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Introduction

The common Ostrich (Struthio camelus) large size and flightless bird ,the species
name Struthio camelus comes from Latin. The word camelusis based on the
similarities of Ostriches with camels, such as prominent eyelashes and remarkable
tolerance to the desert habitat. (Cooper et al., 2009)

The classification of the Ostriches according to Abbas et al (2018) is :

Kingdom: Animalia

Phylum: Chordata

Class: Aves

Order: Struthioniformes( Ratites)
Family: Struthionidae

Genus: Struthio

Species: S. camelus

Ostriches are omnivores, diet consists mainly of plant , shoots, shrubs, leaves,
seeds and fruit also eats invertebrates and lizards .Its preference open plains with short
grasses, and semi-arid regions and deserts with annual grass, It lives in nomadic groups

as families formed from 5 to 50 birds.( Hassan et al., 2004).

Common Ostriches occupied Africa north and south of the Sahara, distribution in to
large areas around the world East Africa, and much of South-West Asia , the
Arabian Ostrich ranged from southern Syria and the Arabian Peninsula to Iraq’s

Euphrates Valley , Negev Desert ( Shanawany and Dingle , 1999)


https://en.wikipedia.org/wiki/Flightless_bird
https://en.wikipedia.org/wiki/Invertebrate
https://en.wikipedia.org/wiki/Sahara
https://en.wikipedia.org/wiki/Asia_Minor

Ostriches are multi-benefits, valuable products which include feather dusters are
effective by means of the tiny barbules on the feathers themselves that act as fingers to
collect the dust, also used around electronics because of their resistance to static
electricity. Each ostrich get (1.4 — 1.8 kg of feathers / bird), Ostrich leather has a high
economic price in the world ,leather (1.1 - 1.3 m?bird), healthy red meat (34 — 41
kg/bird) , egg production (50 — 120/season) (El-Safty, 2015). Ostrich oil is more
important , have used in economic purposes and traditional medicine for
treatment of various disease, including asthma (Magige and Roskaft, 2017)

Farming Ostriches both wild and captive Ostriches is a new field of birds livestock
production which infected with internal parasites : Houttuynia struthionis (cestoda)
,Libyostrongylus douglassii (Nematoda) ,also intestinal protozoans including
Hexamita, Giardia, Trichomonas, Cryptosporidium , Eimeria spp .which they isolated
from Ostrich chicks causing the most serious economic losses in ratites through the

world. (Nemejc and Lukesova ,2012)

The genus Cryptosporidium from apicomplexan protozoal parasites that infected the
microvillus surface of digestive and respiratory epithelial cells of many types of
vertebrates .(Xiao and Ryan,2004). Avian cryptosporidiosis has been recorded in more
than 30 birds species in the world (Behzadi etal ., 2009 ) It is important pathogens
with highly distribution rate in livestock and wild life (fayer,2004). The parasite well
be found in intestine ,respiratory ,urinary ,pancreatic and bile tracts of over 30 species
of birds but the important Cryptosporidium spp are named: C. galli, C. meleagridis and
C. baileyi which infected awide range of birds and the most third Cyptosporidiosis in
man ( Dacunha et al., 2018).the predilection sites of C. meleagridis and C. baileyi in
the bursa, small and large intestine , while C. baileyi mostly found in respiratory

tissues in contrast , C. galli presented in proventriculus of birds.(Xiao et al .,2009)
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Cryptosporidium parasites are important from sanitary and economically in ratites
birds , it has been infected ostrich chicks causes cloacal and phalus prolapse with
enteritis ,pancreatic necrosis (Bezuidenhout et al .,1993 and Behzadi et al., 2009) .The
adult Ostriches infected with Cryptosporidium without clinical illness, while young
Ostriches and other birds that infected with secondary bactrial and viral disease or
imunocompromised show fatal disease.( Current, 1991). The transmission of
Cryptosporidium oocysts via faecal- oral rout , direct or indirect contact , water borne,
food borne , and airborne (fayer,2004). The genatic analysis of genus Cryptosoridium
consist many different species and genotypes depending in the molecular technique's
since oocysts are not recognized morphologically (khan etal., 2018). Cryptosporidium
species distribution in Ostriches population depending in many factors : stressing
condition ,poor husbandry practices, type of feed , water or hygiene management (
Godro et al., 2002 ) The conventional methods for detection Cryptosporidium prtozoal
parasite is based on morphology and diameters of oocysts by using modified Ziehl-
Neelsen stain (mZN) ( Kar et al., 2011). This traditional staining method is not useful
for differentiation between Cryptosporidium spp. because of the morphological
similarity between them. While molecular , gentyping and subgenotyping tools of
Cryptospridium has led to identification and unique characterization of

Cryptosporidium species in animals and man( Feng and Xiao ,2017)

The epidemiology of most Cryptosporidium spp. that infected Ostriches are still
un determined , The Ostriches farming is most prevalence in south Africa ,
united states of America , Zimbabwe and Australia Although Western Europe
and Botswana ( Mushi etal ., 2003) . Cryptosporidium oocysts in Ostriches have
been found in greece and highly prevalence in spanish and also present in france

and birds imported from Portuguese , Netherland and Belgium (DeGraaf etal.,



1999 and Sotiraki etal .,2001) it could be a new species similar in size to the
C.bailey , C.meleagridis, C.galli and C. parvum oocysts, ( Godro etal., 2002 )
. where in china Wang et al (2011) confirmed the Cryptosporidium baileyi by

DNA sequencing.

There are many important factors affected in prevalence of Cryptosporidium in
ostriches such as stress conditions ,immunosuppression ,poor husbandry
practices were affecting as predisposing factors to the philus and cloacal prolapse with
bacterial infection: E.coli and protus (Laatamna et al .,2017)
The spreaded of Cryptosporidium spp. in wild and domestic birds in Irag was
determined in Al- Qadisiya province by genotypic characterization and phylogenetic
analyze based on 18S rRNA sequences of Cryptosporidium obtained from these bird
with rate (58.1%) of infected birds'. They was 54.5% of the turkey, 57.5% of the
domestic chickens, 53.8% of the broiler chickens, 62.5% of the common ducks, 76.7%
of the quails and 26.7% of the feral pigeon. Sequencing and further phylogenetic
analyses identified Cryptosporidium parvum in all birds ,C. meleagridis isolated from
turkey and quail , Cryptosporidium baileyi observed in domestic and broiler chickens,
quail and feral pigeon ducks, C.galli only recorded from domestic chickens.( Jasim
and Marhoon, 2015) . In Baghdad city the total infection rate of wild pigeons was 40%
which divided in to 38.18% males and 41.53% in females. A high infection rate
76.66% was found in winter season, while a low infection rate 16.66% was recorded
in Autumn. The three Cryptosporidium species oocysts were detected varied from
large size Cryptosporidium galli , medium Cryptosporidium baileyi and small
Cryptosporidium meleagridis ( Faraj, 2014).While in Mosul city the investigation of
natural occurrince of Cryptosporidiosis in pigeons recorded C. baileyi infection in

rate 30% (Al-Mahmood, 2011).



Although there are some studies on wild birds in Iraq, but not any study on

Cryptosporidium spp that infected farming Ostriches .

Aims of the study :

1- Study the prevalence of some intestinal protozoa from Ostriches and the effects of

age ,sex and months in central and south parts of Iraqg.

2- Study the morphological characterization of Cryptosporidium spp .

3- Using molecular technique from fecal samples using nested PCR technique for

detection Cryptosporidium by using (18SrRNA gene) .

4- Study the genotyping of Cryptosporidium spp in Ostriches by sequencing .



2.Literature Review

2.1 Historical background

The first recognized of Cyptosporidium by Clarke and Tyzzer (1907) in
early years of the twentieth century which they described the development stages of
parasites ( sporozoites , trophozoites , merozoites , microgametes , macrogametes and
oocysts ) as well as that he commonly attached to the gastric glands and found in
laboratory mice feces and they chose the name Cryptosporidium muris
Cryptosporidium muris ( cypticus , latin for hidden) have spheroid or ellipsoid oocyst
shape that described by Tyzzer (1910) .and later he observed development stages in
small intestine of labratory mice that shedding oocysts smaller than C. muris ,and that

is first report for new species named C.parvum ( Tyzzer, 1912).

The first discovered of Cryptosporidium in birds by Tyzzer (1929) . and
because it resembled their earlier description of Cryptosporidium muris in mouse, he
did not named this protozoal parasite (Tyzzer, 1907, 1910). After that Slavin in1955
was reported a similar morphologically parasite in turkeys named C.meleagridis .In
1986 isolated organism from chickens and named C. baileyi as separated species from
C. meleagridis which has been supported by further experimental studies in poultry
(Lindsay et al ., 1987). The Cryptosporidium criteria used for differentiation between
vialed species suggested that C.meleagridis isolated from domastic and wild birds is
very closely with C.parvum that infestation wide range of mammals (Sreter and Varga
, 2000) . Cryptosporidium have many species and genotypes which can be recognized

depending on morphological , biological and molecular characteristics , On the other



hand  host—parasite co-evolution is common in Cryptosporidium parasites and
phylogenetic analysis suggest C. meleagridis is from rodents and mammals origin
(Xiao et al., 2004) .The Ostrich Cryptosporidium sp characterization provided by
molecular phylogenetic analysis of the 18S ribosomal DNA fragments, showed that the
Cryptosporidium baileyi is genetically distinct from all other known Cryptosporidium
species or genotypes. Although biological and molecular studies indicate that the
Ostrich Cryptosporidium is a new species. ( Meireles et al 2006) .Recently the avian
Cryptosporidium genotype Il was reported, in china which has been described in
Ostriches species in rat 0.78% . while the chickens that were experimentally infected

did not observed oocyst in feces( Nakamura and Meireles , 2015) .

2.2. Taxonomy of Cryptosporidium

The taxonomy and nomenclature is important in the public health of various
Cryptosporidium spp ,Currently the oocyst morphology and measurements are
essential foundation for apicomplexan taxonomy. large numbers of genera can be
Measurements by different type of microscope to identify distinct species, Therefore,
the structure of oocyst is the first step in requirements for establishing a new species
(Xiao and Ryan,2004) however , the Cryptosporidium morphology is not adequate
for naming a new species because the Oocytes of many species are closely similar in
size, and oocyst structure  similarities have been caused confusion about
Cryptosporidium spp validity (Anderson, 1981) Cryptosporidium spp are eukaryotic
protozoa parasite present intra cellular extra cytoplasm it is host specific but in
experimental infection have shown that more than one host can be infected
(Duszynski , 1969).The classification of Cryptosporidium depending on species of

host,infection side and oocyst size ( fayer and Ungar, 1986)



Classification of Cryptosporidium (Smith and Corcoran, 2004).

