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Abstract

Background Spain’s recent abrupt rise in numbers of registered pet dogs and cats has intensified the need

for proper animal health care, as 60% of infectious diseases are zoonotic. While pathogen detection has improved
through advances in molecular techniques, pet owners often fail to adhere to veterinary guidelines, increasing infec-
tion risks. Among the diagnostic tools available, faecal analysis plays a key role in detecting zoonotic parasites such
as Giardia duodenalis, Cryptosporidium spp. and Toxocara spp. This study was designed to assess intestinal parasite
prevalence in dogs and cats along with epidemiological trends.

Methods Between 2013 and 2023, a total of 15,899 faecal samples from dogs and cats submitted to a reference
laboratory of parasitology in Madrid (Spain) were analysed using Mini-FLOTAC®, merthiolate—iodine—formalin
(MIF), Baermann-Wetzel (for lungworms and S. stercoralis when indicated) and direct immunofluorescence assays,
with molecular confirmation by polymerase chain reaction (PCR) when required. Epidemiological variables were
statistically analysed.

Results Overall, 26% of dogs and 21.4% of cats tested positive for at least one parasite. Protozoan infections were
more prevalent overall, particularly G. duodenalis in dogs (16.0%) and Cystoisospora spp. in cats (7.8%). In contrast, hel-
minth infections such as T. cati (7.6%) were more frequent in cats than in dogs. Dogs were more commonly infected
by protozoa than helminths, while cats showed a more balanced distribution between both groups. Co-infections
occurred in 13.6% of positive samples, with G. duodenalis being frequently involved.

Puppies and kittens were more susceptible to infection, likely owing to an immature immune system. In animals
from shelters, infection rates were higher than in owned pets. Seasonal variations were clearly observed, such

that G. duodenalis peaked in winter and helminths in autumn. Over time, the prevalence of G. duodenalis increased,
while that of Cystoisospora spp. declined.

Conclusions These findings highlight the importance of parasite control for purposes of both animal and public
health, and emphasize a need for regular faecal testing, deworming and improving owner awareness of parasites. To
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minimize zoonotic risks and improve pet health management, we would recommend standardizing diagnostic proce-

dures and designing suitable veterinary interventions.

Keywords Intestinal parasite, Dog, Cat, Coprological analysis, Diagnosis

Background

Global figures of companion animals have shown a
steady increase, especially since the 2019 coronavirus
disease (COVID-19) pandemic. For instance, accord-
ing to data published in 2023 [1], Spain had 9.3 million
and 5.8 million registered dogs and cats, respectively,
notably exceeding the population of children under the
age of 15 years. This rising trend has been attributed to
factors such as remote work, more time spent at home
and changes in leisure activities during the pandemic
[1]. Consequently, proper health check-ups in pets are
crucial, as 60% of infectious diseases are zoonotic [2].
Advances in molecular techniques have improved the
detection of pathogens, which can now be identified with
greater precision [3].

Advances have been made both in the diagnosis of dis-
eases in pets and in prevention, particularly through the
implementation of healthcare plans that reinforce early
diagnosis in small animal practices [4]. However, owners
do not always adhere strictly to veterinarian’s recommen-
dations, thereby increasing the risk of infection for both
pets and people [5]. Among the tests usually included
in healthcare plans, a coprological examination should
always be undertaken owing to the ease and non-invasive
nature of sample collection and the significance of the
diagnosis obtained, as among the detectable infectious
agents that affect dogs and cats, several zoonotic agents
can be detected [6-9].

Faecal analysis is a routine procedure in many veteri-
nary practices. However, it is often performed without
sufficient attention paid to proper methodologies. While
coprological tests are best performed by veterinarians
or experienced veterinary technicians, this task is often
delegated to the less experienced team members, usually
with minimal instruction or emphasis on its significance
[10]. The need should, therefore, be stressed to submit
faecal samples to specialized veterinary reference para-
sitology laboratories, where staft are properly trained in
these procedures.

Among the most relevant parasites that can be found
in dog and cat faeces in Spain and other Mediterranean
countries are protozoa (e.g. Giardia duodenalis, Crypto-
sporidium spp. and Cystoisospora spp.), nematodes (e.g.
Toxocara canis, Toxocara cati, Toxascaris leonina, the
Ancylostomatidae family, Trichuris vulpis, Eucoleus aero-
philus and Strongyloides stercoralis) and cestodes (e.g. the
Taeniidae family, Dipylidium caninum and Joyeuxiella

spp.). In addition, some bronchopulmonary nematodes
can be detected in faecal samples from carnivores (e.g.
Angiostrongylus vasorum, Aelurostrongylus abstrusus and
Troglostrongylus spp.) [11].

