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Abstract. Giardia duodenalis is one of the six Giardia species and it is the most common, cosmopolitan flagellate that infects humans and
many species of animals. This species exhibits considerable genetic diversity; to date, eight assemblages (A—H) have been defined. These
assemblages differ in host specificity: assemblages A and B have been found in both humans and in many animal species. Mixed infections
with Giardia (A and B) assemblages have been reported in humans and in animals. Many molecular techniques are effective and rapid for
the detection of G. duodenalis and also for the determination of genetic variability of isolates in clinical and environmental samples. In this
context, the aim of this study was to design new assemblage-specific primers for rapid detection and identification of G. duodenalis assem-
blages A and B and both of these assemblages simultaneously using quantitative real-time polymerase chain reaction (qQPCR). Fragments of
glutamate dehydrogenase and triose phosphate isomerase were used as targets in the design of primers. In conclusion, the use of G. duode-
nalis assemblage-specific primers designed in this study allows quick identification of human infectious G. duodenalis assemblages A and
B as well as mixed AB assemblages in a sample without further sequencing of the amplification products, which reduces the cost of study
and the waiting time for the results.
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INTRODUCTION and numerous animal species. This species exhibits
considerable genetic diversity; to date, eight assem-
blages (A—H) have been defined (Ryan and Caccio
2013). These assemblages differ in host specificity: as-
semblages A and B have been found in both humans
and in many animal species, particularly in mammals
and birds, whereas the remaining assemblages (C—H)
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Giardia duodenalis (syns. G. intestinalis, G. lam-
blia) is one of the six Giardia species and it is the most
common, cosmopolitan flagellate that infects humans
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99% of human giardiasis cases worldwide (Sprong et
al. 2009). Mixed infections with the Giardia (A and
B) assemblages have been reported in humans and in
animals (Amar et al. 2002, Feng and Xiao 2011, Pal-
lant et al. 2015). Considerable genetic variability
among G. duodenalis isolates obtained from different
hosts and from a variety of geographic regions largely
complicates the determination of the role of animals
as a source of human infection (Sprong et al. 2009).
Therefore, in view of public health and control of zo-
onotic giardiasis, rapid identification of Giardia assem-
blages occurring in pets is very important. Since not
all species or assemblages or even sub-assemblages are
able to infect humans, it is necessary to use fast and
reliable molecular techniques to identify the genotype
and/or the sub-genotype of G. duodenalis in faecal
specimens from humans, animals and environmental
samples. Nowadays, many molecular techniques are ef-
fective and rapid for the detection of G. duodenalis as
well as for the determination of genetic variability of
isolates in clinical and environmental samples (Guy et
al. 2003, Zhang et al. 2012, Gotfred-Rasmussen et al.
2016). Real-time PCR is a rapid, very sensitive, quan-
titative technique for detecting many pathogens includ-
ing G. duodenalis (Verweij et al. 2003, McGlade et al.
2003, Guy et al. 2004, Schuurman et al. 2007, Almeida
et al. 2010, Feng and Xiao 2011, Prasetbun ef al. 2012,
Zhang et al. 2013, Alonso et al. 2014, Gizzi et al. 2014).

Dogs can be infected with Giardia canid-specific
genotypes C and D and/or with zoonotic genotypes
belonging to assemblages A and B. Moreover, mixed
infection with Giardia A-D genotypes in dogs has been
documented (Xiao et al., 2008). Cats may be infected
by G. duodenalis cat-specific assemblage F and may
harbour other assemblages such as A, B and D (Xiao
et al. 2008).

In this context, the aims of this study were (i) to de-
sign new assemblage-specific primers for rapid detec-
tion and identification of G. duodenalis A and B assem-
blages, including both of them simultaneously, using
quantitative real-time polymerase chain reaction PCR
(qPCR), (ii) to apply qPCR and the new assemblage-
specific primers for the detection of DNAs of the two
major G. duodenalis assemblages A and B in human
and pet stool specimens.

