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Simple Summary: Cryptosporidium and Giardia are single-cell parasites that can infect both animals
and humans, causing diarrhea and risks to public health. Both parasites can be found in nearly all
mammals, including domestic dogs, red foxes, and raccoon dogs, which can act as natural carriers
and spread them through direct contact, food, and the environment. This study aimed to understand
how common these protozoans are in Latvia and what factors influence their occurrence in domestic
and wild canids. We collected fecal samples from 373 domestic dogs, 219 red foxes, and 78 raccoon
dogs and tested for the presence of Cryptosporidium and Giardia duodenalis. Red foxes and raccoon
dogs had higher prevalence of both parasites than domestic dogs. Puppies showed higher infection
rates with both parasites. All infected canids were more likely to have both parasites simultaneously.
This research highlights the need for responsible pet care and a potential zoonotic risk for humans.

Abstract: Cryptosporidium spp. and Giardia duodenalis are zoonotic food- and water-borne protozoa of
veterinary importance. They are one of the main causes of diarrhea in domestic dogs (Canis familiaris).
Wild canids, such as red foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes procyonoides), can act as
natural reservoirs for these parasites. The aim of this study was to estimate the prevalence of these
pathogens and analyze possible factors that may affect the infection in wild and domestic canids. A
total of 373 domestic dog, 219 red fox, and 78 raccoon dog fecal samples were collected and tested
for Cryptosporidium spp. and G. duodenalis presence with direct immunofluorescent staining. The
dog owners filled a questionnaire on the dog’s habits and lifestyle to identify and analyze potential
factors that may affect the occurrence of these parasites in dogs. Cryptosporidium spp. were found
in 16.3%, 28.3%, and 28.2% and G. duodenalis in 0.7%, 27.4%, and 30.8% of the examined dogs, red
foxes, and raccoon dogs, respectively. The highest prevalence was observed in puppies—15.4% and
18.5% for Cryptosporidium spp. and G. duodenalis, respectively. In all three canid species, infection
with Cryptosporidium increases the risk of co-infection with Giardia and vice versa.

Keywords: domestic dog; red fox; raccoon dog; protozoans; Latvia; zoonosis; prevalence

1. Introduction

Cryptosporidium spp. (Tyzzer, 1907) and Giardia duodenalis (Stiles, 1902) are important
zoonotic protozoans that can cause diarrhea of varying severity in the vast majority of
vertebrates, including canids—domestic dogs (Canis familiaris), red foxes (Vulpes vulpes),
and raccoon dogs (Nyctereutes procyonoides)—as well as humans [1]. Currently, at least
44 Cryptosporidium species with 120 genotypes have been identified, with C. canis often re-
ported in dogs and other canids [1,2]. However, numerous reports of the zoonotic C. parvum
have also been recorded in dogs [3–5]. Of the eight Giardia species currently recognized,

Animals 2024, 14, 3484. https://doi.org/10.3390/ani14233484 https://www.mdpi.com/journal/animals

https://doi.org/10.3390/ani14233484
https://doi.org/10.3390/ani14233484
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0000-0002-7731-7263
https://orcid.org/0000-0003-3472-865X
https://orcid.org/0000-0002-6306-8374
https://orcid.org/0000-0002-2993-3758
https://doi.org/10.3390/ani14233484
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani14233484?type=check_update&version=2


Animals 2024, 14, 3484 2 of 12

G. duodenalis is of particular interest in public health. There are eight assemblages (A–H),
out of which assemblages A and B are zoonotic and can infect a vast range of mammals [2,6].
Canids are mainly affected by assemblages C and D, but there have also been sporadic
reports of infections with assemblages A and B [6].

Cryptosporidiosis in domestic dogs is usually asymptomatic, but clinical signs, such
as diarrhea, can be observed in younger dogs, especially if the animal is under chronic
stress [7]. High infection rates are observed in three-, four-, and six-month-old dogs, with
the infection declining in dogs above one year old [8,9]. The global estimated prevalence
of Cryptosporidium in dogs reaches 8.0%, and in Europe, it can vary between 1.1% and
20.5% [10–12].

