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Giardia duodenalis infection frequently occurs in dogs and is predominantly attributed to & P

assemblages C and D. The objective of this work was to evaluate the association between G.
duodenalis occurrence, its different assemblages detected in both symptomatic and

asymptomatic dogs, and the manifestation of specific clinical signs. All examined dogs (n = Received: 17 January 2023

L. . R . : Revised: 12 April 2023
82) underwent a clinical evaluation, and fecal specimens were analyzed for other intestinal Accepted: 19 April 2023

parasites and Clostridium spp. In addition, G. duodenalis assemblages were identified, and

certain clinical manifestations were recorded. Out of the 82 dogs, 42 (51.2%) exhibited one or

more gastrointestinal symptoms, whereas 40 (48.8%) showed no symptoms. G. duodenalis was  How to Cite This Article: Romero A,
detected in 25/82 (30.5%) dogs, with assemblage C identified in 10/25 (40%) and assemblage Molina M.  Giardia  duodenalis
D in 15/25 (60%). Among coinfections, only Cryptosporidium spp. Presented a higher = Assemblages in  Canine  Hosts:
concurrent rate with G. duodenalis, although it did not influence the presence of clinical signs. ~ Association with Mucus in Feces and
No relationship was established between the type of G. duodenalis assemblage and the sex of Gastrointestinal ~ Signs;  Veterinary

the host or the nature and duration of gastrointestinal symptoms, except for mucus in feces, 2Pg;a35.13t(()}())fg7}8_;nt J Vet Res Allied Sci.
which appeared more frequently in dogs infected with assemblage C. Additional studies are https:’//doi..org/iO.S1847/07dAv88wC7

needed to explore other assemblages further.

Introduction

Giardia species are diplomonad flagellates found in many vertebrates. Among them, Giardia duodenalis (G.
duodenalis) is now recognized as a multispecies complex containing genetically distinct assemblages.
Assemblages C, D, E, F, G, and H occur in diverse wild and domestic hosts, while assemblages A and B are most
often detected in humans but can also be found in various animals. G. duodenalis follows a direct life cycle with
two distinct stages: trophozoite and cyst. Transmission occurs via ingestion of infectious cysts through
contaminated food, water, or direct fecal-oral exposure. Once inside the gastrointestinal tract, cysts excyst,
releasing trophozoites. These trophozoites represent the pathogenic phase, attaching to enterocytes in the proximal
small intestine where they multiply and absorb nutrients before transforming back into cysts [1-4].

In the past three decades, investigations into canine giardiasis have mainly focused on its prevalence, genotypic
variability, and zoonotic implications. G. duodenalis is considered the most widespread intestinal parasite in dogs
globally [5-9]. Reported prevalence ranges from 5% to 100% in privately owned dogs, influenced by factors such
as age, diagnostic technique, health status, gut microbiota, geographical location, and veterinary consultation
frequency [10—13]. Shelter dogs usually show higher infection rates due to dense populations, frequent arrivals of
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susceptible animals (particularly puppies), and limited hygiene and management practices. Such conditions
enhance the spread of intestinal parasites [13].

The contribution of G. duodenalis to the development of gastrointestinal disease—ranging from subclinical
infection to acute or chronic diarrhea—remains debated. Clinical manifestations vary, and its role in other
intestinal disorders is unclear. An Australian study demonstrated that G. duodenalis may be implicated in both
acute and chronic diarrhea and recurrent gastrointestinal disturbances in dogs [ 14]. Moreover, infection prevalence
among client-owned diarrheic dogs was higher than in stray dogs [15], though infection rates were similar between
symptomatic and asymptomatic groups. The disease spectrum depends on host-related factors such as age,
nutrition, and concurrent diseases. The main sign of giardiasis is diarrhea, which may be intermittent, self-limiting,
or persistent, potentially resulting in dehydration and differing in intensity. Inflammation of the intestinal mucosa
may cause severe enteritis, abdominal discomfort, nausea, maldigestion, and malabsorption. Some animals exhibit
malodorous stools, steatorrhea, weight reduction, and poor growth. However, many immunocompetent dogs
remain asymptomatic carriers and can serve as sources of infection for others [16]. Host characteristics—such as
immune response, age, nutritional state, concurrent intestinal pathogens, and gut microbiome composition—can
modify disease severity [17].

