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ABSTRACT

Giardiasis is one of the most frequent causes of diar-
rhoeic diseases in the world. Giardia cysts are most com-
monly transferred via ingestion of contaminated water
or food. On the basis of genetic characteristics Giardia
duodenalis is classified in eight assemblages A—H. Zoo-
notic assemblages A and B are increasingly found in
isolates from dogs which may constitute the reservoir
of human giardiasis. This article presents a brief review
of G. duodenalis assemblages detected in dogs that were

documented in European countries.
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INTRODUCTION

Giardia duodenalis is a cosmopolitan unicellular para-
sitic protozoan that infects domestic and free living ani-

mals including humans [47]. The World Health Organisa-
tion (WHO) includes G. duodenalis among the so-called
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“Neglected Tropical Diseases” [45]. Throughout the world
as many as 200 million cases of giardiasis are diagnosed an-
nually [17, 22].

On the basis of genetic differences, G. duodenalis is
classified in eight assemblages [15]. Assemblages A and B
are considered zoonotic and were confirmed in humans but
also in a broad range of hosts [6, 7]. The remaining 6 assem-
blages are mostly host-specific; C and D are typical of dogs
and other canines; assemblage E was identified in ungulates
including cattle, sheep and goats; F in cats; G in rats, and
H in marine mammals [3, 44]. Dogs may be infected also
by assemblages A or B and present potential risk of trans-
fer of this infection to humans [15]. In order to guarantee
the correct identification of assemblages and confirmation
of the potential zoonotic transmission of G. duodenalis,
the use of molecular methods is recommended. The PCR
method for identification of G. duodenalis has on average
92 % sensitivity and 100 % specificity [49].

The life cycle of G. duodenalis is simple. The host is most
often infected by the faecal-oral route through contaminat-
ed food, water or direct physical contact [22]. G. duodenalis
occurs in two forms, as the trophozoite or the cyst. The tro-

phozoite is an actively motile, vegetative, flagellated pear-



shaped stage existing in the small intestinal lumen. Sur-
vival of this parasite in the outer environment is ensured
by the oval cysts that constitute the infectious stage. After
the ingestion of cysts, excystation occurs under the action
of digestive enzymes and low pH. Each four-nuclei cyst re-
leases two-nuclei trophozoites. By means of a suction disk,
the trophozoites adhere to enterocytes in the proximal part
of the duodenum and multiply by longitudinal binary fis-
sion. Under the action of bile salts their encystation oc-
curs as they transit toward the colon. The cysts that are
eliminated to the outer environment with faeces are fully
infectious [1]. Younger age categories are more frequently
affected by giardiasis and exhibit more pronounced clinical
signs. The signs are observed within 2 weeks after inges-
tion of infectious cysts. Duodenal microvilli in the affect-
ed individuals are shortened and thickened which results
in a maladsorption syndrome [16, 53]. The characteristic
signs include disorders in resorption of fats and fat-soluble
vitamins (steatorrhea). The decreased enzymatic activity in
the host causes disorders of absorption of zinc which be-
comes a part of surface antigens of the parasite. Zinc is an
element irreplaceable in immunological reactions and its
deficiency can have an immunosuppressive effect on the
host organism [53]. Clinical signs are frequently non-spe-
cific and the infection may have a latent course. Alternat-
ing periods of diarrhoea and constipation are observed and
the faeces mostly contain mucus and fat, but no blood. In
some patients the disease may be chronic and last several
months; even years [14]. Giardiasis has been recognised
as an important risk factor for long-term syndromes, for
example post-infection irritable bowel and chronic fatigue
syndromes. Recent studies indicate that extra-intestinal
consequences of giardiasis were also observed including
arthritis or hypersensitive skin reaction [11, 33].

The aim of this study was to present a review of the
prevalence and assemblages of Giardia duodenalis in dogs
in European countries with respect to the zoonotic poten-

tial of this parasite.

OCCURRENCE OF G. DUODENALIS IN EUROPE

Giardia spp. is a well-known agent of one of the most
extensively spread intestinal infections in temperate, tropi-
cal and subtropical zones. It has been assessed that it causes

annually 280 million of diarrhoeal diseases throughout the

world [58]. G. duodenalis is capable of infecting a broad
range of hosts including humans and domestic and wild
living animals. Investigations of various populations of
dogs have revealed a different prevalence dependent on the
age. The highest prevalence (46—50 %) was observed in
dogs under 1 year of age [13, 24]. In some European coun-
tries the prevalence of giardiasis in dog breeding centres
reached 100 %. On the other hand, only 10 % positivity was
detected in dogs kept under good hygiene conditions [26].
The previous studies that involved groups of dogs of differ-
ent age and breeding conditions confirmed differences in
the prevalence of giardiasis. The following text and Table 1
provides a summary of results obtained in various Euro-
pean countries including Slovakia.