In general, animals infected with intestinal parasites
show a wide range of clinical signs, ranging from sub-
clinical infections, moderate to severe diarrhoea or,
in extreme cases, even death [12]. Migrating parasites
(such as Toxocara spp. and Ancylostoma spp.) are par-
ticularly worrying, as massive parasitism in animals
under 1 year of age can lead to verminous pneumonia
or intestinal intussusception [13]. Similarly, some of the
zoonotic parasites mentioned can cause a similar range
of clinical signs in humans, with more severe symptoms
occurring in vulnerable populations, such as children
aged under 5 years, the older population and immuno-
compromised individuals [6]. This is particularly true for
infections caused by G. duodenalis and Cryptosporidium
spp. Migratory parasites can lead to conditions such as
cutaneous larva migrans (ancylostomids), larva currens
(S. stercoralis) and ocular and visceral larva migrans (7.
canis and T. cati) [14]. This highlights a need to detect
intestinal and/or respiratory parasites, not only because
of their impacts on public and animal health but also
because prompt treatment of animals will prevent the
environmental infection [15].

In the present study, we examined data derived from
different coprological methods used on canine and feline
faeces samples submitted to a veterinary parasitology ref-
erence laboratory by veterinary practices, breeding sites,
stray cats and animal protection shelters located in the
Community of Madrid (Spain). Our aims were to assess
the prevalence of the most common intestinal parasite
infections, to explore their potential associations with
epidemiological variables and to examine trends over a
10-year period in dogs and cats.

Methods

Study design and sample collection

In this retrospective study, faecal samples from dogs and
cats collected from 2013 to 2023 were analysed at Pet-
ParasiteLab, a reference laboratory for the diagnosis of
infectious diseases in carnivores (Veterinary Faculty, Uni-
versidad Complutense de Madrid, Madrid, Spain). Only
faecal samples from animals not previously registered
as patients in the laboratory were included, correspond-
ing to their first coprological analysis. These analyses
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were performed mainly as part of annual health check-
ups covered by pet insurance, during the introduction of
new animals into shelters or as control measures in cat
colonies. This criterion was applied to avoid potential
bias from prior administration of antiparasitic treatments
that could alter true prevalence estimates. Samples col-
lected during post-treatment follow-up were excluded, as
persistent cyst excretion after effective therapy (e.g. in G.
duodenalis infections) could lead to an overestimation of
prevalence.

Veterinarians completed a clinical form (CRF) and
submitted the faecal samples. Three consecutive daily
samples per animal were analysed whenever available;
in cases where this was not possible, a single sample was
examined. Every CRF included the signalment of each
animal, and the variables analysed were species (dog/cat),
age (<1 year/>1 year), sex (male/female), origin (breed-
ing dog/stray cats, owner and shelter), season (winter,
spring, summer and autumn) and faecal consistency.
The latter was determined by laboratory personnel using
the Bristol Stool Chart (1-7) [16, 17], where a score of 1
corresponded to hard/dry stools and 7 indicated liquid
diarrhoea.

Routine laboratory protocol for coprological analysis
Faecal samples were analysed using different techniques,
depending on the type of coprological analysis requested,
following internal validated standard operating pro-
cedures (SOPs). Samples were first macroscopically
inspected. For the coprological analysis, Mini-FLOTAC
® was used to detect oocysts, eggs and/or larvae of the
main intestinal parasites, and the merthiolate—iodine—
formalin (MIF) method was carried out to detect G. duo-
denalis cysts.

When requested, an immunodiagnostic test was per-
formed by direct immunofluorescence assay (DFA) to
detect cysts of G. duodenalis and oocysts of Crypto-
sporidium spp. along with a molecular diagnosis to detect
infection by G. duodenalis, Toxoplasma gondii, S. sterc-
oralis (real-time polymerase chain reaction [PCR]) and
Cryptosporidium spp. (conventional nested PCR). A G.
duodenalis infection was considered present when at
least one positive result was obtained through the MIF
and/or DFA methods. Likewise, Cryptosporidium infec-
tion was recorded on the basis of a positive DFA result.
Molecular techniques for G. duodenalis and Crypto-
sporidium spp. were employed only for confirmation
and diagnostic support and not as the main diagnostic
method.