Giardia is one of the most commonly detected parasites in dogs; its worldwide preva-
lence reaches 15.2%, with a higher prevalence observed in shelter dogs and dogs from
kennels [13–15]. In Europe, however, Giardia prevalence can vary between 15% and
30.5% [12,16,17]. Likewise, the risk of giardiasis increases if dogs are placed in a shelter for a
prolonged period of time [18]. In contrast to cryptosporidiosis, the clinical manifestation of
giardiasis in dogs is more severe: abdominal pain, cramping, watery diarrhea, steatorrhea,
and malabsorption [19,20]. Often, the course of the disease can be asymptomatic, chronic,
or intermittent, complicating the diagnosis [19,20].

Scarce information is available on the clinical signs of both parasite infections in red
foxes and raccoon dogs. In red foxes, Cryptosporidium prevalence varies from 2.2% to 3.2%,
but Giardia prevalence ranges from 2.8% to 44.0% in various European countries, such as
Norway, Bosnia and Herzegovina, and Sweden [21–23]. In raccoon dogs, the prevalence of
Cryptosporidium is estimated to be 17.6% in Poland [24]. Additionally, wild canids can act as
possible reservoirs for both pathogens for domestic dogs and humans due to the zoonotic
C. parvum and G. duodenalis assemblages A and B [21,25,26].

Identifying the prevalence of these pathogens in domestic dog, red fox, and raccoon
dog populations is important to establish whether wild and domestic canids also pose
such infection risks to humans. The aim of this study is to estimate the prevalence of
Cryptosporidium and G. duodenalis in canids of Latvia—domestic dogs, red foxes, and
raccoon dogs—and analyze factors affecting both infections in canids.

2. Materials and Methods
2.1. Study Area of Domestic Dogs

The necessary sample size was calculated using the OpenEpi v.2.3.1. open access
program, assuming a 95% confidence interval (95%CI) and a 40% infection frequency in the
domestic dog population [27]. The officially registered Latvian domestic dog population of
132,750 was retrieved from the Agricultural Data Centre Republic of Latvia (accessed on 17
January 2020) [28].

To reach a larger target audience, owners, veterinarians, and shelter owners were
invited to participate in the study either through private contact or by responding to
social media advertisements. Questionnaires, together with sterile collection containers,
were provided to the participating veterinary clinics, shelters, and client centers of the
Institute of Food Safety, Animal Health and Environment “BIOR” (Institute “BIOR”). It was
recommended that fecal samples be collected for three days in a row. After the collected
samples and the filled-out questionnaires arrived at the laboratory, they were labeled, fecal
consistency was noted (liquid, soft, or formed), and the samples were stored at 4 ◦C until
further testing.

2.2. Questionnaire for Domestic Dogs

A questionnaire was designed to gather general information about the dogs (breed,
sex, age, living conditions), their daily activities (walks in the city, parks, meadow, and
forest), health (general information about diarrhea), deworming (frequency of medication
and deworming medicine used), feeding (raw, commercial, home-cooked, game meat),
contact with other animals (including through home slaughter of livestock) (Supplementary
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File S1). The dog population was stratified by age: puppies (up to 2 years), adults (2 to
7 years old), seniors (8 to 11 years old), and geriatric (above 12 years old) [29]. The owner
filled a questionnaire in Latvian.

2.3. Study Area of Wild Canids

Fecal samples from red foxes and raccoon dogs were collected during the Latvian State
program for the Control and Eradication of Rabies organized by the Food and Veterinary
Service [30]. Carcasses of hunted foxes and raccoon dogs were delivered to the scientific
Institute “BIOR” by hunters, mainly from the eastern part of Latvia, together with additional
information about the age, based on dental wear, of the animal (if recorded) and the location
(forestry) of where the animal was obtained. Feces from the gastrointestinal tract were
collected and stored in a clean container, labeled, and stored at 4 ◦C until further testing.

