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A B S T R A C T   

Due to their close associations with humans, dogs and cats can be important reservoirs for zoonotic pathogens. In 
the current study 200 fecal samples of dogs (n = 70 samples) and cats (n = 130 samples) from animal shelters in 
Carinthia, southern Austria, were examined for the presence of parasites (fecal flotation and larval migration 
assay) and selected bacteria. Overall, 17.1% of the canine and 38.5% of the feline samples were positive for 
parasites (p < 0.001), most commonly Giardia duodenalis (dogs and cats), including potentially zoonotic geno-
types revealed by multilocus genotyping, and Toxocara cati (cats). Cryptosporidium (C. felis), Cystoisospora spp. 
(dogs and cats), hookworms (dog), Trichuris (dog) Capillaria hepatica (cats), taeniids (cat), and Aelurostrongylus 
abstrusus (cat) were also found. Zoonotic bacteria were detected in 10.5% of the samples, Salmonella enterica 
(dogs), Campylobacter jejuni (dogs and cats) and Yersinia enterocolitica (cat) and were significantly associated with 
parasite infections in cats but not in dogs. Samples that were positive for several pathogens were common; 
especially G. duodenalis and T. cati were frequently found in association with each other, other parasites or 
bacteria. The spectrum of detected pathogens is comparable to that of other dog and cat populations in central 
Europe. However, since animals from shelters are frequently rehomed, diagnostic measures, appropriate hygiene 
and therapy as well as training of shelter staff are recommended to prevent zoonotic transmission of enter-
opathogens to staff or new owners. The presence of heteroxenic parasites, i.e. Aelurostrongylus abstrusus and 
Taenia taeniaeformis, and spurious excretion of Ca. hepatica in cats, indicates that these animals preyed on in-
termediate hosts, and that biosafety measures in pet shelters need to be evaluated for their efficacy in the pre-
vention of pathogen transmission.   

1. Introduction 

Due to their lifestyle in close contact with humans, domestic cats and 
dogs can be reservoirs for zoonotic pathogens including parasites, bac-
teria, fungi and viruses (Bauernfeind et al., 2013; Baneth et al., 2016). 
The risk of infection (and pathogen transmission to humans) is linked to 
various factors, including veterinary care (e.g. deworming and vacci-
nation), feeding and contact to other animals. Animal shelters are 
responsible for abandoned or lost animals or animals confiscated from 
illegal puppy trades and can be confronted with various challenges 
concerning the health of their animals. This includes infectious agents 
that are transmissible among animals in close contact or zoonotic 

pathogens. It is generally assumed that parasitic infections are more 
common in animal shelters than in households (Ortuño and Castella, 
2011; Raza et al., 2018), first because of the close and changing contact 
between different individuals, second because at least a proportion of 
the animals in shelters is likely to have received sub-standard veterinary 
care before submission and are therefore more likely to harbor parasites 
than other animals upon submission to the shelter. This may also be true 
for other pathogens like enteropathogenic bacteria that may pose a risk 
for both animal and public health (Verma et al., 2021; Leahy et al., 2016, 
2017; Sanchez et al., 2002; Stehr-Green and Schantz, 1987). 

The current study aimed to determine the status of selected endo-
parasites and enteric bacteria in dogs and cats in animal shelters in the 
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south of Austria, to determine their zoonotic potential. 

2. Materials and methods 

2.1. Locations, samples and background information on animals 

This study was conducted as a collaborative project between the 
University of Veterinary Medicine Vienna (www.vetmeduni.ac.at) and 
the Provincial Government of Carinthia. The province of Carinthia is the 
most southern province of Austria, bordering Italy and Slovenia 
(https://en.wikipedia.org/wiki/Carinthia). It has four registered animal 
shelters (https://www.hundepartei.at/tierheime-oesterreich/#was_l 
eistet_ein_tierheim) that all contributed with samples using sample 
collection kits provided by the University of Veterinary Medicine con-
taining disposable plastic containers (150 ml) and single-use spatulas as 
well as a form for documentation of the sampled animals. All samples 
were collected on site and transferred to the laboratory for examination 
within 48 h. In total 200 fecal samples (70 canine and 130 feline sam-
ples) were provided as individual samples either from animals being 
housed individually or in groups or as samples from animal groups 
(Table 1). Individual samples from animal groups were not pooled but 
examined separately but they could not be attributed to the individual 
animals of the group. 

Information on anthelmintic treatment was available for 41 dogs 
(56.9%) and 14 cats (10.8%). Dogs were treated with a combination of 
praziquantel, pyrantel and febantel every three months (n = 29) or 
milbemycin oxime + praziquantel (n = 12) at unknown intervals. Cats 
were treated with pyrantel (n = 3) with a combination of praziquantel, 
pyrantel and febantel (n = 1) or milbemycin oxime + praziquantel (n =
10) before sampling. The last dewormings were carried out one to six 
months before sampling. 

2.2. Parasitological examinations 

All fecal samples were examined by fecal flotation using zinc sulfate 
solution (specific density: 1.3) with centrifugation (300 xg for 8 min) 
and a larval migration assay using the Baerman funnel method overnight 
(Deplazes et al., 2020). In addition, all samples were examined by 
coproantigen tests (IDEXX SNAP© Giardia; IDEXX; Vienna, Austria, and 
FASTest® CRYPTO Strip, Megacor, Hörbranz, Austria) according to the 
manufacturer’s instructions. 