Research has shown that G. duodenalis infection may alter canine intestinal microbiota, leading to dysbiosis and
related diseases [11, 18-20]. Alterations in the intestinal microbial community caused by pathogens are frequently
associated with digestive disturbances and can influence systemic health. G. duodenalis infection can induce shifts
in microbial composition, functional metabolism, and bacterial biofilm structure, all contributing to acute or
chronic symptoms [19]. Besides intestinal signs, some dogs display atypical manifestations such as skin lesions
and urticaria [21].

Certain studies have proposed a link between specific G. duodenalis assemblages and clinical severity. One report
indicated that diarrheic dogs often carry dog-adapted assemblages C and D [22]. However, other research failed
to confirm such associations with diarrhea or coinfections [23, 24]. Perrucci et al. (2020) [25] reported milder
clinical manifestations in G. duodenalis-positive dogs with chronic enteropathy compared to uninfected ones.
Concurrent infections with other microorganisms, parasites, or viruses may predispose dogs to gastrointestinal
disturbances [26] and alter the microbiome, potentially aggravating disease [27]. Frequent canine intestinal
parasites include Giardia duodenalis, Ancylostoma caninum, Isospora canis, Uncinaria stenocephala, and
Trichuris vulpis, which often occur simultaneously [28].

Clostridium perfringens is a Gram-positive, anaerobic, spore-forming bacterium commonly residing in the
gastrointestinal tract of both humans and animals. It is categorized into five biotypes based on major toxin genes.
The mechanism of C. perfringens-related diarrhea in dogs remains unclear since the bacterium can also be found
in clinically normal dogs [29].

The present research aimed to assess the effect of G. duodenalis infection on gastrointestinal clinical
manifestations in dogs. Additionally, it sought to determine whether a connection exists between particular G.
duodenalis assemblages or coinfections with other agents and the occurrence of clinical symptoms. These findings
may contribute to improved understanding of the pathogenic mechanisms of G. duodenalis infection in dogs.

Materials and Methods

Animals

This retrospective investigation involved 82 dogs, comprising 58 privately owned and 24 from shelters. The dogs
were brought to the veterinary clinic for various purposes, including digestive disturbances, standard checkups,
or overall health assessments. Out of these, 42 animals displayed one or more gastrointestinal symptoms, while
40 showed no clinical signs. Both males and females of different breeds were included, all adults (over one year
old) and appropriately vaccinated. Examinations took place at the Clinic for Internal Diseases, Faculty of
Veterinary Medicine, University of Zagreb.

Only adult animals were chosen, as puppies are more susceptible to infections due to their still-developing immune
defenses and gut microbiota composition. Enrollment required verified vaccination against canine distemper virus
(CDV), canine adenovirus types 1 and 2 (CAV1 and CAV2), canine parainfluenza virus (CPiV), and both variants
of canine parvovirus (CPV and CPV2c). Dogs were excluded if diagnosed with other gastrointestinal disorders
such as inflammatory bowel disease, food intolerance, ingestion of foreign material, or any unrelated intestinal
condition.
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Clinical assessment

Each animal underwent a full clinical workup that included case history, physical evaluation, hematologic and
biochemical profiling, and fecal sampling. Dogs presenting with at least one abnormal sign were defined as
symptomatic. Using medical records, examination findings, and lab data, 14 parameters were selected to evaluate
digestive health. These were adapted from the established Canine Chronic Enteropathy Activity Index [30] and
expanded to include: disease duration, lethargy, appetite reduction, vomiting, stool consistency, increased bowel
movement frequency (three or more times daily), vomiting blood, visible blood in stool, melena, mucus in feces,
weight loss, low serum albumin (<20 g/L), ascites or peripheral edema, and pruritus. Each parameter was scored
as either present or absent.

Additional diagnostic tests were carried out to eliminate other potential diseases and to assess physiological
changes possibly related to Giardia duodenalis infection. These tests included complete blood count, serum
biochemical profile, urinalysis, and imaging studies when necessary. Cases lasting under three weeks were
considered acute, whereas those exceeding three weeks or recurring were defined as chronic [31]. Fecal
consistency was rated following the Purina Fecal Scoring Chart, where normal stool is firm yet soft, segmented,
and leaves minimal residue on the surface (https://www.purinainstitute.com/centresquare/nutritional-and-clinical-
assessment/purina-fecal-scoring-chart; accessed 1 August 2023).