In 1999, Letkova etal [32] reported 10.1 % preva-
lence of G. duodenalis in dogs in KoSice, eastern Slovakia.
In 2007, Szabova etal [54] detected the occurrence
of G. duodenalis in 5 districts of eastern Slovakia (Micha-
lovce, TrebiSov, Kosice, Poprad and Bardejov). Samples
of examined faeces originated from dogs living in house-
holds, dog shelters, quarantine stations and public grounds
in Kosice and Bardejov. Cysts were detected in the faeces of
dogs in the district TrebiSov (1.1 % positive samples) and
Kosice (1.7 %). Goldova etal [19] confirmed 69.1 %
and 36.9 % prevalence of giardiasis in dogs from a dog
shelter; younger than 7 months and older than 7 months,
respectively. Strkolcov4 etal [50] found a 33.3%
prevalence of G. duodenalis in dogs from shelters in the
Kogice district and 4.2 % in dogs from a Roma settlement.
The studies cited above were based on the microscopic ex-
amination of faecal samples and molecular methods were
not used.

Giardiasis in dogs as human companions can have seri-
ous consequences due to the zoonotic potential of this par-
asite [15]. The first infection of humans in Europe caused
by specific canine genotype C was confirmed by the study
conducted in Slovakia. This supports the potential role of
dogs in zoonotic transfer of G. duodenalis assemblage C to
humans [51].

In 1994, Hotej$ and Koudela investigated the
occurrence of giardiasis in dogs in the Czech Republic and
detected an overall prevalence of 5—6 % [23]. In 2001,
Svobodovda and Dolezil detected the presence
of giardia cysts in 41.6 % of the dogs in a dog shelter in
Ostrava [52]. Dubna et al. [12] investigated in 2007

the prevalence of parasites in dog faeces in the Prague city

39



Table 1. Review of assemblages of G. duodenalis diagnosed in dogs in Europe

Country

Assemblages

Source

Slovakia

Czech Republic

Letkova 1999 [32]; Szabova 2007 [54]; Goldové 2011 [19]; Strkolcova 2014 [50], 2015 [51]
Horejs and Koudela 1994 [23]; Svobodova and Dolezil 2001 [52]; Dubna et al. 2007 [12]
Joachim and Prosl 2005 [25]; Hinney et al. 2017 [21]; Lee et al. 2017 [30]

Bajer 2008 [2]; Stojecki et al. 2015 [49]; Piekarska et al. 2016 [43]

Cirak and Bauer 2004 [8]; Leonhard et al. 2007 [31]; Pallant et al. 2015 [42]; Sommer et al. 2018 [48]

Nikoli¢ et al. 1993 [39], 2002 [36], 2008 [37], 2011 [38]

Zanzani et al. 2014 [57]; Scaramozzino et al. 2018 [46]

Austria A/AII/B/BIV

Poland A/B/C/D/C+D

Hungary Cc/D Szénési et al. 2007 [55]

Germany C/D/A+C/C+D

Serbia -

Romania C/D/E/C+D Mircean et al. 2012 [34]; Gyorke et al. 2016 [20]
Italy C¢/D

Belgium A/B Claerebout et al. 2009 [9]

Great Britain Alll/C/D Upjohn et al. 2010 [56]

Bosnia - Omeragic et al. 2014 [40]

Estonia - Lassen et al. 2009 [28]

Sweden A/C/D/C+D Lebbad et al. 2010 [29]

Holland A/C/D/IC+D Overgaauw et al. 2009 [41]

Croatia C/D Beck et al. 2012 [5]

Spain All/BIII/BIV/C/D delucio et al. 2017 [10]; Gill et al. 2017 18]
Portugal - Neves et al. 2014 [35]

Greece C/D Kostopoulou et al. 2017 [27]

centre, agricultural areas and two shelters. They observed
that the prevalence of Giardia spp. in Prague reached 0.1 %.
The examination of 540 samples from rural areas showed
a prevalence of 2.2 % and the Giardia spp. were one of the
most frequently detected parasites.

