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Abstract 

Background:  Dogs and cats can transmit zoonotic helminths to humans, e.g. Toxocara spp. and Echinococcus mul-
tilocularis. Strategic deworming may help minimize this risk. Studies in several European countries have shown that 
pets are dewormed less frequently against roundworms and tapeworms than recommended by the European Scien‑
tific Counsel Companion Animal Parasites (ESCCAP). The objective of this study was to identify percentages of dogs 
and cats falling into the different risk categories defined by the German ESCCAP guidelines and to evaluate whether 
deworming frequency and parasite monitoring in Germany follows these guidelines.

Results:  According to questionnaire results from 500 dog and 500 cat owners, deworming of dogs in Germany aver‑
ages 2.07 times/year while for cats this average is 1.72 times/year. In contrast, evaluation of risk factors placed only 
2% (10/500) of dogs in ESCCAP category A with a recommended deworming/examination frequency of 1–2 times 
per year, while 4.8% (24/500) were placed in category B (4 treatments/examinations per year recommended), 30.8% 
(154/500) in category C (12 treatments/examinations per year against tapeworms and 4 treatments/examinations per 
year against roundworms recommended) and 62.4% (312/500) in category D (12 treatments/examinations per year 
recommended). All cats were placed either in risk group A [52.8% (264/500)] or D [47.2% (236/500)]. Generalized linear 
models indicated that risk group D cats were treated significantly more often against helminths than risk group A cats. 
There were no significant differences in deworming frequency between risk groups in dogs. The most important fac‑
tor influencing deworming frequency was the frequency of veterinary visits. Dogs and cats were treated significantly 
more often if owners visited their veterinarian more than once yearly.

Conclusions:  The percentage distribution of risk groups considerably varied between dogs and cats. Nevertheless, 
62% of dogs and 47% of cats were assigned to category D for which monthly treatments/examinations are recom‑
mended by the ESCCAP guidelines. Veterinarians play a key role in instructing pet owners with regard to helminthoses 
and their prevention, and should take the time for adequate risk assessments. The reported low deworming frequen‑
cies despite the high potential parasite infection risk suggests that pet owner advice through veterinarians needs to 
be improved.
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Background
According to a risk assessment performed by the Ger-
man Public Health Institute (Robert Koch Institute), the 
close relationship of people to their companion animals 
provides more benefits with regard to socialisation, men-
tal and physical health, than risks [1]. Nevertheless, there 
is a possibility for infection with and transmission of 
zoonotic companion animal parasites such as Toxocara 
spp. and Echinococcus multilocularis within Germany. 
Human behaviour such as hand hygiene, prevention of 
environmental contamination (e.g. pets being denied 
access to children’s playgrounds, cleaning up of dog fae-
ces from soil), education of the public and use of strategic 
anthelmintic treatment may help to minimize the risk for 
zoonotic diseases [2].

However, several studies have revealed that European 
pet owners are not aware of the public health risks posed 
by helminths and the possibility of disease transmission 
from their dogs and cats to themselves [3–7]. This could 
lead to the conclusion that the vast majority of pet own-
ers do not request the recommended strategic worm 
diagnostics nor perform the recommended anthelmintic 
treatments. In studies conducted in the Netherlands, only 
24.5% of cats [6] and only 16% of dogs were dewormed 
four times a year [3]. To the knowledge of the authors, 
no similar data have been published for Germany so 
far. Therefore, the objective of this study was to evalu-
ate whether current deworming behaviour in Germany 
follows the accepted guidelines set forth by the German 
chapter of the European Scientific Counsel Companion 
Animal Parasites (ESCCAP) for the control of tapeworms 
and roundworms.

Human alveolar echinococcosis, caused by the larval 
stage of E. multilocularis, is considered as the most dan-
gerous autochthonous parasitic zoonosis in Germany. 
According to a recent meta-analysis, Germany is among 
the “high prevalence” countries with a pooled preva-
lence > 10% of E. multilocularis infections in red foxes, 
the main definitive host [8]. The parasite is endemic 
in Germany with highest prevalences in southern fed-
eral states [9], but also shows significant prevalences in 
the northern part of Germany, e.g. in Brandenburg [10], 
Lower Saxony [11] and Schleswig Holstein [12]. Taking 
into account that a distinct increase in fox populations, 
particularly in urban areas, has been observed in Europe 
and that the public intensively uses these areas, foxes 
could play an important role for transmission of human 
alveolar echinococcosis and may represent a reservoir 
from which spillover to companion animals can occur 
[13]. In humans, there is a heterogeneous case distribu-
tion of alveolar echinococcosis throughout Germany, 
with most cases reported from the federal states Baden-
Wuerttemberg and Bavaria [14]. For example, 18 of 26 

cases were reported from these states in 2016, although it 
is important to consider that the place of residence of the 
patient does not necessarily reflect the place of infection 
[15]. The pooled prevalence in Germany is 0.3% in dogs 
and 0.6% in cats [8]. Due to different methodologies used 
for detection, the data for foxes and pets are not entirely 
comparable [sedimentation and counting technique 
(SCT), intestinal scraping technique (IST), copro-antigen 
ELISA or PCR in foxes vs mainly flotation as a less sen-
sitive method and confirming PCR in pets]. Neverthe-
less, dogs should be recognized as relevant hosts that 
can introduce E. multilocularis into non-endemic areas 
by travelling from endemic to non-endemic regions with 
their owners [8]. Indeed, there is concern that the risk 
for humans to acquire alveolar echinococcosis may rise 
due to the suspected geographical spread of the parasite 
[16]. Dogs might also play an important role in zoonotic 
transmission of alveolar echinococcosis due to their close 
association with humans [8]. Based on data from an 
experimental infection study the reproductive potential 
of E. multilocularis in cats is low, thus their relevance is 
also considered to be low [17]. However, there is a hint 
that the role of cats in the E. multilocularis life-cycle and 
in transmission of alveolar echinococcosis may currently 
be underestimated [18]. Amongst other risk factors like 
vocational factors (e.g. being a farmer or handling foxes), 
human habits (e.g. chewing grass) and socio-cultural 
factors (e.g. belonging to a certain ethnic group, having 
a low income), “dog ownership”, “play with dogs” and 
“cat ownership” are important potential risk factors for 
humans acquiring alveolar echinococcosis [19].