Phylum: Apicomplexa

Class: Sporozoasida

Sub—class: Coccidiasina

Order: Eucoccidiorida

Sub-order: Eimeriorina

Family: Cryptosporidiidae

Genus Cryptosporidium

Molecular taxonomy have been commonly used epidemiology characterization
and genotypes of Cryptosporidium isolates from animal and human which based on
many markers such as (18S subunit of rRNA gene and of the actin gene , employing
292 positions of 18S rDNA, Cryptosporidium oocyst wall protein (COWP), gp60 and

heat shock protein 70 (hsp 70) (Ryan, 2010 ; Seva etal 2011 ; khan etal., 2018 )

The markers are amplified from DNA extracts made from samples that using
specific PCR primers followed by sequencing or restriction fragment length
polymorphism analyses (RFLP) or Small subunit (SSU) rRNA sequencing-based tools
which commonly used to genotype Cryptosporidium in the environment (Xiao et al.,

1999 ) The genome made from many copies of the SSU rRNA gene throughout this



marker are more sensitive than single copy genes. However, minor genetic variations

will be observed among different copies of the SSU rRNA gene in Cryptosporidium

species and genotypes, therefore new species or genotypes should not be named based

on those minor (one or two single nucleotide polymorphisms (SNPs) (Abeywardena et

al., 2014).

2.3. Species of Cryptosporidium in birds

There are three dominant avian Cryptosporidium spp. Which can infect a broad

range of birds, with different predilection sites (Xiao and Ryan,2004)

( Table 2-1) Cryptosporidium species in ostriches and other birds

Species Location References Host Oocysts size (um)

respiratory tissues

conjunctiva, small | Current et al., | Ostriches and | 6.2 x 46\ 56 —
C. baileyi

intestine  .ceaca, | 1986 chickens 6.3x45-48

cloaca and kideny

Pavlasek , 1999 8.3x6.3\8-85

C. galli proventriculus Chickens , ostriches

Ryan etal., 2003

x6.2—-6.4

chicken,turkeys,ducks,

bursa,small  and cockatiels,abrown 52x46\45-6
C. meleagridis Slavin , 1955
large intestine quail, ostrich and | x4.2-5.3
human
intestinal and
chickens , mice ,man | 5.2 x4.3\55-5
C.parvum respiratory Tyzer, 1912

epithelium

and ostriches

x45-4.1
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C.tyzzeri small intestine Tyzer, 1927 Chicken

x4,2-53

2.4. Developmental stages of Cryptosporidium spp

2.4.1. Oocysts

Oocysts are ovoid to ellipsoidal or sub spherical in shape, with four sporozoites
and a residuum, fully sporulated . The residuum contains a large lipid body and a
crystalline protein body alongside amylopectin granules (Harris et al., 2004). Smooth
oocyst wall , measures approximately 50 nm in thickness, which composed of two
electron dense layers separated by an electron-lucent space and it is resist mechanical
and chemical disruption. Oocysts of Cryptosporidium lack sporocysts and other
morphological structures such as a micropyle and polar cup and granules, which are
often observed in other coccidian oocysts (Arrowood, 2002). The dimensions of the
oocysts slightly vary among species of Cryptosporidium, but in general, the length

ranges from 4.5 to 7.5 pm and the width ranges from 4.2 to 5.7 um (Thigeel, 2016).

2.4.2. Sporozoites

Sporozoites characterized by crescent shape, with a slightly pointed anterior
end and a rounded posterior end containing a prominent nucleus ( Aldeyarbi and
Karanis ,2015). Sporozoites lie parallel to each other within the oocyst and upon
excystation escape through a slit-like opening created upon dissolution of the unique
suture in the oocyst wall. Excysted sporozoites move by flexing and gliding, and
eventually penetrate the host cells (Borowski et al., 2010). The dimensions of

sporozoites are ranged 4.5 to 7.5 pum long and 1.2 to 1.8 um wide (Thigeel, 2016).
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2.4.3. Trophozoites

Trophozoites have circular to oval shape, uni-nuclear stages, epicellular,
smooth surface, electron dense band, feeder-organelle, cytoplasmic granulation, hood
like shape varied in size depending upon their developmental stage measured <1 pum
to 2.5 um in diameter, which represent the transitional stage between sporozoites and
merozoites (Borowski et al., 2010). The individual trophozoites undergo multiple
mitotic divisions, resulting in the formation of type | meronts (Aldeyarbi and Karanis,

2015 ).

2.4.4. Meronts

Meronts have epicellular, smooth surface measured approximately 1.5 pm in
diameter. Two different types of meronts have been described (type I and type I1), the
development of type | meronts occurs as a result of mitotic division of trophozoites, as
well as aggregates of ‘recycled’ merozoites released from type I meronts variable in
size ( Borowski et al., 2010). Initial descriptions of type | meronts state that each can
develop six or eight merozoites, and four merozoites from type 1l meronts (Valigurova

etal ., 2008)

2.4.5. Merozoites

Merozoites have central nucleus and are motile, circular to oval in shape,

displaying gliding and flexing movements. Type | merozoites are small in size and are
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very active, measured (0.4 x 1 um) with both a rounded and a pointed end; however,
type II merozoites are round and measured between 0.5 um to 1 pum in diameter
(Borowski et al., 2010). Type | merozoites are either recycled, clustering together to
produce more type | meronts and hence amplifying the number of type | merozoites; or
give rise to type Il meronts.Type Il merozoites differentiate into micro- and

macrogamonts (Valigurova et al ., 2008) .

2.4.6. Macrogamonts

Large in size typically (4 x 4 — 5 x 4um), ovular shape, rough surface and
possess a large peripheral nucleus, it have been observed adhering to the surface of
macrogamonts and have also been reported being visualized within a microgamont,
representing the fertilization process (Borowski et al., 2010). Once fertilization is
complete, a zygote (or unsporulated oocyst) is formed, which then matures into a

sporulated oocyst containing four sporozoites (Caccio and Putignani, 2014).

2.4.7. Microgamonts

The size of microgamonts is (2 x 2 um) which become multi-nucleate and each
nucleus are incorporated into a microgamete. Microgametes appear to bud from the
surface of the microgamont and appear as bullet or spherical shape with rough surface
and display a jerky, gliding movement, measured 0.1 pm in diameter (Borowski et al.,

2010).

2.5. Life cycle of Cryptosporidium in birds

Cryptosporidium is completed Life cycle inside a solitary host (monoxenous
cycle) in the gastrointestinal tract or respiratory tract of host and involves both sexual

and asexual phases (Caccio and Putignani, 2014).
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The fully sporulated oocyst is shed in the feces or with respiratory secretions
(coughing, sneezing) of an infected host (Caccio and Putignani, 2014; Mor et al.,
2018). oocysts are ingested with food , water and contaminated materials, or oocysts
are inhaled by susceptible host, later sporozoites excyst and penetrate to
gastrointestinal epithelial cells or respiratory tract (Fayer and Ungar, 1986; Current et
al 1986). After sporozoites penetration, the life cycle of C. baileyi In birds differs
slightly from other cryptosporidia infecting mammals because type | meronts have
cyclical development, while the invasive merozoit released from type Il meronts which
then develop into type Il meronts, which than later developed to merozoites and into

sexual stages macro and microgametes (Current et al., 1986).

The fertilized macrogamonts( zygot ) develop into oocysts by gametogony ,
there are two types of sporulated oocysts (thin- and thick-walled) inside enterocytes ,
and contain four free sporozoites(banana shape). The thin-walled oocysts are
surrounded by single layer membrane which are able to autoinfect the same
parasitized host , so small number of ingested oocysts can produce severe infection,
the thick-walled oocysts composed from multi-layered,and have ability to resistant
environmental factors , it pass out the body to transmit infection in to other hosts
(Current et al., 1986).C. baileyi its stabilization in the epithelium mucosa of
neumerious internal organs, whereas C. meleagridis is almost located in the small

intestine (Bermudez et al., 1988; Pavlasek, 1994 ) .

According to Current et al.(1986) the prepatent and patent period of C. baileyi
are ( 2-7 )days and (4-32 )days respectively, while in C. meleagridis are ( 3-5) days
and ( 6-16 ) days, in turkeys respectively (Bermudez et al., 1998 ; Takano et al.,

1992; Sréter et al., 1995 ; Taylor et al., 1994) .Conversely with C. baileyi, the oocyst

14



shedding of C. meleagridis infected birds is mostly low (Lindsay, 1987 ; Taylor et al

1999)

@ ' ; Y
\ N -0

Resistant & | \"\_, "

Lb?:%?metocyte ‘
microgametes

Figure (2-1) life cycle Cryptosporidium spp .( Caccio and Putignani, 2014)

2.6. Epidemiology of Cryptosporidium in birds

There are several factors control Cryptosporidium epidemiology, where they
facilitate spreading and make the eradication is very difficult, It detected in water

surface of sewage and in water sources that supplies across North America and
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Europe(O'donoghue,1995;Widmer etal.1996;Smith and Rose,1989;Dillingham et

al.,2002 )

The parasite excreted large number of sporulated oocyst from infected
hosts(Chappel et al., 1996) Although low dosage ( 50 oocysts ) can impact the hosts
causes infection (DuPont et al., 1995) , direct life cycle not more than 48 — 72 hours,
reduced or lack host specificity, more than one host can infected with the same species
of Cryptosporidium (O’Donoghue, 1995 and Laberge et al., 1996 ) The tiny size of
oocysts make there filtration difficult from contaminated water (Current and Garcia,
1991), the thick — walled oocysts are highly resistance and stability to environmental
condition ,like freezing, dryness,which can remain viable under cool conditions for
more than 4 months in water temperatures of rivers .(Caccio and Putignani, 2014).
Thin-walled oocysts play important role in autoinfection which can excyst
endogenously, help in persistent infection in host that infected with other
immunosuppressed individuals (Fayer, 2004) as well as the oocysts flotated on the

waste surface and drinking water with low sedimentation speed (Egyed et al,.2003)

The distribution of oocysts among poultry flocks, primary occur by drinking water
since C. baileyi can infected numerous avian hosts , wild birds (Ostriches ) ( Wang et
al ,. 2010). The rodents (mice, voles and rats) are susceptible to C.meleagridis
infection and may serve as carriers ( Sréter et al., 2000). The families of different flies
serve as mechanical vectors which carrying viable Cryptsporidium oocysts internally
and externally with rate 55.56% of fly exanimated sample (Conn et al ., 2007) Oocysts
remarkably resistant antimicrobial agents, disinfectants and other chemotherapy e,g
water chlorination treatment, in which they cannot damage oocysts also oocysts are
remain viable in slurry stores particularly in the top few centimeters therefore,

elimination of Cryptosporidium parasites from flocks it is intractable by once
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established (Fayer and Ellis ,1993; Tzipori and Griffths ,1998 Keidel and Daugschies,

2013).

