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Abstract: Cats are important hosts for different zoonotic parasites that can be hazardous to human health. To date, few studies have at-
tempted to identify the factors affecting parasitic infections in shelter animals. This study aims to analyse the presence of endoparasites
in shelter cats in Tartu, Estonia, and identify factors affecting endoparasite prevalence and intensity. The risk factors considered were
age, location (urban vs rural cats) and time spent in shelter. In total, 290 faecal samples were collected from cats at an animal shelter
in 2015-2016 and investigated for endoparasites using the concentration flotation technique. In total, 138 shelter cats (47.6%) were
infected with endoparasites and their overall prevalence was: Toxocara cati (36.6%), Cystoisospora spp. (12.4%), Taeniidae gen. sp.
(4.1%), Toxoplasma gondii/Hammondia hammondi (3.4%), Eucoleus aerophilus (2.1%), Cryptosporidium spp. (2.1%), Ancylostoma
sp. (0.7%) and Giardia sp. (0.7%). Coinfections occurred in 38 cats (13.1%) most frequently of 7. cati and Cystoisospora spp. (4.5%),
Cystoisospora spp. and T. gondii/H. hammondi (2.1%). Where species identification of cestode and nematode samples was not possible
according to morphology, genetic analysis of the mitochondrial cox/ gene was carried out. DNA was successfully analysed for 6 out
of 13 samples that required genetic identification, revealing Ancylostoma tubaeforme in one nematode sample and Hydatigera taeni-
aeformis in five cestode samples. Cats from rural areas had significantly higher endoparasite prevalence than cats from urban areas.
Helminth prevalence decreased to some extent due to anthelmintic treatment in cats available for adoption (held >15 days in the shel-
ter), whereas the prevalence of infection with protists increased significantly in these animals. It is important to note that the analysis
revealed lower infection intensity for quarantine cats (held 1-14 days in the shelter) compared with cats available for adoption. The
relatively high prevalence of endoparasites (including zoonotic) in shelter cats ready for adoption suggests that current anthelminthic

procedures require improvements.
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Free-ranging cats host a wide range of zoonotic endo-
parasites (Overgaauw et al. 2009, Otranto et al. 2015, Kost-
opoulou et al. 2017) from protists to helminths, e.g., Cryp-
tosporidium felis 1seki, 1979, Toxoplasma gondii (Nicolle
et Manceaux, 1908), Giardia duodenalis (Lambl, 1859) as-
semblage A, Toxocara cati (Schrank, 1788), Echinococcus
multilocularis Leuckart, 1863, Hydatigera taeniaeformis
Batsch, 1786 and Eucoleus aerophilus (Creplin, 1839) (Le-
oni et al. 2003, Deplazes et al. 2004, Gates and Nolan 2009,
Suzuki et al. 2011, Wyrosdick et al. 2017). These zoonotic
endoparasites pose a serious threat to human health, espe-
cially to children who often come into close contact with
cats and play in areas that may be contaminated by parasite
eggs and oocysts (Talvik et al. 2006, Schurer et al. 2013,
Lassen et al. 2016). In general, studies to date suggest that
the main risk factors associated with endoparasite infection
in cats are a free-ranging lifestyle, living in a rural environ-

ment and a young age (Mircean et al. 2010, Becker et al.
2012, Nijsse et al. 2016, Zottler et al. 2019). Furthermore,
hunting, consumption of raw or undercooked meat and older
age are the key risk factors for 7. gondii infection, and being
from multi-cat households or cattery is a risk factor for Gi-
ardia sp. (Jokelainen et al. 2012, Deksne et al. 2013, Must et
al. 2015, Blasco et al. 2017).

Previous studies have demonstrated a high prevalence
of zoonotic endoparasites in stray cats (Becker et al. 2012,
Villeneuve et al. 2015, Blasco et al. 2017). Information on
the prevalence of feline gastrointestinal parasites, especial-
ly those of zoonotic importance, is important for protecting
shelter staff and cat owners, and represents fundamental in-
formation for veterinarians and the authorities responsible
for the controlling and preventing zoonotic diseases. How-
ever, no studies on the fauna of endoparasites in shelter cats
have been carried out in Estonia. This study aims to: i) de-
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termine endoparasite prevalence and identity in cats at the
Tartu Animal Shelter, which is one of the largest shelters in
southern Estonia; and ii) identify the factors affecting endo-
parasite prevalence and intensity of infection in shelter cats.