Increased travel activity of pet owners with their pets 
brings the possibility of transmission of distant parasites 
to the park next door. A recent study on urban dog parks 
in Lisbon, Portugal, highlights the potential of these parks 
as a source of transmission for canine parasites, including 
some with zoonotic potential [5]. For example, Toxocara 
spp., the roundworms of dogs and cats, may pose a risk to 
humans. Upon ingestion of embryonated Toxocara eggs 
present in the environment or larvae contained in under-
cooked meat of paratenic hosts, the clinical syndromes 
of larva migrans visceralis, ocular toxocarosis, neuro-
toxocarosis or covert toxocarosis may develop in humans 
and possibly lead to long-term health consequences [20]. 
Eggs of Toxocara spp. are the most frequently found hel-
minth eggs in diagnostic faecal samples of dogs and cats 
in Germany [21] and have recently been found as con-
tamination in up to 40% of children’s playgrounds in the 
northern German city of Hanover [22].

In addition, not only zoonotic parasites are of con-
cern, but also parasites that cause severe diseases in dogs 
and cats. The pets’ risk of infection with specific hel-
minths in formerly non-endemic regions has grown due 
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to environmental and human behavioural changes, e.g. 
movement of dogs [23–25]. Indeed, there is an indication 
for a significant increase of Angiostrongylus vasorum and 
Crenosoma vulpis prevalences from 2003 to 2015 and a 
potential expansion of A. vasorum endemic areas to the 
northeastern part of Germany [23]. The diagnosed preva-
lence of A. vasorum-infected dogs varied between 0.01 
and 8.7% with the highest prevalence in Baden Wuert-
temberg, Rhineland-Palatinate, Saarland, North Rhine-
Westphalia, Berlin and Brandenburg [23]. Furthermore, 
the first autochthonous case of Dirofilaria repens in Ger-
many was described in the region of Karlsruhe in 2006 
[26] and a possible endemisation of this parasite in the 
Havelland region is discussed [25].

Studies identifying risk factors for acquiring parasite 
infection with roundworms and tapeworms are sum-
marized in the ESCCAP guidelines and their German 
adaptation [27, 28]. These guidelines aim to protect both 
the health of the pet as well as the health of the public 
by reducing the risk of zoonotic parasite transmission [4]. 
ESCCAP guidelines recommend a worm control regime 
designed specifically for each pet based upon an individ-
ual assessment of risk factors [28]. A helpful tool for vet-
erinarians to estimate the individual risk and recommend 
faecal analysis or deworming frequency is a flow chart 
developed by ESCCAP that takes these risk factors into 
consideration. The following risk factors are considered 
in the flow chart: pet goes outdoors without supervision, 
contact with other animals not from the same household, 
coprophagia or feeding on carcasses, hunting or feeding 
on prey. Additional diagnostic or treatment recommen-
dations are given for puppies/kittens, pregnant and lac-
tating bitches/queens, exhibitions, sports competitions 
and kenneling, professional use in therapy or as a police 
dog, close contact with children or immunosuppressed 
persons, travelling and feeding on raw meat.

Little information is available on the percentage of Ger-
man dogs and cats that fall into each parasitic risk cat-
egory as defined by ESCCAP. Therefore, the aim of this 
study was to identify how many dogs and cats fall into 
each risk category and investigate whether there are sig-
nificant differences in deworming behaviour among these 
risk groups. A study that outlines the European situation 
in an overview has been recently published as part of this 
collection [29]. The present study focuses on the current 
situation with relevant parasites in Germany. In contrast 
to the data presented by McNamara et al. [29], the pre-
sent study defines risk groups based on the current Ger-
man adaptation of the ESCCAP guidelines, which differ 
from the European guidelines, as protection against A. 
vasorum is not (yet) included in the risk assessment. Fur-
thermore, apart from ESCCAP risk groups, several other 

factors that might influence deworming behaviour in 
Germany are examined.

Methods
Study design
From 3rd July 2017 to the 14th July 2017 an online survey 
was conducted among cat and dog owners in five Euro-
pean countries. Details on the target group, inclusion 
and exclusion criteria can be found in McNamara et  al. 
[29]. Here we present the data that were collected from 
Germany.

A total of 18,020 German pet owners were contacted 
by email in order to achieve a target sample of 500 dog 
owners and 500 cat owners.

The place the participants lived in was defined as rural 
area (area completely away from a major city, such as a 
village or countryside), town (town centre or close to a 
town/small city), suburban - metropolitan area (within a 
few miles of a city centre/urban area/large city) or city - 
metropolitan area (city centre/urban area/large city).

In the survey, the question concerning deworming 
frequency was deliberately placed first to ensure that 
the subsequent questions did not affect the answer of 
the participant. Questions about the pet’s lifestyle (e.g. 
pet’s age, outdoor access, living with children/elderly, 
see [29]) followed and information was matched with a 
risk assessment questionnaire that was designed based 
on the German ESCCAP guidelines. In contrast to the 
risk assessment used by McNamara et al. [29], the factor 
“living with children” was not taken into account when 
assigning risk groups, because “children” was defined as 
“aged 17 and under”. ESCCAP recommendations relate 
to “small children” but no detailed data on the age of 
the children were available. Additionally, the risk factor 
“eating grass” was not considered for risk group assign-
ment in dogs nor in cats, because it is not part of the 
current German ESCCAP risk assessment. In Germany, 
“garden-only” access for cats is uncommon. Further-
more, if an outdoor cat has contact with other cats not 
from the same household, this is usually unknown to the 
pet owner. Therefore, these questions were not asked for 
cats. The information on pet lifestyle and exposure risks 
placed the pet into one of four distinct ESCCAP risk 
groups (A, B, C or D), for which different worm diagnosis 
or deworming frequencies are recommended (Table 1).

In addition, questions were asked with regard to the 
owner’s attitude towards their pet as well with regard to 
their sources of information on deworming. Finally, pet 
owners were presented with a list of anthelmintic formu-
lations for dogs and cats currently licensed in Europe and 
asked which of these they had used during the past 12 
months.
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Statistical analyses
The distribution of ESCCAP risk groups among animals 
resident in cities, suburbs, towns and rural areas was 
compared using pairwise Fisher’s exact tests, followed by 
Bonferroni correction of P-values.