2.7. Prevalence of intestinal protozoa in Ostriches

The total distribution rate of Eimeria oocysts in Nigeria Ostriches farms 11.6 %
.n chicks, the rate (43.5%) while in adult 17.1% of samples from adults.( Mshelia et
al.,2010). Boughton ( 1937) showed that Ostriches not infected with Eimeria spp

during their study.

A few number of Eimeria oocyst will observed in faecal samples of some
Ostriches in farm of Garmsar Province for the first time in Iran .but not completed their

sporulation (Eslami et al., 2007) .

In South American ratite breeding showed cysts of Entamoeba struthionis and
Giardia spp. which observed in the fecal samples , also the researchers of this study
were unable to induce sporulation to coccidian oocysts , and thus the genus remained
unknown ( Gallo et al.,2018)

The prevalence of intestinal parasites from various species of birds housed in a
zoological garden in Egypt , showed that Ostrich infected with Eimeria spp. in rate
25% and Cryptosporidium spp.in rate 11.1% (EI-Shahawy and Abou Elenien,2015)

In Botswana Coccidia oocysts were demonstrated in the rate 34 % apparently
healthy Ostrich chicks, young chicks had the highest infestation while those more than

9 weeks old had no oocysts at all in their faeces (Mushi et al., 1998 )
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Ostriches and other ratite infected with many intestinal protozoa Balantidium
struthionis, Giardia spp., Trichomonas spp Cryptosporidium spp., Histomonas
meleagridis and Hexamita spp.,. which causes gastrointestinal infection and lead to

wasting, anorexia, diarrhoea and death for many ratite spp.( Tully and Shane , 1996 ) .

2.8. Prevalence of Cryptosporidium in Ostriches and other birds

Avian Cryptosporidium has been recorded in more than 30 species of domestic

and wild birds are C. baileyi, C. galli and C. meleagridis( Ng et al., 2006)

The prevalence data of Ostriches Cryptosporidiosis in southern Iran and the
oocysts morphology will be described, the Cryptosporidium oocysts were found in
faeces of 21 of 75 examined Ostriches (28%) without effect of Ostriches population

in the prevalence of Cryptosporidium spp. ( Behzadi et al ., 2009)

In china many studies showed that the Cryptosporidium infection are presented
in ZhengZhou Ostriches 2.48% (10/404) the pattern of oocysts shedding was different
in Ostrich,which has multiple peaks, main respiratory clinical symptom, sneezing ,
cough , dyspnea were observed in chickens and young ostriches infected with the
Cryptosporidium oocysts,while signs in adult ostriches was mild Cryptosporidium
baileyi from ostrich parasitized in cloaca and bursa of Fabricious , mainly causes

thickness of mucous membrane and epithelium cells swelling ( Sun et al ., 2007)

another study in the same province, Zhu et al ( 2008) found that the total
infection rate was 1.7%(14/829). The most positive Cryptosporidium isolates come

from( 20-40 days) old Ostriches,which enhanced that young ostriches chicks more

susceptible to Cryptosporidium infection than adult .
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The microscopic analysis of Ostriches fecal samples showed rate 10.2%in aged 16-
60 days, 1.2% in those aged > 10 years. The genotyped with a restriction fragment length
polymorphism analysis and DNA sequence analysis of the small subunit (SSU) rRNA
gene. The isolates identified from gerbil was Cryptosporidium muris, whereas the isolates

from Ostriches were Cryptosporidium baileyi.(Qi et al.;2014)

The prevalence of Cryptosporidium in Ostriches recorded 53 samples positive
from 452 fecal samples collected from five farms , zoo and animal rescue center in
Zhengzhou, Henan province with rate 11.7 % . The young chicks(4-8 weeks ) show
high percentage 16.2% than adult ostriches more than 12 months with rate 7.2 %. (Wang

etal.,2011)

Microscopic analysis showed that the Cryptosporidium spp infection rate was
10.2 % from 303 samples in China, in ostriches aged 16-60 days the infection rate was
27.6% aged 61-180 days rate was 1.2 % the and 20.4% in ostriches aged > 10 years ,
while the ostriches aged < 15 days not detected any Cryptosporidium oocysts in feces,
there are not observed clinical signs in the Cryptosporidium-positive Ostriches during

the period of sample collection ( Huang et al., 2018)

The percentage of Cryptosporidium avian genotype II  in Ostriches in the

central of Vietnam was 23.7 % , prevalence of Cryptosporidium varies widely among
age groups of Ostriches 45 days, 45-60 days, 61-90 days, 12 months and more than 12
months was 23.1 % ,33.3% ,35.2% ,0 , and 5.8% respectively .the majority of infection
rate in 2- 3 months ostriches chicks, while the lower rate was recorded in one year age

adult ostriches( Nguyen etal.,2013)
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In Brazil , the prevalence of Cryptosporidium spp and genotypes of Ostriches in
captivity showed rate 14. 6% and the Cryptosporidium avian genotype II was recorded

in Ostriches(Struthio camelus) ( Nakamura et al., 2009)

Oliveira et al (2008) was observed Cryptosporidium spp in 44.4% of the

examined Ostriches. However,Oocysts was subspherical in shape with 6.33x 4.31.

In Canada Cryptosporidial oocytes were found in the adult Ostriches feces at
rate 8.5% , it appears that this Cryptosporidium of Ostriches is distinctive and may be a
found a new species, Cryptosporidium sp have possibility to present in Ostriches and
causes disease in young Ostriches and birds that are immunocompromised or secondary

bacterial or viral infection ( Gajadhar ,1993)

The first isolation of Cryptosporidium from broiler chickens in Europe
specifically from Scotland where recorded infection in rate 18.7% ( Randall, 1982)
Cryptosporidium reported in broiler chickens in Japan with infection rate 33.3% (ltakura
et al .,1984). while in the United States Current et al ( 1986) recorded infection in rate

of 5.9% in layer chickens which has been named C.baileyi in Birds.

In American zoo outbreaks and fatalities in pet birds well occure due to the
Cryptosporidium infection lead to deaths of 72% of quails( Hoerr, 1986) .
Cockatoos infected in rate 22% ,infected bird had showed intermittent to protracted

diarrhea before death ( Latimer ,1992)

In northern Georgia the overall, 23 of 56 (41%) broiler flocks had infected
with C. baileyi tracheitis .The parasitism rates among flocks infected ranged from a

low rate of 10% to a high rate of 60% (Goodwin et al., 1996)
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The total prevalence of Cryptosporidium oocysts in wild, local and exotic birds
in Zaria, Nigeria was 7.4% , local birds had the highest rate of 9.5% followed by
exotic birds 6.6% while the wild birds with rate 5.3% however a significant difference

between sexes were noted . (Bamaiyi et al ., 2013 )

The Turkey broiler chickens infected with rate 4.4% ( Kucukerden et al.,
1999). poultry is one of the most hosts where outbreaks of Cryptosporidium are
occure, the parasite presence in the broiler and layer chickens, young ages are more
sensitive to the infection from the first day of life ,also the migratory birds could be a
reservoir of the Cryptosporidium perhaps that transmits infection to humans and other

animals (Sreter et al.,2000 )

In China ,the overall infection rate of Cryptosporidium was 10.6% . in layer
chickens 3.4% in broilers and in Pekin ducks respectively. The highest infection rates
were observed in( 31-60 day) old layer chickens (24.6%) and (11-30 day) old Pekin
ducks (40.3%). the highest prevalence rate in spring season was 15.6% and the lowest

was winter 2% ( Wang et al., 2011) .

In Iran Cryptosporidiosis is reported in turkey poults suffering from diarrhea
and unthriftness , oocyst shedding was detected in 29% of the histologically positive
birds( Gharagozlou et al ., 2006) while Shemshadi et al .( 2011) recorded the infection
in rate 23.75% of broilers, the 10.83% of samples that had infected in the intestine
only and 4.58% had an infection only in the trachea, the overall infection rate for both

the trachea and intestine was 8.33%

In the Arab world, the parasite recorded in Morocco, the infection rate in
chickens was 24% ( Kichaw et al., 1996) . while in Tunisia recorded infection in

chickens rate 4.5 % ( Soltane et al.,2007). In Egypt Shaapan et al. (2011) isolation
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Cryptosporidium from the quail drops and clarify the rate of red quails , brown quails

and white quails was 31.9% , 33.3% and 30.8% respectively .

In Irag, Al-Attar and Abdul Aziz (1985) recorded for the first time the
infection of the Cryptosporidium in the bursa of Fabricia in broiler chickens in

Baghdad at rate 8.8% with no clinical signs appears in the infected chickens .

In Baghdad, the females love birds infected in rate 18%,while children in aged
4 days to 11 years that suffer from symptoms of gastroenteritis the infection rate
14.6% (Al-gailani 1998) . the total of broiler chickens infection was 21.8%. in Abu-
grap area was 34.04% which appeared at ages 1-8 weeks ( Al-

Bayati2002)

Mohammed (2010) detected the Cryptosporidium in duck feces in the
Nineveh Province at rate 77% and noted the a significant increase in the incidence of
parasite infection in females when compared to males at rate 87.6 % 57.1 %

respectively .

In the slaughtered broiler chicken in local markets of Baghdad city the
infection rate was 35% with highest rate of infection occurs in April, reached 46% |,

while the lowest rate of infection in June, reached 20% (AL-Zubaidi et al., 2018).
2.9. Routes of transmission

Cryptosporidium is transmitted between different animals through numerous
routes, the most important one is direct contact between them (Current, 1986 ) or as
a result of ingestion of parasite oocysts those shed with the feces and contaminated

food or water (Shafiq et al ., 2015) also carriers of the disease, as well as autoinfection
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may happen due to the presence of thin wall oocysts and excyst inside the same host

(Leitch and He, 1999).