MATERIALS AND METHODS

The animal shelter

During the study period, over a thousand captured cats from
nearby counties and towns were hosted at the Tartu Animal Shel-
ter (58.390684N, 26.746292E) (Statistics of Tartu Animal Shelter
2019). Most of the captured cats were stray or abandoned, and
only a minority of cats were brought in by private individuals
(these were excluded from the analysis). On the first or second
day after arrival at the shelter, cats are treated with Vitaminthe®
(Virbac Laboratories SA, France), which is an oral, broad-spec-
trum anthelmintic in paste form for cats and dogs. This drug con-
tains two active ingredients, of which the niclosamide (120 mg/
kg) acts against tapeworms and oxibendazol (15 mg/kg) against
the adult and larval stages of roundworms, whipworms and hook-
worms. If clinical signs related to protozoan infection occur (di-
arrhea, vomiting, weight loss, lethargy etc.), treatment with met-
ronidazole (50 mg/kg) is used against protozoa. According to the
shelter policy, cats are kept in quarantine for 14 days, after which
period they are available for adoption. Most of the adult cats are
held in separate cages, though some are held together in groups
consisting of 2—4 individuals. Kittens are located with females
or in separate smaller cages. During the daily cleaning process,
some kittens and adults are let out of their cages to socialise and
play with one another. All ethical requirements stipulated in Esto-
nian law were met by the shelter.

Sample collection and faecal examination

Shelter cat faecal samples (N = 290) were collected from
August 2015 to October 2016. Faecal samples were collected in
the morning up to three times a week from randomly selected
cats before cleaning the litter trays. All samples were placed into
a separate plastic bag and tagged with the unique ID given to
each cat on arrival at the shelter, which also helped to prevent
resampling the same animals. Pooled samples were also taken
from kitten (belonging to the same litter) cages. Collected fae-
cal samples were deep frozen at -80 °C for a minimum of seven
days to inactivate eggs of Echinococcus multilocularis, which is
endemic in Estonia (Moks et al. 2005, Laurimaa et al. 2015a, b).
After thawing the samples, the sodium chloride (NaCl, specific
gravity = 1.2 g/cm?) concentration flotation technique (Roepstorff
and Nansen 1998) was used, followed by parasite egg counting
in each McMaster chamber and identification based on morpho-
logical characteristics (Pavlasek and Ryan 2007, Khatat et al.
2016, Dubey 2018, Tokiwa et al. 2018, Greenwood 2020). The
total number of eggs per gram of facces (EPG) was calculated by
multiplying the number of eggs in both sides of the chamber by a
coefficient of 20 (Roepstorff and Nansen 1998). Positive samples
with endoparasite eggs in the McMaster chamber were washed
with distilled water droplets (using a 3 ml plastic pipette) into 2
ml tubes filled with 70% ethanol solution and stored at -20 °C.
Endoparasite prevalence was defined as the proportion of all par-
asitic oocysts/eggs in faecal samples, and infection intensity was
determined as the number of oocysts/eggs per gram in a sample.
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Molecular diagnostics

Molecular methods were used to identify eggs of tapeworms
(species of Taenia Linnaeus, 1758) and nematodes (Ancylosto-
ma Dubini, 1843) to the species level. Single eggs of these ces-
tode and nematode taxa were first pipetted onto micro slides into
distilled water droplets and subsequently isolated with a pipette
into 1.5 ml tubes for DNA analysis. DNA extraction and PCR
were performed in a laboratory dedicated to analysis of samples
with low quantities of DNA. The DNA was extracted using the
High Pure PCR Template Preparation Kit (Roche Diagnostics
GmbH, Germany) according to the manufacturer's instructions.
Specific new primers were designed for the mtDNA COI gene
for both cestodes (CesCox1F-TGATCCGTTAGGTGGTGGTGA
and CesCox2R-ACCCTAACGACATAACATAATGAAAATG,
yielding a PCR product of 506 bp in length) and nematodes
(NemCox1F-CTATGATTGGTGGTTTTGGTAATTGA and Nem-
Cox1R-ATAATGAAAATGACTAACAACATAATAAG; 917 bp).
The PCR and sequencing procedures followed Saarma et al.
(2009). Briefly, PCR was performed in a total volume of 20 pl
containing 3 pl of purified genomic DNA, 5 pmol of each prim-
er, 1 X BD Advantage 2 PCR buffer (BD Biosciences, Franklin
Lakes, NJ, USA), 1U BD Advantage 2 Polymerase mix and 0.2
mM dNTP (Thermo Fisher Scientific, Waltham, MA, USA). PCR
amplifications without DNA were used as negative controls. The
PCR conditions were as follows: 1 min-denaturing step at 95 °C,
followed by 10 cycles of 20 s at 95 °C, 45 s at 60 ° C (the anneal-
ing temperature reduced by 0.5 °C in each step) and 2 min at 68
°C, followed by 27 cycles of 20 s at 95 °C, 45 s at 55 °C and 2
min at 68 °C. Of the 20 ul PCR products, 10 ul were examined
on 1.4% agarose gel electrophoresis and the remaining 10 pl were
purified with the mix of 1U of FastAP Phosphatase and 1U of Ex-
onuclease I (Thermo Fisher Scientific). For all positive samples
both DNA strands were sequenced using the same primers as for
PCR. Quality checking and sequence assembly were conducted
manually using the program CodonCode v6.0.2, and Nucleotide
BLAST was used to search for homologous sequences.

