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Abstract

Background: Opportunistic microorganisms of the intestinal tract including GFyptosporidium

spp., Giardia spp., Blastocystis sp., and microsporidia are increasingly being r&sible for

»
A\,

Objectives: This study was conducted with the aim of searching é cﬂlg the abo parasites in the
T

clinical disorders in various host species including human.

feces of pet birds using parasitological and molecular methods in

Methods: In the current study, fecal samples of avian ere col ected and investigated with
modified Ziehl-Neelsen, modified trichrome a@c ? staining for the presence of

microsporidia, Cryptosporidium, Blastoc Kmdwia. All the samples were examined

et‘lyl as well.

c%ntained Encephalitozoon hellem genotype 1B (2%)

molecularly with specific primers an

Results: Three of the exami (? dgoppl
by PCR and sequencinc 'crkoridian organisms were recovered from the droppings of

clinically normal g@% eek parakeet, an African gray parrot, and a lovebird. Other examined

parasites we(ot Kw the examined samples.

Conclusion: T cutrent study proved the captive pet birds as a possible source of microsporidian

infection. The highly resistant nature of the microsporidia spores, besides the fact that



encephalitozoonosis is predominantly subclinical in birds, can put the owners at increased risk of

disease acquisition via spore inhalation or ingestion.
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1. Introduction

Microsporidia, Blastocystis, Cryptosporidium, an%i ia al}\ cukaryotic zoonotic pathogens

thriving in the intestinal tract of human, mend avian hosts. These opportunistic

parasites are among the most common causes omointestinal disorders in humans, domestic
and wild mammals, and birds. I%i T iage obligate, intracellular organisms infecting a
Q b

wide host range including ir‘cts, fish, mammals, and birds (Laksemi et al., 2020; Kasi¢kova et
al., 2009; Feng & Xiao \

More than 1500 spcies ofimicrosporidia from 200 different genera have been identified among
which terQoWeusi and Encephalitozoon species including E. cuniculi, E. intestinalis
an h‘n re tesponsible for intestinal infections with the ability of crossing the host species
barrier (Li'et j., 2020; Sak et al., 2010; Keeling & Fast, 2002; Li et al., 2009). E. hellem is the

dominant species of microsporidia in birds and the third most reported species in human
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microsporidiosis. Based on genomic markers, there are seven E. hellem genotypes which 1A, 1B,
1C and 2B where identified to be zoonotic (Robertson et al., 2019).

Blastocystis sp., is a frequent intestinal protist including various genetic subtypes.' ral studies
have shown that people with close contact with animals are at higher risk f(ﬁXyitis sp.,
infection. While ST1-ST9 and ST12 were isolated from human sam‘e > Nnd ST7 are
considered “avian STs”, because of their relative predomir@nérds (Dogruman-Al et al.,
) < \

Cryptosporidiosis is considered a protozoan infection i ans, domestic and wild mammals,

2009; Alfellani etal., 2013; Cian et al., 2017).

birds, and lower vertebrates (Quah et al., 2011; Rm 0»6). Along with the bird specific
species, C. hominis, C. parvum, and C. murixe thwotic species reported by birds, causing
respiratory and digestive illness. C. mele&idiSJN\e third agent of human cryptosporidiosis,
which is a turkey (Meleagris galloprag s’eciﬁc species (Malik et al., 2021; Ibrahim et al.,
2007). * \

There are bird-speciﬁc@r\&cies, besides reports of G. duodenalis assemblages A and B
infecting both humans and different species of birds (Ichikawa et al., 2019). Zoonotic giardiasis
can be\* tngh direct contact with infected asymptomatic carrier hosts including
hunN)m tic and wild animals, and birds and ingestion of infected water sources (Malik et

al., 2021; Erlandsen and Bemrick, 1987).