Fecal examination

Fresh fecal material was obtained immediately after defecation, placed into sterile 50 mL containers, and
transported to the Parasitology and Microbiology Laboratory at the Croatian Veterinary Institute within eight
hours. All 82 samples were evaluated using the Merifluor® Cryptosporidium/Giardia immunofluorescent assay
(Meridian Bioscience, Luckenwalde, Germany), following the supplier’s guidelines. This method identifies
Giardia cysts and Cryptosporidium oocysts by using fluorescein isothiocyanate (FITC)-labeled antibodies.

Three grams of feces per animal were subjected to centrifugal flotation with magnesium sulfate (MgSOa; specific
gravity 1.20) as outlined by Dryden et al. (2005) [32] for additional parasite detection. Samples positive for
Giardia cysts were further processed for DNA extraction using the QIAamp® DNA Stool Mini Kit (Qiagen,
Hilden, Germany) and then refined with the QIAquick® PCR Purification Kit from the same manufacturer.
Assemblage typing was achieved through nested PCR targeting a 175 bp region of the small subunit ribosomal
RNA (SSU rRNA) gene [33]. The PCR reaction volume was 50 pL, using 2 pL of template DNA in the first round
and 5 pL of the first-round product in the nested amplification. PCR products were separated via capillary
electrophoresis using the QIAxcel System® (Qiagen, Hilden, Germany), employing size markers spanning 100—
2500 bp. Purified amplicons (ExoSAP-IT®, USB Corp., Cleveland, OH, USA) were sequenced bidirectionally
by Macrogen Inc. (Amsterdam, The Netherlands). Sequence assembly and editing were done in SeqMan Pro
12.2.0 and EditSeq (DNASTAR, Madison, WI, USA), and homology searches were conducted using BLAST.
To explore the presence of Clostridium perfringens as a potential co-pathogen, cultures were performed even
when toxin production was uncertain. Bacterial identification followed isolation and incubation steps and relied
on colony morphology, catalase and oxidase reactions, and biochemical profiling with the BBL Crystal™
Identification System (version 5.05A, Anaerobe ID kit). This system identifies anaerobic bacteria through
fluorogenic and chromogenic substrate reactions. An invasion index was calculated by summing the total number
of parasite and pathogen species detected per sample.

Statistical evaluation

Depending on the distribution of the data, results were expressed as median, minimum, or maximum values.
Statistical comparisons between groups were performed using the t-test or, for non-normally distributed variables,
the Mann—Whitney U test. The chi-square or Fisher’s exact test was used for categorical variables. Statistical
significance was established at p < 0.05. All computations were conducted using Stata software, version 13.1
(StataCorp, College Station, TX, USA).

Results and Discussion
A total of 82 dogs participated in this investigation, consisting of 36 crossbreeds and 46 purebreds from 23 distinct

breeds. Ages ranged between 1 and 13 years (median age 4 years). The breeds most frequently represented
included the German Shepherd (n = 4), Poodle (n = 4), Belgian Shepherd (n = 3), Border Collie (n = 3), and
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Labrador Retriever (n = 3), while all other breeds appeared with one or two individuals. The sex ratio was
balanced, with males and females each comprising 50% of the population.

Giardia duodenalis infection was confirmed in 25 out of 82 dogs (30.5%). Comparable infection frequencies were
recorded in asymptomatic animals (12/40; 30.0%) and in those displaying gastrointestinal signs (13/42; 30.9%).
Among privately owned dogs, 10 of 58 (17.2%) were positive, whereas shelter dogs showed a much higher
prevalence of 15 of 24 (62.5%) (p < 0.001).