Annual deworming frequency of dogs and cats was 
compared using the Wilcoxon-Mann-Whitney  U-test. 
For each species, factors influencing annual deworming 
frequency were assessed in general linear models (GLMs) 
with Poisson error structure and log-link function using 
the package lmerTest [30] in R v.3.3.1 [31]. The follow-
ing factors were included: owner gender, owner age, the 
owner’s attitude towards their pet (affectionate; devoted; 
dispassionate; sceptical), annual vet visits (once a year 
only; more than once a year), the animal’s risk group 
according to the German ESCCAP guidelines, neigh-
bourhood (rural; town; suburb; city) as well as whether or 
not the owner sought information on deworming (from 
veterinary personnel, non-veterinarians and books/ mag-
azines). Allocation to four groups of pet owners’ attitude 
was performed according to the evaluation of pet own-
ers’ degree of agreement on six statements about com-
panionship. Full models were compared to null models 
containing only an intercept term in a likelihood ratio 
test (R-function “anova”, test = ”chisq”). Model assump-
tions were validated graphically by inspecting histograms 
and qq-plots of residuals as well as residuals vs fitted val-
ues and residuals vs predictor variables. Multiple com-
parisons between the levels of “neighbourhood” and the 
levels of German ESCCAP risk group (dogs only) using 
Tukey contrasts with single-step P-value adjustment 
were conducted using the “glht” function of the R pack-
age multcomp [32].

Initially, questionnaire results on the pet owners’ atti-
tude towards anthelmintics were included in the GLMs. 
However, no statistically significant association with 

deworming frequency was found. Thus, they were subse-
quently excluded, which improved overall model fit.

Results
Dogs
Among the 500 completed dog questionnaires, the most 
frequently reported risk factors for dogs were contact 
with children/elderly (91%), contact with other dogs, 
snails or prey (89%) and going off-lead (76%). Only 14 
dogs were under 6 months-old. Details are provided in 
Table 2.

According to German ESCCAP guidelines, only 
2.0% (10/500) of dogs were placed in category A with 
a recommended examination/ deworming frequency 
of 1–2 times per year, while 4.8% (24/500) were placed 
in category B (4 examinations/ treatments per year 
recommended), 30.8% (154/500) in category C (rec-
ommendation of 12 examinations/ treatments per 
year concerning tapeworms and 4 treatments per year 
against roundworms) and 62.4% (312/500) in cate-
gory D (12 examinations/ treatments per year recom-
mended). No significant difference in the distribution 
of risk groups for dogs kept in cities, suburban areas, 
towns or rural areas was found (Fig.  1a). The average 
number of dewormings per year reported in this sur-
vey in dogs was 2.07 ± 1.42 (mean ± standard devia-
tion, SD). The distribution of deworming frequency 
per ESCCAP risk group is depicted in Fig. 2a. In total, 
97.6% (488/500) of dogs were treated less often than 
recommended based on their risk group assignment. 
Ten dog owners (2%) reported that they treated their 
dog more than 4 times per year, while 25% (125/500) 
treated their dog 3–4 times per year. Most dog own-
ers (84.2%, 421/500) indicated that they believed their 
current deworming scheme to be sufficient. Regarding 
the source of information on anthelmintic treatment, 

Table 1  Risk group definitions according to German ESCCAP guidelines for animals, without consideration of special risk factors (e.g. 
puppies, kittens, animals used for exhibitions)

Risk group Description ESCCAP recommended faecal examination or deworming frequency 
against roundworms and tapeworms

A Lives indoors only or goes outdoors but has no direct contact 
with dogs and cats of other households and does not eat prey 
animals/raw meat, carrion or faeces

1–2 times per year

B Goes outdoors under supervision and has direct contact with dogs 
and cats of other households; but does not eat prey animals/raw 
meat, carrion or faeces

4 times per year

C Goes outdoors under supervision and has direct contact with dogs 
and cats of other households and eats prey animals/raw meat, 
but does not eat carrion or faeces

4 times per year against roundworms, 12 times per year against 
tapeworms

D Goes outdoors without supervision or under supervision, but has 
direct contact with dogs and cats of other households and eats 
carrion or faeces

12 times per year
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all dog owners indicated that they seek advice using 
the internet, whereas only 7 dog owners (1.4%) sought 
additional advice from veterinary staff.

Among the factors assessed for their association with 
deworming frequency in dogs, the frequency of vet 
visits and the owner’s attitude towards their pet had a 
statistically significant effect (Table 3). Dogs from own-
ers who visited the vet more than once a year were 
treated approximately 1.39 times as often against hel-
minths as dogs from owners who visited the vet once 
a year only (P-value < 0.01, Table  3). In addition, dogs 
from owners who had a sceptical attitude towards their 
dog were treated less often than those from affectionate 
owners (P-value: 0.036, Table  3). No significant differ-
ences between ESCCAP risk groups and no influence 
of neighbourhood and sources of information regard-
ing the frequency of anthelmintic treatment in dogs 
were detected. Initially, the dog model showed a sig-
nificant effect of the owner’s gender, with male own-
ers deworming approximately 0.87 times less often per 
year than female owners [estimate: -0.143, standard 
error (SE): 0.068, z-value: -2.094, P-value: 0.036; model 
not shown]; however, this effect disappeared when the 
three data points with a deworming frequency of 12 
times/year (outliers) were removed (Table 3).

Regarding anthelmintic product use, 72.2% (361/500) 
of dog owners indicated that they had used at least one 
product effective against both tape- and roundworms 
during the past 12 months, while 16.2% (81/500) had only 
used a product effective against roundworms. Products 
that are only effective against tapeworms were not used 
by dog owners. The remaining 11.6% of dog owners indi-
cated that they had used another product not contained 
in the list of currently licensed anthelmintic formulations.

Cats
For cats, the most frequently reported risk factors 
according to their lifestyle were hunting (88%), catch-
ing prey (85%) and contact with children/elderly (67%, 
Table 2). Only 7 cats were under 6 months old.

According to the risk factor analysis, all cats were 
placed either in ESCCAP risk group A [indoor cat, 52.8% 
(264/500)] or risk group D [cat with unsupervised out-
door access, 47.2% (236/500)]. Significantly more cats in 
rural areas were placed in category D compared to cats in 
cities (Fisher’s exact test, odds ratio: 5.59, 95% confidence 
interval:  3.05–10.53, P < 0.001; Fig. 1b).

In this survey the average number of dewormings per 
year reported in cats was 1.72 ± 1.33 (mean ± SD:), which 
is significantly lower compared to dogs (Wilcoxon-Mann-
Whitney U-test, W = 146750, P < 0.001). The distribution 
of deworming frequency in cats per ESCCAP risk group 
is depicted in Fig.  2b. In total, 83.8% (419/500) of cats 
were dewormed less often than recommended, while a 
small proportion of cats in risk group A [7.2% (19/264)] 
were treated more often than necessary based on ESC-
CAP guidelines. Only 2.6% (13/500) of cat owners pro-
vided anthelmintic treatment more than 4 times per year, 
while 16% (80/500) dewormed their cat 3–4 times/year. 
Eighty-five percent (425/500) of cat owners believed that 
their current deworming regime is sufficient. Regarding 
the source of information on anthelmintic treatment, 
all cat owners indicated that they seek advice using the 
internet, whereas only 6.4% (32/500) sought additional 
advice from veterinary staff.

