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Abstract

Globally, Giardia duodenalis is probably the most common intestinal protozoan parasite infecting
humans and it appears also to be common in some zoo-housed primates. Infected zoo animals
present a risk for potential spill-over of zoonotic pathogens to co-residing animals, staff and visitors.
Using quantitative PCR, this study compared Giardia spp. prevalence and infection intensity in wild
and zoo-housed ring-tailed lemurs Lemur catta. Infection intensity of zoo-housed ring-tailed lemurs
(prevalence=88.6%, median Ct value=31.1, IQR=27.1–34.5) was significantly higher (P>0.01) than in
wild ring-tailed lemurs (prevalence=20.0%, median Ct value=37.7, IQR=37.5–38.7), where little or
no Giardia was found. Comparison of the enclosure designs showed both a higher prevalence and
significantly higher intensity (P>0.005) of Giardia infections in zoos with walk-through enclosures
(prevalence=89%, median Ct value=28.6, IQR=26.5–32.3) compared to traditional enclosures
(prevalence=65%, median Ct value=35.2, IQR=33.3–37.8), but there was substantial variation within
groups. The potentially zoonotic G. duodenalis assemblage B was identified in samples from five zoos.
These findings suggest that ring-tailed lemurs may be asymptomatic carriers of G. duodenalis and a
higher parasitic load might occur in lemurs held in walk-through enclosures.

Introduction
The zoonotic potential of the intestinal parasite Giardia
duodenalis should be a matter of concern for institutions
such as zoos where a diverse selection of animal species are
held in close proximity to each other and humans. Given its
monoxenous life cycle (Berrilli et al. 2011), stress-tolerant
cysts (Flanagan 1992), and the low infective dose required to
establish infection (Cacciò and Sprong 2011), species of Giardia
have the potential to quickly increase the infection pressure
in a given environment. Giardiasis may result in severe
malabsorptive diarrhoea, lactose intolerance, irritable bowel
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syndrome, and even death of the host (Flanagan 1992; Cacciò
and Sprong 2011; Halliez and Buret 2013). So far, molecular
epidemiological studies of G. duodenalis have revealed a
species complex of at least seven assemblages, labelled A–G
(Monis et al. 2009). Assemblages A and B are found in several
mammals, including humans (Flanagan 1992); assemblages C
and D in dogs, E in hoofed livestock, F in cats and G in rats. Hosts
can be infected with a host-specific assemblage simultaneously
with an assemblage of lower host specificity, such as A or B
(Geurden et al. 2008; Xiao and Fayer 2008). The lack of host
specificity, particularly of assemblages A and B means that zoohoused animals are at risk of becoming infected via humans,
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Figure 1. Infection intensity of Giardia by habitat of ring-tailed lemur groups. The boxplot depicts the median Ct values (bold lines), 25–75% quartiles
(box), upper and lower quartiles (whiskers), and outliers (dot) for the samples collected in A) traditional enclosures versus walk-through enclosures, and B)
wild versus zoos. Ct cut-off 37.6 (horizontal line) is shown, meaning that Ct values ≤37.6 denote samples infected with G. duodenalis while Ct value >37.6
denotes samples negative of G. duodenalis (*=0.01<P>0.05; **=0.001<P>0.01). Samples derived from zoos had lower Ct values than those derived from
the wild (P=0.01) and samples derived from walk-through enclosures were lower than those of traditional enclosures (P=0.007).