The Baermann—Wetzel method was also used to detect
lungworms and S. stercoralis when there was clinical
suspicion on the basis of clinical signs such as coughing
and/or lifestyle factors (e.g. habitat, aptitude, etc.). In
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consequence, the number of samples analysed with this
technique was lower.

Flotation method (Mini-FLOTAC®)

The flotation method requiring a Mini-FLOTAC® device
was used on cat and dog faecal samples according to the
manufacturer’s instructions [18, 19].

Merthiolate-iodine-formalin (MIF) method

This procedure is particularly useful to detect G. duode-
nalis cysts in faecal concentrates prepared from pooled
samples collected over 3-5 consecutive days from the
host. This method [20] is useful to partially distinguish
between active cysts (Fig. 1) and degenerated ones on the
basis of their morphology [21].

Direct immunofluorescence assay (DFA)

The commercial Crypto/Giardia Cel IF® Kit (CeLLabs,
Brookvale, Australia) was used following the manu-
facturer’s manual. The resulting slides were examined
under a Nikon Eclipse Ci-S fluorescence microscope
(Nikon, Tokyo, Japan) at 400X magnification. Round to
oval structures of appropriate size (G. duodenalis cysts:
8-12 um; Cryptosporidium oocysts: 4—6 pm) visible as
bright apple-green fluorescence were identified as posi-
tive (Fig. 2).

Baermann-Wetzel method

This method relies on the movement of living nematode
larvae from faeces into the surrounding water, where they
are collected in a funnel. A plastic funnel was attached to
a 10-cm-long piece of soft silicone tube, which was sealed
with a pinch clamp positioned at an angle to the tube’s
tip. Water was added to the funnel together with a sur-
factant solution, and 5 g of faecal sample was placed on a
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Fig. 1 Giardia duodenalis cyst (15X 12 um) detected by the MIF
method. 1000x
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Fig. 2 Giardia duodenalis cyst (narrow-headed white arrow)
and Cryptosporidium spp. oocyst (wide-headed white arrow) detected
by the DFA method. 400x

gauze and wrapped up. The funnel was left at room tem-
perature for 8 h, allowing the larvae to leave the faeces
and settle at the tip of the tube by sedimentation. Next,
the pinch clamp was opened and the liquid drained into
a 10-ml tube. This tube was then centrifuged at 1500 rpm
for 10 min. Next, the supernatant was discarded and the
sediment examined under a microscope [11]. Pulmo-
nary nematodes and compatible S. stercoralis larvae were
identified on the basis of keys [22, 23].

Faecal DNA extraction and purification

DNA was extracted from 200 mg of each concentrated
faecal sample using the QIAamp DNA Stool Mini Kit
(Qiagen, Hilden, Germany) following the manufacturer’s
protocol. The samples, mixed with InhibitEX buffer, were
incubated for 10 min at 95 °C. The purified DNA was
then eluted in 200 pl of PCR-grade water and stored at
4 °C until further PCR analysis.
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PCR methods

For the detection of G. duodenalis, T. gondii and S. ster-
coralis, real-time PCR (qPCR) assays were used, target-
ing highly conserved genes such as 185 rRNA gene for
G. duodenalis and S. stercoralis, and the BI gene for T.
gondii, allowing for rapid and sensitive identification. For
Cryptosporidium spp., a nested PCR was performed to
amplify a 587 bp fragment of the 18S rRNA gene, which
enhances diagnostic sensitivity in low-load infections.
Primer sequences, amplicon sizes, PCR methods and the
references are presented in Table 1.

Sequencing analyses

PCR products were sequenced in both directions using
the corresponding internal primer sets described above,
employing BigDye" chemistry and an ABI 3730xI
sequencer (Applied Biosystems®). Raw sequencing data
from both forward and reverse directions were analysed
using Chromas Lite version 2.1. Nucleotide sequences
were compared with reference sequences from the
National Center for Biotechnology Information (NCBI)
database using the Basic Local Alignment Search Tool
(BLAST) tool. The resulting DNA consensus sequences
were aligned with reference sequences using MEGA 11
software to confirm species identity.