Statistical analysis

Information about the time and initial capture location, sex,
anthelmintic treatment and age was written on an ID-card for
each cat brought to the animal shelter. The dependent and in-
dependent variables were divided into seven categories that are
explained in Table 1. Proportions were compared using Chi-
squared tests of independence to determine predictor variables
associated with overall endoparasite prevalence (Table 2). If one
or more cells in the 2 x 2 tables had expected values of less than
5, Fisher’s exact test was used. Statistical modeling was used to
evaluate risk factors (location, age, time and sex; Table 2) associ-
ated with overall endoparasite prevalence (N = 290), coinfection
prevalence (N = 190) and infection intensity (N = 290). We also
estimated how these aforementioned risk factors associate with
the prevalence and intensity of individual parasite taxa (Table 2).
Furthermore, a distinct group of potentially directly transmittable
endoparasites was formed consisting of Toxoplasma gondii/Ham-
mondia hammondi (Frenkel et Dubey, 1975), Cryptosporidium
spp., Giardia sp., Cystoisospora spp., Toxocara cati and Eucoleus
aerophilus (Online Resource 4).

Because of the large standard errors, Firth's bias reduced logis-
tic regression (R package ‘logistf”— Heinze and Ploner 2018) was
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Fig. 1. Total endoparasite prevalence among shelter cats from an animal shelter in Tartu, Estonia

used to model the relationship between coinfection prevalence
and a set of explanatory variables including age, location and the
time spent in the shelter. The variable ‘sex’ was dropped from the
overall models of endoparasite prevalence and intensity due to
nonsignificant differences between the sexes. Generalised linear
models (package “glmmTMB”, Brooks et al. 2017) with a bino-
mial error distribution were used for evaluating overall and single
endoparasite prevalence. Models with a negative binomial error
distribution were used for assessing the factors influencing en-
doparasite intensity among shelter cats. Statistical analyses were
performed in R (R Core Team 2020). Models were compared us-
ing the Akaike information criterion corrected for small samples
(AICc) (Burnham and Anderson 2004). Package “MuMIn” (Bar-
ton 2019) was used for conducting model selection and model
averaging. Here, we describe only models with the highest Akai-
ke weight wi(AIC) (AAICc<2). Models with lower weights and
statistics for intensity and (co)infection models can be found in
Online Resource 1-4.

RESULTS

Parasite identification, prevalence, coinfection and
intensity

Parasitological examination revealed that 47.6%
(138/290; 95% CL 41.8-53.4) of the shelter cats were in-
fected with endoparasites (Table 3). Single infections were
significantly (p < 0.0001) more common (34.5%) than in-
fections with two (11.7%), three (1.0%) or four (0.3%) en-
doparasite species. Overall, coinfection occurred in 13.1%
(38/290; 95% CL 9.2-17.0) of examined cats. More than
half (91/160; 95% CL 49.1-64.6) of cats infected with
endoparasites were from rural areas, compared to 36.2%
(47/130; 95% CL 27.8-44.5) of the urban cats (Table 3).
There was a significant difference in infection prevalence
between the rural and urban cats (p = 0.0006).

On the basis of morphological and genetic analyses, we
identified Ancylostoma tubaeforme (Zeder, 1800), Toxo-
cara cati, Eucoleus aerophilus, Giardia sp., Cryptosporid-
ium spp., Toxoplasma gondii/Hammondia hammondi,
Cystoisospora spp., Hydatigera taeniaeformis and Taenii-
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dae gen. sp. Over a third (36.6%; 95% CL 31.0-42.1) of
the examined shelter cats excreted eggs of zoonotic 7. cati
(106/290) (Table 2). Mean infection intensity ranged from
20 to 5,195 EPG/OPG (Table 2).

Highest prevalence was estimated for 7. cati (36.6%),
followed by Cystoisospora spp. (12.4%), Taeniidae gen.
sp. (4.1%), T. gondii/H. hammondi (3.4%), E. aerophilus
(2.1%), Cryptosporidium spp. (2.1%), Ancylostoma sp.
(0.7%) and Giardia sp. (0.7%) (Fig. 1). The highest coin-
fection prevalence was revealed for 7. cati/Cystoisospora
spp. (4.5%), Cystoisospora spp./T. gondii/H. hammondi
(2.1%), T. cati/E. aerophilus (1.4%) and T. cati/ Taeniidae
gen. sp. (1.0%) (Fig. 2).

Risk factors associated to endoparasite infection

The best endoparasite prevalence model (model aver-
age of models with AAICc<2) revealed that urban cats had
lower parasite infection prevalence than rural cats (B,
san = -0-9, SE=0.3,p <0.001). Quarantine cats (1-14 days
in shelter) had lower endoparasite infection prevalence
(BQUARANTINE =-0.5, SE=0.3, p=0.03) compared with cats
ready for adoption (>15 days in the shelter) (Online Re-
source 3).

Rural cats in quarantine had significantly higher en-
doparasite infection prevalence with directly transmitta-
ble endoparasites than urban cats in quarantine (x> = 5.5;
p = 0.01; all Chi-squared tests between potentially directly
transmitted endoparasites and time spent in shelter by loca-
tion are available in Online Resource 4).