2.9.1. Direct transmission (bird-to-bird contact)

Ostriches and other birds infected from contaminated grown with birds feces
that play important role in distribution of Cryptosporidium infection in crowding farms
that Suffer from poor management, furthermore some of the sporulated oocysts
adhere to feathers surrounding the cloacal area that can be transmitted directly to

another birds ( Dritch et al., 1993) .

2.9.2. Waterborne transmission

Water act as the most important sources of indirect Cryptosporidial infections.
Itis a common waterborne parasitic infections in bird and other animals (Zahedi et al.,
2018).water is a perfect medium to oocysts survival in the different environmental
circumstances, because the water diluted and reduce the effect of increase temperature
and drainsis and kept the oocysts a life more than two months , also heavy rain
disseminated these oocysts to many areas and contaminated pasture.(Hunter and

Nichols, 2002) (Baldursson and Karanis,2011) .

The un treated sewage drainage from cities and villages to rivers lead to
increased water contamination with Cryptosporidium oocysts that infected wide range
of animales and human through drinking water (Madore et al., 1987and

Casemore,1990.).

2.9.3. Food-borne transmission
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The oocysts can persist and survive for long periods of time both in foods and
water, Cryptosporidium oocysts are immediately infectious upon excretion or shedding
from the infected host. As a result, these prtozoal parasites have emerged as public
health risks and have become dangerous to the food industry ( Rose and Slifko, 1999 )
. Cryptosporidium also appears waterborne more than foodborne transmission, but
some time they may be foodborne or transmitted by direct contact suspected foodborne
outbreaks have been reported from travelers who visited Mexico, the United Kingdom,

and Australia. (Smith ,1993).

2.9.4. Airborne transmission

Dust plays an important role in transmission of the oocysts and the birds can be
infected by inhalation of dust particles suspended in the air that carrying
Cryptosporidium baileyi oocysts also worker in the birds farms can transmitted the

infection by their clothes and shoes (Okhuysen et al., 1999).

2.9.5. mechanical transmission

There are three families Calliphoridae, Sarcophagidae, and Muscidae which
serve as mechanical vectors of Cryptosporidium and Giardia among livestock and
wildlife (Conn et al .,2007) also beetles ,cockroaches ,rodents and stray dogs in birds
farms that transmitted oocysts from one place to another (Hurkova et al., 2003 and

Hajdusek et al., 2004) .

2.10. Pathological changes

The Cryptosporidium spp. infected the small intestine such as C.baileyi and
C.meleagridis in birds , but C.galli localized in stomach also the parasite may infect

the respiratory tract and conjunctiva, but the pathognomic lesion appear in alimentary
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canal causes intestinal cryptosporidiosis (Lindsay et al., 1989 ; Clayton et al., 1993and

Ravich et al ., 2014).

The primary clinical singes of Cryptosporidium oocysts shedding is mucus in
the stool than a yellowish greenish diarrhea without blood or pus (Dobos-Kovacs et al.,
1994). histpathological change occurs in tips end of the affected epithelial cell, loss of
enterocytes and blunting, atrophy, fusion and shortening of the intestinal villi, which
reduces the intestinal surface, leading to decrease nutrient and water absorption ( Perry

etal ., 1991).

The reduce in villi cells Lactase lead to malabsorption of lactose, which
increases the permeability of the intestinal epithelial layer and accumulates fluid in the
intestinal cavity (Nappert et al., 1993 and Gerba et al., 1996 ) . The affected areas of
intestinal crypts are dilated and contain tissues debris , neutrophil granulocytes, and a
massive mononuclear cell infiltration also were proven in the lamina propria mucosa
(Di Genova and Tonelli, 2016). Dehyderation leading to increased blood concentration
, increase packed cell volume , electrolyte deficiency such as sodium and a significant

increase in urea and creatinine. (Soetan et al ., 2010 ).

Cryptosporidium meleagridis may infect the intestinal tract, bursa of Fabricius
and cloaca of turkeys and chickens but the illness, including diarrhea and moderate
mortality in turkeys ( Bermudez et al ., 1998 ) Cryptosporidium baileyi may infect the
respiratory tract (larynx, trachea, primary and secondary bronchi, air sacs), The
pathological change in respiratory cryptosporidiosis was excessive mucoid exudate,
airsacculitis, deciliation, epithelial hypertrophy and hyperplasia( Lindsay and Blagburn,

1987).
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Cryptosporidiosis in chickens usually detected as respiratory disease, and
occasionally as intestinal or renal disease ( Lindsay et al 1989) . The infected birds
were always clinically ill, viruses and bacteria or both often accompanied respiratory
Cryptosporidium sp. infections, the major symptoms are depression, anorexia,
emaciation, coughing, sneezing, dyspnoea. (Goodwin et al 1988 ) C. baileyi is agents
to be considered in the respiratory disease complex so the high carcass condemnation

at processing places deuto air sac disease ( Goodwin and Brown , 1989 ).

The most pathophysiological singes in the male ostrich chicks was prolapse of
the phallus and cloaca, heavy infection of Cryptosporidium sp. lead to cloacal and
bursal tissue effected with progressing of prolapse, histopathological included loss of
the microvilli borders , epithelial hyperplasia and degeneration, ultrastructurally
indicated swelling of organelles, and nuclear changes ( Penrith et al .,1994)
The appearance of prolapsed tissues was congested and oedematous; however,the
chicks were show a good physical condition, postmortem examination of birds were
obviously see mild dehydration and emaciation , Congestion of duodenum mucous
membrane ,the contents of the duodenums were watery , The caeca were distended with
brown watery feces, histopathological examination appear a mild infiltration of the
rectum tunica serosa layer , with infiltration of lymphocytes and macrophages

(lordanidis et al ., 2003 ) .

Ostriches with poor growth and marked emaciation revealed a pancreatic
cryptosporidiosis which lead to pancreatic atrophy. histological examination showed a
large numbers of Cryptosporidium spp. found in the ductal epithelium causing marked

necrosis and lymphoplasmacytic inflammation(Jardine and Verwoerd ,1997).
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The investigation of cloacal prolaps in Ostrich chicks hatched and raised on
the experimental farm, the condition which occurred in male chicks in rate 14.65%
from the total number of chicks hatched. The mortality rate was very high amongst
chicks with cloacal prolapse. Although the pathogenesis of the condition is related with
Cryptosporidium species which present in massive numbers in affected cloacas.

(Bezuidenhout et al.,1993).

2.11. Clinical signs in ostriches and other birds

Cryptosporidiosis in birds has a broad varying clinical signs from asymptomatic
to serious infection which may lead to death, and that mainly associated with high

morbidity and mortality in poultry ( Santin, 2013) .

The most commonly recorded species in birds was Cryptosporidium baileyi and
main clinical signs including dyspnea, coughing, sneezing and depression ( De-Graa et
al., 1999) while infection with C. galli primarily causes diarrhea, chronic enteritis,
weight loss and high mortality ( Ryan et al ., 2003) Although, some birds infected with

C. galli remained free of clinical signs ( Silva et al ., 2010).

Adult birds with experimental Cryptosporidium infection showed normal

appetites , furthermore no animals died during the experiment ( Cui et al ., 2018 ).

In chickens Cryptosporidium meleagridis is leading to diarrhea , turkeys and
birds, diarrhea is yellow to green with foul odor and sometimes contains mucus

(Tzipori et al., 1982; Baroudi et al., 2013).
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The respiratory Cryptosporidiosis usually lead to severe pathogenicity and
sometimes acute infection causes high mortality rate, the disease is accompanied by
sneezing, coughing, difficulty to breathing, followed by the extension of the head
forward to facilitate breathing with swelling of the head sometimes and the presence of
mucous with respiratory secretions (Current, 1997) . Other singes ruffled Feathers,
depression , birds not response to external stimulation , with low growth and weight

loss, and arithritis , liaminesis and recoumbancy (Sreter, 1998).

2.12. Diagnosis

The diagnosis of Cryptosporidiosis in Ostriches and other birds is traditionally
performed by microscopically examination of a fecal ( drops ) samples , also
immunological assays and recently PCR techniques are increasingly applied in

Veterinary medicine (Petry, 2000 ; Maggi et al.,2000).
2.12.1. Conventional methods
2.12.1.1. Clinical Signs

The clinical sign vary depending on Cryptosporidium species from watery diarrhea or
yellow to green with foul odor and sometimes contains mucus (Radostits et al., 1994)
dyspnea, coughing, sneezing , extension of the head forward to facilitate breathing due
to obstruction with exudate, depression  (Current, 1997) .

2.12.1.2. Macroscopic examination:
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Grossly examination of drops or feces record its color, consistency and smell

(Sreter, 1998).

2.13.1.3. Microscopic examination:

The microscopic examination methods widely used for diagnosis of
Cryptosporidium by detection of sporulated oocysts in fecal smears depending on
Light Microscopy (LM), Electron microscopy (EM) and Laser scanning confocal

microscopy (LSCM) (Fayer and Xiao, 2008).

2.12.1.3.1. Direct wet smear method:

The Cryptosporidium oocysts detected by adding Lugol’s Todine stain to the
direct smears and examines under the oil immersion lenses, but because the smaller
size of the oocysts and its general similarity with yeasts make this method inadequate
Therefore, nemuros methods were used for diagnosis as flotation and staining

techniques (Crawford and Vermund, 1988).

2.12.1.3.2. Concentration Methods:

The important of this methods ,when there are low numbers of oocysts were
excreted by an infected host ,and its more commonly used to improve the previously

diagnostic techniques. (Bukhari and Smith, 1995; Pacheco et al., 2013).

2.12.1.3.2.1. Flotation Methods
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1- Sheather's Sugar Solution is one of the most important flotation solution

used for oocysts flotation method (Current and Garcia, 1991).

2- Zinc-sulfate flotation solution (Ma and soave ,1983).

3- NaCl flotation solution (Kuczynska and Shelton ,1999).

4- Acid flocculation concentration (AF) method separates oocysts from fibrous fecal

material (Wells et al., 2016).

5- Formalin-ethyl acetate (FEA) is one of the most important methods used for flotation

(MacPherson and McQueen, 1993).

2.12.1.3.2.2. Sedimentation Methods:

The concentration methods can used by simple gravity sedimentation (SGS),
formalin-ether and water ether, so the oocysts vitality do not affect during procedure ,
the sediment deposited in the bottom of the laboratory tube and then examined to
investigate the presence of Cryptosporidium oocysts (Rezende et al., 2015 and Pacheco

etal., 2013 ).

2.12.1.3.3. Staining methods

There are many staining methods used to determine Cryptosporidium by preparing thin
fecal smears were prepared and stained by the following stain for determination

Cryptosporidium oocysts :

1- Modified Ziehl-Neelsen Stain (Current and Garcia, 1991).
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2- Fast Zheil Neelsen Stain (Brondson et al., 1984).