MATERIALS AND METHODS

Primer designation

Five new specific primer pairs for a fragment of references genes
(gdh — glutamate dehydrogenase and #pi — triose phosphate isom-
erase) were designed in oligo 6.71 software. Assemblage-specific
primers were designed for the detection of G. duodenalis zoonotic
assemblages A and/or B in faecal samples. The sequences and their
GenBank accession numbers are as follows for gdh: (EF685702 —
A); (AB618784 —B); (EF507621 — C); (EF507614 — D); (EF507644
—E); (EF507592 —F); (AY 178748 — G); (GU176101 — H) and for #pi
(EF688042 — A); (KM926543 — B); (KP258397 — C); (DQ246216 —
D); (EU272164 — E); (KM977655 — F); (JX571040 — G). Sequences
of these primers are shown in Table 1.

Faecal samples and G. duodenalis DNA

Thirteen DNA templates extracted from different G. duodenalis
isolates belonging to various assemblages were used to determine
the specificity of new primers (Table II). Methods of DNA isola-
tion and assemblages establishment have been described previ-
ously (Solarczyk and Majewska 2010, Solarczyk et al. 2010, So-
larczyk et al. 2012, Solarczyk et al. 2014, Stojecki et al. 2015,
Solarczyk et al. 2016). Moreover, a total of 131 DNA probes iso-
lated from faecal samples obtained from various hosts were also in-
cluded in the study. Stool specimens were derived from five humans
and 126 pets, including 79 dogs and 47 cats. All samples were col-
lected in Poland from two localities — Poznan (n = 25) and Warsaw
(n = 106). Most of the specimens (n = 106) originating from pets
were obtained from a shelter and the rest of the samples (n = 20)
were collected from privately owned dogs and cat. All stool samples
were examined by microscopy for the detection of Giardia. Samples
were preserved in 2.5% potassium dichromate solution and stored at
4°C until laboratory analysis.

DNA isolation, and real-time PCR analysis

Total genomic DNA was directly extracted from each faecal
specimen using the QIAamp Fast DNA Stool Mini Kit (Hilden Ger-
many) according to the kit instructions.

Fast detection of different genotypes of G. duodenalis (assem-
blages A and B) were measured by qPCR using the Light Cycler
real-time PCR detection system from Roche Diagnostic GmbH
(Mannheim, Germany), SYBR Green I as detection dye, and tar-
get DNA. For amplification, 1 pl of total (10 ul) DNA solution
was added to 5 pul of LightCycler 480 DNA SYBR Green I Master
(Roche) as well as assemblage-specific primers. All reactions were
performed in triplicate. The qPCR cycling conditions for gdh gene
primers were 10 min at 95°C and 45 cycles of 95°C for 8 s, 66°C for
8 s and 72°C for 8 s. The following cycling conditions were used for
tpi gene primers: 10 min at 95°C, 45 cycles of 95°C for 8 s, 56°C
for 8 s and 72°C for 8 s. qPCR data were collected and analyzed us-
ing the Excel program (Microsoft Office). Amplified DNA together
with 100 bp DNA Ladder (Novazym, Poland) were electrophoresed
on a 2% agarose gel in TAE buffer (2 M Tris, 0.05 M EDTA, 5.7%
glacial acetic acid) for 90 min at 50 V, stained with a solution of
0.5 mg per ml of ethidium bromide, and visualized under UV light.