Zoonotic diseases of public health importance are studied considerably though wild, domestic,
caged, ornamental, and companion avian hosts are recently being contemplated for their roles in
the transmission and spread of important zoonotic pathogens (Malik et al., 20' Some of
isolates were shown to be possibly transmitted from these animals to their A “orkers
Epidemiological surveys have revealed that at intensive commercia ‘ \ ;
Considering the close contact of humans and companion avi irca, andigiven that zoonotic
species and genotypes of the aforementioned parasitewlve been report&in humans and birds,
avian hosts may be a risk factor for human infection. ue of the limited number of studies
in the population of companion birds in the worldw oﬁntry, this study was designed to
investigate the occurrence and to evaluatex zow potential of these common parasitic

protozoa in pet avian species referred to c&'cs i)Mran, Iran.

2. Materials and Methods . p b

Sample collection: Frt*l QZO July 2020 fresh droppings were collected from cages of
ina

pet birds referred ﬁe clinics in Tehran, the capital city of Iran located at 35.5501° N,

-
51.5150° E coordinatey'le samples were collected on site upon admission to the clinic. A total

transpo t(ihe parasitology laboratory in the faculty of veterinary medicine in Tehran, Iran

of%al\mk were collected in suitable sealed, labeled, and clean containers, and

without preservative solutions. Prior to preservation in freeze condition, fecal smears were



prepared and stained with the modified Ziehl-Neelsen method (MZN) for Cryptosporidium,
Weber's chromotrope-based modified trichrome for microsporidia and trichrome for Giardia
detection as described by Garcia (Garcia, 2006) . The smears were evaluated mic: pically. In
addition, a portion of samples was also transferred to sterile 1.5 mL tubes anh& —20 °C

for DNA extraction and further analyses. \\ 4

DNA extraction and purification: In order to extract total ®oﬁs mples, 250 mg of stool

samples was suspended in one ml sterile PBS (pH =7§&). Fecal'samples were homogenized by

0.5 mm glass bead disruption. Samples were centrifuged at'2500xg for 3 min, the supernatant

was discarded, and DNA was extracted fromQre%ng llet using stool DNA Extraction kit

(MBST, Tehran, Iran). The purified DNAcm ystored at — 20 °C until assessment via
J

PCR technique.

N ¢ b

PCR amplification: Four‘ecifn‘ximers pairs targeting ribosomal genes of Cryptosporidium
spp., Blastocystis sp., cro*&a (E. bieneusi and Encephalitozoon spp), and Giardia were
selected (Quiles etgl.‘, 2019zScicluna et al., 2006; Hopkins et al., 1997; Jalas & Tavalla, 2018)
(table QQm Mn was performed in a volume of 25 puL containing 12.5 pL of ready to

ster mix, 200 nM of each primer (1 pL each primer), 2 uL of the target DNA sample and
8.5 uL double distilled H20. Reactions were performed by Eppendorf thermocycler (Master

cycler personal). Samples were denatured at 94 °C for 5 min, followed by 35 (PCR) cycles of
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denaturation for 30 s at 94 °C, annealing for 30 s at the appropriate respective annealing
temperature, and extension for 30 s at 72 °C, with a final extension at 72 °C for 5 min. For each
[ ¢

organism, positive identified samples (kindly provided by Dr. Mirjalali) were in parallel

with the clinical sample during the extraction, PCR reaction and electrophﬁ a K)sitive

control. Amplified fragments were analyzed by 1.5% agarose gel elecf\&tﬁned with

GelRed™ (Biotium, USA). o \ . 4

Table 1. Sequence of primers used to investigate microsporidia, B\[ocystls s\Glardla spp., and Cryptosporidium

spp. in avian hosts.
$0X1mate Accessio
. size of .| Target | pnumber

Primer Anneali

Target organism name Primers sequence M 3 V amplified ng (°C)
\ fragment (bp)

Gene

vif CACCAGGTT CdAC
Microsporidia ~300 60
UNIF | TCAGGCTECCTERCCAGAAT

ssUrR | MK71923
NA 6

RDS ATCT&I‘TGA CTGCCAGT
Blastocystis sp. & ~600 55 SS;IJQR Pz
BhRDr GC\I‘ ACTGCAACAACG