To assess the influence of mixed parasitic infections, additional intestinal organisms were investigated. In four
symptomatic dogs (9.5%), diarrhea was attributed solely to Giardia, while nine (21.4%) showed Giardia alongside
one or more parasites. Overall, 43.9% of all dogs carried intestinal parasites. Apart from G. duodenalis, the most
frequent findings included Cryptosporidium spp. (10/82; 12.2%), followed by Trichuris vulpis (8/82; 9.7%),
Toxocara canis (6/82; 7.3%), Isospora caninum (4/82; 4.9%), Strongyloides spp. (2/82; 2.4%), and Toxascaris
leonina (1/82; 1.2%). The only significant coinfection in Giardia-positive dogs occurred with Cryptosporidium
spp. (p <0.0001), Though this combination was not linked with the presence of clinical signs (p = 0.376).
Median invasion scores varied significantly depending on Giardia status. Animals harboring G. duodenalis tended
to be infected by multiple intestinal agents (p < 0.0001). The median invasion score among infected dogs was 3,
compared to 1 in those without infection. Clostridium perfringens was isolated from 58 of 82 dogs (70.7%), but
this bacterium showed no statistical relationship with clinical manifestations (p = 0.189).

Among dogs positive for G. duodenalis, 12 were female (48%) and 13 were male (52%) (p = 0.699). No statistical
link was identified between infection and the overall occurrence of gastrointestinal signs (Table 1). Symptomatic
rates were comparable between infected and noninfected groups, although the type of disease course differed
significantly (p = 0.009). Infected animals more often exhibited a chronic course of illness.

Table 1. Relationship between G. duodenalis infection and clinical parameters.

Indicator/Clinical Sign Giardia p
Negative Positive
Clinical course Acute 23 5 0.009
Chronic 6 8
Decrease in physical activity No 18 9 0.654
Yes 11 4
Decrease in appetite No 17 9 0.513
Yes 12 4
Vomiting No 19 11 0.205
Yes 10 2
Change in feces consistency No 2 1 0.926
Yes 27 12
Increased defecation frequency No 8 2 0.391
Yes 21 11
Weight loss No 18 9 0.654
Yes 11
Decrease in serum albumin level No 28 12 0.550
Yes 1 1
Pruritus No 28 13 0.498
Yes 1 0
Ascites/edema No 29 12 0.131
Yes 0 1
Hematemesis No 28 13 0.498
Yes 1 0
Fecal mucus No 16 5 0.317
Yes 13 8
Hematochezia No 19 10 0.205
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Yes 11 2
Melena No 28 13 0.498
Yes 1 0

Only dog-specific assemblages, C and D, were identified in this study. BLAST comparison with reference
sequences from Sprong et al. (2009) [34] confirmed 100% identity with assemblage C (AF199449) and
assemblage D (AF199443). The newly obtained sequences were submitted to GenBank under accession numbers
SUB13938224 (GDIS1 OR769666) and SUB13938244 (GDIS2 OR769667). Assemblage D predominated,
appearing in 15 of 25 (60%) isolates, whereas assemblage C accounted for 10 of 25 (40%). Among privately
owned dogs, assemblage C occurred in 4 of 10 (40%) and assemblage D in 6 of 10 (60%), while in shelter dogs,
the frequencies were 6 of 15 (40%) and 9 of 15 (60%), respectively (p = 1.0). Approximately half of the infected
dogs exhibited symptoms—>50% in assemblage C and 53.3% in assemblage D. No link was established between
assemblage and sex (p = 0.141).

Duration of gastrointestinal signs did not vary by assemblage: the mean duration was 19.4 days for assemblage C
and 22.9 days for assemblage D (p = 0.739). Likewise, the difference in invasion scores between assemblage C
(median 2.5) and assemblage D (median 3) was not statistically meaningful (p = 0.50). Most gastrointestinal and
systemic signs occurred at similar frequencies in both assemblage groups, except for mucus in feces, which
appeared more often among assemblage C infections (Table 2).

Table 2. Frequency of clinical manifestations in dogs with G. duodenalis assemblages C (n = 5) and D (n = 8).
Assemblage C Positive Dogs Assemblage D Positive Dogs

Clinical Sign *

(n=5) (n=28)

Decrease in physical activity % 40% 25% p=0.569
N 2 2

Decrease in appetite % 20% 37.5% p=10.506
N 1 3

Vomiting % 20% 12.5% p=0.715
N 1 1

Change in feces consistency % 100% 87.5% p=0.411
N 5 7

Increased defecation frequency % 80% 87.5% p=0.715
N 4 7

Weight loss % 20% 37.5% p =0.506
N 1 3

Decrease in serum albumin level % 0% 12.5% p=0.411
N 0 1

Ascites/edema % 0% 12.5% p=0.411
N 0 1

Fecal mucus % 100% 37.5% p=0.024
N 5 3

Hematochezia % 40% 0% p=0.052
N 2 0

Chronic clinical course % 40% 75% p=0.207
N 2 6

Pruritus, hematemesis, and melena were not recorded in Giardia-positive animals.