Table I. Primer sequences for A and B assemblages of G. duodenalis.
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Assemblages  Gene/primer name Sequences Size of product Annealing temp.  Cycles

AB gdh F: 55GCTGTCTACTTCCTGGAGG3' 206 bp 66 45
GuniAB-F R: 5’ATGAGGTGGGCCAGCTTCT3’
GuniAB-R

A gdh F: 5’CGTCCTTCTTTCTGGCTCC3' 147 bp 66 45
GspecA-F R: S’ATGAGGTGGGCCAGCTTCT3’
GuniAB-R

B gdh F: 5TCCTCTCTGGCTCTGGCAA3' 142 bp 66 45
GspecB-F R: S’"ATGAGGTGGGCCAGCTTCT3’
GuniAB-R

A tpi F: 5’CGTCGTCATTGCCCCTTCC3' 217 bp 56 45
Giar.A-F R: S'GCTTTGCTCGTCGGTCTCC3'
Giar.A-R

B tpi F: S’CGTTGTTGTTGCTCCCTCC3' 231 bp 56 45
Giar.B-F R: 'TTCGCCTTCTTAGCACTCTG3’
Giar.B-R

Table I1. Different genotypes of G. duodenalis used in the study.

Number Origin/host Assemblage/sub-genotype Accession number Reference

1 Human A KT731989 Stojecki et al. 2015

2 Sheep A KT732004 Stojecki et al. 2015

3 Cattle A KT731980; KT731978 Stojecki et al. 2015

4

5 Red deer AlIl EU621373 Solarczyk et al. 2012

6 Human B FJ009207 Solarczyk et al. 2010

7 Pig B KT731994 Stojecki et al. 2015

8 Thomson’s gazelle B EU626199 Solarczyk et al. 2014

9 Raccoon dog D HQ538709 Solarczyk et al. 2016

10 Dog D FJ009206 Solarczyk and Majewska 2010
11 Sheep E KT732003; KT732001 Stojecki et al. 2015

12

13 Pig E KT731992 Stojecki et al. 2015
RESULTS AND DISCUSSION from parasite isolates belonging to assemblage B. On

The specificity of the primers was verified by per-
forming qPCR using genomic DNA of G. duodenalis
isolates belonging to the assemblages A, B, D and E.
A summary of the qPCR results is presented in Ta-
ble III. Correct amplicons were obtained only when
primer pairs designed to detect the DNA of G. duode-
nalis from genotypes A or B were used. The GuniAB-F/
GuniAB-R, GspecB-F/GuniAB-R and GiarB-F/GiarB-
R primers were successfully used to amplify the DNA

the other hand, the GuniAB-F/GuniAB-R, GspecA-F/
GuniAB-R and GiarA-F/GiarA-R primers only am-
plified the DNA of G. duodenalis assemblage A, also
including the DNA of a Giardia isolate from red deer
belonging to sub-assemblage Alll. Since G. duodenalis
isolates belonging to sub-assemblage AIIl have never
been identified in humans so far (Sprong et al. 2009), it
is necessary to find significant sequence differences of
the examined target genes that allow parasite isolates to
be distinguished at the sub-assemblage level.
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Table III. Specificity of primers for detection of G. duodenalis using qPCR.

DNA source qPCR result
Specific primers/(assemblages)  Gdh Gdh Gdh Tpi Tpi
GspecA-F GspecB-F GuniAB-F Giar.A-F Giar.B-F
GuniAB-R (A) GuniAB-R (B) GuniAB-R (AB) Giar.A-R (A) Giar.B-R (B)
Negative control (sterile water) - - - - _
Assemblage A
Human (KT731989) + — + + _
Sheep (KT732004) + - + + _
Cattle (KT731980) + - + + _
Cattle (KT731978) + _ + " _
Red deer (EU621373) + - + + —
Assemblage B
Human (FJ009207) - + + _
Pig (KT731994) - + + — +
Thomson’s gazelle (EU626199) - + + - +
Assemblage D
Raccoon dog (HQ538709) - - - — —
Dog (FJ009206) - - - _ _
Assemblage E
Sheep (KT732003) - - - — _
Sheep (KT732001) - - - _ _
Pig (KT731992) - - - — _
+ detected, — not detected
Table IV. G. duodenalis assemblages in tested stool samples.
No. Source Microscopy qPCR
analysis
GDH TPI
AB A B A B
1 Human — + + _ + _
2 Privately owned dog + + - + _ +
3 Privately owned dog - + - + _ +
4 Privately owned dog - + - + - +
5 Dog kept in shelter - + — + - +
6 Dog kept in shelter - + - + — +
7 Privately owned cat - + - + - +
8 Privately owned cat + + - + - +
+ detected, — not detected
Furthermore, the GuniAB-F/GuniAB-R primers Nevertheless, the designed primers proved to be spe-