Phylogenetic relations between the Cryptosporidium
sequences identified in this study and those retrieved
from the NCBI repository were analysed using the neigh-
bour-joining (NJ) method in MEGA 11 [28, 29]. Genetic
distances were calculated with the Kimura 2-parameter
model, while rate variation among sites was modelled
using a Gamma distribution (shape parameter =2).

Statistical analysis

To assess associations between the variables examined
and infections by the different species of the parasite,
the chi-squared test was employed. All statistical tests

Table 1 Oligonucleotides and PCR conditions used for the molecular detection of intestinal parasites

Target gene Primers (nucleotide sequence 5'-3') Amplicon size Method Reference
G. duodenalis Gd-80F: 5'-GACGGCTCAGGACAACGGTT-3' 62 bp Real-time PCR [24]
185 rRNA Gd-127R: 5-TTGCCAGCGGTGTCCG-3"
Cryptosporidium spp. CR-P1: 5'-CAGGGAGGTAGTGACAAGAA-3' 652 bp Nested PCR [25]
185 rRNA CR-P2: 5'-TCAGCCTTGCGACCATACTC-3" 652 bp
CR-P3: 5'-ATTGGAGGGCAAGTCTGGTG-3'
CPB-DIAGR: 5'-TAAGGTGCTGAAGGAGTAAGG-3'
T. gondii 23-mer 5'-GGAGGACTGGCAACCTGGTGTCG-3' 126 bp Real-time PCR [26]
BT gene 25-mer 5'-TTGTTTCACCCGGACCGTTTAGCAG-3'
S. stercoralis Stro18S-1530F: 5'-GAATTCCAAGTAAACGTAAGTCATTAGC-3" 101 bp Real-time PCR [27]

18S rRNA

Stro185-1630R: 5'-TGCCTCTGGATATTGCTCAGTTC-3

rRNA ribosomal ribonucleic acid
bp base pair
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Results

Prevalence rates

Over a 10-year period (2013-2023), 15,889 faecal sam-
ples (10,813 from dogs and 5086 from cats) were analysed
along with several epidemiological variables (Table 2).
The global prevalence of detected parasites is presented

Table 2 Distribution of dogs and cats by sex, age, origin, faecal consistency, season and year of the analysis

Variable Dogs (n=10,813) Cats (h=5086) Total (n=15,889)

n % n % n %
Age
<1 year 489 45 276 54 765 48
>1 year 4162 385 1053 20.7 5215 328
Total 4651 1329 5980
Sex
Male 4682 433 2223 43.7 6905 435
Female 4806 444 2357 463 7163 451
Total 9488 4580 14,068
Origin
Breeders/stray cats 2294 21.2 762 15.0 3056 19.2
Owned 2977 275 1070 21.0 4047 255
Shelters 5399 499 3254 64.0 8653 54.5
Total 10,670 5086 15,756
Faecal consistency
1-2 61 0.6 194 38 255 1.6
3-4 2829 26.2 1414 278 4243 26.7
5-7 1884 174 329 6.5 2213 139
Total 4774 1937 38.1 6711 422
Season
Winter 2674 24.7 1095 215 3769 237
Spring 2969 27.5 1157 227 4126 26.0
Summer 2091 193 1438 283 3529 222
Autumn 3079 285 1396 274 4475 28.1
Total 10,813 5086 15,899
Years
2013 666 6.2 89 1.7 755 4.8
2014 795 74 337 6.6 1132 7.2
2015 726 6.7 431 85 1157 7.3
2016 1190 11.0 568 1.2 1758 1.1
2017 1107 10.2 543 10.7 1650 104
2018 1163 10.8 643 12.6 1806 114
2019 1003 9.3 514 10.1 1517 9.6
2020 942 8.7 466 9.2 1408 89
2021 1164 10.8 579 114 1743 11.0
2022 1099 10.2 473 93 1572 10.0
2023 958 89 443 8.7 1401 89
Total 10,813 5086 15,889

n number of animals

Faecal consistency (Bristol Stool Chart): scale from 1 to 7; where 1-2 indicates very firm stools, 3-4 normal stools and 5-7 soft to liquid stools

Total may vary owing to missing data in some categories
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in Table 3. Using previously described coprological meth-
ods, 26% (2801/10,813) of the dog samples and 21.4%
(1090/5086) of the cat samples tested positive for at least
one parasite.