RHI11 (CATCCGGTCGATCCTGCC
Giardia ~290 57
H4 CGAACCCTGATTCTCCGCCAGG

ssUrR | MK48770
NA 7

o CryE | CTGACCTATCAGCTTTAGA ssUR | Mws212
Cryptosporidium ~750 53 NA 59
R | GCTGAAGGAGTAAGGAACA

SSU rRNA: small subunit ribosomal RNA




Sequencing and genotyping: Samples yielding an amplified product of the expected size were
considered positive even if they were not sequenced successfully. The positive samples were
sequenced (Niagen Noor Company, Iran) in both directions using the amplifyingiPCR primers.
DNA sequences were assembled by means of the BioEdit software ( Schn#&t@hens,
1990) and aligned with homologous sequences published in the G‘l w&ise using
MEGAX software (Kumar et al., 2016). The obtained sew x{ere cowed and blasted
with the sequences available in the GenBank collectim\(Zhang et\al., 20&. A phylogenetic tree
was drawn using the MEGAX software and Neighb ining method (Kumar et al., 2016).
Bootstrapping with 1000 replicates was used to (@1 pport for the generated clades. In

case of identified organisms, an appropriatxethw applied in order to characterize the

genotype/subtype of the parasite to elucidate its 30 tic potential.

N

Determination of microspofida ty&;e by nested PCR: Because of the length
polymorphism among ?e ghypes in the polar tube protein (PTP) gene, two sets of
e Action and differentiation of E. hellem by nested PCR analysis

:
(Table 2). Th'{rimWenerate PCR products of known sizes for genotypes 1A, 1B, 1C, and

2 iehal., 0(%

Table 2. %Fhe primers used for genotyping of Encephalitozoon hellem isolates based on Polar Tube
Protein (PTP) PCR.

primers were usedér

Primers sequence (5’ to 3") Target organism genotype

Target Size




Fi.CTCATGCCAGTTGGTTCCT
External primers E. hellem 1A 46 1'

RITGGAGGCATTGCAATAGG
E. hellem 1B 5 k

F2-CATGCTTGCCAACACAGG \ ’
Internal primers E. hellem 1C ‘
Ro>-TGGAGGCATTGCAATAGG
E. h&% % '\

3. Results ()Q P

Host species: In this study a total of 150 plw ples derived from 17 bird species
belonging to four bird orders from ei ia fdlies were investigated for the presence of
intestinal opportunistic path(irﬁ Lclu &icrosporidia, Giardia spp., Blastocystis sp., and

Cryptosporidium spp. T

\e%l}species are summarized in table 3.

Table 3 . The numbet@ varietypofispecies of pet birds have been investigated for the presence of Cryptosporidium spp.,

\wdia spp., Blastocystis sp., and microsporidia in fecal samples.

rder Family Common Name Scientific Name Frequency
) (0/0)
Psittaciformes Psittaculidae Budgerigar Melopsittacus ndulatus 7 (4.66)




Lovebird Agapornis sp. 14 (9.33)

alexandrine Psittacula eupatria 6(4)
Parakeet

Ring necked Psittacula krameria
parakeet

Lorikeet Parakeet 66)

Psittacidae African grey parrot 30 (20)
Green chee’ a molinae 8(5.33)

et

azon paj Amazona 1 (0.66)

SunParakeet Aratinga Spix 1 (0.66)

tuidas Cockatiel Nymphicus hollandicus 44 (29.33)
Cockatoo Cacatua galerita 4 (2.66)
P or Passeridae Bulbul Pycnonotus leucotis 2 (0.75)
Fringillidae Canary Serinus canaria 11(7.33)
Finch Taeniopygia guttata 2 (1.33)
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Sturnidae Mynah Acridotheres tristis 14 (9.33)

Columbiformes Columbidae Pigeon Columba livia 1 (0.66)

Galliformes Phasianidae Quail Coturnix coturnix 1 (O.K

Microscopic and Molecular investigation: Microscopic observation of the fecal sm&rs by

4
modified Ziehl-Neelsen and trichrome staining for the detection of'C‘pml m oocysts,
. 4