also amplified the DNA of G. duodenalis assemblages cific because they did not cross-amplify Giardia DNA
A and B and both of them simultaneously. belonging to assemblages D and E. This indicates the



proper choice of the primer sequence fragments of two
molecular markers (¢pi and gdh), since the primer pairs
used in this study did not match the genomic homolo-
gous sequence of isolates belonging to other G. duo-
denalis groups of genotypes. The high genetic hetero-
geneity among G. duodenalis isolates obtained from
different hosts and geographic regions complicates the
determination of the role of animals as a source of hu-
man infection (Caccio and Ryan, 2008; Sprong ef al.
2009). The vast majority of human giardiasis cases are
caused by G. duodenalis isolates belonging to assem-
blages A and B, which infect animals as well (Monis et
al. 2009, Jerlstrom-Hultqvist et al. 2010, Feng and Xiao
2011, Vanni et al. 2012, Xu et al. 2012). Therefore,
assemblage-specific primers would be very useful for
rapid identification of human-infectious genotypes of
G. duodenalis in animals and environmental samples.

This study provides useful results concerning detec-
tion of zoonotic G. duodenalis isolates in faecal samples
from dogs, cats and human. Of the 131 stool specimens
examined by microscopy only two were positive for
Giardia. In the Giardia-positive faecal samples a few
cysts per slide were detected. While using qPCR and
the new assemblage-specific primers in eight out of 131
tested specimens Giardia DNA was found (Table 1V).
All positive probes in real-time PCR were confirmed in
two molecular markers, TPI and GDH. No mixed infec-
tions were found in analyzed stool samples since using
assemblage-specific primers in qPCR G. duodenalis as-
semblage A was identified in human while assemblage
B was identified in five dogs and two cats (Table 1V).
However, usage of primers (GuniAB-F/Guni AB-R)
that allow for simultaneously detection of both A and
B assemblages of G. duodenalis can be useful for fast
screening of human infectious Giardia in animal and
environmental samples.

The qPCR technique has been developed to provide
information on the Giardia species/assemblages. The
results of our study demonstrated that newly designed
assemblage-specific primers for gPCR were able to de-
tect G. duodenalis DNA in the stool samples and the
primers enabled recognition of zoonotic assemblage
B in pets and assemblage A in humans. Moreover, re-
sults of the preliminary studies indicate that these new
assemblage-specific primers are also very useful for the
detection of zoonotic G. duodenalis assemblages in wa-
ter samples (Skrzypczak 2016).

In conclusion, the use of G. duodenalis assemblage-
specific primers designed in this study allows quick
identification of human-infectious G. duodenalis as-
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semblages A and B as well as mixed AB assemblages
in the sample without further sequencing of the ampli-
fication products, which reduces the cost of testing and
the waiting time for the results. Therefore, we are of
the opinion that a real-time assemblage-specific PCR
assay is a useful tool for the screening of animals’ faecal
specimens and environmental samples in order to detect
G. duodenalis assemblages A and B and mixed A+B.

Acknowledgements. The study was supported by the grant NCN
Miniatura I (National Science Centre, Poland DEC-2017/01/X/
NZ6/00073). The authors also wish to thank Krzysztof Kwapniew-
ski for providing samples from privately owned dogs.