The epizootological studies conducted in Austria in
1990-2005 showed that prevalence of giardiasis in dogs
ranged between 22 and 36 % [25]. An extensive research
conducted in 2015 in Vienna included the examination of
1001 samples of dog faeces. The diagnostic methods in-
cluded the flotation method according to Faust and a rap-
id SNAP test for the proof of coproantigen. The flotation
method detected cysts in 5.2 % of the samples and the 6.5 %
of the samples were positive in the SNAP test [21]. Lee
et al. [30] confirmed by molecular analysis the occurrence
of assemblages A and B in Austria. The most frequent as-

semblages were AIl and BIV.
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Several studies investigated the prevalence of giardia-
sis in dogs in Poland. The total prevalence ranged from
1.9 to 36 % [2]. The prevalence of 5.6 % was determined in
dogs in eastern Poland using a specific fluorescent staining
and genotyping revealed the zoonotic assemblage A [49].
Piekarska etal analysed isolates from domestic dogs
in Wroclaw and identified assemblages D (9 %) and B
(4.5 %), and assemblages C + D (4.5 %) in one mixed in-
fection [43].

Szénasi et al investigated the prevalence of giar-
diasis in dogs from shelters in Hungary in relation to the
method used. Microscopic examination indicated positiv-
ity in 14 samples (prevalence 7.5 %), while the ELISA test
for the proof of coproantigen determined G. duodenalis in
58.8 % of the dogs. On the basis of sequencing the positive
samples, they were classified in the assemblages C and D
[55].



In Germany Cirak and Bauer observed 9.5 % oc-
currence of G. duodenalis cysts in domestic dogs [8]. An-
other study in south Germany investigated samples of fae-
ces from asymptomatic dogs that were brought to veterinary
clinics. G. duodenalis was detected in 55 of the 60 exam-
ined samples. Assemblage A was detected most frequently
followed by mixed infections A + C and C + D. Individual
assemblages C and D were proved only in 2 samples [31]. In
a retrospective study, the results of parasitological exami-
nations of faecal samples from 8,560 cats and 24,677 dogs
between January 2003 and December 2010 in Germany
were analysed. The examination of the faecal samples from
dogs revealed stages of Giardia spp. (18. %). Dogs in the
age groups up to 3 months and >3 up to 6 months of age
showed significantly higher infection rates with Giardia
spp. (37.5 % and 38.2 %, respectively) [4].

In the study by Sommer et al. [48] the prevalence
of Giardia duodenalis infections in dogs and cats living in
Germany were investigated using different diagnostic tests
and the Giardia assemblages of infected animals were iden-
tified. All samples were investigated by enzyme-linked im-
munosorbent assay (ELISA), merthiolate-iodine-formalin
concentration technique (MIFC) and zinc chloride flota-
tion. ELISA-positive samples were additionally screened
with a direct immunofluorescence assay (IFA). The samples
from dogs tested positive for Giardia coproantigen (ELISA)
in 30.6 %. The MIFC technique revealed Giardia cysts in
33.9% of canine ELISA-positive samples, while using IFA,
cysts were present in 90.4 % of the canine ELISA-positive
samples. Dog-specific Giardia assemblages C and D were
detected in 42 and 55 canine isolates, respectively. Two
canine samples harboured the zoonotic assemblage A. Ac-
cording to the results of the study, Giardia is a common en-
doparasite in dogs and cats from Germany.

Publications from 1993 until 2011 [36—39] have con-
firmed that G. duodenalis was the most common intestinal
protozoan parasite in dogs from the Belgrade area. Faecal
samples from household, stray, farm and military working
(kennel) dogs were investigated in three different studies.
Significantly higher infection rates were found in stray, farm
and military working dogs. With the intention to evalu-
ate the correlation of Giardia infections in household dogs
and their owners, faecal samples of all family members of
households accommodating Giardia positive dogs were also
screened for Giardia cysts in two of the three studies. Two

people living in one household with an infected dog carried

an infection with G. duodenalis as well. The finding supports
a possible transmission of Giardia infections between hu-
man and canine cycles. However, a molecular analysis of the
concerned samples would have been essential for a further
statement on the zoonotic potential and the transmission
dynamics arising from the investigated dog population. Hu-
man giardiasis was spread throughout Serbia with a higher
incidence in the Northern part of the country [38].