Young cats had significantly higher endoparasite in-
fection prevalence with 7. cati (p = 0.7, SE = 0.3,
p = 0.01) and with helminths (B, ;= 0.5, SE = 0.3,
p = 0.04) than adult cats (Table 2). Young cats had signif-
icantly lower infection prevalence with 7. gondii/H. ham-
mondi than adult cats (B, = -2.8, SE = 1.5, p = 0.003)
(Table 2). Urban cats had significantly lower endoparasite
infection prevalence with Taeniidae gen. sp. (B = -2-1

SE= 1.1, p=0.04), T cati B,,...=-1.0, SE= 0.3, p <

URBAN

0.001) and with total helminths (B =-1.0,SE=0.3,p

URBAN

< 0.001) than rural cats (Table 2). Endoparasite infection

YOUNG
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Table 1. Predictor variables used in the logistic regression analyses.
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Predictor variable Response variable Predictor categories Explanation

stray cats captured by shelter staff in urban or rural environments and taken to the

no infection (0) or infected (1) with endoparasites

less than a year or over one year old cats

Location - rural, urban shelter

- Infection occurrence 0 or 1

Sex - male, female male or female cat
Age - young, adult

Time - 1-14 days, >15 days

- Coinfection occurrence 0 or 1
- Infection intensity 0-46,020

Time spent in the shelter: quarantine group (1-14 days) and cats ready for adoption
(=15 in the shelter)

Cats infected with none (0) and more than one (1) endoparasite species
The sum of parasite eggs/oocysts counted in both McMaster chambers (EPG/OPG)

prevalence with Cystoisospora spp. (BQU Aranting =~ 135
SE = 0.4, p = 0.001) and with total protozoa (B,,px.
e -0-8, SE=10.3, p = 0.01) was significantly less com-
mon in quarantine cats than in cats ready for adoption
(Table 2). Infection prevalence with Cryptosporidium spp.
(BQUARANTINE= 2.3, SE = 1.5, p = 0.03) and with E. aero-
philus (BQUARANTINE= 2.3, SE = 1.4, p = 0.03) was more
common in quarantine cats than in cats ready for adoption
(Table 2). Male cats had significantly lower infection with
E. aerophilus (B, .= -2.3, SE = 1.4, p = 0.04) compared
with female cats (Table 2).

Coinfection prevalence with endoparasites was signif-
icantly lower among urban than rural cats (B .= -1-3
SE = 0.4, p = 0.0005) (Online Resource 2). Models also
indicated that young cats were more frequently coinfected
with multiple endoparasite species, compared with adult
cats (B, ng= 0-3, SE = 0.4, p = 0.4). Similarly, a non-sig-
nificant trend suggested that quarantine cats less frequent-
ly exhibited coinfections, compared with cats ready for
adoption (B, spanme = “0-4 SE = 0.4, p = 0.3) (Online
Resource 2).

The best infection intensity model revealed 2.7
times higher infection intensity for young shelter cats
(Byoung = 1.0, SE = 0.4, p = 0.02) than for adults (Online
Resource 1). The intensity model showed lower infection
intensity for quarantine cats (BQU arantg — 0.6, SE = 0.4,
p = 0.09) compared with cats available for adoption (On-
line Resource 1).

Molecular diagnostics

DNA was successfully extracted and amplified from 6
of 13 samples. Of these, five samples were identified as
H. taeniaeformis (initially identified as Taeniidac gen.
sp.) and one as Ancylostoma tubaeforme (initially a hook-
worm). The H. taeniaeformis sequences showed > 99%
identity match according to the Nucleotide BLAST search
and were divided into three haplotypes (Online Resource
5). The sequence of A. tubaeforme had 98.4% identity
match. All mtDNA coi sequences are available in GenBank
under accession codes MT407624-MT407626 for different
haplotypes of H. taeniaeformis and MT407597 for A. tu-
baeforme.

DISCUSSION

The overall prevalence of endoparasite infection among
shelter cats estimated in this study (47.6%) was higher
than the corresponding figures reported by the majority of
analogous studies. For example, in Australia overall prev-
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alence was 8.3% (McGlade et al. 2003), in Switzerland
21.8% (Zottler et al. 2019), in Canada 31.8% (Villencuve
et al. 2015) and in Germany 33.6% (Becker et al. 2012).
However, a higher prevalence rate was recorded in a shel-
ter in Catalonia, Spain (57%, Blasco et al. 2017). It is dif-
ficult to pinpoint the exact reasons for this variation, but
likely candidates are the overall levels of hygiene and the
efficacy of anthelmintic treatments and/or consumption of
anthelmintics. In Estonia, the high parasite prevalence may
be characteristic of the Tartu Animal Shelter, and further
studies are needed to obtain broader estimates for animal
shelters throughout Estonia.