2.4. Sample Preparation

One gram of fecal sample was prepared in a clean 15 mL centrifuge tube (SARSTEDT,
Nümbrecht, Germany), using equal parts of a saturated sodium chloride (NaCl; density
1.18) solution and distilled water and submitted to a one-minute centrifugation step at
1560× g. In the next step, the supernatant was poured into a clean 50 mL centrifuge tube
(SARSTEDT, Nümbrecht, Germany), and distilled water was added to the 45 mL mark.
Afterward, the 50 mL tube was centrifuged thrice for 10 min at 1560× g. Between these steps,
the top layer was poured out till the 5 mL mark; the sediment was vortexed, and distilled
water was added again, resulting in 2 mL of purified and concentrated sediment [31,32].

For immunofluorescence staining, according to the manufacturer’s instructions, 10 µL
of thoroughly mixed sample was stained with fluorescein isothiocyanate (FITC)-labelled
anti-Cryptosporidium/Giardia monoclonal antibodies (AquaGloTM, Waterborne Inc., New
Orleans, LA, USA). For each batch, the positive control provided in the AquaGloTM stain
kit was added once to assess the quality of the stain. All bright green (oo)cysts with typical
morphology and size were counted, and the total count was multiplied by 200 to calculate
the total (oo)cysts per gram of feces [32].

2.5. Data Analysis

Descriptive statistics (medians and means) for oocysts (OPG) and cysts per gram
(CPG) were calculated for age groups, breed, and sex. The 95% CI was calculated using the
Mid-p exact test using the OpenEpi v.2.3.1. open access program [27].

Standard deviation (SD) was calculated for the animal ages. A two-tailed Mid-p exact
test was used to calculate the p-value for differences between purebred and mixed dog
species, as well as sexes; p < 0.05 was considered statistically significant. The chi-square
test was used to calculate the p-value between dog age groups, and p < 0.05 was considered
statistically significant. An animal was considered positive if its fecal sample had at least
one Cryptosporidium or/and Giardia (oo)cyst present.

Using QGIS (v.3.36.0-Maidenhead), a map displaying the canid sampling locations
and the infection status of Cryptosporidium spp. and G. duodenalis was created [33].

Forward and backward logistic regression model selection was performed using R
(v.4.3.2), based on the lowest Akaike information criterion (AIC and AICc) values (from
performance package, function performance) for generalized linear models (GLMs) with
the family set to binomial [34,35]. The final models had to align with the assumptions
(multicollinearity was checked for with function vif from the car package) and included
factors that appeared to be significant in single-factor logistic regression analyses to assess
if they remained significant [36]. The response (dependent) variable was testing either
positive or negative for Cryptosporidium spp. or G. duodenalis. The significance of each
independent variable was assessed with the function summary or Anova function with type
III sum of squares from the car package [36]. A result was considered statistically significant
at p < 0.05, while p < 0.1 was considered to indicate a trend and was further investigated.
Tjur’s coefficient of discrimination (Tjur’s R2) was calculated from the performance package



Animals 2024, 14, 3484 4 of 12

function performance to assess how much a particular model explained the probability of
having or not a particular infection.

3. Results
3.1. Overall Prevalence of Cryptosporidium spp. and G. duodenalis in Dogs

From February 2020 to June 2023, a total of 373 fecal samples from domestic dogs with
a mean age of 5.4 years (SD ± 4.1; min 0.2; max 17; median 4) were collected (Figure 1).

Figure 1. Fecal sample collection sites in Latvia for canids and positive results of Cryptosporidium spp.
and G. duodenalis. (A) Domestic dogs; (B) red foxes; (C) raccoon dogs.

In total, 61 dogs (16.3%; 95%CI: 12.9–20.5) were positive for one or both parasites.
Cryptosporidium spp. were detected in 9.9% (n = 37; 95%CI: 7.2–13.4) of the animals, with
the highest prevalence observed in puppies (Table 1). The mean OPG was 5400 (min 200;
max 30,800; median 800), with the highest OPG observed in geriatric dogs (Table 1). No
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significant statistical significance was observed for Cryptosporidium spp. between age
groups, purebred and mixed breeds, and sexes (p > 0.05) (Table 1).

Table 1. The overall prevalence of Cryptosporidium spp. and G. duodenalis in different domestic dogs
by age, breed (purebred and mixed breed), and sex.