Giardia or microsporidia revealed no parasite in the sampleso ~ \

\
Among the total examined fecal samples, Blastocystis Cry&o*oridium spp., and Giardia

spp., were not detected in the samples neither mic 1y Iﬁr molecularly. A green cheeked
parakeet (Pyrrhura molinae), an African M’ pWGP) (Psittacus erithacus) (Family:
Psittacidae) and a lovebird (Agapornis fiscﬁ(;ri) (My: Psittaculidae) harbored microsporidia in
the PCR method. The overall in;e @ requgcy of microsporidia was 2% (3/150) and the

{
frequency among the Psittaci rmevs 5% (3/119).

The expected ~30($P€R\(hcts were successfully sequenced for three positive samples.
The resultant mlcrosqorldia sequences were submitted to the NCBI database under the accession

numbers\/l 676,; 0M777677, and OM777678. Pairwise alignment of the sequences from the

N N
present %ldy ;evealed 99.59% identity between the green cheek and the lovebird isolate and

98.76% identity between the gray parrot and the green cheek and/or the lovebird isolates (figure

).
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oM777676 1 ACCAGGTTGATTCTGCCTGACGTGGATGC TATTCTCTGGGGC TAAGCCATECATGTTTAT 60
OM777678 3 . .iuvianans S e SO R Ede WO aME SOUWISINE MR SOUWEI S Ee RIS e s 5.
BTEIRTT T3 s soveves w55 sommeoss B8 FOnsunst 9 66 SRRSO B0 FOUEOER 8 BOUENGE B RS STRTRGEE BN s B2

aM777676 61 GAARGCCTTTATGGGGGATTGACGGACGEC TCAGTGATAG TACGATGATT TGAT TGGGAGC120
OMTTTETE G2 v ie an e e mn ssaesa s s smasseneannnan e e e e e e ee e 121
OMTTTETT B3 v et vuen e os e seassssnanassnnsnnasennnns - RN G.. 123

oM777676 121 CTGGATGTAACTGTGGGAAACTGCAGGTAAGTTCTGGGGETGETAGTTTGTAGC TACTGC 180 ‘
L B - T 181
eMITIOTT 124 oy sada &8 o5 S0 & e o e aams @ s Tirs SREais g oy SONRE & B 183

oM777676 181 GTACCGAGTRAASTTGTAGSCCTATCAGCTGETAGT TAGGETAATGGCCTAAC TAGGCGGAG 241
OMITIBNE T8 o woawim oo o DR U0 CRUEE i 0 DR U DR U0 SRVRE i R a0 uey 242
aMIaedd 89 in wevms &y v SR 1D DEUES I 0 RN IS TN 1D DEUEn i N SEee B el 243

) )\

Figure 1- Pairwise alignment of small subunit ribosomal RNA sequences of microsporidia from the droppings of avian species.
(OM777676: isolated from Pyrrhura molinae; OM777677: isolated from Psittacus erithacus; OM777678: isolated from
Agapornis sp.)

A, b
Phylogenetic tree and genotyping: The isolates in the present study formed a well-supported clade with
o A4

Encephalitozoon hellem sequences from different avian species and mammalian isolates. (Figure 2). The three

isolates were further genotyped based on the sequences of PTP. The examined isolates were genotyped as 1B by

yielding a 521 bp band after PTP PCR (Figure 3).

d \J
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Figure 3- E. hellem isolates genotyping by PCR analysis of the PTP gene. Lanes 1 and 8, 100-bp ladders; lanes 2:

positive control; lanes 3; lane 4: blank; and 5, genotype 1B; lanes 3 and 4, genotype 1A; lane 6, genotype 2B; and

lanes 7 and 8, genotype 1C. " ¢
A OM777676 Encephalitozoon hellem Green cheek (Psittacidae) ' ‘
A OMT7T7678 Encephalitozoon hellem lovebird (Psittaculidae)
63 | AY772781 Encephalitozoon hellem umbrella cockatoo (Cacatuidae) = /