3- Giemsa Stain (Ogata et al., 2009).

4- Auramine phenol Stain (Fleck and Moody, 1988).

5- Acridine Orange Stain (Ignatius et al., 1997).

6- Aura mine and Rhodamine stain (Goddard et al., 2000).
7- Grams stain (Ogata et al., 2009).

8- Sufranin Methylin Blue Stain (Baxby et al., 1984).

9- Undiluted carbol fuchsin stain (Heine, 1982)

10-  Trichrom Stain (Ignatius et al., 1997).

2.12.1.4.1 Immunological Methods:

Immunoassay techniques display the increasing both sensitivity and specificity
of tests when compared with the other conventional staining methods (Ahmed and

Karanis, 2018).

2.12.1.4.2. Enzyme linked immunosorbent assay (ELISA)

A Techniques depend on the detection of Cryptosporidium antigen in fecal
samples.coproantigen detection techniques,Enzyme linked immunosorbent assay
(ELISA), enzyme immunoassay (EIA) and immunochromatographic dipstick assay
(ICT) are antigen detection tools that it is prepare quick and easy diagnostic tools
(Aghamolaie et al., 2016; Ahmed and Karanis, 2018). In the United States routine
detection use for cryptosporidiosis diagnostic techniques that have variability of

sensitivity and specificity of coproantigen techniques were affected by the quantity of
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Cryptosporidium oocysts, per gram of stool. ICT assays provide results within 10-15
min and these advantage lead to its expanded use for these techniques (Roellig et al.,

2017).

Enzyme immunoassays (ELISA and EIA) a performance higher sensitivity and
specificity than traditional microscopic diagnostic methods for Cryptosporidium
coproantigen with a limited detection of oocysts/ ml. The uses of spectrophotometric

reading will exclude subjectivity of microscopical explanation .

A massive numbers of stool samples can be quickly and easily examined with
increased accuracy of results (Ghoshal et al., 2018). Longer processing period (1-2 h.)
should be considered with enzyme assay. The sensitivity variable (59-100%) and
specificity (93-100%) are also reported with this technique (Ryan et al., 2016; Ghoshal

etal., 2018)

2.12.1.4.3. Immunofluorescence techniques:

The immunofluorescent antibody (IFA) is more sensitive and specific method
of diagnosis in fecal samples isolated from both man and animal sources (Rossle and
Latif, 2013 ; Ryan et al., 2016 ). Its high sensitivity to the detection of oocysts isolated
from fecal samples when compared with other conventional staining methods;

auramine and Dimethyl sulfoxide DMSO (Rossle and Latif, 2013)

IFA allow clearlly visualization of the intact oocysts, providing a definitive diagnosis,
it has achieved high specificity (98.5-100%) , sensitivity (96-100%), and reliability in

the diagnosis of Cryptosporidium sp (Mirhashemi et al., 2015).

2.12.1.5. Histopathological Examination:
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Gastrointestinal biopsy examination of specimens tacken from infected birds
with Cryptosporidium species shows mild to moderate acute inflammation of the
lamina propria and surface epithelial disorder. The rectum tunica serosa, which
characterised by the presence of lymphocytes and macrophages (lordanidis et al.,2015)
Staining of tissue sections by the Warthin-Starry staining method is a perefect effective
diagnostic pathway for the microscopic detection of Cryptosporidium and preferable

symptomatic abilities over than the haematoxylin and eosin stain (De, 2013).

The lesions was described in Cryptosporidial cloacas infection in other species
of birds included loss of the microvillous border and epithelial hyperplasia, and
degeneration, which was indicated ultrastructurally by vacuolation of the

apicalcytoplasm, swelling of organelles, and nuclear changes. ( Penrith et al., 1994).

Pancreatic Cryptosporidiosis with large numbers of Cryptosporidium sp.
present in the ductal epithelium causing necrosis and lymphoplasmacytic inflammation

(Jardine and Verwoerd ,1997) .

2.12.2. Molecular Diagnosis:

Molecular techniques are wide used for detection of Cryptosporidium spp
because of the inability to differentiate Cryptosporidium species by traditional
microscopic methods. These tools of molecular techniques helped to detect and
differentiate Cryptosporidium species/genotype and subtype if present (Xiao and Ryan,
2004; Caccio et al., 2005). The results of molecular techniques has made significant
contributions to our understanding of the prevalence and epidemiology of

Cryptosporidium species (Xiao and Ryan, 2008).

2.12.2.1. Polymerase Chain Reaction (PCR):
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The PCR technique is a computerized machine , recycling technique and it
includes numerous quantity processing (Ryan et al., 2016; Adeyemo et al., 2018). The
benefit of PCR for the detection of Cryptosporidium in clinical samples diagnosis are:
high sensitivity and specificity, ease of use, ability to speciate (Eliminating false
positives encountered with cross reactions of antibodies to non-pathogenic protozoan
species) and strain typing potential , ability to analyze large numbers of samples in the
same time, (Checkley et al., 2015; Ignatius et al., 2015). A different approaches using
a range of varying primers have been described for the clinical samples, and in all
comparative trials PCR has been shown to be more sensitive and reliable than other
diagnostic techniques for the detection of Cryptosporidium in different samples origins
(OIE, 2008; Yu et al., 2009) The importance of PCR should be take into consideration
in terms of the practicality and cost effectiveness of using such a techniques for many

routine diagnosis (Arbabi and Hooshyar, 2009).

A wide range of molecular techniques for the detection and differentiation
studies of Cryptosporidium have been described recently, the most common techniques

used in PCR technique are:

1. Conventional PCR technique: the aim of technique is detection of
Cryptosporidium species using PCR, oligonucleotide primer design targeting specific
sequences is decisive. Furthermore, standardization of PCR and nucleic acid protocols
can be easily carried out, which permit oocysts that may be present in low numbers for

detection limit of other assays to be detected (Girones et al., 2010 ).

2. Nested PCR: the most remarkable technique have been used to determine
Cryptosporidium species in both human and animal fecal samples ( Koehler et al.,

2017 and Mirhashemi et al., 2015) . It has confirmed more beneficial than primary
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PCR, producing more positive results and elevate the amplification sensitivity of
Cryptosporidium DNA with fecal samples (Sadek, 2014). Almost two primer sets are
used , so if there is nonspecific binding of a DNA template with the 1 primer sets, it is
improbable happen with the 2" primer sets (Ahmed and Karanis, 2018). A few oocyst
detection limit even if they are one oocyst has been observed in many nPCR studies,
making it one of the most accurate molecular detection techniques for Cryptosporidium

species from different sample sources (Yu et al., 2009).

In previous establishment of nested PCR technique was compared for their
reliability to detect Cryptosporidium 18S rRNA in animal fecal samples (Mirhashemi
et al., 2015 and Nichols et al., 2010 ).Some samples of PCR protocols within (SSU)
produced relatively specific amplification from Cryptosporidium DNA isolated from
human fecal samples, however, when DNA originates from an animal fecal sample,

PCR assays do not obtain high specificity (Ahmed and Karanis, 2018).

3. Real-time PCR (RT-PCR): used for sensitive detection of several pathogens and
can be used to detection of genetic variability within Cryptosporidium isolates
(Honsvall and Robertson, 2017). And for this technology, specific fluorogenic dyes
will be added to the amplicon during PCR, thus amplicon fluorescence increases as
more PCR product can be generated (Rajalakshmi, 2017).The Quantitative real-time
PCR (gRT-PCR) methods have been used to recognize different Cryptosporidium
species by advantage of the genetic polymorphism of the 18S rRNA gene for
innovations probes with differing melting temperatures (Fayer and Xiao, 2008 and
Hadfield et al., 2011) The increased sensitivity of ( RT-PCR) warranty increased
speed of detection and qualitative diagnosis while the quantitative nature of the assay

will be precious in estimating levels of contamination (Rajalakshmi, 2017).
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Multiplex real-time PCR assays are recently used and become available for the
identification and detection of gastrointestinal protozoa being highly valuable with
mixed parastic infection (Nurminen et al., 2015). There are many panels are used
within the system ofmultiplex real time PCR assays for detection Cryptosporidium
with other protozoa ,these panels sensitivity ranged from (95-100%) and specificity

from (99.6-100 %) when used to detection Cryptosporidium (Ryan et al., 2017).

4. Restriction fragment length polymorphism (RFLP) is one of the most common
analysis methods used to examination of nucleic acids for the existence of known
sequence variants and for genotyping (Rasmussen, 2012). RFLP is used for
identifiection and detection of different species and sub species of Cryptosporidium in
a sensitive way by using specific restriction enzymes to digest amplicons in fragments
of varying size, depending on the Cryptosporidium spp., that cause the products to
migrate in various distances on the gel (Ghaffari et al., 2014).The segments that is to
be check and digested by the suitable restriction enzyme, and then separated by
agarose gel electrophoresis (OIE, 2008), In Cryptosporidium used PCR-RFLP for
small subunit ribosomal RNA (SSU rRNA) (Keshavarz et al., 2008; Feng et al., 2007),
Cryptosporidium oocyst wall protein ( COWP) and 60 KDa glycoprotein (GP60) (Jex

and Gasser, 2010 and Cai et al., 2017)

2.12.2.2. DNA sequence analysis

The sequencing or genotyping is more suitable of all methods, is measured by
their ability to differentiate or identification of species/genotypes based on their genetic
sequence, DNA sequence analysis allow direct characterization and comparison of

isolates (inter- and intragenic variation). Furthermore establishes a reference
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framework for the phylogenetic characterization of new or relatively obscure
Cryptosporidium spp genotypes (Ruecker, 2013). A new genotypes and subtypes
species are characterized at the DNA sequence level, while most of the molecular
technique described above will require routine validation in order to confirm existing
pattern of sensitivity and specificity of the assay , many cases, DNA sequencing used

as confirmatory test of a method’s robustness for specificity (Munshi, 2012).

The sequencing technology of DNA has been applied in many fields of
diagnosis , it more helpful in the detection of mutations and leads to the rapid
discovery of single nucleotide polymorphisms (SNPs) (Dwivedi et al., 2017). These
technology was able to estimate the genomic variation within and among
Cryptosporidium spp. (Jex and Gasser, 2014). Sequencing techniques of a wide range
of Cryptosporidial PCR products has aided the identification of most of the

Cryptosporidium spp. (Ryan et al., 2017).