Twelve fresh fecal samples from cats kept in groups (three from 
shelter A, nine from shelter B, 26 from shelter D) were examined for 
Tritrichomonas foetus using the Feline InPouch® system (Biomed Di-
agnostics, Inc., White City, OR, USA). 

2.3. Molecular analyses of parasite-positive samples 

PCRs of parasite-positive samples were conducted in an Eppendorf 
Mastercycler® Pro, (Eppendorf, Hamburg, Germany). For this, DNA was 
extracted from each sample using the NucleoSpin® Soil kit (Macherey- 
Nagel GmbH, Düren, Germany). Samples positive by PCR were subjected 

to amplicon sequencing on both strands (Microsynth AG, Balgach, 
Switzerland). 

Samples that were positive for G. duodenalis (either by flotation or 
coproantigen test) were analyzed by nested PCRs targeting glutamate 
dehydrogenase (gdh; Cacciò et al., 2008), triose phosphate isomerase 
(tpi; Sulaiman et al., 2003) β-giardin (bg; Tseng et al., 2014). Crypto-
sporidium-positive samples (coproantigen testing) were amplified at the 
18S locus (Ryan et al., 2003) as well as the the glycoprotein 60 (gp 60) 
locus (de Oliveira et al., 2021; Jiang et al., 2020) in a nested PCR. Details 
on the PCR conditions are given in Table 2. After amplification, samples 
were cooled to 15 ◦C until removal from the machine. 

Samples that were positive for hookworm eggs were analyzed by PCR 
of the cytochrome oxidase I (CO I; Fuehrer et al., 2015) in a total volume 
of 25 μl of master mix containing 10 pmol each of primers COI_Nema_fw 
(GAAAGTTCTAATCATAARGATATTGG) and COI_Nema_rv (ACCTCAG-
GATGACCAAAAAAYCAA), 1× GreenTaq reaction buffer (Promega, 
Wisconsin, USA), 25 mM dNTPs each, 5 U Taq-Polymerase (Promega, 
Fitchburg, WI, USA), and 5 μl DNA template extracted as described 
above. Initial denaturation (95 ◦C, 2 min) was followed by 35 cycles of 
denaturation (95 ◦C, 1 min), annealing (50 ◦C, 1 min) and elongation 
(72 ◦C, 1 min, final elongation 5 min). The expected product size was 
660–710 bp. Both hookworm-positive samples were examined after 
direct extraction of DNA from feces and after flotation of eggs from feces 
before DNA extraction using the NucleoSpin® Soil kit (Macherey- 
Nagel). Samples that were positive for taeniid eggs were prepared as for 
hookworm egg differentiation and subjected to PCR targeting the CO I of 
Neodermata (Folmer et al., 1994) with primers COI_Neod_Fw 
(TTTACTTTGGATCATAAGCG) and COI_Neod_Rv (CCAAAAAAC-
CAAAACATATGTTGAA) that target a product of 683–686 bp. Annealing 
temperature was 48 ◦C, otherwise the cycling conditions were the same 
as for the nematodes. 

2.4. Bacteriological examinations 

For bacteriological examination swabs taken from feces samples 
were plated onto MacConkey II agar (for the isolation and differentiation 
of Enterobacteriaceae including E. coli and Salmonella spp.), CIN (Cefsu-
lodin-Irgasan-Novobiocin) agar (for the selective isolation of 
Y. enterocolitica), and Campylobacter blood-free agar (for the isolation of 
Campylobacter spp. including C. jejuni) (all BD Diagnostics, Vienna, 
Austria), using the three-phase streaking method. Plates were incubated 
aerobically at 37 ◦C (MacConkey II agar), 28 ◦C (CIN agar), or micro- 
aerobically at 42 ◦C (Campylobacter blood-free agar) for 48–72 h. Mi-
crobial growth was semi-quantitatively graded as light, moderate or 
heavy depending on the number of isolated colonies in streaking sec-
tions. Colonies were identified to species level by matrix-assisted laser 
desorption ionization – time of flight mass spectrometry (MALDI-TOF 
MS) as previously described (Spergser et al., 2018). For enrichment and 
selective isolation of Salmonella, swabs were also incubated in Buffered 
Peptone Water (BD Diagnostics, Vienna, Austria) at 37 ◦C in ambient air 
for 24 h. After incubation, 100 μl of cultures were transferred to Selenite 
and Rappaport-Vassiliadis R10 broth (both BD Diagnostics, Vienna, 

Table 1 
Examined samples according to animal shelter, animal species and group or individual samples. Individual: samples that could be assigned to individual animals, 
group: anonymous individual samples from animal groups.  

Samples [n] 
Shelter 

Samples from dogs Samples from cats Total  

Individual Group Total Individual Group Total Individual Group Total 

A 0 13 13 3 33 36 3 46 49 
B 27 2 29 41 21 62 68 23 91 
C 0 14 14 5 15 20 5 29 34 
D 12 2 14 7 5 12 19 7 26 
Total 39* 31 70 56 74 130 95 105 200  

* 16 samples from dogs kept in groups could be assigned individually. 
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Austria), incubated at 42 ◦C for 24 h, and subsequently sub-cultured 
onto XLD (Xylose-Lysine-Desoxycholate) agar, incubated aerobically at 
37 ◦C for 24–48 h. Presumed Salmonella colonies were identified by 
MALDI-TOF MS and serotyped at the National Reference Center for 
Salmonella (AGES) in Graz, Austria. E. coli isolates were tested for Shiga 
toxin genes (stx1, stx2) using PCR as described previously (Müller et al., 
2007). 

