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Abstract

Cryptosporidium is an important intestinal zoonotic pathogen that can infect various hosts and cause diarrheal disease. There
are no reports on the prevalence and molecular characterization of Cryptosporidium in wild birds in Cyprus. Therefore, the
present study aimed to determine the prevalence of Cryptosporidium spp. and genotypes in wild birds found at Phassouri
Reedbeds (Akrotiri Wetlands), Cyprus. Fecal samples of 75 wild birds (Eurasian coot Fulica atra, N=48; Eurasian teal Anas
crecca, N=20; duck — Anas spp., N="T) were screened for Cryptosporidium by PCR amplification and sequencing. Only one
sample (1.3%) belonging to a Eurasian coot was PCR-positive for Cryptosporidium. Based on sequencing of the 78S rRNA
locus, this species was identified as Cryptosporidium proventriculi. This is the first report on the molecular identification of

this Cryptosporidium species in a Eurasian coot.
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Introduction

Cryptosporidium is an important zoonotic enteric protozoan
parasite that infects many hosts through the fecal-oral route,
including humans and domestic and wild animals worldwide
(Ryan et al. 2014, 2016). It is one of the leading causes of
diarrhea worldwide, second only to rotavirus (Ryan and Hijjawi
2015; Ryan et al. 2016; Liu et al. 2016) and a significant cause
of child mortality worldwide (Kotloff 2017; Karanis 2018).
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Various studies have identified the occurrence of
Cryptosporidium species in wild waterbirds in different
countries and used molecular tools to determine the species
(Jian et al. 2021). Cryptosporidium parvum was found in
white storks (Ciconia ciconia), mute swans (Cygnus olor),
common mergansers (Mergus merganser) (Majewska et al.
2009), mallards (Anas platyrhynchos) (Kuhn et al. 2002)
and Canada geese (Branta canadensis) (Zhou et al. 2004),
Cryptosporidium duck genotype in Canada geese (Zhou et al.
2004), Cryptosporidium baileyi in mallards (Wang et al.
2010), black-headed gulls (Chroicocephalus ridibundus)
(Pavlasek 1993), and ruddy shelducks (Tadorna ferruginea)
(Amer et al. 2010), Cryptosporidium goose genotypes I and
IT in Canada geese (Zhou et al. 2004), and Cryptosporidium
avian genotype III in black-headed and brown-headed gulls
(Chroicocephalus brunnicephalus) (Koompapong et al.
2014) and waterbirds (Cano et al. 2016). Interestingly, the
prevalence of Cryptosporidium varies significantly among
these studies, ranging from 0.5 to 77%, depending on the
country and the bird species.

There is evidence that cryptosporidiosis can have a sig-
nificant clinical impact on birds. For example, infection of
domestic birds can lead to extensive economic losses for
the poultry industry (Majewska et al. 2009; Batz et al. 2012,
Holubova et al. 2018). The present study aimed to determine
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the prevalence and molecular identification of Cryptosporid-
ium species in wild birds for the first time in Cyprus.

Materials and methods
Study area

Phassouri Reedbeds (also known as Akrotiri Marsh) is a
unique, natural, freshwater wetland in Cyprus, covering an
area of 150 ha (1.5 km?). It is part of the Akrotiri Wetland
complex, the largest natural wetland complex of the island,
covering roughly 25 km? and located at Akrotiri Peninsula
(Zogaris 2017). A seasonal salt-lake occupies the center of
the Peninsula and is part of a wider aquatic system with a
number of saline and freshwater habitats. Phassouri Reed-
beds lies within the Cyprus Sovereign Base Area and is also
a state land. It is part of a Ramsar site (Salathé 2002) and
a designated Special Protection Area (SPA), equivalent to
the EU designation (Zogaris 2017). Dominated by a large
Phragmites australis reedbed and surrounding wet meadows,
it is crossed by a system of canals and ditches and has a vari-
able flooding regime with respect to artificial and human
modified flooding. The connection between the reedbeds and
humans dates back centuries as, among other things, the
area is still used for cattle grazing by the residents of nearby
Akrotiri village (Zogaris 2017).

As part of the Akrotiri Wetland complex, Phassouri Reed-
beds constitutes a congregation site for waterbirds, including
globally important numbers of certain species and a raptor
bottleneck site in autumn, with globally important congrega-
tions of four birds of prey. Notable migrants occur in num-
bers of regional importance, as well as important breeding
birds. Phassouri Reedbeds is amongst the best breeding sites
in Cyprus for the Ferruginous Duck Aythya nyroca (Hellicar
et al., 2014) and the only site in Cyprus for certain rare and
threatened flora species (Tsintides et al. 2007).

Sample collection

Seventy-five individual wild bird fecal samples (48 Eurasian
coot, Fulica atra, 20 Eurasian teal, Anas crecca and 7 Duck,
Anas spp.) were collected from the ground at Phassouri
Reedbeds, Akrotiri Wetlands (Cyprus) on 25 February 2021.

Upon observing groups of birds, the observers walked
toward them and collected the feces. Each fresh fecal sample
was placed in a sterile polystyrene tube (50-ml centrifuge
tube) with records of the bird species/group, date, location,
and identification number. The samples were transferred to
the laboratory on the same day and were stored at 4 °C until
DNA extraction within 3 weeks after collection.
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DNA extraction and PCR

The total genomic DNA was extracted from each fecal
sample with a QIAamp Fast DNA Stool Mini Kit (Qia-
gen, Hilden, Germany) according to the manufacturer’s
instructions. Cryptosporidium species were determined
by nested polymerase chain reaction (PCR) amplification
of an /85 rRNA locus fragment (600 bp) using previously
described primers (Silva et al., 2013). The primers used
for the first amplification were SHP1 (forward) 5’ ACC
TAT CAG CTT TAG ACG GTA GGG TAT 3’ and SHP2
(reverse) 5' TTC TCA TAA GGT GCT GAA GGA GTA
AGG 3'. The primers used for the second amplification
were SHP3 (forward) 5" ACA GGG AGG TAG TGA CAA
GAA ATA ACA 3’ and SSU-R3 (reverse) 5' AAG GAG
TAA GGA ACA ACC TCC A 3'. Cycling conditions used
in both amplifications were 94 °C for 3 min, 35 cycles of
94 °C for 45 s, 56 °C for 45 s, and 72 °C for 60 s, followed
by a final extension of 72 °C for 7 min.