Parasite
Species/
Factor

Sub-Factor

Total No. of
Analyzed/
Infected
Animals

Prevalence
(95% CI)

Mean
OPG/CPG

Median
OPG/CPG

Min–Max
OPG/CPG p-Value

Cryptosporidium spp.

Age group

Puppy 65/10 15.4 (8.8–25.2) 3680 2000 200–25,200 0.426
Adults 193/16 8.3 (5.1–26.2) 5688 1000 200–25,000
Seniors 96/9 9.4 (4.4–15.7) 7533 2200 200–30,600

Geriatric 19/2 10.5 (1.7–32.6) 21,100 21,100 11,400–30,800

Breed
Purebred 218/23 10.5 (7.1–15.4) 8100 2400 200–30,800 0.792

Mixed 155/14 9.0 (5.3–14.7) 8160 3200 200–30,600

Sex
Female 183/16 8.4 (5.4–13.8) 6109 2000 200–25,000 0.463
Male 190/21 11.0 (7.2–16.4) 9679 2800 200–30,800

G. duodenalis

Age group

Puppy 65/12 18.5 (10.7–29.7) 39,650 24,800 400–157,800 0.162
Adults 193/18 9.3 (5.9–14.3) 35,225 3900 200–33,000
Seniors 96/9 9.4 (4.8–17.1) 46,488 1600 200–393,600

Geriatric 19/1 5.3 (0.1–26.5) NA NA NA

Breed
Purebred 218/22 10.1 (6.7–14.9) 30,522 22,700 200–157,800 0.641

Mixed 155/18 11.6 (7.4–17.7) 30,600 3200 200–36,600

Sex
Female 183/12 6.6 (3.7–11.2) 27,250 8800 200–89,600 0.011 *
Male 190/28 14.7 (10.3–20.5) 56,440 5300 200–393,600

Abbreviations: CI—confidence interval; NA—not applicable; * p < 0.05.

G. duodenalis was found in 10.7% (n = 40; 95%CI: 8.0–14.3) of the examined dogs, with
a mean CPG of 35,368 (min 200; max 393,600; median 4200). Similarly to Cryptosporidium,
puppies had the highest prevalence of giardiasis (Table 1). Male dogs had a significantly
higher prevalence of Giardia than female dogs (Tables 1 and 2), with 14.7% and 6.6%
prevalence, respectively.

Table 2. Analysis of deviance (type III tests) for binomial generalized linear models to test if the
respective fixed effects (factors) affected the Cryptosporidium spp. or G. duodenalis infection status in
domestic dogs, red foxes, and raccoon dogs.

Canid Species Parasite Factor LR Chisq Df p-Value

Domestic dog

Cryptosporidium
spp.

G. duodenalis 12.2 1 <0.001 ***
Home slaughter of livestock 3.3 1 0.07

Fecal consistency 1.6 1 0.2
Activity outside the city—on leash 2.7 1 0.1

G. duodenalis
Cryptosporidium spp. 28.3 1 <0.001 ***

Sex 5.4 1 0.02 *
Activity outside the city—on leash 3.5 1 0.06

Red fox

Cryptosporidium
spp.

G. duodenalis 32.1 1 <0.001 ***
Forestry 11.2 3 0.01 *

Age (years) 0.5 1 0.5

G. duodenalis
Cryptosporidium spp. 17.2 1 <0.001 ***

Age (years) 7.6 1 0.006 **
Cryptosporidium spp./Age (years) 5.6 1 0.02 *
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Table 2. Cont.

Canid Species Parasite Factor LR Chisq Df p-Value

Raccoon dog

Cryptosporidium
spp.

G. duodenalis 10.9 1 <0.001 ***
Age (years) 0.1 1 0.7

Forestry 0.8 2 0.7

G. duodenalis
Cryptosporidium spp. 10.8 1 0.001 ***

Age (years) 2.7 1 0.09

Abbreviations: LR Chisq—likelihood ratio chi-square test; Df—degrees of freedom; * p < 0.05; ** p < 0.01;
*** p < 0.001.

Co-infections were identified in 4.3% (n = 16; 95%CI: 2.6–6.9) of all the examined dogs.
On average, the dogs that were positive with both parasites excreted 3263 (median 800)
OPG and 25,012 (median 4800) CPG. The mean age of the dogs infected with both parasites
was 4.4 years (SD ± 3.9, median 3.5).