2.5. Statistical analyses 

Testing for significance was done on a 95% CI with Pearson’s Х2 test 
(nominal data) and the Mann–Whitney-U test (metric data). Correlations 
were calculated using Spearman’s test. All statistical analyses were 
performed using IBM SPSS Statistics 24 (IBM GmbH, Ehningen, Ger-
many). A p-value <0.05 was considered as significant. 

3. Results 

3.1. Parasitological examination and genotyping 

Out of the 200 fecal samples, 62 (31.0%) were positive for at least 
one parasite, 12 samples from dogs (17,1%) and 50 samples from cats 
(38.5%). Seven of the 12 positive canine samples were positive for 
G. duodenalis (one each from shelters A and B, five from shelter C) two 

(shelter A) for hookworms, one (shelter A) for whipworms, two (shelter 
B) for Cystoisospora. 

Four of the 12 positive canine samples originated from shelter A 
(Table 3) that kept their dogs exclusively in groups. Two of these con-
tained hookworm eggs, one whipworm eggs, and one was positive for 
G. duodenalis. The nematode-positive dogs were aged 4–6 years. In 
shelter B, three dog samples were positive, one 10 weeks old puppy shed 
coccidia, one 13 years old dog and one dog of unknown age were pos-
itive for Cystoisospora. In shelter C, five dogs aged 2–13 years were 
positive for G. duodenalis, they all lived in groups. The age of positive 
dogs was known for 10 dogs and ranged from 10 weeks to 13 years [note 
that when the age is not given it was not known]. 

The positive feline samples originated from all four shelters, they 
were positive for G. duodenalis (19 samples) and/or Cryptosporidium spp. 
(8 samples) in rapid tests, Toxocara cati (33 samples), Capillaria hepatica 
(two samples), Cystoisospora spp. (four samples), taeniid eggs (one 
sample) and/or Aelurostrongylus abstrusus (two samples) (Table 5). The 
age of the positive cats was known for nine animals and ranged from two 
months to 11 years. 

The PCR analysis of the 26 G. duodenalis-positive samples returned 
sequences in 13 cases, 12 from cats and one from a dog. The dog sample 
(shelter B) contained G. duodenalis assemblage C (syn. Giardia canis); 10 
cat samples (three from shelter A, three from shelter B and two each 
from shelters B and D) contained assemblage F (syn. G. cati) and two cat 

Table 2 
Details on the nested PCRs for molecular typing of Giardia (A) and Cryptosporidium (B) from feces. R.: round (in nested PCR).  

A: Giardia gene loci 

Locus Glutamate dehydrogenase (gdh) Triose phosphate isomerase (tpi) β-giardin (bg) 

Primers 1st r., 5′ to 3`ends gdh_1F: TTCCGTRTYCAGTACAACTC 
gdh_2R: ACCTCGTYCTGRGTGGCGCA 

AL3543-for: AAATIATGCCTGCTCGTCG 
AL3546-rev: CAAACCTTITCCGCAAACC 

G7: AAGCCCGACGACCTCACCCGCAGTGC 
G759: GAGGCCGCCCTGGATCTTCGAGACGAC 

Primers 2nd r., 5′ to 3`ends gdh_3F: 
ATGACYGAGCTYCAGAGGCACGT 
gdh_4R: GTGGCGCARGGCATGATGCA 

AL3544-for: CCCTTCATCGGIGGTAACTT 
AL3545-rev: GTGGCCACCACICCCGTGCC 
For assemblage D: 
TPIDF: CCGTTCATAGGTGGCAACTT 
TPIDR: GTAGCCACTACACCAGTTCC 

β-GIAR2-F: GAACGAGATCGAGGTCCG 
β-GIAR2-R: CTCGACGAGCTTCGTGTT 

Master Mix [all containing 1× Green Taq reaction buffer; all reagents: Promega] 
Primer 10 pmol each 50 pmol each 10 pmol each 
Additional MgCl2 / 3 mM / 
dNTPs 0.2 mM each 0.2 mM each 0.2 mM each 
Taq polymerase 0.5 U 1.25 U 0.5 U 
DNA template 5 μl 1 μl 5 μl 
Total reaction volume 25 μl 50 μl 25 μl 
Initial denaturation (94 ◦C) 2 min 2 min 5 min 
Cycles: number 

denaturation 
annealing 
elongation 

35 
94 ◦C, 30 s 
60 ◦C (1st r.)/ 58 ◦C (2nd r.), 30 s 
72 ◦C, 60 s (final el.: 7 min) 

35 
94 ◦C, 45 s 
50 ◦C, 45 s (1st and 2nd r,) 
72 ◦C, 60 s (final el.: 10 min) 

35 
95 ◦C, 30 s 
65 ◦C (1st r.)/ 55 ◦C (2nd r.), 30 s 
72 ◦C, 60 s (final el.: 7 min) 

Amplicon size 754/530 bp 605/530 bp 753/511 pb  

B: Cryptosporidium gene loci 
Locus Glycoprotein 60 (gp60) for C. parvum 18 ribosomal DNA (18S) Glycoprotein 60 (gp60) for C. felis 
Primers 1st round, 5′ to 3`ends AL 3531_fw: ATAGTCTCCGCTGTATTC 