A one-year study (2008—2009) in Romania investi-
gated the prevalence of parasitic infections in sheepdogs,
domestic and shelter dogs and dogs used for breeding. The
prevalence of G. duodenalis in shelter dogs determined by
the flotation method reached 16.5 % (27/164). Positivity in
breeding dogs reached 7.2 %; in domestic dogs 4.8 % and in
sheepdogs 4.3 % [34]. The more recent studies that used the
PCR-RFLP method identified assemblages C, D and E. In
one case, a mixed C + D infection was detected.

In Milano, Italy, of 37 examined samples of dog faeces,
11 were positive for G. duodenalis. In these dogs the PCR
method identified assemblages C and D [57]. In another
3-year study that was carried out in Rome, G. duodena-
lis was the third most frequently diagnosed parasite with
a prevalence of 20.5 %. The genotyping of the positive sam-
ples proved the presence of a typical canine assemblages
Cand D [46].

Studies in Belgium observed giardiasis in various dog
categories. Prevalence in domestic dogs reached 9.3 % and
dogs with gastrointestinal signs were positive in 18.1 % of
cases while sheltered dog showed as high as 43.9 % positiv-
ity. In 80 % of the samples zoonotic assemblages A and B
were identified [9].

The study conducted by Upjohn et al investigated
samples of faeces from 878 dogs in London and observed
a prevalence of 21.0 %. The genotyping used identified as-
semblages C and D and in one sample a zoonotic subtype
AIII [56].

The study conducted in 2013 in Tuzla municipal-
ity, Bosna and Hercegovina, determined the prevalence of
G. duodenalis by the standard flotation method in the fae-
ces from 134 dogs (79 from shelter, 44 with owners; 76 of
dogs <6 months, 58 > 6 months) and detected the presence
of Giardia spp. in 9/76 (11.84 %) of the <6 months old dogs
and in 6/58 (10.34 %) of the dogs >6 months old [40].

Lassen etal detected Giardia cysts in dogs in Esto-
nia. During a 5-year study they determined a prevalence of

14 % in canine faecal samples 14 % [28].
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The prevalence of G. duodenalis in faecal samples from
farm and pet animals was investigated in Sweden. Forty
samples from dogs were examined by the flotation method
according to Faust and the microscopically positive ones
were examined by PCR. The assemblages A, C, and D and
one mixed infection caused by assemblages C + D were
identified [29].

The examination of samples from 152 dogs in the Neth-
erlands showed 15.2 % prevalence of G. duodenalis. The
samples originated from veterinary clinics from a town and
other rural areas. The ELISA method identified the copro-
antigen in 16 dogs and genotyping detected assemblages A,
C and D and one mixed infection C + D [41].

A 9-year study (2007—2015) aimed at the determina-
tion of the prevalence of G. duodenalis in dogs was con-
ducted in Zagreb. The flotation method according to Faust
indicated the presence of cysts in 25.88 % of the samples.
The subsequent study employing sequence analysis con-
firmed the assemblages C and D [5].

An epidemiological survey was conducted in Alava
province in northern Spain with the aim of identifying the
cysts of G. duodenalis in humans and animals. The fluores-
cence method was used for the proof of Giardia cysts in the
samples. The total prevalence in dogs reached 29 % (16/55).
Genotyping revealed the typical canine assemblage C [10].
In the same year, Gill et al. identified assemblage D and
sub-assemblages AIl, BIIT and BIV in sheltered dogs in the
south of Spain. The circulating of these assemblages in dogs
may present potential zoonotic risk [18].

In a recent study in Portugal, G. duodenalis was the most
frequently detected parasite in dogs with gastrointestinal
signs. The prevalence reached 15.5 %. No molecular meth-
ods were used for the identification of the assemblages [35].

Research published in Greece in 2017 revealed that the
total prevalence of G. duodenalis in a study reached 25.2 %.
Samples were examined first by the flotation method ac-
cording to Faust and the positive isolates were subjected to
genotyping. This proved the presence of assemblages C and
D [27].

CONCLUSIONS
The diagnostic methods used for the proof of G. duo-

denalis are relatively simple. They include the basic mi-

croscopic examination for the presence of cysts in faecal
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samples; ELISA test for detection of coproantigen or the di-
rect immunofluorescence method. However, only the mo-
lecular characterisation of G. duodenalis can guarantee the
correct identification of assemblages and the confirmation
of the potential zoonotic transmission. The PCR method
for the identification of G. duodenalis has a mean 92 % sen-

sitivity and 100 % specificity.