The most prevalent parasites were G. duodenalis
(16.0%; 1732/10,813)) infecting dogs and Cystoisospora
spp. (7.8%; 395/5086) and T. cati (7.6%; 388/5086) infect-
ing cats. The least prevalent parasites were E. aerophilus
(0.1%; 8/10,813) in dogs and D. caninum (0.1%; 3/5086)
in cats.

Of the 3891 samples testing positive in dogs and
cats, 531 (13.6%) were co-infections with more than
one parasite. The most common co-infections were G.
duodenalis/ Cystoisospora spp. (30.5%; 162/531) in dogs,
followed by Cystoisospora spp./T. cati (13.4%; 71/531)
and G. duodenalis/T. cati (13.2%; 70/531) in cats. No
oocysts compatible with T. gondii or DNA were detected
in the faecal samples from 108 cats analysed by qPCR.

Associated epidemiological variables

Our statistical analysis results regarding associations
between infection by each parasite and epidemiological
variables are presented in Tables 4 and 5.

Dogs
Young dogs (<1 year) showed a significantly higher
risk of infection by Cystoisospora spp. (y*=108,19;

Page 6 of 16

df =1; P=<0.001), G. duodenalis (y*=37.96; df=1;
P=<0.001), Cryptosporidium spp. (y*=25.78; df=1;
P=<0.001), T canis (*=40.35; df=1; P=<0.001)
and S. stercoralis (y*=11.19; df=1; P=<0.001). The
risk of G. duodenalis infection was higher in dogs
from breeding (*=114.07; df=2; P=<0.001), while
Cryptosporidium spp. (*=13.83; df=2; P=<0.001)
and D. caninum (y>=11.61; df=2; P=0.003) were more
frequently detected in owned dogs. Among shelter
dogs, a higher positivity rate was recorded for T. canis
(*=48.90; df=2; P=<0.001), T leonina (y*=69.93;
df=2; P=<0.001), ancylostomids (y*=49.07; df=2;
P=<0.001) and T. vulpis (y*=64.60; df=2; P=<0.001).
Cystoisospora spp. (y*=60.25; df=2; P=<0.001), G.
duodenalis (y*=36.91; df=2; P=<0.001), T canis
(Y*=22.95; df=2; P=<0.001) and T. leonina (y*=10.27;
df=2; P=0.006) were more frequently detected in
samples from dogs with soft stools (consistency scores
of 5-7) than normal stools (scores of 1-4). Regard-
ing seasonality, G. duodenalis was more prevalent in
the winter (y*=238.80; df=3; P=<0.001), whereas
Cystoisospora (x*=47.95; df=3; P<0.001), T. leonina
({*=22.34; df=3; P=<0.001) and ancylostomids
(Y*=29.24; df=3; P=<0.001) were more prevalent in
the autumn.

Table 3 Global prevalence of intestinal parasites detected in canine and feline faecal samples analysed

Dogs (N=10,813)

Cats (N=5086) Total (N=15,889)

n % 95% Cl n % 95% Cl n % 95% Cl
Protozoa G. duodenalis 1732 16.0 15.3-16.7 332 6.5 58-72 2064 13.0 12.5-135
Cryptosporidium spp.” 19 1.8 0.99-2.6 15 35 1.7-5.2 34 2.3 1.5-30
Cystoisospora spp. 526 49 44-53 395 7.8 7.1-85 921 58 54-6.2
Nematoda Toxocara canis/cati 296 2.7 2.3-30 388 76 6.9-8.3 684 43 4.0-4.6
Toxascaris leonina 184 1.7 14-19 13 03 0.1-04 197 12 1.0-14
Fam. Ancylostomatidae 267 25 22-2.7 23 0.5 0.3-0.7 290 1.8 1.6-2.0
Trichuris vulpis 133 12 09-14 4 0.1 0.0-0.2 137 0.9 0.8-1.0
Eucoleus aerophilus 8 0.1 0.0-0.2 8 0.2 0.1-03 16 0.1 0.0-0.1
Angiostrongylus vasorum® 7 33 0.9-5.7 ND ND ND ND ND ND
Aelurostrongylus abstrusus* ND ND ND 42 139 10.0-17.8 ND ND ND
Troglostongylus spp.* ND ND ND 2 0.7 00-16 ND ND ND
Strongyloides stercoralis* 9 4.2 1.5-6.9 ND ND ND ND ND ND
Cestoda Fam. Taeniidae 19 0.2 0.1-0.3 16 03 0.2-0.5 35 0.2 0.1-0.3
Dipylidium caninum 18 0.2 0.1-0.3 3 0.1 0.0-0.2 21 0.1 0.0-0.1
Joyeuxiella spp. ND ND ND 20 04 0.2-0.6 20 0.1 0.0-0.1