3.2. Overall Prevalence of Cryptosporidium spp. and G. duodenalis in Wild Canids

A total of 219 red fox fecal samples were collected from 2020 to 2023 (Figure 1). Age
in years was recorded for 169 foxes, with an average age of 2.1 years (SD ± 0.81, min 1;
max 5).

In total, Cryptosporidium spp. prevalence was 28.3% (n = 62; 95%CI: 22.7–34.6), and
G. duodenalis prevalence was 27.4% (n = 60; 95%CI: 21.9–33.7). Both parasites were detected
in 16.4% of all examined red foxes (n = 36; 95%CI: 13.8–24.8). The average OPG was 5364
(min 200; max 62,800; median 1200), and CPG was 3133 (min 200; max 47,600; median 700).

A total of 78 fecal samples from raccoon dogs were collected during 2020–2023
(Figure 1). Age in years was recorded for 55 raccoon dogs, with an average age of 2 years
(SD ± 0.64, min 1; max 4.5).

In total, Cryptosporidium spp. were detected in 28.2% (n = 22; 95%CI: 19.4–39.1), and
G. duodenalis in 30.8% (n = 24; 95%CI: 21.6–41.7) of the raccoon dogs. Both parasites were
detected in 20.5% (n = 16; 95%CI: 12.9–30.9) of the raccoon dogs. The average OPG was
6072 (min 200; max 51,400; median 1400), and CPG was 15,082 (min 200; max 224,000;
median 1200).

3.3. Models
3.3.1. Cryptosporidium spp. and G. duodenalis in Domestic Dogs

The final model for Cryptosporidium spp. in domestic dogs with the lowest AIC values
(AIC: 129.804, AICc: 130.094) was established by forward selection based on a single
dependent variable model with p < 0.1. The risk factors included in the model were co-
infections with G. duodenalis, home-based slaughter of livestock (chickens, ruminants, pigs),
fecal consistency, and activity on a leash outside the city. Dogs with cryptosporidiosis were
more likely to have G. duodenalis co-infection (Table 2), while the final model explained 19%
(Tjur’s R2) of the probability of having Cryptosporidium spp. infection. Dogs with giardiasis
were also more likely to have Cryptosporidium spp. co-infection (Table 2). Sex was a risk
factor for domestic dogs with G. duodenalis infection (Table 2). The dog age did not affect
either cryptosporidiosis or giardiasis (p = 0.15; p = 0.6, respectively).

3.3.2. Cryptosporidium spp. and G. duodenalis in Red Foxes

For Cryptosporidium spp., the final model with the lowest AIC values (AIC: 162.443,
AICc: 162.961) was retrieved by backward selection with the following factors affecting
Cryptosporidium spp. in red foxes: co-infection with G. duodenalis, forestry, and old age (age
in years; z = 0.7, Table 2). However, only co-infection with G. duodenalis and forestry were
statistically significant (p < 0.05, Table 2). The final model explained 26% (Tjur’s R2) of the
probability of having Cryptosporidium spp. infection.
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For G. duodenalis, the final model with the lowest AIC values (AIC: 165.681, AICc:
165.925) was retrieved by forward selection based on single dependent variable models
with p < 0.05, which included co-infection with Cryptosporidium spp., old age (age in years;
z = 2.7), and their interaction, with all of them being statistically significant (p < 0.05,
Table 2). In red foxes, the probability of G. duodenalis infection increased if the animal
was already infected with Cryptosporidium spp. and was older (Table 2). The final model
explained 25% (Tjur’s R2) of the probability of having G. duodenalis infection.

3.3.3. Cryptosporidium spp. and G. duodenalis in Raccoon Dogs

In raccoon dogs, both models showed that if an animal was already infected with
either Cryptosporidium or Giardia, then there was a higher probability of also being infected
with the other pathogen (p < 0.01, Table 2), which was also observed in red foxes.