ACKNOWLEDGEMENTS

This study was supported by the project VEGA No. 1/
0536/18.

REFERENCES

1. Adam, R. D., 2001: Biology of Giardia lamblia. Clin. Microbi-
ol. Rev., 14,447—475.D0I:10.1128/CMR.14.3.447-475.2001.

2. Bajer, A., 2008: Cryptosporidium and Giardia spp. infections
in humans, animals and the environment in Poland. Parasitol.
Res., 104, 1, 1—17. DOI:10.1007/s00436-008-1179-x.

3. Ballweber, L. R., Xiao, L., Bowman, D. D., Kahn, G., Cama,
V. A., 2010: Giardiasis in dogs and cats: update on epidemiol-
ogy and public health significance. Trends in Parasitology, 26,
180—189. DOI: 10.1016/j.pt.2010.02.005.

4. Barutzki, D., Schaper, R., 2011: Results of parasitological
examinations of faecal samples from cats and dogs in Ger-
many between 2003 and 2010. Parasitol. Res., 1, 45—60. DOI:
10.1007/s00436-011-2402-8.

5. Beck, R., Sprong, H., Pozio, E., Caccio, S. M., 2012: Geno-
typing Giardia duodenalis isolates from dogs: Lessons from
a multilocus sequence typing study. Vector-Borne and Zoo-
notic Diseases, 12, 1—5. DOI: 10.1089/vbz.2011.0751.

6. Caccio, S. M., Beck, R, Lalle, M., Marinculic, A., Pozio, E.,
2008: Multilocus genotyping of Giardia duodenalis reveals
striking differences between assemblages A and B. Int. J. Para-
sitol., 38, 1523—1531. DOI: 10.1186/512866-016-0706-7.

7. Caccio, S. M., Lalle, M., Svird, S. G., 2018: Host specificity
in the Giardia duodenalis species complex. Infect. Genet. Evol.,
66, 335—345. DOI: 10.1016/j.meegid.2017.12.001.

8. Cirak, V. Y., Bauer, C., 2004: Comparison of conventional
coproscopical methods and commercial coproantigen ELISA
kits for the detection of Giardia and Cryptosporidium infec-
tions in dogs and cats. Berl. Munch Tierarztl. Wochenschr., 11,

410—413.



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Claerebout, E., Casaert, S., Dalemans, A. C., De Wilde, N.,
Levecke, B., Vercruysse, J., Geurden, T., 2009: Giardia and
other intestinal parasites in different dog populations in
Northern Belgium. Vet. Parasitol., 161, 41—46. DOI: 10.1016/
j.vetpar.2008.11.024.

deLucio, A., Bailo, B., Aguilera, M., Cardona, G.A.,
Fernandez-Crespo, J. C., Carmena, D., 2017: No molecular
epidemiological evidence supporting household transmission
of zoonotic Giardia duodenalis and Cryptosporidium spp.
from pet dogs and cats in the province of Alava, Northern
Spain. Acta Trop., 170, 48—56. DOI: 10.1016/j.actatropica.
2017.02.024.

Dormond, M., Gutierrez, R. L., Porter, C. K., 2016: Giardia
lamblia infection increases risk of chronic gastrointestinal dis-
orders. Trop. Dis. Travel Med. Vaccines, 2, 17. DOI: 10.1186/
540794-016-0030-0.

Dubna, S., Langrova, I., Napravnik, J., Jankovska, I., Vad-
lejch, J., Pekar, S., Fechtner, J., 2007: The prevalence of intes-
tinal parasites in dogs from Prague, rural areas, and shelters
of the Czech Republic. Vet. Parasitol., 145, 120—128. DOL: 10.
1016/j.vetpar.2006.11.006.

Epe, C., 2009: Intestinal nematodes: biology and control. Vet.
Clin. North Am. Small Anim. Pract., 39,1091—1107. DOI: 10.
1016/j.cvsm.2009.07.002.

Escobedo, A. A., Lalle, M., Hrastnik, N. I., Rodriguez-Mo-
rales, A.J., Castro-Sanchez, E., Cimerman, S., et al., 2016:
Combination therapy in the management of giardiasis: What
laboratory and clinical studies tell us, so far. Acta Trop., 162,
196—205. DOI: 10.1016/j.actatropica.2016.06.026.