urban wildlife and water sources. Vice versa, infected zoo-housed
animals are a potential disease transmitter for other zoo-housed
species, staff and visitors.
Several zoos hold some animal species such as ring-tailed
lemurs Lemur catta in walk-through enclosures designed so that
visitors can venture inside the enclosure. This enclosure design
may have implications for disease spread to other zoo animals
and visitors. With the modern approach to enclosure design that
mimics the species’ natural habitat, including a denser vegetation
and sill flooring instead of concrete, stress-tolerant parasites like
Giardia can survive in the flooring and keep being transmitted
between individuals (Berrilli et al. 2011; Mir et al. 2016). Walkthrough enclosures are often larger than traditional enclosures
and hygiene levels more difficult to maintain, posing a risk for
increased Giardia transmission (Mir et al. 2016).
Wild ring-tailed lemurs in Madagascar do not appear to carry
Giardia spp. according to observations based on microscopical
screening of faecal samples (Villers et al. 2008). Interestingly,
several studies have identified G. duodenalis assemblage A and/
or B in European and Chinese zoos (Levecke et al. 2007, 2009;
Beck et al. 2011; Berrilli et al. 2011; Martínez-Díaz et al. 2011;
Karim et al. 2015). However, it remains to be investigated whether
there is a correlation between Giardia prevalence, infection
intensity and enclosure design. The objectives of this study were
to estimate and compare the prevalence and infection intensity
of Giardia spp. in wild and zoo-housed ring-tailed lemurs and to
further compare data from individuals held in walk-through and
traditional enclosures, respectively, in European zoos. Moreover,
Giardia-positive samples were characterised using Sanger and
Next Generation Sequencing to report on (sub)assemblages and
their zoonotic potential.
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Materials and methods
Sample collection and DNA extraction
A total of 132 fresh (<12 hours old) faecal samples were collected
from ring-tailed lemurs between February and July 2018 from 16
European zoos and from wild groups of ring-tailed lemurs in three
locations in Madagascar (Table 1). Samples were stored in 70%
ethanol during shipment. Upon arrival, samples were washed twice
with phosphate-buffered saline solution (PBS) and 300±20 mg
from each sample was used for further analysis. To lyse the cysts,
freeze/thawing cycles were applied to the samples as described
by Adamska et al. (2010). This procedure included three rounds
of submersion into a 100°C water bath for 2 min and submersion
in liquid nitrogen for 2 min. After the third round of exposure to
liquid nitrogen, 800 µl ATL lysis buffer was added. Samples were
centrifuged at 4,000 rpm for 5 min, and 500 µl supernatant was
treated with 37 µl proteinase K in 500 µl AL buffer overnight at
56°C. DNA was extracted following the recommendation by
Adamska et al. (2010) using the QIAamp DNA Tissue Mini Kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s
recommendations with minor changes in volumes: A total of 500
µl 96% ethanol was added to cover all sample material, and the
DNA was eluted in 100 µl Buffer AE. Samples were stored at −20°C
until further analysis.
Giardia spp. detection using qPCR
Giardia was detected by qPCR with and without a TaqMan
probe targeting a 62-bp fragment of the small subunit
ribosomal RNA (SSU-rRNA) gene of G. duodenalis. Primers
were Giardia-F: 5’-GACGGCTCAGGACAACGGTT-3’, Giardia-R:
5’-TTGCCAGCGGTGTCCG-3’, and the TaqMan probe Giardia-T:
FAM-5’-CCCGCGGCGGTCCCTGCTAG-3’-TAMRA
designed
by
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Table 1. Prevalence of Giardia duodenalis (proportion of infected samples) and median Ct values with Interquartile range (IQR) at each location. Zoo I,
Zoo II, Zoo III, and Zoo IV denotes four anonymous zoos. Madagascar coordinates: Beza Mahafaly: 23°39’S 44°37’E, Amoron’l Onilahy: 23°31’S 44°05’E,
Ivohiboro forest: 22°34’S 46°42’E.
Exhibit type

Location

No. of faecal
samples tested

% samples positive
for Giardia

Median Ct value across
positive samples

Walk-through enclosures

Givskud Zoo (DK)

7

100.0%

26.5 (24.2–28.4)

Zoo I

2

100.0%

27.3 (26.8–27.8)

Jesperhus Feriepark (DK)

9

88.9%

27.2 (26.3–28.3)

Zoo II

27

100.0%

28.0 (25.9–29.3)

Planckendael Zoo (BE)

10

100.0%

29.1 (26.6–31.9)

Zoo III

3

100.0%

32.0 (30.5–32.8)

Ree Park Safari (DK)

11

100.0%

32.2 (31.6–33.5)

Apenheul Primate Park (NL)

5

80.0%

32.3 (28.6–33.0)

Whipsnade Zoo (UK)

14

78.5%

34.0 (30.3–35.9)