For Cryptosporidium spp., the final model with the lowest AIC values (AIC: 62.490,
AICc: 64.240) was retrieved by backward selection, which included co-infection with
G. duodenalis, younger age (age in years; z = −1.5), and forestry; only G. duodenalis co-
infection appeared to be statistically significant (p < 0.001, Table 2). It was concluded that in
raccoon dogs, Cryptosporidium spp. infection was positively affected only by G. duodenalis
co-infection (Table 2), while the final model explained 27% (Tjur’s R2) of the probability of
having Cryptosporidium spp. infection.

For G. duodenalis, the final model with the lowest AIC values (AIC: 53.576, AICc:
54.047) was retrieved by forward selection based on single dependent variable models with
p < 0.08, which included Cryptosporidium spp. and younger age (age in years; z = −0.2), with
only Cryptosporidium spp. being statistically significant (p < 0.01, Table 2). It was concluded
that in raccoon dogs, G. duodenalis infection was positively affected by Cryptosporidium
spp. co-infection (Table 2). The final model explained 27% (Tjur’s R2) of the probability of
having G. duodenalis infection.

4. Discussion

Both parasites were prevalent in the domestic dog population, with prevalence reach-
ing 9.9% for Cryptosporidium spp. and 10.7% for G. duodenalis.

A high overall Cryptosporidium spp. prevalence was observed in dogs under two years
old (puppies), which is consistent with other studies [11,37,38]. Even though there was
no statistical significance for the difference between age groups, Cryptosporidium showed
a tendency to affect younger animals due to their immature immune system—puppies
acquire passive immunity via the colostrum that is provided by the bitch [39]. Geriatric
dogs excreted high levels of oocysts in their feces, possibly due to advanced age-related
health decline, decreased number of T-cells, and changes in the intestinal microbiota [40,41].
These changes reduce the body’s ability to fight pathogens, including parasites, increasing
the probability of shedding oocysts for a prolonged period [40]. It is also worth mentioning
that the small sample size of the geriatric dog group positive for Cryptosporidium should be
considered, and the results should be interpreted cautiously.

Similarly to Cryptosporidium, the highest prevalence of Giardia and the highest cyst
output were observed in puppies (Table 1). Giardia is one of the most commonly detected
parasites in dogs [17,42–44]. Studies show that dogs under one year old are more likely to
shed Giardia cysts, but no association between the presence of pathogens and changes in
fecal consistency was observed [9,45–47]. Several studies have been focusing on Giardia-
induced clinical signs in dogs; however, the results are inconclusive: in some, a correlation
between Giardia and diarrhea was observed, whereas, in others, no such association be-
tween infection and diarrhea was found [44,48]. These differences could be explained by
the diverse clinical manifestations of giardiasis—ranging from asymptomatic to severe
diarrhea—and sampling strategies (sampling from seemingly healthy dogs versus that from
dogs with gastrointestinal signs). Nevertheless, Giardia should be considered a possible
cause of gastrointestinal problems, especially if intermittent diarrhea is present [17,44].
Before the new 2024 World Small Animal Veterinary Association (WSAVA) vaccination
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guidelines, it was recommended to socialize puppies only after the final core vaccines were
administered, which was at around 16 weeks of age; hence, puppies may get infected with
Cryptosporidium and Giardia right after they start to go outside and socialize with other
dogs [49,50].

Co-infections with both parasites were mostly observed in adult dogs, who shed high
amounts of (oo)cysts in the environment. Additionally, in the final models (Table 2), a
significant association was observed between Cryptosporidium spp. and G. duodenalis co-
infections, indicating that the presence of one infection increased the likelihood of the other.
Even though there have been observations of Giardia co-infections with other parasites, such
as Toxocara canis and Isospora spp., especially in young dogs, no direct statistical correlation
has been observed [17,51,52].

Even though there are still uncertainties about whether dogs pose a risk for human
infections, several studies have shown that dogs are positive for the zoonotic C. parvum or
G. duodenalis assemblages A and B [3–6,47]. Additionally, there have been several reports
of humans being infected with C. canis [37,53,54]. Therefore, personal hygiene measures
should be upheld when working or living with dogs, even if the animal does not show
clinical signs. Regular routine parasitological examinations to detect and, if needed, treat
these animals to minimize environmental contamination and risk for humans should also
be considered. It is not clear whether cryptosporidiosis in dogs increases the probability of
giardiasis and vice versa; however, prioritizing the diagnostics of both parasites should
be strongly considered. Additionally, field experts should educate dog and dog shelter
owners and handlers about the importance of feces collection from the environment after
defecation to minimize the parasite load in the environment [55,56].