Feng, Y., Xiao, L., 2011: Zoonotic potential and molecular
epidemiology of Giardia species and giardiasis. Clin. Micro-
biol. Rev., 24, 110—140. DOI: 10.1128/CMR.00033-10.

Fink, M. Y., Singer, S. M., 2017: The Intersection of Immune
Responses, Microbiota, and Pathogenesis in Giardiasis. Trends
Parasitol., 33,901—913. DOI: 10.1016/j.pt.2017.08.001.
Geurden, T., Berkvens, D., Casaert, S., Vercruysse, J.,
Claerebout, E., 2008: A Bayesian evaluation of three diag-
nostic assays for the detection of Giardia duodenalis in symp-
tomatic and asymptomatic dogs. Vet. Parasitol., 157, 14—20.
DOI: 10. 1016/j.vetpar.2008.07.002.

Gill, H., Cano, L., deLucio, A., Bailo, B., deMingo, M. H.,
Cardona, G. A,, et al., 2017: Detection and molecular diver-
sity of Giardia duodenalis and Cryptosporidium spp. in shel-
tered dogs and cats in Northern Spain. Infect. Genet. Evol., 50,
62—69. DOI: 10.1016/j.meegid.2017.02.013.

Goldova, M., Valenc¢akova, A., Mojzi$ova, J., Halanova, M.,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Letkova, V., Ravaszova, P., 2011: Occurrence of Giardia and
Cryptosporidium in dogs. In Southern European Veterinary
Conference, Barcelona, Spain, 7—11.

Gyorke, A., Kalmar, Z., Dumitrache, M. O., German, C. M.,
Mircean, V., 2016: Giardia duodenalis genotypes in domes-
tic and wild animals from Romania identified by PCR-RFLP
targeting the gdh gene. Vet. Parasitol., 2017, 71—75. DOI: 10.
1016/j.vetpar.2015.10.017.

Hinney, B., Gottwald, M., Moser, J., Reicher, B., Schifer,
B.]J., Schaper, R., et al., 2017: Examination of anonymous
canine faecal samples provides data on endoparasite preva-
lence rates in dogs for comparative studies. Vet. Parasitol.,
245,106—115. DOI: 10.1016/j.vetpar.2017.08.016.
Hooshyar, H., Rostamkhani, P., Arbabi, M., Delavari, M.,
2019: Giardia lamblia infection: review of current diagnostic
strategies. Gastroenterol. Hepatol. Bed Bench., 12, 1, 3—12.
Horej$, R., Koudela, B., 1994: Giardasis in dogs in a breeding
centre (In Czech). Veterindrni Medicina, 39, 39—101.

Itoh, N., Kanai, K., Hori, Y., Hoshi, F., Higuchi, F., 2009:
Prevalence of Giardia intestinalis and other zoonotic intesti-
nal parasites in private household dogs of the Hachinohe area
in Aomori prefecture, Japan in 1997, 2002 and 2007. J. Vet.
Sci., 10, 305—308. DOI: 10.4142/jvs.2009.10.4.305.

Joachim, A., Prosl, H., 2005: Giardiose ales oder neues prob-
lem? Vet. J., 12, 18—20.

Kirkpatrick, C. E., 1988: Epizootology of endoparasitic in-
fections in pet dogs and cats presented to a veterinary teach-
ing hospital. Vet. Parasitol., 30, 113—124.

Kostopoulou, D., Claerebout, E., Arvanitis, D., Ligda, P., Vout-
zourakis, N., Casaert, S., Sotiraki, S., 2017: Abundance, zoo-
notic potential and risk factors of intestinal parasitism amongst
dog and cat populations: The scenario of Crete, Greece. Parasit.
Vectors, 10, 1—12. DOI: 10.1186/s13071-017-1989-8.

Lassen, B., Janson, M., Viltrop, A., Neare, K., Hiitt, P., Go-
lovljova, I., et al., 2016: Serological evidence of exposure to
globally relevant zoonotic parasites in the Estonian popula-
tion. PLoS, 11, 1—13. DOI: 10.1371/journal.pone.0164142.
Lebbad, M., Mattsson, J. G., Christensson, B., Ljungstromd,
B., Backhans, A., Andersson, J. O., Svird, S. G., 2010: From
mouse to moose: Multilocus genotyping of Giardia isolates
from various animal species. Vet. Parasitol., 168, 231—239.
DOI: 10.1016/j.vetpar.2009.11.003.

