AALAS-JAALAS-22-000108
https://doi.org/10.30802/AALAS-JAALAS-22-000108
https://doi.org/10.1136/vetreco-2016-000173
https://doi.org/10.1128/JCM.00503-07
https://doi.org/10.1128/JCM.00503-07
https://doi.org/10.1016/j.vetpar.2010.09.004
https://doi.org/10.1016/j.vetpar.2010.09.004

	Investigation of Factors Associated with Subclinical Infections of ﻿Giardia duodenalis﻿ 
﻿and ﻿Cryptosporidium canis﻿ in Kennel-Housed Dogs (﻿Canis lupus familiaris﻿)
	Abbreviations and Acronyms
	Introduction
	Materials and Methods
	Ethics statement.
	Animals and sample collection.
	Experimental design.
	Statistical analysis.
	Definitions and handling of variables.
	Variable analysis.


	Results
	Discussion
	Acknowledgments
	Conflict of Interest
	Funding
	References