REFERENCES

Almeida A., Pozio E., Caccié S. M. (2010) Genotyping of Giardia
duodenalis cysts by new real-time PCR assay for detection of
mixed infections in human samples. Appl. Environ. Microbiol.
76: 1895-1901

Alonso J. L., Amoros, Guy R. A. (2014) Quantification of viable
Giardia cysts and cryptosporidium oocysts in wastewater using
propidium monoazide quantitative real-time PCR. Parasitol.
Res. 113: 2671-2267

Amar C. F.,, Dear, P. H., Pedraza-Diaz S., Looker N., Lin-
nane E., McLauchlin J. (2002) Sensitive PCR-restriction frag-
ment length polymorphism assay for detection and genotyping
of Giardia intestinalis in human feces. J. Clin. Microbiol. 40:
446452

Caccio S. M., Ryan U. (2008) Molecular epidemiology of giardia-
sis. Mol. Biochem. Parasitol. 160: 75-80

Feng Y., Xiao L. (2011) Zoonotic potential and molecular epidemi-
ology of Giardia species and giardiasis. Clin. Microbiol. Rev.
24: 110-140

Gotfred-Rasmussen H., Lund M., Enemark H. L., Erlandsen M.,
Petersen E. (2016) Comparison of sensitivity and specificity of
4 methods for detection of Giardia duodenalis in feces: immu-
nofluorescence and PCR are superior to microscopy of concen-
trated iodine-stained samples. Diagn. Microbiol. Infect. Dis. 84:
187-190

Gizzi A. B, Oliveira T. S., Leutenegger C. M., Estrada M., Kozem-
jakin D. A., Stedile R., Marcondes M., Biondo A. W. (2014)
Presence of infectious agents and co-infections in diarrheic
dogs determined with a real-time polymerase chain reaction-
based panel. BMC Vet. Res. 10: 1-8

Guy R. A., Payment P., Ulrich J. K., Horgen P. A. (2003) Real-time
PCR for quantification of Giardia and Cryptosporidium in envi-
ronmental water samples and sewage. Appl. Enviro. Microbiol.
69: 5178-5185

Guy R. A., Xiao Ch., Paul A. H. (2004) Real-time PCR assay for de-
tection and genotype differentiation of Giardia lamblia in stool
specimens. J. Clin. Microbiol. 42: 3317-3320

Heyworth M. F. (2016) Giardia duodenalis genetic assemblages
and hosts. Parasite 23: 1-5

Jerlstorm-Hultqvist J., Ankarklev J., Svard S. G. (2010) Is human
giardiasis caused by two different Giardia species? Gut Mi-
crobes. 1: 379-382

McGlade T. R., Robertson I. D., Elliot A. D., Read C, Thompson
R. C. (2003) Gastrointestinal parasites of domestic cats in Perth,
Western Australia. Vet. Parasitol. 117: 251-262



48 P. Solarczyk et al.

Monis P. T., Caccio S. M., Thompson R. C. (2009) Variation in Gi-
ardia: towards a taxonomic revision of the genus. Trends Para-
sitol. 25: 93—-100

Pallant L., Barutzki D., Schaper R., Thompson R. C. A. (2015) The
epidemiology of infections with Giardia species and genotypes
in well cared for dogs and cats in Germany. Parasit. Vectors 8:
2-14

Prasertbun R., Sukthana Y., Popruk S. (2012) Real-time PCR: Ben-
efits for detection of mild and asymptomatic Giardia infections.
Trop. Med. Health 40: 31-35

Ryan U., Caccio S. M. (2013) Zoonotic potential of Giardia. Int.
J. Parasitol. 43: 943-956

Solarczyk P., Werner A., Majewska A. C. (2010) Genotypowanie
izolatoéw Giardia duodenalis uzyskanych od ludzi w zachodnio-
centralnej Polsce. Wiad. Parazytol. 56: 71-177