In cats, as in dogs, a significant association between 
annual deworming frequency and vet visits as well as 
between deworming frequency and attitude towards 
the pet was detected (Table  4). The magnitude of the 

Table 2  Results of dog and cat questionnaires including percentages as shown in McNamara et al. [29]

Abbreviations: n, number of positive answers; N, number of people questioned, na, not applicable (dog only or cat only questions, respectively)

Dog dataset (N = 500) Cat dataset (N = 500)

Owner gender 318 female, 182 male 311 female, 189 male

Mean owner age ± SD (range) in years 44.5 ± 13.62 (18–81) 44.5 ± 13.96 (18–78)

Animal > six months of age, n/N (%) 486/500 (97.2) 493/500 (98.6)

Contact with children/elderly, n/N (%) 455/500 (91.0) 336/500 (67.2)

Kept only indoors, n/N (%) na 249/500 (49.8)

Goes outdoors, but garden only, n/N (%) 110/500 (22.0) na

Goes off-lead (those that go outside the garden), n/N (%) 296/390 (75.9) na

Hunts (those that go outdoors), n/N (%) na 222/251 (88.4)

Catches prey (those that go outdoors), n/N (%) 95/500 (19.0) 214/251 (85.3)

Contact with dogs of other households, snails or prey, n/N (%) 446/500 (89.2) na

Eats slugs, snails, grass or digs in garden, n/N (%) 334/500 (66.8) na

Eats raw meat (those that do not go outside unsupervised or catch prey), n/N (%) 158/405 (39.0) 90/286 (31.5)

Mean no. of annual dewormings ± SD (range) 2.1 ± 1.42 (0–12) 1.7 ± 1.33 (0–12)
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effect of vet visits was very similar compared to the 
dog dataset, with approximately 1.37 times as many 
dewormings in the group who visited the vet more than 
once a year compared to the group with one vet visit 
per year only (P < 0.001). Furthermore, in the cat data-
set, a significant difference in deworming frequency 
according to ESCCAP risk group was found, with a 1.7 
times higher deworming frequency in category D ani-
mals as opposed to category A animals (P < 0.001). In 
addition, significant differences according to neigh-
bourhood were found, with more frequent deworm-
ings in rural areas and towns as compared to cities 
(P = 0.002 and P = 0.034, respectively). Finally, own-
ers who sought deworming advice from persons other 
than veterinary staff (e.g. other pet owners/pet shop 

staff/breeders) practiced significantly more frequent 
deworming than owners who did not seek this advice 
(P = 0.029).

Regarding anthelmintic product use, 62.2% (311/500) 
of cat owners indicated that they had used at least one 
product effective against tapeworms as well as round-
worms during the past 12 months, while 19.8% (99/500) 
had only used a product effective against roundworms 
and 8.0% (40/500) only a product against tapeworms. The 
remaining 10.0% (50/500) of cat owners indicated that 
they used another product not contained in the list of 
currently licensed anthelmintic formulations.

Discussion
In the present study, more than 93% of dogs were con-
sidered to belong to high-risk groups (30.8% category C, 
62.4% category D) as according to the German adapta-
tion of the ESCCAP guidelines, for which 12 anthelmin-
tic treatments per year against tapeworms, and 4 or 12 
treatments against roundworms, respectively, are recom-
mended. In cats, non-supervised outdoor access placed 
almost half of the companion cats into the high-risk 
group category D. In this survey, the average deworming 
frequency was 2.07 times/year in dogs and 1.72 times/
year in cats. Furthermore, in dogs no significant differ-
ence in deworming frequency was detected between risk 
groups. In cats, a significant difference between catego-
ries A and D was found; however, category D cats were 
only dewormed 1.7 times more often than cats in cate-
gory A, i.e. only 2–3 times per year, as opposed to a rec-
ommended treatment frequency of 12 times per year. As 
a consequence, almost 98% of dogs and 84% of cats were 
dewormed less often than recommended based on ESC-
CAP guidelines. Thus, there is a clear mismatch between 
recommended and practiced frequency of anthelmintic 
treatment both in dogs and cats in our dataset, despite 
most pet owners believing that their current deworm-
ing scheme is sufficient. With the data collected in this 
survey concluding that high percentages of the dog and 
cat population are in the high-risk groups, it might be 
debated whether a recommended quarterly deworming is 
sufficient for those animals, for which no risk assessment 
can be performed. [3]

Low deworming frequencies have also been reported 
by studies from the Netherlands: A study on 916 house-
hold dogs was conducted on prevalence, risk factors 
and dog owners’ attitude towards deworming. Accord-
ing to the owners, 10.8% of dogs had never received any 
anthelmintic treatment, 21.5% were treated once a year, 
19.3% twice a year, 11.6% three times a year, 16.2% four 
or more times a year and 12.8% were treated because of 
indication [3]. In a similar study, cat owners reported 
that 27.2% of cats had never received any anthelmintic 
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treatment, 12.5% were treated once a year, 35.8% 2–3 
times a year, and only 4.5% ≥ 4 times a year [6].

The reason for the low compliance regarding anthel-
mintic treatment may be that pet owners have insuffi-
cient knowledge on the zoonotic risks posed by canine 
and feline parasites and/or insufficient instruction on this 
topic by veterinarians. A recent survey among 206 Ger-
man veterinary students revealed that only 68% consid-
ered the “one-health concept” as relevant for their later 
professional life [33], indicating that even future vet-
erinarians may not be sufficiently aware of the zoonotic 
risk posed by companion animal parasites. In a survey 
conducted in Australia, very few veterinarians routinely 
discussed the zoonotic potential of pet parasites with 
clients [34]. It is thus not surprising that the majority of 
pet owners in the abovementioned studies indicated that 
they performed anthelmintic treatment for the sake of 
the pet’s health, rather than public health [3, 6]. However, 
because gastrointestinal helminths rarely cause clini-
cal symptoms in adult pets, the owners of these animals 
may be less likely to recognize the risk to public health 
and to use anthelmintic treatment. A Portuguese study 
reported that 35% of 536 pet owners knew the meaning 
of the word zoonosis, but most of them were not aware 
of the possible transmission of parasites from their pets 
to themselves [4]. Similarly, while 49% of 185 Italian pet 
owners were aware of the risks for human health from 
canine and feline intestinal parasites, 36% believed that 
no risk exists and 15% declared that they had never con-
sidered such a possibility [7].