The National Center for Biotechnology Information (NCBI) houses the
sequence reference database known as Gen-Bank.provides a large ward of online
resources for biological information and data , NCBI has a web interface tool known as
BLAST , nucleic acid sequence database and the PubMed database of citations and
abstracts for published life science journals ( Agarwala et al., 2016 ). Also they well
compares DNA sequence for regions of local similarity between the unknown
sequence and those in these databases and calculates a level of significance for the
match. provides analysis and retrieval resources for the data in GenBank and other
biological data made available through NCBI’s Web site. NCBI resources include
Entrez, the Entrez Programming Utilities (Weeler , 2006 ) . The sequence information
stocked in Gen-Bank supports the commonly accepted methods utilizing phylogenetic

methods. This begins with a DNA sequence annealing of the unknown sequences to a

37



overall database of known sequences, followed by phylogenetic analysis appeared the
relationship between species and genotypes and result represent this analysis is called
a phylogenetic tree (Taha et al., 2017). Molecular antedate estimates derived from
various inference methods can be in struggle, and so can the results obtained with
different taxon sampling, gene sampling and calibration strategies( Rutschmann et al
.,2006) .Phylogenetic trees, based on distance, parsimony, maximum-likelihood, and
bootstrap analysis have been used to elucidate the evolutionary divergence, as well as
the host adapted nature of Cryptosporidium spp and genotypes (Lv et al., 2009 ).
Phylogenetic relationships are holding truelly across multiple gene targets (18S rRNA,
actin and HSP70) and are traditionally used as a tool in the naming of new

Cryptosporidium spp. (Elwin et al., 2012) .

There are many of commercially viable and free software tools to carry out
DNA sequence alignments and phylogenetic analysism, most importantly methods for
Cryptosporidium have used evolutionary distance to conclude phylogenetic

relationships (Ruecker, 2013).

In bird determinate genotypic characterization and phylogenetic analyze
based on primers of the SSU rRNA gene of Cryptosporidium positive samples (18S
rRNA) sequences of Cryptosporidium spp. the DNA sequence analysis obtained from

the detected Cryptosporidium baileyi (Jasim and Marhoon ,2015).

Molecular characterization of poultry Cryptosporidium in Brazil , from analysis
of 18S rRNA gene of Cryptosporidium followed by DNA sequencing of PCR products

revealed the occurrence of C. baileyi and C. meleagridis (Da Cunhaa et al., 2018)

Czech Republic was genotyped Cryptosporidium by PCR and DNA sequence

analysis at the 18S rRNA and actin gene loci. Sequence and phylogenetic analysis
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identified four genetically distinct genotypes, avian genotypes I to IV, from different
avian hosts. furthermore, the host range for Cryptosporidium galli isolate( Ng et al .,

2006 )

2.13. Control of Cryptosporidiosis in Ostriches and other birds

Control of Cryptosporidium infection birds is so difficult due to the tiny size of
oocysts make easily escape from filter pors that used to purification of water sources
for ostrich fields (Current and Garcia, 1991) , oocyst highly stable and survive for long
periods of time in cool, moist conditions, infected birds shed large numbers of infective
oocysts, as well as the small infection dose can pass through a big group of susceptible
hosts very quickly (Fayer et al., 2010 ). moreover resistance of oocyst to many
disinfectants, Antimicrobial agents,and other chemotherapy . treatment options of

infected animals are limited (Mmbaga and Houpt, 2017).

2.13.1. Treatment

Oocysts of Cryptosporidium parasite are resistant to environmental conditions
and sterilizers compounds,and there is uneffective chemotherapy against
Cryptosporidium parasite in birds ( Ryan et al ., 2018). Treatment of Cryptosporidiosis
is unknown and difficult which is often based on supportive drugs and immuno
Enhancer drugs because of their importance in healing infected animals based on
supportive therapy which it is importance in healing infected ( Arsenopoulos et al.,
2017). the available drugs are not very effective it can only diminish the duration
period of shedding and have little effect on immunocompromised individuals

(Thompson, 2016 and Mmbaga and Houpt, 2017).
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2.13.2. Vaccines

The immunological methods against Cryptosporidiosis are currently exist,
many observations suggest that vaccination against this disease should be practicable
in experimental and commercial uses. The celluler immunity forms are predominant
protective immune response against coccidiosis, and these made a major progress to
development vaccines against Eimeria spp. By analogy, the similarity between them
lead to develop vaccines against Cryptosporidium infection ( Fayer and Ellis,1993) ,
but in reality this may not be the case, which depending on rehydration therapy and

there are no available vaccines to prevent the disease (Thomson, 2016 ).

Although the chickens developed vigorous immunity to C. baileyi and became
resistant to reinfection with Cryptosporidium oocysts (Rhee et al., 1996 ) probably
Cryptosporidium with increasing prevalence of antigenic variants in the poultry ,It
became necessary to use of attenuated strains from local isolates for vaccine
development, in another word, the coccidian prtozoal infection must be identified,
isolated, attenuated, incorporated into vaccines and then used , while the host immune

response should be monitored carefully (Lillehoj et al., 2000).

2.13.3. Disinfectants

Oocysts resistant to many traditional sterilizers used in sterilizing poultry
farms, but in vitro the use of formalin 10% or minors 70% disinfect to the floor and
wall of poultry farms they will killed most oocysts ,also lose their vitality when
exposed to ammonia 5% for 20 minutes , Hydrogen peroxide 3% for 10 minutes and
chloride dioxide 0.4% for 15 minutes (O'Donoghue, 1995 and Naciri et al., 2011).
They are not sufficiently compelling to depend on for the successful elimination of

Cryptosporidium oocysts on the farms (Keidel and Daugschies, 2013).
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2.13.4. Farm management

Management, biosecurity measures and hygiene practices are necessary to
reduce the environmental contamination and controlling Cryptosporidiosis because
oocysts are very difficult to eliminate ; The support therapy is essential to
improvement of infected animals, as well as to prevent continued infection in one
farms or among other breeding farms (Thompson, 2016 and Shahiduzzaman and

Daugschies, 2012 ) .

The immunosuppression  factors should be removed during
cryptosporidiosis treatment (Graczyk et al .,1996). Overcrowding in breeding is an
immunosuppressant, the presence of large numbers of birds in the same farms
facilitated incidence of this infection , therefore the distribution of chicks in the sheds
should be considered. Although ,temperature , moisture , diets and water contaminated
with faces and other important management should be considered . (Morgan et al.,

2001 and Akram et al., 2018) .
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3. Materials and Methods

3.1. Materials

3.1.1. Equipment's and Instruments recorded in (Table 3-1):

Table (3-1): Equipment’s and Instruments

No. equipment Company / Country
1 High speed Cold Centrifuge Eppendorf/ Germany
2 Incubator Memmert (Germany)
3 Nanodrop Thermo Scientific/ UK
4 Vortex CYAN/ Belgium

5 Micropipettes (different volumes) Eppendorf / Germany
6 Exispin vortex centrifuge Bioneer/ Korea

7 Refrigerator Concord/ lebanon

8 Gel electrophoresis Bioneer/ Korea

9 U.V transilluminator Wised/Korea

10 Digital Camera Nikon/Japan

11 T100 Thermal cycler PCR Bio-Rad/ USA

12 Sensitive Balance Ohaus /USA
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No. | Instruments Company

1 Disposable syringe China

2 Disposable gloves China

3 Eppedorf tube Bioneer/ Korea

4 Filter paper China

5 Gauze China

6 Plastic containers China

7 Pasteur pipette China

8 Slides and cover slides China

9 Sterile test tube Superestar/ India

10 Eppendorf tubes Biobasic/ Canada

11 Water bath Kottermann (Germany)
3.1.2. kits

Table (3-2): Kits used in the study with their companies and countries of origin:

No. Kit Company Country

1 AccuPrep® stool DNA Extraction Kit | Bioneer Korea

Proteinase K
Stool Lysis buffer (SL)

Binding buffer (ST)

Washing buffer 1 (W1)

Washing buffer 2 (W2)

Elution buffer (E)
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GD column

Collection tube 2ml

2 Maxime PCR PreMix iNtRON

Korea

Tap DNA polymerase

dNTPs (dATP, dCTP, dGTP, dTTP)

Tris-HCI pH 9.0, KCI, MgCl,

Stabilizer and Tracking dye

3.1.3. Primers

The PCR primers used for detection Cryptosporidium spp. based small subunit
ribosomal RNA (18SrRNA gene) were design in this study based on NCBI-Genbank

Cryptosporidium sp. Small subunit ribosomal gene sequence (DQ002931.1) and

primer 3 plus design. These primers was provided from Macrogen company, Korea as
following (Table 3-3):

Table (3-3): The Nested PCR primers used for detection Cryptosporidium spp.

secondary primer

R | GCCCCCAACTGTCCCTATTAA

Primers Sequence 5'-3' Amplicon
18SIRNA  gene | P | CEGGTAACGGGGAATTAGGG 1660
primary pimer | g | TCGTCTTCGATCCCCTAACT

18SIRNA  gene | P | CCTGAGAAACGGCTACCACA 5960

3.1.4. Chemicals(Table 3-4):

Table (3-4): Chemicals and their company and origin
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No. | Chemical Company and Origin
1 Absolute Ethanol BDH (England)

2 Agarose BioBasic (Canada)
3 Basic carbol fuchsin BDH (England)

4 Disodium phosphate Na,HPO4 Local market

5 Ehidium Bromide BioBasic (Canada)
6 Free nuclease water Biolab/ USA

7 Hydrochloric acid HCI 100% BDH (England)

8 lodine BDH (England)

9 Isopropanol GCC (England)

10 Methanol 100% BDH (England)
11 Methylene Blue BDH (England)
12 Oil immersion BDH (England)
13 Phenol BDH (England)
14 Potassium dichromate 2.5 % K,Cr,O; | BDH (England)
15 i?—tliliscl)lim dihydrogen  phosphate BDH (England)
16 Potassium chloride KCL BDH (England)
17 TBE buffer BioBasic (Canada)
18 Xylol BDH (England)
19 Zinc sulfate ZnSo, BDH (England)

3.1.5. Solutions

1- Sheather's Sugar Solution:
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For preparation Sheather's sugar solution 500 gram sugar dissolved in 320 ml

distilled water, with 6.5 gram phenol as preservative (Chermette and Boufassa ,1988).