Helminths with zoonotic potential

Over a third of examined shelter cats in our study
(36.6%) excreted parasitic stages of zoonotic Toxocara
cati — one of the most prevalent zoonotic gastrointestinal
parasite worldwide (Gracenea et al. 2009, Becker et al.
2012, Loftin et al. 2019), causing toxocariasis in humans,
mainly in young children (Despommier 2003). In addition
to cats it is also relevant to emphasise that dogs, foxes and
raccoon dogs are primary hosts for zoonotic geohelminths
(Toxocara spp. and Uncinaria stenocephala Railliet, 1884)
present in Estonian rural and urban areas (Plumer et al.
2014, Laurimaa et al. 2016a,b, Tull et al. 2020).

We also recorded helminths that have only in rare cases
infected humans, i.e. Hydatigera taeniaeformis, Ancylos-
toma tubaeforme and Eucoleus aerophilus (see Rossin et
al. 2004, Altreuther et al. 2005, Lalosevi¢ et al. 2008). Our
study found for the first time in Estonia A. tubaeforme in
cat faecal samples; it is a widespread cat parasite through-
out the world. Ancylostoma tubaeforme feeds on blood in
the small intestine and heavy infections can lead to anemia
and may be fatal for cats (Altreuther et al. 2005). Laurimaa
et al. (2016b) found that 30% of raccoon dogs were infect-
ed with E. aerophilus. Moreover, majority of the examined
red foxes (87.6%) harboured that parasite (Laurimaa et al.
2016a). Our findings of T cati, H. taeniaeformis, A. tubae-
forme and E. aerophilus in cats from different locations,
especially from rural areas, indicate coexisting sylvatic and
synanthropic cycles, and imply a simple transmission route
of zoonotic parasites between definitive and intermediate
or reservoir hosts in the environment. Therefore, domestic
cats, rather than wild carnivores, could pose a greater risk
for humans because of their close contacts with humans.
The lack of accurate diagnostics or infrequent diagnosis
of the aforementioned endoparasites may result in higher
numbers of infected humans. Therefore, health workers
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Table 2. Endoparasite (co)infection prevalence in cats (N = 290) from Tartu Animal shelter according to their age, capture location,
availability for adoption and sex. In each column, the first number indicates the number of infected cats (N) and the second number
represents the infection prevalence (%). The minimum, maximum and mean intensities of endoparasite eggs per gram are shown in the

last two columns.

Age Location Time Sex! , Mean
Total fre- . intensity
Catsin  Cats for uency. % Min-max =+ standard
Young Adult Rural  Urban** varantine adontion emale Male qN _ 2y§0°EPG/OPG deviation
(N=120) (N =170) (N = 160) (N = 130) uar: option = 148) (N = 104) ( ) (EPG/
(N=169) (N=121) he)
2290
Ancylostoma sp. 0 2(12)  2(1.3) 0 2(1.2) 0 2(1.4) 0 (07 80-340 210184
Cryptosporidium spp. 201.6)  4Q24) 425 2(1.5 4Q4* 2(17) 320 2(19) (E/Z%?;) 40-15,000 zfggﬁ
Eucoleus aerophilus 2006) 424 531 108 636)* 0 427 0% 6(/22?5) 20 20
Giardia sp. 10.8)  1(0.6) 2(1.3) 0 2(12) 0 0 2(1.9) 2(622;) 20-120 70+ 71
Cystoisospora spp. 14(11.7) 22(12.9) 23 (14.4) 13 (10.0) 12 (7.1)** 24 (19.8) 16 (10.8) 14 (13.5) 3(‘]5/222? 2046020 Y0357
Taeniidae gen. sp. 7(58) 5(29) 11(69) 1(0.8)** 10(5.9) 2(17) 427 4(3.9) ‘(24{219)0 20-300 82+94
Toxocara cafi 54(45.0)% 52(30.6) T3(456) (55 fg*** 56 (33.1) 52(43.0) 52 (35.1) 35(33.7) 1?366/269)0 20-29.800 %30
Toxopl dii/H - 10/290
dfﬂ’;yﬁfn’"o‘; glf’” wiammon- - gxx - 10(5.9) 4(2.5) 6(4.6) 4(24) 6500 427 6(58) () 202,160 374:+694
Total helminths 63 (52.5)* 63 (37.2) 91 (56.9) (26393*** 74 (43.8) 52 (43.0) 62 (41.9) 39 (37.5) 1(131§235’)0 20-29.800 %032
Total protozoa 17 (14.2) 37(21.8) 33(20.6) 21(162) 22(13)* 32(26.5) 23(15.5) 22(212) ‘E?/Szg? 20-46,020 353
T cati + Cystoisosporaspp. 8 (6.7)  5(2.9) 11(69)% 2(1.5) 4(24) 9(74) 6@&1) 439 13290 g5 90120 3109+
(4.5) 6,584
Cystoisospora spp. + T. gon- 6/290 - 3,740 +
Cystoisospora sp 0 635 106 569 318 325 204 469 T se-15340 Y
T cati + E. aerophilus 2016) 2(12) 3(19) 1(0.8) 4(2.4) 0 3(2.0) 0 ‘}/12'?‘;) 860-9,440 353&*
) ; 3290 2340- 3453+
T cati + Taeniidae 2(1.6)  1(0.6) 3(1.9) 0 3(1.8) 0 2(1.4) 0 L0 Zaeb  iess
T. cati + H. taeni ' 3/290 840 +
ETCé“ aeniacformis 108  2(12) 2013 108 2(12) 108 2014 100 o 402160 s
T. cati + Cryptosporidium 1/290
spp. + Taeniidac + Cysioisos- 1 (0.8) 0 1(0.6) 0 0 1(0.8) 0 0 04y 46020 -
pora spp. ’
T. cati + E. aerophilus + H. 1/290
e s 0 1(0.6) 1(0.6) 0 1(0.6) 0 0 0 (00 140 -
T. cati + Giardia sp. + 1/290
I cati * ¢ 1(0.8) 0 1(0.6) 0 1(0.6) 0 0 LA0)  (gay 8280 -
STI')pC_‘”" *+ Cryptosporidium ¢ g) 0 1(0.6) 0 1(0.6) 0 1(0.7) 0 1(322;) 3,880 -
Toxocara cati + Toxoplasma 1/290
e o 0 100.6) 1(0.6) 0 0 1008)  1(0.7) 0 Oay 320 -
Cryptosporidium spp. + T. 1/290 ~
pese Ay 0 1006) 1(0.6) 0 0 1(0.8) 0 LA0) (g 16000
Cystoi .+ Tacni- 1/290
mosospora Spp- T laem- gy 0 1 (0.6) 0 1(0.6) 0 0 110 (o4 240 -
T. cati + Cystoisospora spp. 1/290 B
S ot 1(0.8) 0 1(0.6) 0 1(0.6) 0 0 0 (2 2680
Giardia sp. + T. gondii/H. 1/290
(iardia sp 0 1006) 1(0.6) 0 1(0.6) 0 0 LAO (g 280 -
Total coinfection 18/120 20170 29/160  9/130  22/169  16/121  17/148  13/104 38290
(150)  (11.8)  (181) (69 (13.0) (132) (115  (12.5)  (13.6)