Zoo IV

4

0.0%

-

Copenhagen Zoo (DK)

5

100.0%

25.3 (24.9–33.0)

Kristiansand Zoo and Amusement Park (NO)

12

83.3%

34.0 (32.7–35.3)

Royal Burger’s Zoo (NL)

5

60%

34.6 (34.3–38.4)

Odense Zoo (DK

7

85.7%

36.1 (34.2–36.8)

Antwerp Zoo (BE)

2

50.0%

37.5 (37.3–37.7)

Aalborg Zoo (DK)

9

11.1%

38.5 (37.8–39.4)

Beza Mahafaly

15

33.3%

37.7 (37.2–38.5)

Amoron’l Onilahy

9

22.2%

38.7 (37.6–38.1)

Ivohiboro forest

11

0.0%

39.5 (39.5–39.5)

Traditional enclosures

Madagascar

Verweij et al. (2003). The TaqMan assay was performed in
duplicates in a qPCR in a volume of 50 µl as described by Verweij
et al. (2004). H2O was used as a negative control.
A 1:10 serial dilution was performed of DNA isolated
from 5.0x106 purified non-viable G. duodenalis cysts in PBS
(plus penicillin, streptomycin, gentamicin, 0.01% Tween-20)
from experimentally infected gerbils Meriones unguiculatus
(WaterborneTM, INC). The logarithmic regression line derived
from qPCR showed, that at a cycle threshold (Ct) at 37.6, the
faecal sample contained less than one cyst per mg faeces (1.256ln
(number of cysts)+37.546=thresholds, R2=0.995). This Ct value
was set as the cut-off between Giardia positive and negative
faecal samples. The infection intensity was defined as the median
level of parasitic load in a lemur group for each zoo and reported
as the median Ct value of the group with interquartile ranges. The
infection intensity was compared among lemur groups in walkthrough enclosures, traditional enclosures and the Madagascar
locations. A Kruskal-Wallis test was applied using the software
R 3.3.2 (R Core Team 2003) to identify statistically significant
differences (P<0.05) of parasite infection intensity between
samples.
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Molecular characterisation of Giardia spp.
Giardia spp. were molecularly characterised via nested and
semi-nested PCR targeting the triose-phosphate isomerase (TPI)
gene and the glutamate dehydrogenase (GDH), respectively, as
described in previous studies (Sulaiman et al. 2003; Read et al.
2004; Geurden et al. 2008; Levecke et al. 2009). After visualising
the primary and secondary PCR products on 1.0–1.2% agarose
gels stained with SYBR Safe (Invitrogen), the PCR products
were sequenced using Sanger sequencing and Next Generation
Sequencing (NGS). The PCR products for Sanger sequencing were
purified using the MSB Spin PCRapace kit (Invitek GmbH, Berlin,
Germany) according to the manufacturer’s protocol. For a subset
of the samples, paired-end DNA libraries were generated using
the Nextera XT DNA Library Prep Kit (Illumina, San Diego, CA) and
the Nextera XT Index Kit (Illumina, San Diego, CA) according to
the manufacturer’s protocol and sequenced on an Illumina MiSeq
sequencer.
Geneious Prime (Biomatters Ltd, Auckland, New Zealand) was
used for extraction and removal of low quality reads (length <10
bp and/or Pred-score <20), trimming (using the BBduk-plugin),
and mapped to reference using Bowtie2 (Langmead and Salzberg
2012) with a 65% similarity cut-off. GenBank reference sequence
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Table 2. Genotyping of samples using the two loci TPI and GDH. NEG denotes negative amplification. NA: Not Available. Samples isolates are marked;
Givskud Zoo: G, Zoo II: X, Planckendael Zoo: PL, Whipsnade Zoo: W, Copenhagen Zoo: CPH.
Location