2- Saturated salt solution

Saturated NaCl solution prepared by mixing an excess amount of salt into
distilled water, according to Dryden et al (2005). The solubility of NaCl in H,O is
approximately 35¢/100ml at 20°C, so 100g of NaCl into 200ml of H,O should be
sufficient. Transfer enough of the saturated solution into a Petri dish to cover the

surface of the dish.

3- Potassium Dichromate 2.5%:

Potassium Dichromate 2.5% was prepared by dissolved 25 gram of potassium

dichromate in 1 liter of distilled water (Ma and Soave, 1983).

4- Acid Alcohol:

Acid Alcohol was prepared by adding 3 ml of concentrated HCL to 97 ml of

ethanol 95 % (Coles, 1986).

5- Phosphate Buffer Saline (PBS):

Phosphate Buffer Saline was prepared by dissolved: 0.2 gram KH,PQO,, 0.9 gram

Na;HPO,, 8 gram NaCl and 0.2 gram KCI in 1 liter of distilled water (Coles, 1986).

6. Agarose:

Agarose 1% (1gm /100 mg) and 1X TBE buffer 30 ml. Agarose was dissolved in
1X TBE buffer and heated in microwave for 1 min. This was allowed to cool (<60 °C)

and 3 pl of working solution of ethidium bromide was added (Venu, 2010).
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3.1.6. Stains

3.1.6.1. Modified Ziehl-Neelsen Stain:

Components:-

- Basic carbol fuchsin (4 grams).

- Phenol (8 grams).

- Ethanol 95 % (20 ml).

- Distilled water (100 ml).

Preparation:-

- Solution A:

prepared by dissolved basic carbol fuchsine stain (4 gram) in 20 ml of ethanol 95 %.

- Solution B:

Phenol (8 gram) was added to 100 ml distilled water with continuous mixing
until completely dissolved, then solution B was added to solution A and mixed well

(Beaver and Jung, 1985)(Brondson,1984)

3.1.6.2. Methylene Blue Stain (1%b):

It was prepared by dissolving 1 gram methylene blue in 100 ml distilled water

(Levine, 1961).

3.2. Methods

3.2.1. fecal samples collection

47



A 5-20 grams of fecal samples were collected from 200 Ostriches (24 male,70
female and 106 young chicks ) with age groups ranging from less than 1 month to 4
years old, during the period from the beginning of December 2018, to end of
September 2019, from different provinces in the central and south parts of Iraq
(Baghdad , Babylon, Waist, Qadisiyyah , Diyala and Najaf ) . Faecal samples were
collected from fresh faces after Ostriches (Defecation) dropping immediately, and were
collected in a clean plastic container and given sequential numbers, age, sex, date of
sampling also included , protective measures was taken such as wearing disposable
gloves. The samples were transported in cool box to parasitology laboratory and
divided into two parts for traditional and molecular examination at College of

Veterinary Medicine-University of Baghdad.

Diagram of study design

ostriches fecal
samples collection
200
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microscopic molecular
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200 200
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diect wet staining I:]()etta;:)%r; calibration DNA
smears of oocysts extraction
mZN
sheather PCR
sugar
solution |
I sequence
salt analysis 20
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3.3. Morphological characterization of oocysts

3.3.1.Laboratory Tests of fecal samples

3.3.2. Microscopic Examination:

Four tests used for fecal samples examination :

3.3.3. Direct wet smear:

Direct smears were prepared and examined after using Lugol’s lodine stain

according to (Levine, 1961).

3.3.4 Staining Methods:

Smears were prepared and stained by Modified Ziehl-Neelsen (mZN) stains to

investigate Cryptosporidium oocysts according to (Beaver and Jung, 1985).

3.3.5. Flotation Methods:

Sheather's solution were used to investigate intestinal protozoa oocysts

according to (Chermette and Boufassa, 1988).

3.4. Calibration of oocysts by using Ocular Micrometer according to Zeibig

(1997) as following :

1- Ocular eye piece was replaced with one containing an ocular micrometer.
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2- Stage micrometer was placed on the stage microscope.

3- Using the 10x objective , it was focused in on the stage of micrometer and was
arranged so that the left edge of the micrometer stage lines up with the left edge of the
ocular micrometer, successful completion of the zero points of each calibration device

and then the numbers are superimpose.

4- A point farthest to the right of the zero was located where both devices again super

imposed. The number of microns equal to each unit on the ocular micrometer .

The process was repeated for each objective and the microns equivalent to each ocular

unit was calculated by using the following:

Number of stage micrometer units x 1000

Number of ocular micrometer units.

3.5.1.Nested PCR (nPCR)

Two hundred fecal samples were collected selectively from farming Ostriches were
used for nPCR screening.

The nPCR technique was performed for detection Cryptosporidium spp. based
small subunit ribosomal RNA gene from Ostriches fecal samples. This method was
carried out according to Yu et al ( 2009) and Ruecker et al ( 2013) as following steps:

3.5.2. Genomic DNA Extraction

Genomic DNA were extracted from fecal samples by using AccuPrep® stool
DNA Extraction Kit , Bioneer. Korea, and done according to company instructions as

following steps:

1. A 200 mg of fecal sample was transferred to sterile 1.5ml microcentrifuge tube,
and then 20ul of proteinase K and 400 pl Stool lysis buffer (SL) were added

mixed by vortex. And incubated at 60°C for 10 minutes.

2. After 10 mins, the tube placed in centrifuge at 12,000rpm for 5 mins.
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3. The supernatant was transferred in to a new tube and 200ul Binding buffer was

added to each tubes.
4. The tubes were incubated again for 10 min at 60°C.

5. 100 pl isopropanol was added and the samples mixed by lightly vortex for
about 5 seconds, then spin down for 10 seconds to down the liquid clinging to
the walls and lid of the tube.

6. DNA filter column was placed in a 2 ml collection tube and transferred all of
the mixture (including any precipitate) to column. Then centrifuged at 8000rpm
for 5 minutes. And the 2 ml collection tube containing the flow-through were

discarded and placed the column in a new 2 ml collection tube.

7. 500ul W1 buffer were added to the DNA filter column, then centrifuge at
10000rpm for 30 seconds. The flow-through was discarded and placed the
column back in the 2 ml collection tube.

8. 500ul W2 Buffer (ethanol) was added to each column. Then centrifuged at
8000rpm for 30 seconds. The flow-through was discarded and placed the
column back in the 2 ml collection tube.

9. All the tubes were centrifuged again for 1 minutes at 12000 rpm to dry the

column matrix.

10. The dried DNA filter column was transferred to a clean 1.5 ml microcentrifuge
tube and 50 pl of pre-heated elution buffer were added to the center of the

column matrix.

11. The tubes were let stand for at least 5 minutes to ensure the elution buffer was
absorbed by the matrix. Then centrifuged at 10000 rpm for 30 seconds to elute
the purified DNA.

3.5.3.Genomic DNA estimation

The extracted genomic DNA from fecal samples was checked by using Nanodrop
spectrophotometer (THERMO. USA), that checked and measured the purity of DNA
through reading the absorbance in at (260 /280 nm) as following steps:
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1. After opening up the Nanodrop software, chosen the appropriate application

(Nucleic acid, DNA).

2. A dry wipe was taken and cleaned the measurement pedestals several times.

Then carefully pipette 2ul of free nuclease water onto the surface of the lower

measurement pedestals for blank the system.

3. The sampling arm was lowered and clicking OK to initialized the Nanodrop,

then cleaning off the pedestals and 1l of DNA was added to measurement.

3.5.3.1.Primary PCR master mix preparation

PCR master mix was prepared by using (Maxime PCR PreMix Kit) and this

master mix done according to company instructions as following (Table 3-5) :

Table (3-5) Primary PCR Master Mix.

PCR Master mix Volume
DNA template

SuL
5-50ng
18SrRNA  Forward  primary 1uL
primer (10pmol)
18SrRNA Reverse primary primer 1uL
(10pmol)
PCR water 13 pL
Total volume 20uL

The PCR master mix component that mentioned in table (3-5 ) placed in standard

Maxime PCR PreMix that containing all other components which needed to PCR

reaction such as (Tag DNA polymerase,
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MgCl,,stabilizer, and tracking dye). Then, all the PCR tubes transferred into Exispin

vortex centrifuge at 3000rpm for 3 minutes. before placed in PCR Thermocycler.

3.5.3.2. PCR Thermocycler Conditions

PCR thermocycler conditions by using convential PCR thermocycler system as
following ( Table 3-6 ):

Table (3-6) PCR thermocycler conditions

PCR step Temp. Time repeat
Initial Denaturation 95°C 5min. 1
Denaturation 95°C 30sec.

Annealing 58 °C 30sec 30 cycle
Extension 72°C imin.

Final extension 72°C 5min. 1

Hold 4°C Forever -

3.5.3.3. Secondary Nested PCR master mix preparation

Nestsed PCR master mix was prepared by using (Maxime PCR PreMix Kit) and this

master mix done according to company instructions as following ( Table 3-7)

Table (3-7) Secondary Nested PCR Master mix
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Nested PCR Master mix Volume
DNA template 2.5uL
18SrRNA  Forward secondary primer 1uL
(10pmol)

18SrRNA  Reverse secondary primer ma
(10pmol)

PCR water 155 pL
Total volume 20uL

After that, nPCR master mix component that mentioned in table (3-7) placed in
standard Maxime PCR PreMix that containing all other components which needed to
PCR reaction such as (Tag DNA polymerase, dNTPs, Tris-HCI pH: 9.0, KClI,
MgCl,,stabilizer, and tracking dye). Then, all the PCR tubes transferred into Exispin

vortex centrifuge at 3000rpm for 3 minutes. Then placed in PCR Thermocycler.

3.5.3.4. PCR Thermocycler Conditions

PCR thermocycler conditions by using convential PCR thermocycler system as

following table:

Table (3-8) nPCR thermocycler conditions

PCR step Temp. Time repeat
Initial Denaturation 95°C 5min. 1
Denaturation 95°C 30sec.

30 cycle
Annealing 58 °C 30sec




Extension 72 °C 1min.

Final extension 72°C 5min. 1

Hold 4°C Forever -

3.5.3.5. PCR product analysis

The PCR products was analyzed by agarose gel electrophoresis as following

steps:

1- 1% Agarose gel (1gm /100 mg) was prepared and used 1X TBE (30 ml ) and
dissolving in water bath at 100 °C for 15 minutes, after that, left to cool 50°C.

2- Then 3ul of ethidium bromide stain were added into agarose gel solution.

3- Agarose gel solution was poured in tray after fixed the comb in proper position after
that, left to solidified for 15 minutes at room temperature, then the comb was removed
gently from the tray and 10ul of PCR product were added in to each comb well and 5ul
of (100bp Ladder) in one well.