p<0.05*;p<0.01 **; p<0.001 ***; 'mixed cages of both sexes were excluded

and officials need to highlight the possibility that stray cats
distribute zoonotic endoparasites that are hazardous to hu-
man health.

Genetic analysis confirmed the presence of H. taeniae-
formis, which can cause severe illness in humans (Ekanay-
ake et al. 1999). Previously, only Valdmann et al. (2004)
have demonstrated infections with H. taeniaeformis (3%)
in Estonian Eurasian lynx. This parasite is a cosmopolitan
taeniid and it uses felines as definitive hosts. However, we
could not identify all taeniid eggs genetically due to the
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degradation and thus we cannot rule out the presence spe-
cies of Echinococcus Rudolphi, 1801 parasites in some cat
samples. Recent studies in Estonia have demonstrated that
4% of wolves and 2.2% of urban dogs were infected with
Echinococcus granulosus (Batsch, 1786) sensu lato (Moks
et al. 2006, Laurimaa et al. 2015b), whereas 7.1% of urban
and 31.5% of rural red foxes with Echinococcus multiloc-
ularis (Laurimaa et al. 2015a, 2016a). Since stray cats can
prey on epidemiologically relevant intermediate hosts of £.
multilocularis in Europe (Arvicola amphibius [Linnaeus],
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Table 3. Faecal samples from infected shelter cats (N =290) positive for one or more endoparasite (CL: 95% confidence limits) divided
by predictor variables. In the column, the first number indicates the number of infected cats (N), followed by prevalence (%) in paren-

theses, with the 95% confidence limits below.

Location : Time Sex! Total
Young Adult Rural Urban Cats in quaran- Cats for adop- ~ Female Male (N =290)
(N=120) (N=170) (N=160) (N=130) tine(N=169) tion(N=121) (N=148) (N=104)
Positive cats, 59(49.2)  79(46.5)  91(56.9)  47(36.2) 72 (42.6) 66 (54.5) 68 (46.0) 49 (47.1) 138 (47.6)
N (%), 95% CL 40.1-582  38.9-54.0  49.1-64.6  27.8-44.5 35.1-50.1 455-63.5  37.8-54.1 37.4-569 41.8-53.4
One endoparasite 41 (342) 59(347)  62(388)  38(29.2) 50 (29.6) 50 (41.3) 51(34.5)  36(34.6) 100 (34.5)
species 25.6-42.8  27.5-41.9  31.1-464  21.3-372 22.6-36.5 324-502  26.7-42.2 25.3-43.9 29.0-40.0
Two endoparasite 15 (12.5) 19(11.2)  25(15.6) 9(6.9) 19(11.2) 15 (12.4) 17(11.2)  12(11.5) 34 (11.7)
species 6.5-18.5 6.4-16.0 9.9-213 2.5-11.3 6.4-16.1 6.4-18.4 6.3-16.7 53-17.8 8.0-15.4
Three endoparasite 2(1.7) 1(0.6) 3(1.9) 0 3(1.8) 0 0 1 (1.0) 3(1.0)
species 0-4.0 0-1.8 0-4.0 - 0-3.8 - - 0-2.9 0-2.2
. 1(0.8) 0 1(0.6) 0 0 1(0.8) 0 0 1(0.3)
Four endoparasites
0-25 - 0-1.9 - - 0-2.5 - - 0-1.0
More than one 18(15.0)  20(11.8)  29(18.1) 9(6.9) 22 (13.0) 16 (13.2) 17(11.5)  13(12.5) 38(13.1)
endoparasite species  §.5-21.5 6.9-16.7 12.1-242  2.5-113 7.9-18.1 7.1-19.3 6.3-16.7  6.0-19.0 9.2-17.0