In addition to insufficient instruction by veterinarians 
regarding zoonoses and the implementation of effective 
control measures to reduce the risk of parasitic infec-
tions, pet owners might be reluctant to use anthelmintics 
because they want to avoid chemotherapeutic treatment 
options or possible adverse reactions. Regarding anthel-
mintic product use, the majority of pet owners (72.2% 
of dog and 62.2% of cat owners) in this survey indicated 
that they had used a product effective against both tape- 
and roundworms in the previous 12 months. However, 
approximately 10% of pet owners indicated that they used 
another product not contained in the list of currently 
licensed anthelmintic products for dogs and cats. Either 
these owners did not recognize the name of the product 
they had used, or they may have used herbal, homeo-
pathic or other substances. Here, veterinarians also play 
a key role in educating pet owners about the safety of 
licensed anthelmintics and about effective and sustaina-
ble antiparasitic therapy and control strategies compared 
to the use of herbal or other “natural” products or home-
opathic substances, for which evidence-based studies are 
missing. To achieve the goal of better implementation of 
expert recommendation, deeper insights into the barriers 
of pet owners to implement the recommended measures 
are necessary, as well as studies on the correct communi-
cation, following examples from the dairy industry [35].

Both in the dog and in the cat datasets, the num-
ber of yearly vet visits had a significant positive impact 
on deworming frequency. This is not self-explanatory, 
since in Germany not all veterinary medicinal products 
for deworming are obtained from a veterinarian and the 
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survey did not discriminate between treatment at the vet 
and at home. However, only very few pet owners indi-
cated that they actively seek advice on anthelmintic treat-
ment from veterinarians and veterinary nurses. In the 
overall dataset, the mean annual deworming frequency 
in pets of owners who seek advice from their vet was 3.7 
(dogs) and 1.8 (cats) as compared to 2.0 (dogs) and 1.7 
(cats) of those owners who seek advice elsewhere. How-
ever, these differences were not statistically significant, 
probably since only seven dog owners and 32 cat owners 
reported that they seek veterinary advice on deworm-
ing. Since the survey participants were recruited via the 

internet, it makes sense that all respondents reported 
that they used the internet for seeking advice regarding 
deworming their pet.

Another reason for the low deworming frequency 
could be that many pets are only treated upon indi-
cation, i.e. after a positive coproscopic examination. 
Unfortunately, since in this survey no data were col-
lected regarding whether or not deworming decisions 
were based on faecal examination results, this aspect 
cannot be assessed. However, in practice, the effort and 
costs for coproscopical analyses often exceed the effort 
and costs of deworming. Thus, faecal examination is 

Table 3  Results of the general linear model (GLM) with Poisson error structure and log link function testing the influence of various 
factors on annual deworming frequency in dogs

Note: For this model, three outlier datapoints with a deworming frequency of 12 times/year were removed. The model was significantly different from a null model 
containing only an intercept term (likelihood ratio test, χ2 = 47.25, df = 15, P < 0.001). Significant P-values are printed in bold
a  Multiple comparisons for the levels of ESCCAP risk group and neighbourhood using Tukey contrasts with single-step P-value adjustment were performed using the 
function glht from the package multcomp in R

Abbreviations: SE, standard error; CI, confidence interval; ref, reference

Estimate SE 95% CI z-value P-value

Intercept 0.719 0.307 0.087–1.296 2.343 0.019
Owner gender (ref: male, n = 182) -0.129 0.070 -0.266–0.006 -1.855 0.064

Owner age -0.001 0.002 -0.006–0.004 -0.492 0.623

Attitude towards pets

Affectionate (n = 269) Baseline

Devoted (n = 126) -0.100 0.077 -0.253–0.049 -1.305 0.192

Dispassionate (n = 53) -0.074 0.114 -0.304–0.145 -0.649 0.516

Sceptical (n = 52) -0.256 0.122 -0.502– -0.023 -2.101 0.036
Veterinary visits

Once a year only (n = 227) Baseline

More than once a year (n = 273) 0.328 0.069 0.193–0.465 4.736 <0.001
German ESCCAP risk groupa

A (n = 10) vs B (n = 24) -0.176 0.303 -0.932–0.581 -0.581 0.930

A (n = 10) vs C (n = 154) 0.008 0.261 -0.646–0.662 0.031 1.000

A (n = 10) vs D (n = 312) -0.011 0.259 -0.657–0.636 -0.041 1.000

B (n = 24) vs C (n = 154) 0.184 0.178 -0.260–0.628 1.036 0.701

B (n = 24) vs D (n = 312) 0.165 0.172 -0.266–0.596 0.958 0.749

C (n = 154) vs D (n = 312) -0.019 0.070 -0.194–0.156 -0.268 0.992

Neighbourhooda

Rural (n = 186) vs city (n = 58) 0.003 0.106 -0.268–0.273 0.025 1.000

Suburban (n = 79) vs city (n = 58) -0.051 0.124 -0.367–0.266 -0.411 0.976

Town (n = 177) vs city (n = 58) -0.012 0.107 -0.286–0.261 -0.117 0.999

Suburban (n = 79) vs rural (n = 186) -0.054 0.099 -0.306–0.199 -0.543 0.947

Town (n = 177) vs rural (n = 186) -0.015 0.075 -0.208–0.177 -0.201 0.997

Town (n = 177) vs suburban (n = 79) 0.038 0.100 -0.218–0.295 0.383 0.980

Source of information regarding deworming

Veterinarian/vet nurse (ref: yes, n = 7) 0.412 0.213 -0.029–0.811 1.928 0.054

Non-veterinarian (other pet owners, pet shop 
staff, etc.) (ref: yes, n = 331)

-0.093 0.073 -0.236–0.050 -1.278 0.201

Books and magazines (ref: yes, n = 93) 0.079 0.089 -0.098–0.252 0.889 0.374



Page 9 of 11Strube et al. Parasites Vectors          (2019) 12:203 

only rarely performed and therefore this explanation is 
unlikely. Further investigations on the percentage of pet 
owners performing diagnosis vs pet owners deworming 
prophylactically are needed.

Furthermore, no correlation between ESCCAP risk 
group/deworming behaviour and actual parasitic bur-
den can be made, since the parasitological status of 
the respondent’s pets was not assessed in the present 
study. Such data would certainly be highly worthwhile 
to also evaluate the agreement between the ESCCAP 
risk group assignment and actual infection status under 
the prevailing conditions in Germany. Nevertheless, 
previous studies have shown that a treatment frequency 
of less than four times per year is insufficient to reduce 
Toxocara spp. prevalence [36].