Isolate

TPI

GDH

TPI Accession no

GDH Accession no

Givskud Zoo

G1

NEG

BIV

NA

MN616939

G2

NEG

BIV

NA

MN616940

G3

NEG

BIV

NA

MN63005

G7

NEG

BIV

NA

MN63004

X6

NEG

BIII/BIV

NA

MN616928/MN616929

X7

BIII

BIII/BIV

MN625239

MN616930/MN616931

X9

BIII/BIV

BIII/BIV

MN625243

MN616937/MN616938

X11

BIII/BIV

BIII/BIV

MN625240

MN616932/MN616933

X16

BIII/BIV

BIII/BIV

MN625241

MN616934/MN616935

X18

BIII

BIV

MN625242

MN616936

Planckendael Zoo

PL8

BIII

BIII/BIV

MN625244

MN623000/ MN622999

Whipsnade Zoo

W1

NEG

BIII/BIV

NA

MN622998/MN622997

Copenhagen Zoo

CPH2

BIII

BIII/BIV

MN625245

MN63003/ MN63002

Zoo II

Accessions L02120, U57879, DQ650648, AF06956, AF069560,
AY228641, DQ246216, AY228645, AF069558, EU781013, M84604,
AY178737, EU637582, AF069059, AY178738, U60983, U60986,
AY178741, AF069057, AY178746 (Sprong et al. 2009). Samples
with a consensus sequence with coverage greater than 100 reads
were extracted and aligned to the reference library using ClustalW
with default settings.

Results
All 16 participating zoos had Giardia-infected lemurs except Zoo
IV (Table 1). The overall infection intensity as represented by the
median Ct value of positive samples was 31.1 (IQR=27.1–34.5).
Between enclosure designs, there was a significantly higher
prevalence and intensity of Giardia infections in zoos with walkthrough enclosures compared with traditional enclosures (Figure
1A). Of the 92 faecal samples collected from walk-through
enclosures, 89% were positive with a median Ct value 28.6
(IQR=26.5–32.3) whereas only 65% from traditional enclosures
were positive (median Ct value=35.2, IQR=33.3–37.8) (P>0.005,
Figure 1B). Of the 35 samples collected from wild ring-tailed
lemurs in Madagascar, 20% were positive (Table 1) but the overall
infection intensity (median Ct value=37.7, IQR=37.5–38.7; Figure
1B) was significantly lower (P>0.01) than in zoo-held ring-tailed
lemurs.
Samples from five zoos were successfully amplified for the GDH
gene and three zoos for the TPI gene (Table 2). Some samples
mapped to a single subtype and some to both recognised subtypes,
BIII and BIV, of assemblage B. Sanger sequences always mapped to
only one of the two subtypes for a given sample (Table 2).