Sequencing and phylogenetic analysis

The DNA band of the positive PCR product was gel
extracted and purified using the Blirt ExtractMe DNA Kit
(Blirt, Gdansk, Poland). The purified PCR product was
sent for sequencing (using the forward primer of the nested
PCR reaction) to Macrogen Ltd., Europe, Amsterdam.
For the determination of Cryptosporidium species, the
sequence was subjected to BLAST (https://blast.ncbi.nlm.
nih.gov/Blast) searches at NCBI GenBank. The sequence
was deposited in the NCBI GenBank under the accession
number: OM870407. A phylogenetic tree was constructed
using the maximum likelihood method in MEGA 11 soft-
ware, with Bootstrap 1000 replicates. Evolutionary dis-
tances were calculated using the Kimura two-parameter
model (https://www.megasoftware.net/).

Results

Only one sample (1.3%) was PCR-positive for Crypto-
sporidium and was further identified by DNA sequencing
and Blastn analysis as Cryptosporidium proventriculi. This
sample belonged to a Eurasian coot (1/48 positive sam-
ples). No positive sample was detected in Eurasian teals
(0/20) and ducks (0/7).

The phylogenetic analysis using the Megall software
indicated that the /8S rRNA sequence of the Cryptosporid-
ium proventriculi isolated in this study formed a well-defined
cluster with the respective reference sequences (Fig. 1).
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Fig. 1 The phylogenetic analysis using the Megall software
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Discussion

The present study identified Cryptosporidium species
in wild birds in Cyprus and is the first report of Crypto-
sporidium proventriculi in the Eurasian coot. Previously,
Cryptosporidium avian genotype III was described as a
new species C. proventriculi sp.n. based on morphologi-
cal, molecular, and biological data (Holubova et al. 2019).
To date, C. proventriculi has been reported from birds
in the orders Psittaciformes, Passeriformes, Piciformes,
and Anseriformes (Holubova et al. 2019). This is the first
report of this species in the order Gruiformes. Crypto-
sporidiosis in birds manifests in various clinical forms
depending on the species of Cryptosporidium and the site
of infection (Nakamura and Meireles, 2015). However,
knowledge of the course of infection and disease presenta-
tion in birds is limited. Both Ng et al. (2006) and Holubova
et al. (2019) found that C. proventriculi did not cause clin-
ical disease or mortality in naturally or experimentally
infected birds. In the present study, C. proventriculi was
only identified in one fecal sample, and therefore, it is not
possible to determine the clinical impact on the host.
Cryptosporidium proventriculi is the second Crypto-
sporidium species identified in Eurasian coot, with C. par-
vum previously identified in two out of four fecal samples
collected at Lake Balaton, Hungary (Plutzer and Tomor
2009). Cryptosporidium proventriculi was also found in
15.4% of black-and brown-headed gull fecal samples col-
lected at Bang Poo Nature Reserve, Thailand (Koompapong
et al. 2014) and 2.3% of waterbird fecal samples, not iden-
tified to the species level, collected at Salburua Wetlands,
Spain (Cano et al. 2016), demonstrating the wide geographic
presence of Cryptosporidium proventriculi in wild birds.
Data on the epidemiology of Cryptosporidium in
Cyprus is limited. To our knowledge, only two studies to
date have indicated a high occurrence of Cryptosporidium
in domestic animals. In the first study, Schou et al. (2022)
reported a high prevalence of Cryptosporidium in domes-
tic sheep (50%) and goats (30%). The species identified
were C. xiaoi and C. ubiquitum in sheep and C. parvum in
goats. In the second study, Hoque et al. (2022) found that
40% of domestic cattle were positive for Cryptosporidium.
The species identified were C. bovis, C. ryanae, and C.
parvum. Interestingly, the occurrence of Cryptosporidium
in wild birds is low (1.3%) compared to domestic animals,
probably because it is easier for the infected animals to
spread the parasite on farms. Moreover, this is the first
time that C. proventriculi has been reported in Cyprus.
Wild birds around Phassouri Reedbeds are primarily
migratory, and the area is a critical stop-over site on an
important migratory bird flyway. The surrounding areas of
Phassouri Reedbeds support cattle and horse grazing, and
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the water sources are shared with wild animals. Crypto-
sporidium parasites may be transmitted during bird migra-
tion. However, most human infections are caused by C.
hominis and C. parvum (Ryan et al. 2016). Therefore, the
contribution of wild birds in the transmission of crypto-
sporidiosis in Cyprus through the fecal-oral route and
through the contamination of water sources is unclear.
Molecular surveillance studies are necessary to provide
reliable information for health care and policymakers so
that more funds will be available for research, diagnosis,
and treatment of cryptosporidiosis and the prevention of
possible Cryptosporidium outbreaks.

Conclusions

To our knowledge, this is the first report of Cryptosporidium in
wild birds in Cyprus and of Cryptosporidium proventriculi in
Eurasian coot. The results of this study indicate that there is a
low prevalence of Cryptosporidium in wild birds compared to
domestic animals in Cyprus. Further studies with more sam-
ples are needed to explore further research outcomes.
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