Lee, M. E, Auer, H., Lindo, J. F.,, Walochnik, J., 2017: Multi-
locus sequence analysis of Giardia spp. isolated from patients
with diarrhea in Austria. Parasitol. Res., 116, 477—481. DOI:
10.1007/s00436-016-5306-9.

43



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44

Leonhard, S., Pfister, S., Beelitz, P., Wielinga, C., Thomp-
son, R. C. A., 2007: The molecular characterization of Giar-
dia from dogs in southern Germany. Vet. Parasitol., 150, 33—
38. DOI: 10.1016/j.vetpar.2007.08.034.

Letkova, V., Czismarova, G., Goldova, M., 1999: Impor-
tance of carnivores in transmission of parasitoses (In Slovak).
In Topical Issues of Parasitology, KoSice. 56—59.

Litleskare, S., Wensaas, K.-A., Eide, G.E., Hanevik, K.,
Kahrs, G. E., Langeland, N., et al., 2015: Perceived food in-
tolerance and irritable bowel syndrome in a population 3 years
after a giardiasis-outbreak: a historical cohort study. BMC
Gastroenterol., 15, 164. DOI: 10.1186/s12876-015-0393-0.
Mircean, V., Gyorke, A., Cozma, V., 2012: Prevalence and
risk factors of Giardia duodenalis in dogs from Romania. Vet.
Parasitol., 184, 325—329. DOI: 10.1016/j.vetpar.2011.08.022.
Neves, D., Lobo L., Simdes, L. B., Cardoso, L., 2014: Fre-
quency of intestinal parasites in pet dogs from an urban area
(Greater Oporto, northern Portugal). Vet. Parasitol., 200,
295—298. DOI: 10.1016/j.vetpar.2013.11.005.

Nikoli¢, A., Dimijevi¢, S., Djurkovi¢-Djakovi¢, O., Bobi¢,
B., 2002: Giardiasis in dogs and cats in the Belgrade area. Acta
Vet.-Beograd, 52, 1, 43—48 DOI: 10.2298/AVB0201043N.
Nikoli¢, A., Dimitrijevi¢, S., Katic-Radivojevi¢, S., Klun,
I., Bobi¢, B., Djurkovi¢-Djakovi¢, O., 2008: High preva-
lence of intestinal zoonotic parasites in dogs from Belgrade,
Serbia—short communication. Acta Vet. Hung., 56, 335-340.
DOI:10.1556/AVet.56.2008.3.7.

Nikoli¢, A., Klun, I., Bobi¢, B., Ivovi¢, V., Vujanié¢, M.,
Zivkovi¢, T., Djurkovi¢-Djakovi¢, O., 2011: Human giardia-
sis in Serbia: asymptomatic vs symptomatic infection. Para-
site, 18, 197—201. DOI: 10.1051/parasite/2011182197.
Nikoli¢, A., Kuli$i¢, Z., Bojkovski, J., 1993: Giardiasis as
a zoonosis—the prevalence of Giardia in dogs in Belgrade.
Acta Vet.-Beograd, 43, 239—242.

Omeragic, J., Hrvat, H., Crnkic, C., 2015: Occurrence of
protozoa in dogs in the area of Tuzla. In Proceedings of the
International Congress ‘One World—One Health—One Vision,
Oct 14—16; Sarajevo, Bosnia and Herzegovina. Retrieved July
2019, from: https://www.researchgate.net/publication/322267
355.

Overgaauw, P. A. M., Zutphen, L., Hoek, D., Yaya, E,, Roelf-
sema, J., Pinellj, E., et al., 2009: Zoonotic parasites in faecal
samples and fur from dogs and cats in the Netherlands. Vet.
Parasitol., 163, 115—122. DOI: 10.1016/j.vetpar.2009.03.044.
Pallant, L., Barutzki, D., Schaper, R., Thompson R. C. A.,
2015: The epidemiology of infections with Giardia species

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

and genotypes in well cared for dogs and cats in Germany.
Parasit. Vectors, 2, 1—14. DOI: 10.1186/s13071-014-0615-2.
Piekarska, J., Bajzert, J., Gorczykowski, M., Kantyka, M.,
Podkowik, M., 2016: Molecular identification of Giardia du-
odenalis isolates from domestic dogs and cats in Wroclaw, Po-
land. Ann. Agric. Environ. Med., 3, 410—415. DOI: 10.5604/
12321966.1219178.