For both parasites, higher prevalence was observed in male dogs; however, in the
final model, sex appeared to be a significant factor only for Giardia. Other studies show
that either female dogs have higher Cryptosporidium and Giardia prevalence, or sex has no
correlation at all with these infections [9,57,58]. Some studies show that male dogs are at a
higher risk of developing diarrhea, which could be explained by their increased roaming
and sniffing behavior, compared to female dogs, which increases the risk of contact with
pathogens, including parasites [59,60].

In the initial model, home slaughter of livestock and poultry appeared to be a factor
that increased the likelihood of cryptosporidiosis in dogs, but the final model showed only
a trend toward significance (Table 2). Ruminants, especially cattle, shed high amounts
of Cryptosporidium spp. oocysts in the environment [61]. Therefore, it is possible that
these dogs were coincidentally infected through contact with ruminants, and this is not a
direct representation of the home slaughter of livestock and poultry. However, feeding by-
products of animal origin to dogs can be a route of infection for various other pathogens [62].
Even though the questionnaire used to gather information from the dog owners was
comprehensive, it was not validated, which could have introduced some variability in
the responses.

A higher prevalence of both parasites was observed in red foxes and raccoon dogs
compared to domestic dogs. A high prevalence of G. duodenalis has also been observed in
red foxes from Sweden; however, prevalences as low as 4.5% and 2.2% have been observed
in Romania and Croatia [21,26,63]. Red foxes are widespread in Latvia, and because they
tend to roam in urban areas, they can also pose a risk for humans due to their potential
carrying of the zoonotic G. duodenalis assemblages A and B [21,26,63]. Red foxes also
carry several Cryptosporidium species that pose a zoonotic risk—C. parvum, C. hominis, and
C. canis [25,64]. Limited information is available about both parasites in raccoon dogs in
Europe; however, G. duodenalis assemblage D has been reported in Poland and Romania,
and C. canis in Poland [65–67]. Similar to dogs, also in wild canids, both parasites seem to
impact each other (Table 2).

An interesting pattern was observed regarding G. duodenalis infection, which appeared
to significantly increase with the age of red foxes (Table 2). This was an unexpected finding
due to the fact that G. duodenalis infection was previously reported from juvenile Swedish
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foxes [22]. The same pattern was observed for Cryptosporidium spp. infection; however, all
the results were insignificant. This is an unusual finding, especially since previous studies
have shown that both parasites are more commonly associated with higher infection rates
in dogs under one year of age [11,12]. This pattern was also observed in our study for
both domestic dogs and raccoon dogs (Tables 1 and 2). In this study, all wild canids were
above one year old, and although both parasites tend to affect younger animals, if the
animal is subjected to chronic stress or has an accompanying disease, such as sarcoptic
mange infection, both parasites can develop chronic manifestations that can last for several
months, or the animals can acquire the infection later in life due to a compromised immune
system [8,68]. However, it is worth noting that age determination was performed by the
hunters who sent in the samples; therefore, the exact age of these animals may be different.

This study did not use molecular methods to confirm the zoonotic Cryptosporidium
species and G. duodenalis assemblages; hence, the true zoonotic risk from domestic dogs,
red foxes, and raccoon dogs in Latvia still needs to be determined.

5. Conclusions

There was a highly significant association between Cryptosporidium spp. and G. duo-
denalis co-infections in all the canid species studied, suggesting a possible interaction or
shared risk factors between the two pathogens. Both infections are prevalent in Latvian
domestic dogs, with the highest prevalence observed in puppies. Because Cryptosporidium
and Giardia are likely to cause co-infection, routine testing for both parasites should be
prioritized if diarrhea is present, especially if it is intermittent. The prevalence of both
parasites in red foxes and raccoon dogs was higher than in domestic dogs. Therefore, they
could be a potential infectious source for humans and dogs.
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