In a Portuguese study, cats and dogs were dewormed 
in a similar frequency [4]. However, our observation that 

cats seem to be dewormed less often than dogs is consist-
ent with previous studies from the Netherlands [3, 6]. An 
explanation could be that cat owners may have a lower 
awareness regarding parasite infections than dog own-
ers. A key reason for this could be that many more cats 
than dogs are kept without any outdoor access. Interest-
ingly, cat owners performed more frequent anthelmintic 
treatments if they sought advice from other people (apart 
from veterinarians) compared to owners that did not 
seek this advice. This could be due to the fact that seek-
ing advice from others probably raises their awareness, 
whereas dog owners already show a higher level of aware-
ness regarding helminth infections and are thus less sus-
ceptible to advice from others. Of note, cats in rural areas 
and towns were dewormed more frequently compared to 
cats held in cities, independent of risk group assignment. 
This was not found for dogs. Possibly, there is a higher 

Table 4  Results of the general linear model (GLM) with Poisson error structure and log link function testing the influence of various 
factors on annual deworming frequency in cats

Note: The model was significantly different from a null model containing only an intercept term (likelihood ratio test, χ2 = 120.19, df = 13, P < 0.001). Significant 
P-values are printed in bold
a  Multiple comparisons for the levels of neighbourhood using Tukey contrasts with single-step P-value adjustment were performed using the function glht from the 
package multcomp in R

Abbreviations: SE, standard error; CI, confidence interval; Ref, reference

Estimate SE 95% CI z-value P-value

Intercept -0.133 0.162 -0.455–0.181 -0.817 0.414

Owner gender (ref: male, n = 311) -0.031 0.073 -0.175–0.111 -0.425 0.671

Owner age -0.002 0.003 -0.007–0.003 -0.766 0.444

Attitude towards pets

Affectionate (n = 258) Baseline

Devoted (n = 113) 0.095 0.085 -0.073–0.260 1.117 0.264

Dispassionate (n = 77) -0.226 0.106 -0.438– -0.022 -2.133 0.033
Sceptical (n = 52) -0.006 0.119 -0.245–0.222 -0.047 0.963

Veterinary visits

Once a year only (n = 345) Baseline

More than once a year (n = 155) 0.312 0.072 0.170–0.453 4.335 <0.001
German ESCCAP risk group

A (n = 264) Baseline

D (n = 236) 0.515 0.074 0.371–0.661 6.982 <0.001
Neighbourhooda

Rural (n = 154) vs city (n = 91) 0.410 0.117 0.110–0.710 3.491 0.002
Suburban (n = 90) vs city (n = 91) 0.305 0.129 -0.026–0.635 2.358 0.083

Town (n = 165) vs city (n = 91) 0.316 0.117 0.017–0.616 2.703 0.034
Suburban (n = 90) vs rural (n = 154) -0.105 0.098 -0.356–0.146 -1.072 0.702

Town (n = 165) vs rural (n = 154) -0.093 0.084 -0.310–0.123 -1.106 0.681

Town (n = 165) vs suburban (n = 90) 0.012 0.101 -0.246–0.269 0.114 0.999

Source of information regarding deworming

Veterinarian/vet nurse (ref: yes, n = 32) -0.056 0.170 -0.395–0.274 -0.327 0.743

Non-veterinarian (other pet owners, pet shop 
staff, etc.) (ref: yes, n = 329)

0.170 0.078 0.018–0.324 2.177 0.029

Books and magazines (ref: yes, n = 87) -0.090 0.116 -0.323–0.132 -0.779 0.436
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awareness regarding parasite infections in cat owners 
living in rural areas in Germany, as cats generally have 
more outdoor access in these areas. This was reflected by 
the fact that a significantly larger proportion of cats was 
assigned to the high-risk group D in rural areas than in 
cities. These results are in contrast to a Portuguese study 
about the awareness of pet owners regarding zoonoses, 
which detected no influence of the place of residence of 
the 536 responders to a questionnaire on having heard 
about and knowing the meaning of zoonosis [4].

A small proportion of cats in the  risk group A [7.2%, 
(19/264)] were treated more often than necessary based 
on the factors considered here. However, for 16 of these 
19 cats, contact with children was reported. Young chil-
dren are especially at risk of acquiring zoonoses due to 
a less developed immune system and lower hygienic 
awareness than adults. Unfortunately, age of children was 
not assessed in the questionnaire. In case where young 
children were present, this factor would constitute a valid 
reason for the higher deworming frequency in indoor 
cats to prevent transmission of zoonotic parasites.

Further factors, which were not considered in our sur-
vey, might have an influence on deworming frequency. 
For example, owner level of education might have an 
effect. In a survey on Portuguese pet owners, the num-
ber of owners who were aware of the zoonotic potential 
of parasites was significantly higher in owners with inter-
mediate and/or higher academic degree [4]. Neverthe-
less, in an Italian study, gender, age, education level of 
pet owners, family size and presence of children did not 
affect the occurrence of patent infections of the animals 
[7]. Furthermore, a previous diagnosis of a helminth 
infection in their pet might positively influence the own-
er’s deworming behaviour. To our knowledge, this aspect 
has not been considered in any study so far, and might be 
worthwhile exploring in the future.

Participants of the survey were not selected randomly, 
and therefore a possible bias in our dataset cannot be 
completely excluded. Participants that take part in a sur-
vey may be more interested in pet health topics than the 
basic population of pet owners. Because at least one vet 
visit per year was an inclusion criterion for this survey, it 
has to be expected that the deworming frequency in the 
general public is even lower than reported here.

Conclusions
This survey reveals that based on their husbandry con-
ditions and behaviour, many pets are at high risk of hel-
minth infection. Notably, 62% of dogs and 47% of cats 
were assigned to category D for which monthly treat-
ments/examinations are recommended by ESCCAP 
guidelines. Because of their zoonotic impact and their 

potential to cause clinical diseases in pets, education of 
pet owners regarding parasites through veterinarians 
and public health institutions is crucial for the reduc-
tion of risk exposure. The reported low deworming 
frequencies despite high potential parasite infection 
risk indicates that the knowledge of pet owners is insuf-
ficient to make sound decisions on routine deworm-
ing, and that instructing by veterinarians on this topic 
needs to be improved. Only a low percentage of pet 
owners actively sought information at veterinary prac-
tices, but the number of yearly veterinary visits had a 
significant positive impact on deworming frequency. 
Thus, this study highlights the importance of veterinary 
advice to pet owners about parasites and zoonoses. This 
advice should include an adequate risk assessment of 
each animal to derive a strategic deworming or faecal 
examination routine. Further studies should assess how 
communication between veterinarians and pet owners 
can be improved to increase owner compliance. Among 
veterinarians, awareness needs to be raised regarding 
the fact that it is their responsibility to protect not only 
the pet’s health from parasitic infections, but also that 
of the pet’s owners as well as the general public.