" number of samples analysed for Cryptosporidium spp. by DFA: dogs: 1046; cats: 428; total: 1474

N: total number of samples from dogs and cats

n: number of positive animals

* number of samples analysed for lungworms and S. stercoralis by the Baermann-Wetzel method: dogs: 213; cats: 303; total: 516

Cl confidence interval, ND not detected
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Cats

A significantly higher-than-expected prevalence of T.
cati infection was observed in male cats (,\/2=4.48; af=1;
P=0.03). Kittens (<1 year) had a higher risk of infec-
tion by Cystoisospora spp. (x*=80.90; df=1; P=<0.001)
and T. cati (X2= 18.99; df=1; P<0.001). Cats from feline
colonies were found to be more frequently infected by
G. duodenalis (y*=57.60; df=2; P<0.001) and T. leonina
(,(2=6.16; df=2; P=0.046), while Cystoisospora spp.
((*=67.42; df=2; P=<0.001) and T cati (\*=3547;
df=2; P=<0.001) infections were more prevalent in
shelter cats. In cats with soft stools (score 5-7), infec-
tion by G. duodenalis was more prevalent (y*=31.15;
df=2; P<0.001), whereas in cats with hard dry stools
(score 1-2), infections by Cystoisospora spp. (y*=15.65;
df=2; P=<0.001) were more prevalent. As in the case
of dogs, the prevalence of G. duodenalis infection was
higher in winter (y*=122.04; df=3; P=<0.001) and that
of Joyeuxiella spp. (x*=9.36; df=3; P=0.025) was higher
in autumn.

Trends in parasite infection prevalences over the years
Figures 3 and 4 show the prevalence data of protozoan
and helminth infections detected in canine samples
throughout the study period, while Figs. 5 and 6 present
the corresponding prevalence data obtained from feline
samples.

In dogs, the prevalence of G. duodenalis infection was
higher than expected in 2021, 2022 and 2023 ()(2= 137.08;
df=10; P=<0.001), whereas the prevalence of Cystoisos-
pora spp. showed a decreasing trend in 2021 and 2022

%
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(Y*=86.14; df=10; P=<0.001). In the case of helminth
infections, only those caused by ancylostomids showed
a higher-than-expected prevalence in 2023 in both dogs
(x*=39.25; df=10; P=<0.001) and cats (y*=42.47;
df=10; P=<0.001).

Joyeuxiella infection in cats showed a clear increasing
trend in the recent years (from 2020 to the present).

Discussion

This is the largest epidemiological survey of endopara-
sites in dogs and cats based on coprological data con-
ducted in Spain. Our results provide valuable insight into
the prevalence and epidemiological trends of intestinal
parasites in dogs and cats living in Madrid over a 10-year
period. The significant variations in parasite prevalences,
co-infections and associated epidemiological factors
identified here contribute to a better understanding of
intestinal parasite infections in companion animals.

The overall prevalence of parasites in dogs (26%) was
higher than in cats (21.4%), consistent with findings from
other large-scale studies [30—32]. These differences may
be attributed to factors such as study area, diagnostic
techniques and population characteristics (e.g. age and
housing conditions) [33]. However, it is important to
consider the limitations of coprological methods, par-
ticularly their sensitivity for detecting parasites with
intermittent shedding patterns which may lead to under-
diagnoses [34].

In dogs, the most prevalent parasite detected was
G. duodenalis (16.0%), whereas in cats, Cystoisospora
spp. (7.8%) and T. cati (7.6%) were the most frequently

25
20
15
10

5

0 /\

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—G. duodenalis —Cryptosporidium* —Cystoisospora

Fig. 3 Trends in the percentages of protozoan parasites detected in dogs over time. “The number of samples analysed for the diagnosis
of Cryptosporidium spp. is not the same as for the other parasites. Details are presented in Table 3
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0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Toxocara canis —Toxascaris leonina —Fam. Ancylostomatidae — Trichuris vulpis
—Eucoleus aerophilus —Fam. Taeniidae —Dipylidium caninum
Fig. 4 Trends in the percentages of helminth parasites detected in dogs over time
%
25
20
15
10
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0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—G. duodenalis —Cryptosporidium* —Cystoisospora