Intestinal parasites remain one of the most relevant etiological groups involved in gastrointestinal disorders in
dogs. Reported infection rates for canine intestinal parasites range from 16% to 72% [35-39], and the 43.9%
prevalence observed in this work aligns well with previously published data. Giardia duodenalis continues to be
recognized as one of the most widespread protozoan enteric parasites affecting dogs globally [40]. Our results,
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which revealed a 30.5% overall infection rate, corroborate that observation. From a public health standpoint, the
zoonotic potential of G. duodenalis originating from canines has raised considerable concern [41]. Nevertheless,
in Croatia, available findings indicate minimal zoonotic risk, since only dog-adapted assemblages C and D have
been identified in earlier studies conducted both locally [42] and throughout nearby European regions [28, 43—
45]. The current study reinforces those reports, having likewise identified only assemblages C and D, neither of
which poses a hazard to human health. These host-specific genotypes tend to be highly adapted to canines, capable
of faster replication, and can competitively replace assemblages A and B [46]. Contrarily, some investigations
have found the possibly zoonotic assemblage A to dominate in dogs, with frequencies exceeding 80% [22, 47],
while others also reported assemblages A and B, albeit less frequently [48, 49]. To clarify potential
subassemblages or mixed infections, future studies employing additional molecular markers such as p-giardin
(BG), glutamate dehydrogenase (GDH), or triose phosphate isomerase (TPI) genes would be valuable [50]. These
markers were not applied here, as prior research has not shown a clear relationship between assemblage type and
disease severity or even infection status.

The markedly higher occurrence of G. duodenalis detected in shelter animals compared with privately owned pets
was anticipated, reflecting dense animal populations and elevated transmission potential in kennels and shelters
[13].

The contribution of G. duodenalis to clinical symptom development remains uncertain. Infected dogs can exhibit
either overt or subclinical infection [16]. Several works have reported that Giardia is directly associated with
diarrheal episodes, with infected dogs being 1.5-2 times more numerous among diarrheic individuals than among
healthy controls [15, 35, 40]. Conversely, other studies have demonstrated nearly identical prevalence rates in
symptomatic and asymptomatic animals [23, 25], a pattern mirrored in our observations. Scorza et al. (2021) [24]
similarly found no association between diarrhea and either particular Giardia assemblages or parasitic
coinfections.

Diarrhea and vomiting represent the most typical manifestations of gastrointestinal disorders in dogs [51]. Their
multifactorial etiology a demands comprehensive diagnostic evaluation to identify causative agents. Common
parasitic contributors to such disorders include G. duodenalis, Ancylostoma caninum, Isospora canis, Uncinaria
stenocephala, and Trichuris vulpis—either singly or in combination [14, 36, 37, 39]. Within our data, G.
duodenalis infection occurred in 30.3% of symptomatic dogs; it was the exclusive etiologic agent in 9.2% and
appeared with other pathogens in 21.4%.

Clinical expression of Giardia infection varies considerably [16]. The most frequently observed signs in this work
were abnormal stool consistency, increased defecation frequency, presence of mucus in feces, reduced appetite,
lower activity levels, and weight loss—consistent with previous descriptions of canine giardiasis [52]. Other
authors [24, 25] have reported no correlation between G. duodenalis infection and severe gastrointestinal
symptoms. Likewise, in our results, the overall frequency of digestive signs among Giardia-positive symptomatic
dogs was similar to that of noninfected dogs, although chronic courses of disease predominated in infected
animals. Earlier studies have recognized G. duodenalis as a major cause of persistent diarrhea in canines, though
acute episodes can also arise [16]. Interestingly, in human patients, acute systemic involvement is more commonly
documented [53—-55], while such manifestations are rarely noted in dogs [21].