Abbreviations
ESCCAP: European Scientific Counsel Companion Animal Parasites; GLM: 
generalized linear model; SD: standard deviation; SE: standard error.

Acknowledgements
The authors wish to thank Jason Drake for helping with manuscript prepara‑
tion and revision.

Authors’ contributions
CS, AN and GvSH designed the study. AS performed the statistical analyses. 
AN wrote the background, AS and AN wrote the methods, AS wrote the 
results and AN and AS wrote the discussion section. CS and GvSH were also 
involved in drafting the manuscript. All authors read and approved the final 
manuscript.

Competing interests
AN was an employee of Elanco Deutschland GmbH. CS, AS and GvSH declare 
that they have no competing interests.

Ethics approval and consent to participate
Not applicable.

Availability of data and materials
The datasets supporting the conclusions of this article are included within the 
article. Due to commercial confidentiality of the research, data not included in 
the manuscript can only be made available to bona fide researchers subject to 
a non-disclosure agreement.

Consent for publication
Not applicable.

Funding
This survey was funded by Elanco. The company had no role on data analysis 
and preparation of the manuscript.



Page 11 of 11Strube et al. Parasites Vectors          (2019) 12:203 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Author details
1 Institute for Parasitology, Centre for Infection Medicine, University of Veteri‑
nary Medicine Hannover, Buenteweg 17, 30559 Hannover, Germany. 2 Elanco 
Deutschland GmbH, Werner‑Reimers‑Strasse 2‑4, 61352 Bad Homburg, 
Germany. 3 Present Address: Fridolinweg 5, 12683 Berlin, Germany. 4 Institute 
for Parasitology and Tropical Veterinary Medicine, Freie Universität Berlin, Rob‑
ert‑von‑Ostertag‑Strasse 7‑13, 14163 Berlin, Germany. 5 ESCCAP Deutschland 
e.V., c/o Vetproduction, Domstraße 28, 50668 Koeln, Germany. 

Received: 31 October 2018   Accepted: 23 March 2019

References
	1.	 Weber A, Schwarzkopf A. Gesundheitsberichterstattung des Bundes Heft 

19. Heimtierhaltung - Chancen und Risiken für die Gesundheit. Berlin: 
Robert-Koch-Institut; 2003. https​://edoc.rki.de/handl​e/17690​4/3168.

	2.	 Overgaauw PA, van Knapen F. Veterinary and public health aspects of 
Toxocara spp. Vet Parasitol. 2013;193:398–403.

	3.	 Nijsse R, Ploeger HW, Wagenaar JA, Mughini-Gras L. Toxocara canis in 
household dogs: prevalence, risk factors and ownersʼ attitude towards 
deworming. Parasitol Res. 2015;114:561–9.

	4.	 Pereira A, Martins A, Brancal H, Vilhena H, Silva P, Pimenta P, et al. Parasitic 
zoonoses associated with dogs and cats: a survey of Portuguese pet 
ownersʼ awareness and deworming practices. Parasit Vectors. 2016;9:245.

	5.	 Ferreira A, Alho AM, Otero D, Gomes L, Nijsse R, Overgaauw PAM, et al. 
Urban dog parks as sources of canine parasites: contamination rates 
and pet owner behaviours in Lisbon, Portugal. J Environ Public Health. 
2017;2017:5984086.

	6.	 Nijsse R, Ploeger HW, Wagenaar JA, Mughini-Gras L. Prevalence and risk 
factors for patent Toxocara infections in cats and cat ownersʼ attitude 
towards deworming. Parasitol Res. 2016;115:4519–25.

	7.	 Zanzani SA, Gazzonis AL, Scarpa P, Berrilli F, Manfredi MT. Intestinal para‑
sites of owned dogs and cats from metropolitan and micropolitan areas: 
prevalence, zoonotic risks, and pet owner awareness in northern Italy. 
Biomed Res Int. 2014;2014:696508.

	8.	 Oksanen A, Siles-Lucas M, Karamon J, Possenti A, Conraths FJ, Romig 
T, et al. The geographical distribution and prevalence of Echinococcus 
multilocularis in animals in the European Union and adjacent countries: a 
systematic review and meta-analysis. Parasit Vectors. 2016;9:519.

	9.	 Deplazes P, Rinaldi L, Alvarez Rojas CA, Torgerson PR, Harandi MF, Romig T, 
et al. Global distribution of alveolar and cystic echinococcosis. In: Thomp‑
son RCA, Deplazes P, Lymbery AJ, editors. Echinococcus and echinococ‑
cosis, Part A. London: Academic Press; 2017. p. 315–493.

	10.	 Staubach C, Thulke HH, Tackmann K, Hugh-Jones M, Conraths FJ. Geo‑
graphic information system-aided analysis of factors associated with the 
spatial distribution of Echinococcus multilocularis infections of foxes. Am J 
Trop Med Hyg. 2001;65:943–8.

	11.	 von Keyserlingk-Eberius MJ. Das Fuchsbandwurm-Monitoring in Nied‑
ersachsen. Ein überblick über 15 Jahre Untersuchungstätigkeit. Verbr 
Lebensm. 2008;3:421–8.

	12.	 Raue K, Grilo M, Siebert U, Strube C. Endo- und Ektoparasiten bei Präda‑
toren aus Schleswig-Holstein, Potenzial als Zzoonoseerreger. Kompakt‑
VET. 2016;4:11.

	13.	 Deplazes P, Hegglin D, Gloor S, Romig T. Wilderness in the city: the urbani‑
zation of Echinococcus multilocularis. Trends Parasitol. 2004;20:77–84.

	14.	 Schmidberger J, Kratzer W, Stark K, Grüner B. Alveolar echinococcosis 
in Germany, 1992–2016. An update based on the newly established 
national AE database. Infection. 2018;46:197–206.

	15.	 Robert-Koch-Institut. Infektionsepidemiologisches Jahrbuch meldepfli‑
chtiger Krankheiten für 2016. Berlin: Robert-Koch-Institut; 2017. https​://
www.rki.de/DE/Conte​nt/Infek​t/Jahrb​uch/Jahrb​uch_2016.html.