AF237779 Encephalitozoon hellem Gouldian Finch (Estrildidae)
AF039230 Encephalitozoon hellem Eclectus parakeet (Psittaculidae)
AF039229 Encephalitozoon hellem Eclectus parakeet (Psittaculidae)
OL312656 Microsporidia sp. wild rat
A OMTTT677T Encephalitozoon hellem African grey parrot (Psittacidae)
72| | AF338364 Encephalitozoon hellem human
AF136759 Encephalitozoon hellem ostrich (Struthionidae)
AF118143 Encephalitozoon hellem human
'— KR612229 Encephalitozoon hellem human
EU436735 Encephalitozoon intestinalis strain ATCC 50651 human
9 XR 002670138 Encephalitozoon intestinalis ATCC 50506 human
FR723096 Encephalitozoon cuniculi human
AF144247 Encephalitozoon cuniculi dog
EU847242 Encephalitozoon cuniculi swine
AF144252 Encephalitozoon cuniculi dog
100 MW588203 Encephalitozoon cuniculi rabbit
KR998311 Encephalitozoon pogonae bearded dragon

45

100

0.020

N\

Figure 2- Phylogenetic tree of the small subunit ribosomal RNA sequence for E. hellem isolated from pet birds. The Phylogenetic tree was
inferred by using the Maximum Likelihood method and Tamura 3-parameter model. The tree is drawn to scale, with branch lengths measured in
the number of substitutions per site. Evolutionary analyses were conducted in MEGA X. Solid triangles indicate Encephalitozoon species

identified in the present study. ‘

4. Di
Pets including birds may act as a reservoir host for the transmission and/or propagation of
pathogens between various animal species and humans. In the present study, pet avian species

13



were investigated for the occurrence of some of the most important zoonotic pathogens including
Cryptosporidium spp., Giardia, Blastocystis sp., and microsporidia by means of PCR and special
staining methods. Among 150 studied droppings from 8 families of pet birds, 3 ples were
found to contain E. hellem (2 %) by PCR. h‘ 5

Microsporidia are known as opportunistic pathogens infecting a wide range of vertebrate hosts.

a\ N\~

The pathogen is spreading via contamination of food, water and %ir v;ith the human and animal
excretions (Ruan et al., 2021). Among the important Z(&lotic(microspor:iian species in humans,
E. hellem is the dominant species in wild and captive birds (Jalas DT avalla, 2018; Itoh et al.,
A
2021). In the present study E. hellem infection, v@ i & in 3 bird species belonging to
Psittaciformes. There are reports of the infexl err bird species including other parrots
(Hopkins et al., 1997; Itoh et al., 2021). a&ellvjmmmingbirds, Gouldian finches, and ostrich.
The prevalence of infection amgng ani’n birds in different studies ranged from 1.1-15.7%
(Pllparampil et al., 1998; Swden‘ et al., 2000; Snowden and Logan, 1999; Suter et al., 1998).
and it was 2% herein. Go\a SSU genotyping, genotypes 1A, 1C, 2B and according to
PTP genotyping, genotypes 1A, 1B, 1C and 2B of E. hellem have zoonotic potential (Robertson
et al,, 9)..E. Nlem has been identified in various bird families and Passeriformes,
Amees,‘nd \many Psittaciformes species were reported to be infected with genotype 1

(further divided to 1A,1B and 1C). In the present study all of the isolates were genotyped as

potentially zoonotic genotype 1B. E. hellem genotypes 1A, 2B and 2C had been isolated from
14