'mixed cages of both sexes were excluded

Microtus arvalis [Pallas], Myodes glareolus [Schreber])
(Vuitton et al. 2003), some of them are likely infected.

Although E. multilocularis infection in cats has never
been studied in Estonia, cats are likely to have lower infec-
tion rate compared to foxes (Moks et al. 2005, Laurimaa
et al. 2015a) and raccoon dogs (Laurimaa et al. 2015¢). A
study performed in rural settlements in the endemic areas
of France revealed 0-30% prevalence of E. multilocula-
ris in cats depending on the region and year (Knapp et al.
2018). In a recent study, Karamon et al. (2019) detected
relatively high E. multilocularis prevalence (14.3%) in
shelter cats in Poland, whereas a large-scale study in Ger-
many found low prevalence (0.25%) (Dyachenko et al.
2008). However, their zoonotic significance of shelter cats
is considered to be low, as cats have low worm establish-
ment and low number of infective eggs (Kapel et al. 2006,
Deplazes et al. 2011).

Risk factors

In the current study urban cats had lower infection with
T. cati and with taeniids than rural cats. Also, rural cats
had more coinfections with multiple endoparasites and
were therefore more intensely infected than urban cats.
Cats in rural areas have probably larger home ranges and
more contacts with other stray cats (McGlade et al. 2003).
Furthermore, they may more frequently prey on interme-
diate or paratenic hosts (mainly rodents and birds), which
can facilitate transmission of endoparasites (Becker et al.
2012, Antolova et al. 2013, Strube et al. 2013, Lefkaditis
et al. 2014). Nijsse et al. (2016) found that the more time a
cat was allowed to roam outdoors individually, the higher
was the risk of infection with 7. cati. In Finland, Nérea-
ho et al. (2012) found a much lower prevalence of 7. cati
(5.4%) and Taenia sp. (1.5%) in owned cats but the risk
factors were similar to those of our study, including access
to outdoors and living outside of cities. As most of the cats
in this study were free-ranging, they had higher probability
to be infected with endoparasites. A recent meta-analysis
also confirmed that outdoor access is a significant risk fac-
tor for parasitic infection in cats across 19 different path-
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ogens including many relevant to human, domestic ani-
mal and wildlife health, such as 7. gondii and T. cati (see
Chalkowski et al. 2019).

A study in Hungary indicated that cats whose own-
ers claim the use of anthelmintics were significantly less
frequently helminth-positive than cats that were not de-
wormed (Capari et al. 2013). Another study by Beugnet
et al. (2014) confirmed that cats receiving more than three
treatments per year were significantly less infected than
cats receiving one or two treatments per year. Mircean et
al. (2010) showed that while a majority of urban cat own-
ers applied anthelmintic treatment at least four times in a
year, only a small proportion of rural cat owners gave one
treatment in a year. For adult and young cats, individual
risk assessments should be implemented by a form of de-
cision tree which has been suggested by ESCCAP (2017).
Current information indicates that once- or twice-yearly
treatments do not significantly prevent infection (ESCCAP
2020). Therefore, treatment at least four times a year is a
general recommendation if cats have access to the outdoors
or are housed outside (ESCCAP 2017).

The infection with endoparasites remained considerably
high among young and adult shelter cats after quarantine
time. According to the infection intensity model, young
cats had nearly three times higher infection intensity with
endoparasites than adult cats. Young age has been identi-
fied by various authors as a serious risk factor for endopar-
asite infection in cats (Barutzki and Schaper 2003, Mircean
et al. 2010, Zottler et al. 2019). Young shelter cats were in-
tensely (co)infected with 7. cati, Cystoisospora spp., Cryp-
tosporidium spp. and taeniids but adults had in addition to
T. cati and H. taeniaeformis decreased (co)infections with
protozoan species (Cryptosporidium spp. and T. gondii/H.
hammondi). Such a pattern may indicate a lack of immune
response in young cats, especially in the case of 7. cati,
because it is acquired via lactogenic transmission (Coati
et al. 2004). In contrast, stray cats are probably malnour-
ished, hence, increasing their susceptibility to parasitic
infections. Afterwards their nutritional intake increases in
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the animal shelter but cats remain endoparasite spreaders
post-quarantine time, if not treated with anthelmintics.