Fig. 5 Trends in the percentages of protozoan parasites detected in cats over time. The number of samples analysed for the diagnosis
of Cryptosporidium spp. is not the same as for the other parasites. Details are presented in Table 3

detected. These findings are in line with data from previ-
ous studies indicating that G. duodenalis is a widespread
protozoan parasite in dogs, particularly in environments
with high animal densities such as shelters and breeding
facilities [35]. Similarly, Cystoisospora spp. is known to
be a prevalent parasite in feline populations, especially
among kittens, cats with gastrointestinal disorders and
shelter animals [32, 36, 37]. The lower detection rate of
helminth parasites may be related to deworming proto-
cols. These are routinely used in pets but do not typically
include chemicals that prevent infection by protozoa.

Veterinarians must therefore interpret the results of
a coprological analysis and decide whether treatment
against protozoal infections is necessary in otherwise
healthy animals. Emphasis should be placed on prevent-
ing protozoan infections through other strategies such as
proper hygiene and faecal removal from the environment
[38].

Interestingly, the less prevalent parasites detected in
dogs and cats were E. aerophilus (0.1% and 0.2%, respec-
tively), in agreement with reports of studies in dogs sam-
ples [39, 40]. In cats, the least prevalent parasite was D.
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2018 2019 2020 2021 2022 2023

—Fam. Ancylostomatidae — Trichuris vulpis

—Dipylidium caninum  —Joyeuxiella

Fig. 6 Trends in the percentages of helminth parasites detected in cats over time

caninum (0.1%). This suggests that these parasites have
low transmission rates in this species. In the case of D.
caninum in cats, this could be related to effective flea
control measures. Alternatively, D. caninum prevalence
may be underestimated because of detection difficulties
arising from the intermittent shedding of proglottids in
faeces and the rupture of the ovigerous capsule, as the
eggs may be indistinguishable from those of other ces-
tode species [41].

The most common co-infections observed in dogs were
G. duodenalis/T. canis, while in cats, they were Cystoisos-
pora spp./T. cati and Cystoisospora spp./G. duodenalis.
These results highlight G. duodenalis as one of the most
prevalent parasites in companion animals in the last dec-
ade, with significance implications not only in mono-
infections but also in co-infections with other intestinal
parasites. Controlling this parasite is crucial, as a positive
result for another parasite could mask the presence of this
potentially zoonotic pathogen, posing public health risks,
especially in households where dogs and cats live with
people at risk (e.g. children, pregnant women, immuno-
compromised individuals or elderly people). Our data
indicate that specific parasites co-exist in the same hosts,
likely owing to similar transmission routes or overlapping
environmental conditions. The relatively low prevalence
of co-infections, however, suggests that mono-infections
were common in our study sample, in line with the find-
ings of previous studies in the same area [42].

Prevalence data for lung worms detected by the Baer-
mann-Wetzel method should be interpreted with cau-
tion, as the total sample size differs from that of other
analyses. This is because the Baermann—Wetzel method
is not a routine procedure and was only requested when

there was specific suspicion of infection. In addition, the
absence of T. gondii in all feline faecal samples should be
underscored although expected, given the results of other
authors [43]. This could be owing to the limited shedding
period of T. gondii oocysts in cats or a low environmental
contamination level during the sampling period. Further
work is needed with a larger sample size and different
diagnostic methods for a more comprehensive analysis
of T. gondii prevalence in cats and the importance of its
transmission to humans [44].

The analysis of the epidemiological variables studied
served to identify significant correlations between host
characteristics and the parasite detected. Age played a
key role in infection risk, such that puppies and kittens
under 10 year of age were more susceptible to infections,
such as Cystoisospora spp., G. duodenalis, Cryptosporid-
ium spp., T. canis and S. stercoralis infection in dogs
and Cystoisospora spp. and T. cati infection in cats. This
higher susceptibility is most likely due to an immature
immune system and increased exposure to parasites in
crowded environments [45, 46]. We should also consider
the role of transplacental transmission in 7. canis and lac-
togenic transmission in both T. canis and T. cati, as these
are critical transmission routes in young animals [11].