Discussion
This study observed a high prevalence of G. duodenalis in ringtailed lemurs in European zoos, a result consistent with findings
from similar studies where most tested ring-tailed lemurs were
found to be infected with G. duodenalis (Levecke et al. 2007;
Beck et al. 2011; Berrilli et al. 2011; Martínez-Díaz et al. 2011).
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Giardia in ring-tailed lemurs have also been reported in American
and Chinese zoos, suggesting that Giardia is common in ring-tailed
lemurs in zoos across the globe (Villers et al. 2008; Karim et al.
2015).
Looking at the different enclosure designs in the zoos, ring-tailed
lemurs held in walk-through enclosures were more frequently
infected and carried a larger load than ring-tailed lemurs held
in traditional enclosures (P>0.005). Walk-through enclosures are
often larger than traditional enclosures, leaving cleaning more
challenging. This situation may result in re-infection of treated
animals. Although traditional enclosures are often smaller than
walk-through enclosures with fewer square metres available
per individual, this type of enclosure might allow for increased
infection rate due to crowding (Daly et al. 2013). It is important
to note, that these findings document a very large variation in
infection intensity between samples from the same zoo and even
within the enclosure design (Table 1). Factors that likely contribute
to variation in infection prevalence and intensity include group
density within enclosures, cleaning frequency, inadequate
manure containment and disposal (Daly et al. 2013) but also stress
levels and age and gender distribution across the lemur groups,
which have been found to affect shedding of cysts in other species
(Flanagan 1992; Charles-Smith et al. 2010). For instance, Giardia
is significantly more prevalent in younger individuals in several
other mammalian species, including humans (Flanagan 1992), and
young males of the lemur species Coquerel’s sifaka Propithecus
coquereli are more susceptible to the epidemiologically similar
protozoan, Cryptosporidium spp., than females (Charles-Smith et
al. 2010).
Giardia has previously not been found in wild ring-tailed
lemurs and other wild lemur species, such as greater bamboo
lemurs Prolemur simus, brown mouse lemurs Microcebus rufus,
and the white-fronted brown lemur Eulemur fulvus albifrons
with the use of microscopical analysis (Junge et al. 2008; Villers
et al. 2008; Rasambainarivo et al. 2013). The current study reevaluated the presence/absence of Giardia in wild ring-tailed
lemurs using molecular detection methods which are more
sensitive than microscopy (Gotfred-Rasmussen et al. 2016). The
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TaqMan-based qPCR revealed 20% of the 35 Madagascar samples
to be positive for Giardia. However, in all samples, except for
one from Beza Mahafaly (Ct value=36.2), had detectable Giardiaspecific DNA only at the limit of detection (median Ct value=37.7,
IQR=37.5–38.7). This study shows tentatively that wild ringtailed lemurs are positive for Giardia, however with an infection
intensity significantly lower than zoo-held ring-tailed lemurs. It is
recommended that wild lemurs should continuously be screened
for Giardia using qPCR rather than microscopy considering that
Giardia is found in humans in Madagascar (Randremanana et al.
2012) posing a potential risk of a spill-over to the wildlife.
PCR amplification and genotyping were only possible in 14
samples from five out of the 15 zoos that were tested Giardia
positive according to qPCR assay. This partial low genotyping
success is a recurrent challenge, where previous studies report
a 0–70% successful genotyping of qPCR-amplified samples and
mixed results being dependent on the markers used (Pelayo et al.
2008; Beck et al. 2011; Berrilli et al. 2011; Karim et al. 2015). This
highlights the need for improved genotyping practices; specifically
finding genes that amplify better and using NGS and wholegenome sequencing approaches. The use of NGS in this study
enabled the identification of both sub-assemblage BIII and BIV in
most successfully amplified samples, suggesting mixed infections.
Identifying assemblage B is consistent with previous findings
that report assemblage B as the dominating strain in non-human
primates (Feng and Xiao 2011; Ryan and Cacciò 2013; Karim et
al. 2015). The zoonotic potential of assemblage B is still being
discussed, but it is agreed upon that assemblage B (and A) carry
the highest zoonotic risk (Flanagan 1992; Lalle et al. 2005; Savioli
et al. 2006; Xiao and Fayer 2008; Sprong et al. 2009; Plutzer et al.
2010; Thompson and Ash 2016; Brynildsrud et al. 2018).
The lemurs held in European zoos appear not to be clinically
affected by Giardia infections, and asymptomatic carriage has
also been reported in other studies (Villers et al. 2008; Berrilli
et al. 2011). The primary focus should be, therefore, to prevent
transmission of this zoonotic assemblage to other zoo-held
species and humans where numerous incidences of severe
diarrhoea have been documented (Flanagan 1992; Hamlen and
Lawrence 1994). Some studies also report asymptomatic carriers
among other zoo-held species but most studies fail to report
whether the samples collected were from individuals with or
without diarrhoea. Nevertheless, it is important not to neglect the
not fully understood subclinical effects of Giardia infections such
as fail-to-thrive and malabsorption, especially in young individuals
(Flanagan 1992). Efficient hygiene and awareness have been the
primary management strategies because complete eradication
of Giardia in ring-tailed lemurs have failed (Copenhagen Zoo,
unpublished). Hygienic measures include the use of disinfectants,
disposable shoe covers and gloves, while awareness has centred
around knowing the risks of transfer through day-to-day tasks
to other locations within zoos (Daly et al. 2013). Guests should
therefore also be advised not to consume anything while in a walkthrough enclosure and wash hands when leaving the enclosure
as a precaution. For future zoo management, it is important to
recognise that ring-tailed lemurs can carry Giardia. Thus, ringtailed lemurs should always be screened upon arrival since it is
difficult to exterminate for Giardia later once a group or the
environment in the enclosure is contaminated.