AL 3535_rev: GGAAGGAACGATGTATCT 
18SiCF2: GAC ATA TCA TTC AAG TTT CTG 
ACC 
18SiCR2: CTG AAG GAG TAA GGA ACA ACC 

GP60-Felis-F1: TTT CCG TTA TTG TTG CAG TTG 
CA 
GP60-Felis-R1: ATC GGA ATC CCA CCA TCG AAC 

Primers 2nd round, 5′ to 
3`ends 

AL-3532_fw: TCCGCTGTATTCTCAGCC 
AL-3534_rev: GCAGAGGAACCAGCATC 

18SiCF1: CCT ATC AGC TTT AGA CGG TAG G 
18SiCR1: TCT AAG AAT TTC ACC TCT GAC 
TG 

GP60-Felis-F2: GGG CGT TCT GAA GGA TGT AA 
GP60-Felis-R2: CGG TGG TCT CCT CAG TCT TC 

Master Mix [all containing 1× Green Taq reaction buffer; all reagents: Promega] 
Primer 10 pmol each 12.5 pmol each 6 pmol each (1st r.), 12 pmol each (2nd r.) 
Additional MgCl2 6 mM 1.5 mM 2.5 mM 
dNTPs 0.2 mM each 0.2 mM each 0.2 mM each 
Taq polymerase 1.25 U 0.5 U 1.5 U 
DNA template 3 μl 5 μl 1 μl 
Total reaction volume 50 μl 25 μl 50 μl 
Initial denaturation (94 ◦C) 5 min 5 min 5 min 
Cycles: number 

denaturation 
annealing 
elongation 

35 
94 ◦C, 45 s 
59 ◦C (1st r.)/ 50 ◦C (2nd r.), 45 s 
72 ◦C, 1 min (final el.: 10 min) 

45 
94 ◦C, 30 s 
58 ◦C 30 s (1st and 2nd r.) 
72 ◦C, 30 s (final el.: 10 min) 

35 
94 ◦C, 45 s 
52 ◦C, 45 s (1st and 2nd r.) 
72 ◦C, 80 s (final el.: 10 min) 

Amplicon size 879/846 bp 763/587 bp 1.200/900 bp  
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samples from shelter A contained assemblage A (G. duodenalis s.l.). 
Sequencing of the latter two revealed subassemblages A1 at the GDH-, 
A1 at the ß-giardin-, and A4 at the TPI locus (Table 6). The two cat 
samples for the same shelter were identical and clustered with Swedish 
G. duodenalis samples (subassemblage AI) from different hosts including 
humans (Fig. 1). 

Genotyping of Cryptosporidium (nine feline samples from shelters A- 
three samples, two from subadult cats, B-four samples, one from a 
subadult cat, and C-two samples) revealed two Cryptosporidium felis- 
positive samples. The similarity to C. felis from cat was 99.4% (Gen-
bank® accession no. MN394123.1; www.ncbi.nlm.nih.gov/genbank/) 
resp. 94.9% (OL615020.1); the similarity to a C. felis isolate from 

Table 3 
Samples positive for at least one parasite by host species, housing type and shelter.  

Samples [n] Dog samples Cat samples Total 

Shelter Individual Groups Total Individual Groups Total Individual Groups Total 

A 0 4 4 1 15 16 1 19 20 
B 2 1 3 11 8 19 13 9 22 
C 0 5 5 2 8 10 2 13 15 
D 0 0 0 3 2 5 3 2 5 
TOTAL 2 10 12 17 33 50 19 43 62  

Fig. 1. Phylogenetic relationships of Giardia duodenalis assemblage A isolates “Austria cat 123” (see Table 6) with related sequences (ref. Ankarklev et al., 2018; 
Klotz et al., 2022). The tree was inferred by neighbor-joining analysis of concatenated BG, GDH and TPI sequences (blue frame: subassemblage AII-group, red frame: 
subassemblage AI-group). The sequences from the Swedish isolate Cat171 (subassemblage AIII; green frame) were used to create the outgroup. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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humans (MN174093.1) was 99.4% resp. 94.6%. Subtyping for C. felis at 
the gp60 locus was only successful for one of the mentioned two samples 
and revealed subtype XIXa, clustered with other sequences from this 
subtype and showed a 98.7% similarity to a feline C. felis isolate from 
China (ON160043.1). 

PCR for C. parvum or hookworms was unsuccessful. 
The PCR of one sample containing taeniid eggs returned an ampli-

con, and sequence comparison of the amplified cytochrome oxidase 1 
gene sequence revealed high similarities with Taenia taeniaeformis se-
quences in the BOLD database (www.boldsystems.org/; BPHA033–18, 
BPHA023–18, BPHA024–18; all 100% similarity) and in Genbank® 
(JQ663994.1; 99.84%). 

No Tr. foetus could be detected in the InPouch®-analyzed samples. 
In relation to treatment, helminth infections were detected in three 

cats (all positive for T. cati, one additionally for lungworms) that all had 
received milbemycin oxime + praziquantel 40–95 days before sampling. 

3.2. Bacteriological examination and mixed infections with bacteria and 
parasites 

In total, 21 samples (10.5%) were positive for zoonotic enteric bac-
teria, seven from dogs (10%) and 14 (10.8%) from cats. Four samples 
from adult dogs (3.5–12 years, shelter D) were positive for Salmonella 
enterica serovar Coeln (antigenic formula 4,5,12, y: 1,2). Three canine 
samples (two from shelter A, one from shelter B; the latter a puppy of 10 
weeks) and 13 feline samples (two from shelter A, two from shelter B, 
seven from shelter C, and two from shelter D; age range three months to 
two years) were positive for Campylobacter jejuni and one sample from a 
cat at shelter A was positive for Yersinia enterocolitica (Table 4). Mixed 
zoonotic bacterial infections were not found. E. coli was isolated from 
193 feces samples (96.5%). All E. coli isolates (n = 286, representing 
different colony morphotypes per sample) were tested negative for Shiga 
toxin genes (stx1, stx2) using PCR. 