We found that 7. cati was most common in young cats,
but adult cats had significant risk for the presence of 7.
gondii/H. hammondi. Unfortunately, we could not differ-
entiate between oocysts of 7. gondii and H. hammondi be-
cause of their similar size. As H. hammondi has not been
recorded nor studied in Estonia, it is unclear whether these
oocysts belonged to 7. gondii or H. hammondi. Howev-
er, various studies have shown that 7 gondii is highly en-
demic in Estonian environment infecting cats as well as
wildlife species like moose (A4lces alces [Linnacus]) and
wild boar (Sus scrofa Linnaeus) (Jokelainen et al. 2015,
Remes et al. 2018). Furthermore, several authors have in-
dicated that the overall seroprevalence of 7. gondii in cats
is high (up to 60.8%) and infection risk factors included
older age in cats (Deksne et al. 2013, Must et al. 2015).
Toxoplasma gondii is a zoonotic parasite that is a threat
for immunocompromised people and for pregnant wom-
en (Dabritz and Conrad 2010). In general, cats may shed
millions oocysts of 7. gondii during one to three weeks
(Dubey 1995), and cats of all ages can shed oocysts in na-
ture (Dubey 2010). Furthermore, young cats can acquire
endoparasite infection, including 7. cati, from their mother
via milk (vertical transmission) or through the contaminat-
ed environment (horizontal transmission, e.g., 7. gondii/H.
hammondi, Cryptosporidium sp., Giardia sp., Ancylostoma
tubaeformae) (Fayer et al. 2000, Coati et al. 2004, Baneth
et al. 2016).

Protista

As we could not identify all taxa to the species level, it
is possible that cats were infected with zoonotic Giardia
duodenalis assemblage A, Cryptosporidium felis or Cryp-
tosporidium parvum Tyzzer, 1912 (Caccio et al. 2002,
Tzannes et al. 2008, Heyworth 2016). Therefore, further
studies are needed in order to determine protozoan species.
Although Cystoisospora spp. do not have zoonotic poten-
tial, they can cause gastrointestinal diseases in cats (Palmer
et al. 2008).

Cats available for adoption had relatively high preva-
lence and intensities of protozoan parasites. Generally,
animal shelters have limited resources and must accom-
modate large numbers of animals. A study by Schurer et al.
(2015) identified cost as a major deciding factor in choos-
ing anthelmintics. Due to cost-efficient managing, the shel-
ters’ policy foresees that protozoan infections are treated
only when cats display clinical signs, and, therefore, some
cats can remain infected with zoonotic protozoan taxa like
C. felis and G. duodenalis assemblage A. However, the
true prevalence of Cystoisospora spp., Cryptosporidium
spp. and Giardia sp. may be even higher because thaw-
ing samples could reduce the detection rate. Moreover, the
small dimensions of oocysts could impair the detection
of the protozoan parasites using the McMaster technique
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(McGlade et al. 2003) such that intermittent stages of pro-
tozoan parasites remain undetected.

Some shelter cats may experience stress-induced ap-
petite loss and may not consume enough anthelmintic
when mixed with food, facilitating endoparasite spread in
the shelter. Thus, animal shelters with high endoparasite
prevalence and intensity should re-evaluate their parasite
control procedures (Spain et al. 2001, Villeneuve et al.
2015, Blasco et al. 2017, Zottler et al. 2019). Our study
suggests that more attention should be paid to infection
with protozoa and 7. cati because infected cats may pose
a threat not only to other shelter cats, but also to the shel-
ter staff and new owners. Faecal samples should be taken
frequently from quarantine cats and measures undertaken
for adequate isolation, environmental hygiene and, in indi-
cated cases, treatment to prevent parasite spread (ESCCAP
2018). Protocols and recommendations for the parasitic in-
fection control should be communicated clearly to shelter
staff and consistently applied (ESCCAP 2020).

Recommendations for reducing the parasite burden in
shelter

Considering the relatively high parasite burden in shel-
ter cats in Tartu, more effective anthelmintic treatment is
required. Special attention should be paid to eliminate
zoonotic parasites (e.g., 7. cati), but also other endopar-
asites with high prevalence (e.g., Cystoisospora spp.). It
is also important to control the numbers of cats in shelter
to avoid overcrowding. Constant arrival of new cats can
result in overcrowded conditions that promote parasite
transmission. Palmer et al. (2008) argued that limited fi-
nancial resources and poor cleaning may lead to insuf-
ficient anthelmintic treatment. The financial situation
in animal shelters, including the Tartu Animal Shelter,
should be improved to find better treatment and manage-
ment against parasites to eliminate or at least reduce the
infection intensity.

To conclude, our findings highlight that a high percent-
age of stray cats brought to the Tartu Animal Shelter are
infected with endoparasites, including zoonotic agents, and
remain infected after a quarantine period. Infected cats can
transmit parasites to uninfected animals in the shelter and
are a potential threat to shelter staff and people adopting
cats. The results of this study emphasise the need to find
and implement measures for more efficient control of para-
sites in animal shelters as well as in stray cats.
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