Housing conditions also influenced infection risk. Dogs
from breeders had a higher prevalence of G. duodenalis
infection, but in this case, owned animals showed higher
rates than those from the shelter. This could be because
owned puppies were often brought in for deworm-
ing prior to vaccination and frequently originated from
breeding facilities where prevalence is higher. In con-
trast, the shelter submitting samples implemented very
strict control measures, both for the animals and the
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environment, which likely limited parasite transmission.
Shelter dogs were more frequently infected by T. canis,
T. leonina, ancylostomids, T. vulpis and E. aerophilus.
In contrast, owned dogs showed a higher prevalence of
Cryptosporidium spp. and D. caninum infection, most
likely because of ease of direct transmission due to closer
contact between animals and even humans. As for D.
caninum infection, improved household conditions help
maintain the life cycle of fleas, facilitating the persistence
of eggs, larval and pupal stages of the fleas in the environ-
ment and, although most pet owners deworm their pets,
they do so on the basis of very different criteria and often
irregularly [47, 48]. Similarly, cats from colonies featured
higher infection rates of G. duodenalis and T. leonina,
whereas shelter cats had a greater prevalence of Cys-
toisospora spp. and T. cati. This underscores the impact
of environmental factors, population density and the lack
of awareness of pet owners of parasite transmission [49]
and highlights the importance of parasite control in pets
owing to zoonotic risks [50, 51].

Faecal consistency (according to the Bristol Stool
Chart) was also found to correlate with infection preva-
lence. Hence, dogs with soft stools (scores 5-7) had
higher detection rates of Cystoisospora spp., G. duodena-
lis, T. canis and T. leonina, while in cats, G. duodenalis
was more common in soft stools and Cystoisospora spp.
and T cati were more frequent in hard dry faeces sam-
ples (scores 1-2). This suggests that certain parasites
contribute to gastrointestinal disturbances, while oth-
ers may cause subclinical disease [52]. Accordingly, we
would recommend routine coprological tests on ‘clini-
cally healthy’ animals with faeces with normal character-
istics, especially in cats, as they usually defecate in litter
boxes and depending on the composition of the litter the
organoleptic properties of the faeces may be modified
making their consistency classification more difficult.

Seasonality in prevalence was observed, G. duodenalis
infection being more prevalent in winter and T leonina
and ancylostomids in autumn in both dogs and cats.
The higher winter prevalence of G. duodenalis may be
explained by increased indoor housing, leading to higher
transmission rates, whereas autumn peaks in helminths
could be related to increased environmental contamina-
tion in this season because the climate conditions are
more favourable for the survival of infective larval stages
[53].

Longitudinal analysis of data collected from 2013 to
2023 revealed fluctuations in parasite prevalences. In
dogs, G. duodenalis showed a higher-than-expected
increase in 2021-2023, suggesting a rising trend, possibly
attributable to increased awareness and improved diag-
nostic techniques compared with early years [54]. Con-
versely, Cystoisospora spp. in dogs showed a decreasing
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trend in 2021-2022. This may be attributed to improved
hygiene practices and management strategies in shel-
ter animals [55]. Helminth infections, particularly ancy-
lostomids infections, experienced a significant increase
in 2023 in both dogs and cats. This could suggest their
re-emergence, possibly due to environmental or climate
factors [56]. Notably, Joyeuxiella spp. infection in cats
showed a consistent increase from 2020 to the present,
warranting further investigation into their epidemiology
and potential risk factors for transmission.

Conclusions

This study provides updates and comprehensive data
regarding the prevalence of endoparasites and their
co-infections and epidemiological trends in dogs and
cats over a decade. G. duodenalis emerged as the most
prevalent parasite detected in both dogs and cats living
in Madrid. These findings highlight the importance of
regular parasitological surveillance, targeted deworming
protocols and improved hygiene measures to control par-
asite transmission and reduce associated zoonotic risks.

The increasing trend in pet ownership highlights the
need for increased awareness and preventive strategies
to address the public health challenges posed by para-
site infections in companion animals. Future research
should focus on identifying emerging trends, assessing
the impact of climate change on parasite epidemiology
and exploring host—parasite interactions to enhance pre-
vention and control strategies for companion animals. By
adopting a One Health approach that collectively consid-
ers animal, human and environmental health, we can pro-
tect both companion animals and their owners, reducing
the impacts of parasite diseases on public health.

These findings highlight the importance of regular
coprological analysis for the detection of intestinal para-
sites, either in veterinary practices or via reference labo-
ratories. Such monitoring is valuable for quality control
of established deworming protocols, allowing confir-
mation of their effectiveness or the need for protocol
adjustments.
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