3.3. Mixed infections 

Half of these cat samples were positive for mixed bacterial-parasitic 
infections: the one positive for Yersinia enterocolitica (shelter A) was also 
positive for Cryptosporidium + T. cati. Of the Campylobacter jejuni posi-
tive cats, one was co-infected with G. duodenalis (shelter A, age: two 
years), two with T. cati (one each from shelters A and C), one with 
Cystoisospora (shelter D, 4 months), two with G. duodenalis and Crypto-
sporidium sp. (one from shelter B aged 4 months, one from shelter C), one 
with T. cati and taeniids and one with T. cati and Cystoisospora spp. (both 
from shelter C). One cat from shelter C was coinfected with 
G. duodenalis, Cryptosporidium sp., Cystoisospora spp. and T. cati. 

3.4. Statistical evaluation 

Possible effects of shelter, host species or host age and correlations 
between parasite excretion and detection of bacterial pathogens were 
evaluated. 

While there was no effect of the shelter (p > 0.05) or individual 
keeping vs. animal groups (p > 0.05) for dogs or cats, cat samples were 
significantly more often positive for parasites (39%) than dog samples 
(17%) (p < 0.001), and cat samples positive for bacteria were signifi-
cantly more often positive for parasites; 42% of the animals that shed 
bacteria but only 20% of those that did not excreted bacteria were 
positive for parasites (p = 0.006), while this was not observed for dog 
samples (p > 0.05). For those animals where the age was known (n =
94), it was negatively correlated with parasite shedding when dogs and 
cats were evaluated jointly, with the highest rates in animals less than 
one year (33%) compared to the mean rate of 17% (Spearman’s Rho =
−0,247; p = 0.008), but this effect was not observed for the separate host 
species (p > 0.05). 

4. Discussion 

In the present study, 200 fecal samples from dogs and cats in animal 
shelters in Carinthia, Austria, were examined for parasites and zoonotic 
enteric bacteria. Samples were derived from animals kept individually 
or in groups, so infection rates based on the numbers of animals could 
not be calculated. In addition, only single samples were taken so 
excretion of pathogens at another time points could not be considered. 
Therefore, only the occurrence of the detected parasites but not their 
frequency will be discussed here in the context of the existing literature. 

Although data regarding the origin of the examined animals were not 
routinely available or could not be provided for reasons of data pro-
tection legislation (e.g., for confiscated animals) it can be assumed that 
the southern border of Carinthia is a regular entry for animals origi-
nating from the Mediterranean or the Balkan areas or returning from 
travel to these regions and may also be part of the shelter populations 
investigated here. 

Overall, one third of the samples, mostly from cats, were positive for 
parasites. The most frequent parasite genera detected were Giardia, 
Cryptosporidium and Toxocara. 

The rate of T. cati positive samples in the different shelters ranged 
from 17 to 35%, being considerably higher than previously reported 
from Austrian owned cats. In a study involving 10 European countries 
including Austria with 80 samples, the occurrence of gastrointestinal 
and respiratory parasites in 1990 cats with outdoor access was assessed 
by coproscopy, and 30.8% of them (Austria: 11.3%) were infected with 
at least one parasite, most prevalently by ascarids (16.5%; Austria: 

Table 4 
Zoonotic enteric bacteria isolated from dog and cat samples in four Carinthian 
shelters.  

Samples 
[n] 

Dog samples Cat samples 

Shelter Individual Groups Individual Groups 

A 0 C. jejuni (2) 0 Y. enterocolitica (1) 
C. jejuni (2) 

B C. jejuni (1) 0 C. jejuni (1) C. jejuni (1) 
C 0 0 C. jejuni (1) C. jejuni (6) 
D S. enterica (2) S. enterica (2) 0 C. jejuni (2) 
TOTAL C. jejuni (1) 

S. enterica (2) 
C. jejuni (2) 
S. enterica (2) 

C. jejuni (2) Y. enterocolitica (1) 
C. jejuni (11)  

Table 5 
Details on the parasitological findings in feline samples.  

Shelter  
[n pos. Samples/all samples; 
%] 

Positive samples 

A [7/36; 19.4%] Giardia [1] 
Toxocara [4] 
Cryptosporidium + Toxocara [2] 

B [19/62; 30.6%] Giardia [2] 
Cystoisospora [1] 
Toxocara [9] 
Aelurostrongylus [1] 
Giardia + Cryptosporidium [4] 
Giardia + Toxocara [1] 
Toxocara + Capillaria [1] 

C [10/20; 50%] Giardia [2] 
Toxocara [4] 
Giardia + Cryptosporidium [1] 
Cystoisospora + Toxocara [1] 
Toxocara + Taeniidae [1] 
Giardia + Cryptosporidium + Toxocara +
Cystoisospora [1] 

D [5/11; 41.7%] Cystoisospora [1] 
Toxocara [1] 
Giardia + Toxocara [1] 
Toxocara + Aelurostrongylus [1] 
Giardia + Toxocara + Capillaria [1]  
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2.5%), but also lungworms (10.6%; Austria: 0%), most commonly 
A. abstrusus, coccidia (6.5%; Austria: 3.8%), hookworms (4.5%; Austria: 
0%) and taeniids (1.1%, Austria: 2.5%) were common. Giardia duode-
nalis cysts were detected in 0.7% of all and 2.5% of the Austrian samples 
(Giannelli et al., 2017) which was also lower than in the present study 
with an intra-shelter rate of 3–30% positive feline samples. 