Despite a higher rate of concurrent parasite or pathogen infection among Giardia-positive dogs compared with
uninfected ones, the degree of clinical alteration did not differ substantially. However, Tupler et al. (2012) [15]
demonstrated that dogs with diarrhea are considerably more likely to harbor multiple enteropathogens than those
passing normal feces. Considering that Cryptosporidium spp. and G. duodenalis share similar transmission routes,
a notable frequency of dual infection was expected. Both are waterborne protozoa, suggesting shared
environmental exposure such as puddles, moist grass, or park wetlands. These observations are consistent with
prior work identifying the frequent coexistence of these two parasites in dogs [56, 57].

The higher invasion index found in Giardia-infected animals likely reflects their predominance in the shelter
cohort, where exposure risks are greater. Whether host sex plays a role in G. duodenalis infection remains
unresolved. Upjohn et al. (2010) [58] and Meireles et al. (2008) [59] recorded a greater frequency of infection in
females, while Pallant et al. (2015) [60] reported assemblage D to be more frequent among males. In our
investigation, no statistical association between sex and assemblage distribution was identified. Other factors—
housing environment, daily activity patterns, and even breed-specific predispositions [61, 62]—appear to exert
more influence than sex itself.
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Limited attention has been given to how Giardia duodenalis assemblages relate to clinical manifestations in dogs.
Scorza et al. (2021) [24] reported that Giardia genotypes showed no link with diarrhea, while Uiterwijk et al.
(2020) [23] similarly found no correlation between assemblage type and soft stools. One of the goals of this work
was to determine whether different G. duodenalis assemblages were associated with particular gastrointestinal
signs in canines, as such studies are rare within veterinary parasitology. Across 14 clinical parameters examined,
there were no statistically significant differences between assemblages, except for the presence of fecal mucus—
which was noted in every dog infected with assemblage C and in 37.5% of those harboring assemblage D. The
occurrence of mucus in feces usually reflects abnormalities in the large intestine; nonetheless, due to the complex
and not yet fully elucidated pathogenesis of giardiasis, infections with these protozoans are believed to facilitate
secondary digestive tract disorders, including inflammatory bowel conditions, microbiota imbalance, altered
intestinal motility, and epithelial cell apoptosis. These processes collectively promote glandular hypersecretion
and mucosal mucus output [12]. Overall, the results suggest that assemblage type does not play a major role in
the onset of gastrointestinal symptoms.

In humans, the effect of assemblages A and B on diarrheal disease has been more thoroughly explored, though
findings remain inconsistent. Some human-based studies found no relationship between assemblage type and
symptom severity [63, 64], whereas others demonstrated differing clinical outcomes depending on assemblage
[65—67]. These discrepancies highlight the challenge of linking specific assemblages to clinical presentations,
even across similar host systems.

Assessing the role of G. duodenalis assemblages in the emergence of digestive disorders in dogs is
methodologically complex, as numerous concurrent variables can influence gastrointestinal disturbances, ranging
from other infectious agents and food intolerances to metabolic or endocrine dysfunctions. The coexistence of
several causative factors and possible coinfections complicates efforts to clarify the true disease mechanism.
Furthermore, interactions between the gut microbial community and intestinal parasites remain insufficiently
characterized and represent an area warranting further study.

The primary limitations of this research include the modest sample size, which may have reduced statistical power
to detect additional group differences, and the absence of longitudinal clinical follow-up that might have provided
more insight into disease progression.

Conclusion

Only canine-adapted assemblages C and D of Giardia duodenalis were detected in the fecal samples analyzed.
The presence of G. duodenalis infection or assemblage type did not influence gastrointestinal signs, apart from
the observation of mucus in feces. Comparable infection rates in both symptomatic and asymptomatic dogs likely
stem from multifactorial causes—such as variations in host immunity, intestinal microbiota composition, parasite
adaptation to the canine host, and the exclusive detection of host-specific assemblages C and D. Fecal mucus was
identified in all animals carrying assemblage C but only in 37.5% of those with assemblage D, emphasizing the
need for deeper exploration of giardiasis pathogenesis and its interactions with the immune system, intestinal
motility, and microbial balance, which may trigger glandular hypersecretion and mucus overproduction.

Future research should address how different G. duodenalis assemblages may influence not only the nature of
clinical symptoms but also therapeutic response, treatment duration, and the potential emergence of drug
resistance.
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