Data accessibility
Sanger sequences are deposited in GenBank (accession numbers
MN625239-MN625246). NGS data has been submitted to the
Genbank archive at NCBI (accession numbers MN616929MN616940 and MN622997-MN623005)

Journal of Zoo and Aquarium Research 8(4) 2020
https://doi.org/10.19227/jzar.v8i4.509

Acknowledgements

We would like to thank the staff at Aalborg Zoo, Antwerp Zoo,
Apenheul Primate Park, Givskud Zoom Jesperhus Feriepark,
Kristiansand Zoo and Amusement Park, Odense Zoo, Planckendael
Zoo, Ree Park Safari, Royal Burger’s Zoo, Whipsnade Zoo, and four
anonymous zoos for participating with samples and data. We
also need to thank the staff at Statens Serums Institute and the
Department of Biology at the University of Copenhagen. A special
thanks to affiliate professor Mads Bertelsen, Copenhagen Zoo.

References

Adamska M., Leońska-Duniec A., Maciejewska A., Sawczuk M., Skotarczak
B. (2010) Comparison of efficiency of various DNA extraction methods
from cysts of Giardia intestinalis measured by PCR and TaqMan real
time PCR. Parasite 17(4): 299–305.
Beck R., Sprong H., Bata I., Lucinger S., Pozio E., Cacciò S. (2011) Prevalence
and molecular typing of Giardia spp. in captive mammals at the zoo of
Zagreb, Croatia. Veterinary Parasitology 175(1–2): 40–46.
Berrilli F., Prisco C., Friedrich K.G., Di Cerbo P., Di Cave D., De Liberato
C. (2011) Giardia duodenalis assemblages and Entamoeba species
infecting non-human primates in an Italian zoological garden: zoonotic
potential and management traits. Parasites & Vectors 4(1): 199.
Cacciò, S., Sprong H. (2011) Epidemiology of giardiasis in humans. In
Giardia (pp. 17–28): Springer.
Charles-Smith L.E., Cowen P., Schopler R. (2010) Environmental and
physiological factors contributing to outbreaks of Cryptosporidium in
Coquerel’s Sifaka (Propithecus coquereli) at the Duke Lemur Center:
1999–2007. Journal of Zoo and Wildlife Medicine 41(3): 438–444.
Daly R., House J., Stanek D., Stobierski M. (2013) Compendium of measures
to prevent disease associated with animals in public settings, 2013.
Journal of the American Veterinary Medical Association 243(9): 1270–
1288.
Flanagan P. (1992) Giardia--diagnosis, clinical course and epidemiology. A
review. Epidemiology and Infection 109(1): 1.
Geurden T., Geldhof P., Levecke B., Martens C., Berkvens D., Casaert
S., Vercruysse J., Claerebout E. (2008) Mixed Giardia duodenalis
assemblage A and E infections in calves. International Journal for
Parasitology 38(2): 259–264.
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: immunofluorescence and PCR
are superior to microscopy of concentrated iodine-stained samples.
Diagnostic Microbiology and Infectious Disease 84(3): 187–190.
Halliez M.C., Buret A.G. (2013) Extra-intestinal and long term consequences
of Giardia duodenalis infections. World Journal of Gastroenterology
19(47): 8974.
Hamlen H.J., Lawrence J.M. (1994) Giardiasis in laboratory-housed squirrel
monkeys: a retrospective study. Laboratory Animal Science 44(3):
235–239.
Junge R.E., Dutton C.J., Knightly F., Williams C.V., Rasambainarivo F.T., Louis
E.E. (2008) Comparison of biomedical evaluation for white-fronted
brown lemurs (Eulemur fulvus albifrons) from four sites in Madagascar.
Journal of Zoo and Wildlife Medicine 39(4): 567–576.
Karim M.R., Wang R., Yu F., Li T., Dong H., Li D., Zhang L., Li J., Jian F., Zhang
S. (2015) Multi-locus analysis of Giardia duodenalis from nonhuman
primates kept in zoos in China: geographical segregation and hostadaptation of assemblage B isolates. Infection, Genetics and Evolution
30: 82–88.
Langmead B., Salzberg S.L. (2012) Fast gapped-read alignment with Bowtie
2. Nature Methods 9(4): 357.
Levecke B., Dorny P., Geurden T., Vercammen F., Vercruysse J. (2007)
Gastrointestinal protozoa in non-human primates of four zoological
gardens in Belgium. Veterinary Parasitology 148(3): 236–246.
Levecke B., Geldhof P., Claerebout E., Dorny P., Vercammen F., Cacciò
S.M., Vercruysse J., Geurden T. (2009) Molecular characterisation
of Giardiaduodenalis in captive non-human primates reveals mixed
assemblage A and B infections and novel polymorphisms. International
Journal for Parasitology 39(14): 1595–1601.
Martínez-Díaz R.A., Sansano-Maestre J., del Carmen Martínez-Herrero M.,
Ponce-Gordo F., Gómez-Muñoz M.T. (2011) Occurrence and genetic
characterization of Giardia duodenalis from captive nonhuman
primates by multi-locus sequence analysis. Parasitology Research
109(3): 539–544.