Only two out of nine feline samples positive for Cryptosporidium 
could be typed to species level and were identified as C. felis. Crypto-
sporidium felis is a potentially zoonotic species that can cause diarrheal 
disease in both the animal and the human host and is usually isolated 
from immunocompromised humans (Pedraza-Díaz et al., 2001; Cacciò 
et al., 2002; Beser et al., 2015). Subtyping revealed subtype family XIXa 
which has previously been isolated from humans as well as cats (Jiang 
et al., 2020). Cryptosporidium parvum, a more common zoonotic species, 
usually associated with calves and also present in Austria (Licht-
mannsperger et al., 2020), was not detected. 

Of the G. duodenalis-positive samples, the majority could be geno-
typed, and revealed mostly host-specific genotypes (assemblage C in the 
dog sample and assemblage F in 10 of the 12 cat samples). Two cat 
samples contained putatively zoonotic genotypes. However, the detec-
ted combination could not be assigned to a multi-locus-genotype ac-
cording to the proposal of Cacciò et al. (2008). However, phylogenetic 
analysis of concatenated sequences allowed to allocate this sequence to 
the potentially zoonotic subassemblage AI. A recent study suggested a 
limited zoonotic transmission of subassemblage AI (which contained all 
animal- and few human-derived isolates examined) and an absence of 
animal-derived isolates in subassemblage AII (Klotz et al., 2022). Based 
on these results, potentially zoonotic genotypes must be assumed to be 
present in these two cat samples. This is in accordance with a previous 
study where we predominantly detected assemblage F but also assem-
blage A in four samples of cats in Austria (Hinney et al., 2015). Although 
G. duodenalis-infections in humans in Austria are usually travel-related 
and not zoonotic (Lee et al., 2017), focal transmission of zoonotic ge-
notypes by cats is conceivable for people at risk, e.g. animal caretakers. 

Toxocara cati, the feline roundworm, is a common zoonotic nema-
tode and can induce larva migrans syndrome affecting different organs 
(Fisher, 2003; Jimenez Castro and Sapp, 2020; Maciag et al., 2022). In 
contrast to G. duodenalis and Cryptosporidium, which are immediately 
infectious after excretion, humans become infected by Toxocara via 
ingestion of larvated eggs from the environment – eggs are excreted non- 
larvated and require a temperature dependent period of maturation in 
the environment of several weeks, therefore contact with fresh cat feces, 
e.g. during cleaning of the shelter facilities, is not a risk factor for tox-
ocariasis. However, in light of the infections of a number of cats in the 
enrolled shelters, maintenance of the transmission cycle appears to be 
present, and this may also include the possibility of zoonotic infections 
(Raza et al., 2018). Tocoxara cati is a common parasite both in shelter 

and owned cats in Europe as determined by copromicroscopy (Beugnet 
et al., 2014; Kostopoulou et al., 2017; Symeonidou et al., 2018; Sauda 
et al., 2019; Zottler et al., 2019; Genchi et al., 2021). It was also the most 
prominent parasite detected in a study from Denmark, 84.8% of 900 
necropsied cats with outdoor access harbored adults of this nematode 
(Takeuchi-Storm et al., 2015). Du to the high environmental resistance 
of Toxocara eggs, transmission must be considered to be effective in cat 
populations with subsequent risk of human infections upon ingestion of 
larvated eggs, too (Fisher, 2003). 

Capillaria hepatica (syn. Calodium hepaticum, Hepaticola hepatica), 
was found in the feces of two cats from the same shelter. This round-
worm species has a peculiar lifestyle: Adults dwell in hepatic paren-
chyma and the deposited eggs are not shed into the environment by the 
infected host (most commonly lagomorphs and rodents, rarely other 
mammals including humans) but are excreted in feces of predators after 
ingestion of infected prey and subsequent digestion of liver tissue and 
release of eggs (Fuehrer, 2014a, 2014b. Consequently, the presence of 
eggs in cat feces does not indicate infection of the cat but predation of 
infected animals and is independent of regular deworming. Since 
humans can become infected upon ingestions of eggs (Fuehrer et al., 
2011) the presence of C. hepatica in the premises of this shelter indicate a 
zoonotic risk. 

Other, non-zoonotic parasites detected in the samples include Cys-
tosiospora spp., the host-specific intestinal coccidia of dogs and cats, and 
Tr. vulpis, the canine whipworm, that were not further typed to the 
species level, as well as the feline lungworm A. abstrusus and taeniid eggs 
identified as Taenia taeniaeformis in genotyping. The latter two species 
are transmitted via intermediate (and in case of A. abstrusus, paratenic) 
rodent hosts, and it is noteworthy that the circulation of heteroxenous 
parasites obviously cannot be prevented completely under the highly 
controlled conditions of an animal shelter where dogs and cats are 
regularly dewormed. Interestingly, the cat that shed A. abstrusus was 
located in the same shelter that housed the cats that shed C. hepatica 
eggs, further supporting the impression that rodent control in this place 
was not sufficient. 