	16.	 Conraths FJ, Deplazes P. Echinococcus multilocularis: epidemiology, sur‑
veillance and state-of-the-art diagnostics from a veterinary public health 
perspective. Vet Parasitol. 2015;213:149–61.

	17.	 Kapel CM, Torgerson PR, Thompson RC, Deplazes P. Reproductive poten‑
tial of Echinococcus multilocularis in experimentally infected foxes, dogs, 
raccoon dogs and cats. Int J Parasitol. 2006;36:79–86.

	18.	 Knapp J, Combes B, Umhang G, Aknouche S, Millon L. Could the 
domestic cat play a significant role in the transmission of Echinococcus 
multilocularis? A study based on qPCR analysis of cat feces in a rural area 
in France. Parasite. 2016;23:42.

	19.	 Conraths FJ, Probst C, Possenti A, Boufana B, Saulle R, La Torre G, et al. 
Potential risk factors associated with human alveolar echinococcosis: sys‑
tematic review and meta-analysis. PLoS Negl Trop Dis. 2017;11:e0005801.

	20.	 Strube C, Heuer L, Janecek E. Toxocara spp. infections in paratenic hosts. 
Vet Parasitol. 2013;193:375–89.

	21.	 Raue K, Heuer L, Böhm C, Epe C, Strube C. 10-year parasitological exami‑
nation results (2003 to 2012) of faecal samples from horses, ruminants, 
pigs, dogs, cats, rabbits and hedgehogs. Parasitol Res. 2017;116:3315–30.  

	22.	 Kleine A, Springer A, Strube C. Seasonal variation in the prevalence of 
Toxocara eggs on children’s playgrounds in the city of Hanover, Germany. 
Parasit Vectors. 2017;10:248.

	23.	 Maksimov P, Hermosilla C, Taubert A, Staubach C, Sauter-Louis C, 
Conraths FJ, et al. GIS-supported epidemiological analysis on canine Angi-
ostrongylus vasorum and Crenosoma vulpis infections in Germany. Parasit 
Vectors. 2017;10:108.

	24.	 Kronefeld M, Kampen H, Sassnau R, Werner D. Molecular detection of 
Dirofilaria immitis, Dirofilaria repens and Setaria tundra in mosquitoes from 
Germany. Parasit Vectors. 2014;7:30.

	25.	 Sassnau R, Genchi C. Qualitative risk assessment for the endemisa‑
tion of Dirofilaria repens in the state of Brandenburg (Germany) 
based on temperature-dependent vector competence. Parasitol Res. 
2013;112:2647–52.

	26.	 Hermosilla C, Pantchev N, Dyachenko V, Gutmann M, Bauer C. First 
autochthonous case of canine ocular Dirofilaria repens infection in Ger‑
many. Vet Rec. 2006;158:134–5.

	27.	 ESCAPP. Worm control in dogs and cats. ESCAPP guideline 01, third 
edition. 2017. https​://www.escca​p.org/uploa​ds/docs/0x0o7​jda_ESCCA​
P_Guide​line_01_Third​_Editi​on_July_2017.pdf. Accessed 13 June 2018.

	28.	 ESCCAP Deutschland. Bekämpfung von Würmern (Helminthen) bei 
Hunden und Katzen. Deutsche Adaptation der ESCCAP-Empfehlung Nr. 
1. 2014. http://www.escca​p.de/uploa​ds/tx_bsceb​estel​lung/2018-ESCCA​
P-Helmi​nthen​.pdf. Accessed 13 June 2018.

	29.	 McNamara J, Drake J, Wiseman S, Wright I. Survey of European pet own‑
ers quantifying endoparasitic infection risk and implications for deworm‑
ing recommendations. Parasit Vectors. 2018;11:571.

	30.	 Kuznetsova A, Brockhoff PB, Christensen RHB. lmerTest: Tests in Linear, 
Mixed Effects Models. R package version 2.0-32. 2016. https​://CRAN.R-
proje​ct.org/packa​ge=lmerT​est. Accessed 13 June 2018.

	31.	 R Core Development Team. R: A language and environment for statistical 
computing. Vienna, Austria: R Foundation for Statistical Computing; 2016.

	32.	 Hothorn T, Bretz F, Westfall P. Simultaneous inference in general paramet‑
ric models. Biomed J. 2008;50:346–63.

	33.	 Strube C, Raue K, Janecek E. Simple, but not easy - opportunities and 
challenges from teachersʼ and studentsʼ perspectives in the 21st century 
of veterinary parasitology teaching. Vet Parasitol. 2018;252:74–9.

	34.	 Palmer CS, Robertson ID, Traub RJ, Rees R, Thompson RC. Intestinal para‑
sites of dogs and cats in Australia: the veterinarianʼs perspective and pet 
owner awareness. Vet J. 2010;183:358–61.

	35.	 Velde FV, Charlier J, Hudders L, Cauberghe V, Claerebout E. Beliefs, inten‑
tions, and beyond: a qualitative study on the adoption of sustainable 
gastrointestinal nematode control practice in Flandersʼ dairy industry. 
Prevent Vet Med. 2018;153:15–23.

	36.	 Beugnet F, Bourdeau P, Chalvet-Monfray K, Cozma V, Farkas R, Guillot J, 
et al. Parasites of domestic owned cats in Europe: co-infestations and risk 
factors. Parasit Vectors. 2014;7:291.

https://edoc.rki.de/handle/176904/3168
https://www.rki.de/DE/Content/Infekt/Jahrbuch/Jahrbuch_2016.html
https://www.rki.de/DE/Content/Infekt/Jahrbuch/Jahrbuch_2016.html
https://www.esccap.org/uploads/docs/0x0o7jda_ESCCAP_Guideline_01_Third_Edition_July_2017.pdf
https://www.esccap.org/uploads/docs/0x0o7jda_ESCCAP_Guideline_01_Third_Edition_July_2017.pdf
http://www.esccap.de/uploads/tx_bscebestellung/2018-ESCCAP-Helminthen.pdf
http://www.esccap.de/uploads/tx_bscebestellung/2018-ESCCAP-Helminthen.pdf
https://CRAN.R-project.org/package%3dlmerTest
https://CRAN.R-project.org/package%3dlmerTest

	Survey of German pet owners quantifying endoparasitic infection risk and implications for deworming recommendations
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Statistical analyses

	Results
	Dogs
	Cats

	Discussion
	Conclusions
	Acknowledgements
	References