257

Fomsgaard et al.
Mir A., Dua K., Singla L., Sharma S., Singh M. (2016) Prevalence of parasitic
infection in captive wild animals in Bir Moti Bagh mini zoo (Deer Park),
Patiala, Punjab. Veterinary World 9(6): 540.
Pelayo L., Nunez F., Rojas L., Furuseth Hansen E., Gjerde B., Wilke H.,
Mulder B., Robertson L. (2008) Giardia infections in Cuban children:
the genotypes circulating in a rural population. Annals of Tropical
Medicine & Parasitology 102(7): 585–595.
Randremanana R., Randrianirina F., Gousseff M., Dubois N.,
Razafindratsimandresy R., Hariniana E.R., Garin B., Randriamanantena
A., Rakotonirina H.C., Ramparany L. (2012) Case-control study of the
etiology of infant diarrheal disease in 14 districts in Madagascar. Plos
one 7(9): e44533.
Rasambainarivo F.T., Gillespie T.R., Wright P.C., Arsenault J., Villeneuve
A., Lair S. (2013) Survey of Giardia and Cryptosporidium in lemurs
from the Ranomafana National Park, Madagascar. Journal of Wildlife
Diseases 49(3): 741–743.
Read C.M., Monis P.T., Thompson R.A. (2004) Discrimination of all
genotypes of Giardia duodenalis at the glutamate dehydrogenase
locus using PCR-RFLP. Infection, Genetics and Evolution 4(2): 125–130.
Sprong H., Cacciò S.M., van der Giessen J.W. (2009) Identification of
zoonotic genotypes of Giardia duodenalis. PLoS Neglected Tropical
Diseases 3(12): e558.

258

Sulaiman I.M., Fayer R., Bern C., Gilman R.H., Trout J.M., Schantz P.M.,
Das P., Lal A.A., Xiao L. (2003) Triosephosphate isomerase gene
characterization and potential zoonotic transmission of Giardia
duodenalis. Emerging Infectious Diseases 9(11): 1444.
Team R.C. (2003) R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria. URL http://
www.R-project.org/.
Verweij J.J., Blangé R.A., Templeton K., Schinkel J., Brienen E.A., van Rooyen
M.A., van Lieshout L., Polderman A.M. (2004) Simultaneous detection
of Entamoeba histolytica, Giardia lamblia, and Cryptosporidium
parvum in fecal samples by using multiplex real-time PCR. Journal of
Clinical Microbiology 42(3): 1220–1223.
Verweij J.J., Schinkel J., Laeijendecker D., van Rooyen M.A., van Lieshout
L., Polderman A.M. (2003) Real-time PCR for the detection of Giardia
lamblia. Molecular and Cellular Probes 17(5): 223–225.
Villers L.M., Jang S.S., Lent C.L., Lewin‐Koh S.C., Norosoarinaivo J.A. (2008)
Survey and comparison of major intestinal flora in captive and wild
ring‐tailed lemur (Lemur catta) populations. American Journal of
Primatology 70(2): 175–184.

Journal of Zoo and Aquarium Research 8(4) 2020
https://doi.org/10.19227/jzar.v8i4.509