The predominance of G. duodenalis and the absence of T. canis in dogs 
is in line with a recent study on parasites of dogs from different districts 
of the Austrian capital Vienna and its surrounding area, where up to 11% 
of samples where G. duodenalis-positive while a surprisingly low prev-
alence of Toxocara canis (up to 2%) was detected in owned dogs (Hinney 
et al., 2017). 

In diagnostic fecal samples submitted to a veterinary diagnostic 
laboratory 2003–2010, Giardia (18.6% in dogs, 12.6% in cats), Toxocara 
(6.1% in dogs, 4.7% in cats), hookworms (2.2% in dogs, 0.2% in cats) 
and coccidia (5.6% in dogs, 6.0% in cats) were the most common par-
asites, and juvenile and subadult animals showed significantly higher 
infection rates with Giardia, Toxocara and coccidia for both species 

Table 6 
Results of genotyping Giardia duodenalis at three different loci (assemblages according to the literature cited in the Methods section). Age of animals is given where 
known in months [m] or years [y]. Only samples that yielded at least one positive result are listed. Empty field: no sequence obtained.  

Host [age] Shelter Subassemblage* MLG** Genotypes [reference sequence Genbank®] 

gdh tpi bg 

Dog B    C C 
Cat A AI novel A1 [KJ027433] A4 [GQ329677] A [MK862315] 
Cat A AI novel A1 [KJ027433] A4 [GQ329677]  
Cat [6 y] A   F F F 
Cat [2 y] A   F F F 
Cat [13 y] A   F F F 
Cat B   F F  
Cat B   F F F 
Cat B   F F  
Cat C   F F F 
Cat C   F F F 
Cat D   F F  
Cat D   F F F 

*according to phylogenetic analysis of concatenated sequences. **multilocus genotyping according to Cacciò et al., 2008; only for assemblage A genotypes. 
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(Barutzki and Schaper, 2011). This was in agreement with a previous 
study form the same authors for the period of 1999–2002 when Giardia 
was the most prominent parasite in dogs (16.6%) and cats (12.6%) 
followed by Toxocara (7.2% in dogs, 6.4% in cats), coccidia (7.0% in 
dogs, 5.4% in cats) and hookworms in dogs (2.8%) but not in cats 
(<0.5%) (Barutzki and Schaper, 2003). A more detailed evaluation by 
the same authors (Barutzki and Schaper, 2013) later revealed that 
within the first year of life, Toxocara, Giardia and coccidia are most 
common; they first occur from the third to the fifth week of life and peak 
around that time, and coinfections are common up to six months. Giardia 
occurred in different assemblages including the zoonotic assemblages A 
(G. duodenalis) and B (G. enterica) in owned cats and dogs in Germany 
(Pallant et al., 2015). 

In a study comparing parasites of shelter dogs more globally (Raza 
et al., 2018) Giardia was described as the most prevalent parasite of 
shelter dogs from Rome with 55.3% of the samples but the authors of 
this review put this down at least in part to the high sensitivity of the 
used ELISA technique. This was also debated for Cryptosporidium 
(37.9%) in Romania. In Spain high prevalences were detected by PCR for 
Giardia (Ortuño et al., 2014), so prevalence rates cannot be compared 
well between studies due to analytical differences. 

Overall, it therefore appears that the parasite spectrum of the shelter 
animals was similar to that of owned dogs or cats with or without out-
door access, however, compared to previous studies (Barutzki and 
Schaper, 2003, 2011, 2013) an age relation was not seen in all cases – 
infections with Cystoisospora were detected in animals less than six 
months of age, while infections with Giardia and Toxocara occurred in 
cats younger than one year but also frequently in adult and even in older 
cats. The uneven age distribution of the study population with a much 
higher rate of young cats vs. young dogs, however, must be considered 
as a possible confounder in this study. Infection in older animals signifies 
the capability of directly transmitted parasites to remain in a contami-
nated environment and re-infect animals continuously. It must therefore 
be assumed that on premises with a turnover of animals from different 
age groups, like in a shelter, cleaning and disinfection as part of the 
hygiene regime is not sufficient to prevent reinfections, and that regular 
treatment, as recommended by ESCCAP (2021; https://www.esccap. 
org/guidelines/gl1/), must also be part of the routine to prevent trans-
mission among sheltered animals, in the present case especially of cats. 

In this study samples of shelter animals were also examined for 
zoonotic enteric bacteria focusing on the four most common causes of 
zoonoses in the European Union, namely C. jejuni S. enterica, 
Y. enterocolitica, and Shiga toxin-producing E. coli (STEC) (EFSA (Euro-
pean Food Safety Authority) and ECDC (European Centre for Disease 
Prevention and Control), 2022). Although foodborne exposure is the 
most common route of human transmission, these zoonotic bacterial 
pathogens can also be transmitted by direct contact with the feces of 
infected animals, and dogs and cats have been identified as possible 
source of human infection (Hetem et al., 2013; Mughini Gras et al., 
2013; Hoelzer et al., 2011; Damborg et al., 2004; Wolfs et al., 2001). 
Overall, 21 (10.5%) feces samples were positive for zoonotic enteric 
bacteria in our study indicating that apparently healthy shelter animals 
may serve as reservoirs for these bacteria and could pose a hazard for 
future owners and an increased occupational risk for animal caretakers. 
In fact, intermittent excretion of zoonotic enteric bacteria in asymp-
tomatic carriers and detection of these bacteria in pooled samples from 
animals kept in groups suggest prevalence rates even higher than the 
rates of occurrence determined in our study. Interestingly, there was a 
strong correlation between the presence of bacteria and parasites in 
feline samples. While the life history of the individual cats could not be 
obtained, it can be speculated that these animals had a simultaneous 
high exposition to environmental stages of both pathogen groups, and 
possibly also a high disposition for enteral infections, showing that in-
dividual risks also play a role in infection and excretion dynamics. 