various wild and captive avian hosts. African gray parrot, green-cheek parakeet and lovebirds
were reported to harbor genotypes 1A and 2 B (Kasickova et al., 2009; Barati et al., 2022;
Pirestani et al., 2013; Rosell et al., 2016; Malcekova et al., 2010; Lee et al., 201 e hosts in
the present study were infected with genotype 1B and according to the beﬁh%gthors’
knowledge it has been reported from an Agapornis roseicollis (Snowden ) a‘nd human
cases (Xiao et al., 2001). Studies on bird microsporidiosis in in8lude {8 d captive avian
species. Pigeons, crows, budgies and canraies were reqted togbg infected with E. hellem. The
prevalence was from 1.1% in petshop and captive sa to 4.1‘»in fecal samples collected
from public parks. The genotypes were identifie e be studies which were rported as
E. hellem genotypes 1A and 3 based on ITsxlleMysis (Pirestani et al., 2013; Tavalla et
al., 2018; Yazdanjooie et al., 2018). A ouﬁy)een speculated that birds may act as a
mechanical vector for microspoiita, sir’ and disseminating it through their digestive tract,
recently it has been prove*at wellem is proliferating in various tissues of the infected
companion birds (Kici@N ). Since E. hellem infection in birds is not always associated
with clinical disorder (Lee\ ﬁl., 2011; Hinney et al., 2016; Mathis et al., 2005), pet shop staff

and bian mNe unaware that their environment is contaminated with feces and aerosols

from ected}t l}rds.

15



There are reports of bird infection with different species of Cryptosporidium with a worldwide
prevalence of 0.8-44.4% (Quah et al., 2011; Gharagozlou et al., 2014; Nakamura & Meireles,
2015; Zaheer et al., 2021; Al-Abedi et al., 2022). Aside from C. meleagridis whic}f revalent in
birds and a proven cause of zoonotic cryptosporidiosis in humans, other ZO@ s e%'es are
rarely reported from birds (Ibrahim et al., 2007; Goodwin & Krabil!‘l Malilar et al.,
2007). In the present study Cryptosporidium was not det n%ther microscopically nor
molecularly. The mammalian Cryptosporidium specie“ienti 1ed from petrbirds seem to be rare

and mechanically spreading to humans (Hopkins et al., ; Liet ab, 2016). Giardiasis in avian

hosts has been reported with varying prevalence bﬁd populations (Ichikawa et al.,
2019). Despite the reports of G. psittaci and&ere@uodenalis assemblages from pet birds,
in the present study Giardia was not dete& irjny)f the samples. Despite the low numbers of
Giardia cysts in fecal samples, ‘thb S micvl nature of infection in birds make avian species a
source for human infections* dir\or indirect contact (Ichikawa et al., 2019; Hopkins et al.,
1997; Heyworth, 2016@16Wammed Al-Samarrai et al., 2022). Blastocystis sp., was not
identified in the ‘examined samples in the current study. There are reports of zoonotic
BIastocN*su gn pet avian species (Barati et al., 2022; Asghari et al., 2019; Maloney
et NOZO; Vohammad Rahimi et al., 2021; Hublin et al., 2021). There should be more

epidemiological investigations to explore the factors associated with Blastocystis sp. and public

health importance (Wang et al., 2018).
16



To elaborate the role of pet animals in dissemination of zoonotic pathogens, molecular and
genotype data have to be interpreted in association with the supporting epidemiologic and
clinical information (Robertson et al., 2019). This comprehensively includes the gens such
as E. hellem with its broad avian and mammalian hosts, which apparentlﬁiﬁ%es the
significance of avian pets as a source of human infection. Due to the srn‘l Melspore and
the intermittent spore excretion, conventional microscopy i uaJQ insuffieient for parasite
detection in routine stool examination. Thus, further d@lostic methods sueh as special stains by
light or fluorescence microscopy, transmission elec icrosc@y, serological tests, flow
cytometry, histological analysis, cell culture and @ - a&d tests in addition to extensive

samplings may strengthen the results of the epidemi ical studies.
< Q b
S. Conclusion c \\
O N

The cv& ud M the captive pet birds as a source of microsporidian infection. The
hi resi ast nature of the microsporidia spores, besides the fact that Encephalitozoonosis is

predominantly subclinical in birds, can put the owners especially children and elderly with

impaired immune systems, at increased risk of disease acquisition via spore inhalation or

17



ingestion. Further, studies designed with a broader sampling population using repeated sampling
to overcome the intermittent spore shedding and multi-loci molecular diagnostics are

recommended to truly evaluate the role of pet birds in the epldemlolog)‘zoonotlc

¢\

opportunistic pathogens.
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