Schuurman T., Lankamp P., van Belkum A., Kooistra-Smid M., van
Zwet A. (2007) Comparison of microscopy, real-time PCR and
a rapid immunoassay for the detection of Giardia lamblia in
human stool specimens. Clin. Microbiol. Infect. 13: 1186-1191

Skrzypczak L. (2016) Wystepowanie stadiow dyspersyjnych Gi-
ardia i Cryptosporidium w wodzie z fontann i kapielisk. [Oc-
currence of dispersive stages of Giardia and Cryptosporidium
in water from fountains and swimming sites] Doctoral thesis.
Poznan University of Medical Sciences, Department of Biology
and Medical Parasitology, 1-109

Solarczyk P., Majewska A. (2010) A survey of the prevalence and
genotypes of Giardia duodenalis infecting household and shel-
tered dogs. Parasitol. Res. 106: 1015-1019

Solarczyk P., Majewska A. C., Moskwa B., Cabaj W., Dabert M.,
Nowosad P. (2012) Multilocus genotyping of Giardia duo-
denalis isolates from red deer (Cervus elaphus) and roe deer
(Capreolus capreolus) from Poland. Folia Parasitol. (Prahga)
59: 237-240

Solarczyk P., Majewska A. C., Stodkowicz-Kowalska A. (2014) Ax-
enic in vitro culture and molecular characterization of Giardia
duodenalis from red deer (Cervus elaphus) and Thomson’s ga-
zelle (Gazella thomsonii). Acta Parasitol. 59: 763-766

Solarczyk P., Majewska A. C., Jedrzejewski S., Gorecki M. T., No-
wicki S., Przysiecki P. (2016) First record of Giardia assem-

blage D infection in farmed raccoon dogs (Nyctereutes procyo-
noides). Ann. Agric. Environ. Med. 23: 595-597

Sprong H., Caccio S. M., van der Giessen J. W. (2009) ZOOPNET
network and partners. Identification of zoonotic genotypes of
Giardia duodenalis. PLoS Negl. Trop. Dis. 3: 1-12

Stojecki K., Sroka J., Cencek T., Dutkiewicz J. (2015) Epidemio-
logical survey in Leczynsko-Wlodawskie Lake District of east-
ern Poland reveals new evidence of zoonotic potential of Gi-
ardia intestinalis. Ann. Agric. Environ. Med. 22: 594-598

Xu F., Jerlstorm-Hultqvist J., Andersson J. O. (2012) Genome-wide
analyses of recombination suggest that Giardia intestinalis
assemblages represent different species. Mol. Biol. Evol. 29:
2859-2858

Zhang P., Liu P, Alsarakibi M., Li J,, Liu T,, Li Y., Li G. 2012.
Application of HRM assays with EvaGreen dye for genotyping
Giardia duodenalis zoonotic assemblages. Parasitol. Res. 111:
2157-2163

Zhang H., Zhang X., Zhang S., Wei B., Jiang Q., Yu X. (2013) De-
tecting Cryptosporidium parvum and Giardia lamblia by co-
agulation concentration and real-time PCR quantification. F. E.
S. E.7: 49-54

Vanni 1., Caccio S. M., van Lith L., Lebbad M., Svard S. G., Pozio
E., Tosini F. (2012) Detection of Giardia duodenalis assemblag-
es A and B in human feces by simple, assemblage-specific PCR
assays. PLoS Negl. Trop. Dis. 6: 1-9

Verweij J. J., Schinkel J., Laeijendecker D., van Rooyen M. A. A.,
van Lieshout L., Polderman A. M. (2003) Real-time PCR for the
detection of Giardia lamblia. Mol. Cell. Probes. 17: 223-225

Xiao L., Fayer R. (2008) Molecular characterization of species and
genotypes of Giardia and Cryptosporidium and assessment of
zoonotic transmission. Int. J. Parasitol. 38: 1239-1255

Received on 2" November, 2017; revised on 9" December, 2017;
accepted on 5™ January, 2018