Ryan, U., Caccio, S. M., 2013: Zoonotic potential of Giardia.
Int. J. Parasitol., 43, 943—956. DOI: 10.1016/].ijpara.2013.06.
001.

Savioli, L., Smith, H., Thompson, A., 2006: Giardia and Cryp-
tosporidium join the ‘Neglected Diseases Initiative. Trends
Parasitol., 22, 203—208. DOI: 10.1016/j.pt.2006.02.015.
Scaramozzino, P., DiCave, D., Berrilli, F., D’Orazi, C., Spa-
ziani, A., Mazzani, S., et al., 2009: A study of the prevalence
and genotypes of Giardia duodenalis infecting kennelled dogs.
Vet. J., 182, 231—234. DOI: 10.1016/.tvjl.2008.07.003.
Sommer, M. F.,, 2015: Occurrence and Genetic Determination
of Giardia in Dogs from South-Eastern Europe. Dissertation,
LMU Miinchen, Faculty of Veterinary Medicine, 111 pp.
Sommer, M. F, Pietschc, M., Kaspara, A., Beelitza, P., 2018:
Giardiain a selected population of dogs and cats in Germany —
diagnostics, coinfections and assemblages. Vet. Parasitol., 249,
49—56. DOI: 10.1016/j.vetpar.2017.11.006.

Stojecki, K., Sroka, J., Caccio, S. M., Cencek, T., Dutkie-
wicz, J., Kusyk, D., 2015: Prevalence and molecular typing
of Giardia duodenalis in wildlife from eastern Poland. Folia
Parasitol., 62, 1—5. DOIL: 10.14411/fp.2015.042.

Strkolcova, G., Goldova, M., Halanova, M., 2014: Circula-
tion of giardiasis in selected groups of children and dogs in
Kosice surroundings (In Slovak). In IXth Seminar of PhD.
Students Devoted to the Memory of Academicina Boda, Kosice,
101—104.

Strkolcova, G., Madar, M., Hinney, B., Goldova, M.,
Mojzi$ova, J., Halanova, M., 2015: Dog’s genotype of Giardia
duodenalis in human: first evidence in Europe. Acta Parasitol.,
60, 796—799. DOI: 10.1515/ap-2015-0113.

Svobodova, V., Dolezil., Z., 2001: Diagnostic methods of
giardiasis (In Czech). Veterindrstvi, 51, 29—30.

Svobodova, V., Svoboda, M., Vernerova, E., 2014: Clinical
Parasitology of Dog and Cat (In Czech). Publ. House BVM,
Prague, 256 pp.

Szabova, E., Juris, P., Miterpakova, M., Antolova, D., Papa-
jova, 1., Sef¢ikova, H., 2007: Prevalence of important zoo-
notic parasites in dog populations from the Slovak Republic.

Helminthologia, 44, 170—176.



55.

56.

Szénasi, Z., Marton, S., Kucsera, I., Tanczos, B., Horvath,
K., Orosz, E., et al., 2007: Preliminary investigation of the
prevalence and genotype distribution of Giardia intestina-
lis in dogs in Hungary. Parasitol. Res., 101, 145—152. DOLI:
10.1007/s00436-007-0622-8.

Upjohn, M., Cobbb, Ch., Mongerb, J., Geurdenc, T., Claere-
boutc, E., Foxb, M., 2010: Prevalence, molecular typing and
risk factor analysis for Giardia duodenalis infections in dogs
in a central London rescue shelter. Vet. Parasitol., 172, 341—

346. DOI: 10.1016/j.vetpar.2010.05.010.

57.

58.

Zanzani, S. A., Gazzonis, A. L., Scarpa, P., Berrilli, F., Man-
fredi, M. A., 2014: Intestinal parasites of owned dogs and cats
from metropolitan and micropolitan areas: Prevalence, zoo-
notic risks, and pet owner awareness in northern Italy. BioMed
Res. Int., Apr. 28, Epub., 1—10. DOI: 10.1155/2014/696508.
Zylberberg, H. M., Green, P.H., Turner, K. O., Genta,
R. M., Lebwohl, B., 2017: Prevalence and predictors of Giar-
dia in the United States. Dig. Dis. Sci., 62, 432—440. DOL:
10.1007/510620-016-4447-0.

Received June 25, 2019

Accepted September 27, 2019

45