Campylobacter jejuni was the most prevalent zoonotic bacterial 
pathogen isolated from 3 (4.3%) dog and 13 (10%) cat samples. 

Estimates of Campylobacter ssp. (including C. upsaliensis, C. helveticus, 
and C. jejuni) carriage among dogs and cats varied widely in previous 
work, depending on the age of the animals, housing conditions (shelter 
versus household pets), the absence / presence of intestinal disease, 
season, diet, and the detection method utilized (Acke, 2018). Studies 
performed in the last ten years in Europe and North America revealed 
prevalence rates of C. jejuni in healthy dogs ranging from 2.2 to 13.6% 
whereas in healthy cats C. jejuni carriage was between 4.4 and 8.5% 
(Lemos et al., 2021; Verma et al., 2021; LaLonde-Paul et al., 2019; 
Pölzler et al., 2018; Leahy et al., 2017; Giacomelli et al., 2015; Procter 
et al., 2014; Andrzejewska et al., 2013). In some of these studies, risk 
factors for C. jejuni infection have been identified including intensive 
housing (shelter) of dogs in the USA and Italy (Leahy et al., 2017; Gia-
comelli et al., 2015) and younger age of Austrian cats substantiated by 
significantly higher prevalence rates in juvenile cats <1 year of age 
(14.3%) than in adult cats (3.8%) (Pölzler et al., 2018). An age- 
dependent carriage of C. jejuni in cats has also been noted in our study 
since all samples positive for C. jejuni originated from animals aged 
between three months and two years. 

Salmonella enterica was the second most prevalent zoonotic bacterial 
pathogen isolated from four (5.7%) of 70 dog samples which was within 
the prevalence rates of 1.9 and 8.3% previously reported for shelter dogs 
in the USA (Leahy et al., 2016, Tupler et al., 2012). All Salmonella iso-
lates in the presented study were identified as S. enterica serovar Coeln 
and only occurred at the very end of the study period in shelter D (in two 
dogs kept in two different groups and in two dogs individually housed) 
indicating point source transmission during shelter stay via environ-
mental contamination rather than dog-to-dog transmission. Estimates of 
fecal Salmonella shedding in healthy pet dogs varied considerably across 
previous studies, depending on the dog population, geographic location, 
housing conditions, feeding habits, and time of sampling, ranging from 
approximately 1 to 36% (Wei et al., 2020; Kiflu et al., 2017; Reim-
schuessel et al., 2017; Leahy et al., 2016; Procter et al., 2014; Leonard 
et al., 2011; Sanchez et al., 2002). Risk factors identified for Salmonella 
carriage among dogs in Canada included consumption of raw meat and 
contact to livestock (Leonard et al., 2011; Lefebvre et al., 2008), how-
ever, none of these risk factors applied for the dogs tested positive for 
Salmonella in our study. Detection of a single Salmonella serovar (S. 
Coeln) is at variance with the high degree of serovar diversity found 
among dogs in previous studies. Serovars most commonly isolated from 
dogs in the USA, China, and Canada included S. serovar Typhimurium, 
S. serovar Kentucky, S. serovar Indiana, S. serovar Heidelberg, S. serovar 
Newport, and S. serovar Javiana (Wei et al., 2020; Reimschuessel et al., 
2017; Leahy et al., 2016; Leonard et al., 2011; Lefebvre et al., 2008). To 
our knowledge, Salmonella Coeln has never been reported to occur in 
dogs and has only been scarcely associated with human salmonellosis 
(Vestrheim et al., 2016; Haeghebaert et al., 2001). However, S. Coeln 
has been isolated in high frequency (21.8%) in wild boars in northern 
Italy (Chiari et al., 2013), adjacent to Carinthia where our study has 
been performed. Salmonella was not detected in any of the cat samples 
examined which is in accordance with significantly lower carriage rates 
(0.6 to 1.8%) in cats than those determined for dogs in previous studies 
(Wei et al., 2020; Reimschuessel et al., 2017). 

In the presented study, Y. enterocolitica could only be isolated from 
one fecal sample originating from two cats that were kept together. This 
low prevalence of Y. enterocolitica in cats agrees with two European 
studies revealing Y. enterocolitica in 0.3 and 3% of samples from healthy 
cats, respectively (Stamm et al., 2013; Bucher et al., 2008). In healthy 
dogs, however, much higher Y. enterocolitica carriage rates ranging from 
4.6% to 9.8% (Europe, China) have been described (Liang et al., 2015; 
Stamm et al., 2013; Bucher et al., 2008) which contradicts the 
Y. enterocolitica negative results for dog samples in our study. None of 
the E. coli isolates (n = 296) recovered from dog and cat samples tested 
positive for the Shiga toxin genes stx1 and stx2. Comparatively little is 
known about STEC carriage in dogs and cats. However, two studies from 
Austria and Germany revealed STEC prevalence rates of 2.2 and 4.8% in 
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healthy dogs, and 0.7 and 13.8% in healthy cats, respectively (Franiek 
et al., 2012, Beutin et al., 1993. 
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