4- The gel tray was fixed in electrophoresis chamber and fill by 1X TBE buffer. Then

electric current was performed at 100 volt and 80 AM for 1hour.
5- PCR products 459bp were visualized by using UV Transilluminator.
3.6.DNA sequencing method

DNA sequencing method was performed for species typing of some positive local

Cryptosporidium isolates as following step:

1- The PCR product of small subunit ribosomal RNA genes were sent to
Macrogen Company in Korea in ice bag by DHL for performed the DNA
sequencing by AB DNA sequencing system.
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2- The DNA sequencing analysis (Phylogenetic tree analysis) was conducted by
using Molecular Evolutionary Genetics Analysis version 6.0. (Mega 6.0) and
Multiple sequence alignment analysis based ClustalW alignment analysis and
The evolutionary distances were computed using the Maximum Composite
Likelihood method by phylogenetic tree UPGMA method.

3- The Cryptosporidium typing analysis was done by phylogenetic tree analysis
between local Cryptosporidium isolates and NCBI-Blast known
Cryptosporidium .( Tamura et al., 2013).

4- Finally identified Cryptosporidium species isolates were submitted into of

NCBI-GenBank to get Genbank accession number .

3.7. Statistical Analysis:

The Chi-square (X?) test was used for comparison between the results. Differences
were considered statistically significant at P<0.05 (Petrie and Watson, 2006).

4. Results
First part

4.1.Total infection rate of Cryptosporidium spp. in Ostriches by using conventional

methods ( microscopic examination).

A total of 200 Ostriches fecal samples were examined by conventional methods
( flotation , staining by modified Ziel-Neelsen ( mZN) stain ) for detection the
prevalence of Cryptosporidium spp. and revealed the overall infection rate of

Cryptosporidium spp.in Ostriches in central and south parts of Irag 11% (22/200) .

4.1.1. Prevalence rate of Cryptosporidium spp. infection in relation to sex.

The results showed that male and female Ostriches recorded 8.33 % ( 2/24) and
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10 % (7/70) respectively rate of infection with Cryptosporidium spp. without significant

differences (P<0.05).

4.1.2. Prevalence rate of Cryptosporidium spp. infection in relation to age groups.

No significant difference (P<0.05) were recorded in the prevalence rates between age
groups,the highest infection rate 12.26% (13/106) was recorded in Young (chicks) (< 9

Months),while the lowest infection rate 9.57% (9/94) was recorded in the adult(> 9 Months).

4.1.3. Prevalence of Cryptosporidium spp. in relation to areas of study.

Twenty tow positive fecal samples fromOstriches were examined microscopically
from seven provinces in the central and south parts of Iraq , including: Wasit , Baghdad
, Babylon , Diyala , Karbala , Al-Najaf and Al-Qadisyiah and recorded 0% , 4.17% ,
15.79% , 3.70% , 11.54% , 23.53% and 19.23%, respectively . there were significant
differences (P<0.05) in the prevalence among these different areas of study, Al-Najaf
showed highest prevalence rate (23.53%) while Wasit showed the lowest rate ( 0 %)

(fig.4-1)
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Figure ( 4-1) Prevalence of Cryptosporidium spp. in relation to areas of study

4.1 . Prevalence of Cryptosporidium spp. in relation to months of study

The result showed that the highest prevalence was recorded in March 50% (9/18)
while the results were convergent during the months of February and April, 41.67%(5/12)
and 27.27% (3/11) , respectively . the lowest prevalence rate recorded during August 0%

( 0/29) ,with significant difference (P<0.05) .(fig.4-2).

58



Months

60.00%

50%
50.00%
41.67%

40.00%

30.00% 27.27%

20.00% - 2 %

11%
0,
10.00% - 4.35% 3.85%
0% 0% 0%

OOO% 'J T T T T T - T
e}a&a\&&&\*éé@
SHRPS GRS RN SHER\ SO SN, ©

e&é‘ ¢ &Y v ’ L. A
J &

Figure ( 4-2) Prevalence of Cryptosporidium spp. in relation to months of study

4.1.5. Morphological characterization and measurements of Cryptosporidium spp. oocysts

The microscopic examination Cryptosporidium parvum oocysts by flotation with
salt and sheathers solution revealed that oocysts appeared spherical or rounded with a
thin membrane , the four sporozoit look as black bodies inside the oocysts ( fig. 4-3). the
oocysts of C.parvum while oocysts stained with Modified Ziehl-Neelsen ( m ZN)
appeared spherical dark red in color with a clear halo around the oocysts , .the average
length and width measurements of C.parvum oocysts had almost ( 4.3x 4.9 + 0.9) um.
Measurement of oocysts was done by using ocular micrometer ( fig. 4-4 ). oocysts of C.
baileyi have ovoid shape and more larger with average size (6.0x4.6).( fig.4-5) oocysts
of C. meleagridis are spherical with average measurement ( 5.2x4.6) um( fig.4-7) ,while

C. ogalli oocystsare larger with average measurement(8.3 x 6.3 ) um.( fig.4-6)
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Figure(4-3): C. parvum oocysts, flotation with sheathers solution, measured 4.3 x
49 pm (100x )

Figure (4-4):C.parvum oocysts stained with Modified Ziehl- Neelsen (100 x )
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Figure (4-6):C.galli oocysts stained with Modified Ziehl- Neelsen ( 100 x )
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Figure (4-7):C. meleagridis oocysts stained with Modified Ziehl- Neelsen ( 100 x )

Second part

4.2. molecular study Nested PCR.

4.2.1. Prevalence of Cryptosporidium spp.in Ostriches by Nested PCR

Nested PCR revealed total infection rate with Cryptosporidium spp.in Ostriches
26.5% ( 53/200), statistical analysis showed significant differences between
conventional and molecular techniques and its relation with sensitivity and specificity
of each diagnostic test (P<0.05) ( Table 4-1).

Table ( 4-1): Total prevalence of Cryptosporidium infection by molecular
techniques ( Nested PCR) in Ostriches

Host No. of samples No. of Positive %
examined
Ostriches 200 53 26.5
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4.2.2. Prevalence of Cryptosporidium infection by Nested PCR in relation to age

groups

The results showed a significant difference (P<0.05) in the prevalence among age
groups . the highest rate recorded in Young's Ostriches < 9 Months 30.19% ( 32/106) ,
while the lowest 22.34% ( 21/94) recorded in the adult > 9 Months (Table 4-2) . there
was age-related distribution of Cryptosporidium spp among the Ostriches , C. baileyi
and C. parvum was dominant species in young Ostriches 40% (8/20),15% ( 3/20)
respectively, while C. meleagridis was dominant species in adult Ostriches > 9 Months

age 15% (3/20) although C. galli was occurred in adult less than 2 years 10%(2/20) .

Table (4-2) : Prevalence of Cryptosporidium infection by nested PCR in relation to
age groups

Age groups No. of samples| No. of Positive %
examined
Young's < 9 Months 106 32 30.19 *
Adult > 9 Months 94 21 22.34
Total 200 53 26.5

Significance * (P<0.05)

4.2.3. Prevalence of Cryptosporidium infection by nested PCR in relation to sex of
Ostriches

Depending on the nested PCR results, 5 Ostriches male were found infected with
Cryptosporidium out of 24 with rate 20.83 % (5/24) while Ostriches female recorded

rate 22.86% (16/70). without significant differences.(P<0.05)(Table 4-3).
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Table (4-3): Prevalence of Cryptosporidium infection by nested PCR in relation to
sex of Ostriches

Sex of Ostriches No. of samples No. of Positive %
examined
Male 24 5 20.83
Female 70 16 22.86
Total 94 21 22.34

Not Significance (P<0.05)

4.2.4. Prevalence of Cryptosporidium infection by nested PCR in relation to areas

Molecular study by Nested PCR in seven provinces in central and south parts of Iraq
including : Wasit , Baghdad , Babylon , Diyala , Karbala , Al-Najaf and Al-Qadisyiah
revealed prevalence 30%(6/20), 16.67%(8/48), 31.58%(6/19),11.11%(3/27),
30.77%(8/26) , 38.24%(13/34) and 34.62%(9/26) respectively. Al-Najaf province
showed the highest prevalence rate(38.24%) while Diyala province showed the lowest

rate (11.11%).with significant differences among provinces (P<0.05) (Table 4-4).
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Table( 4-4): Prevalence of Cryptosporidium infection by nested PCR in relation to
areas

Province No. of samples No. of Positive %
examined
Wasit 20 6 30
Baghdad 48 8 16.67
Babylon 19 6 31.58
Diyala 27 3 11.11
Karbala 26 8 30.77
Al-Najaf 34 13 38.24 **
Al-Qadisyiah 26 9 3462 *
Total 200 53 26.5

Significance * (P<0.05)

4.2.5. Prevalence of Cryptosporidium infection by nested PCR in relation to months
of study.

Nested PCR revealed significant difference (P<0.05) between prevalence of
Cryptosporidium infection in relation to months of study. April recorded highest rate of

infection72.73% (8/11) while the lowest rate 7.14% ( 2/28) recorded in July. (Table 4-5).
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Table( 4-5):Prevalence of Cryptosporidium infection by nested PCR in relation to
months

Year Months No. of samples No. of Positive %
examined
2018 December 15 3 20
January 12 4 33.33
February 12 6 50
2019 March 18 13 7222 *
April 11 8 72.73 **
May 23 7 30.43
June 26 4 15.38
July 28 2 7.14
August 29 3 10.34
September 26 3 11.54
Total 200 53 26.5

Significance * (P<0.05)

4.3.Molecular detection of Cryptosporidium spp.in Ostriches by Nested PCR

Genomic DNA was obtained from Ostriches fecal samples were subjected to
molecular analysis by nested PCR using small subunit ribosomal RNA gene specific
primers to identify the species of Cryptosporidium. nested PCR of all 200 samples will

employed band at (459bp) .Nested PCR product size on agarose gel confirming of
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presence Cryptosporidium spp.in Ostriches( fig.4-8) Cryptosporidium DNA was found in

53 of 200 Ostriches fecal samples with percentage 26.5% ( Table 4-1).

Figure (4-8) : Agarose gel electrophoresis image showed the PCR product
analysis of small subunit ribosomal RNA gene in Cryptosporidium sp. from
Ostriches fecal samples. Where M: marker (2000-100bp) , lanes showed some
positive Cryptosporidium sp. at (459bp) PCR product .

2000bp
1000bp

500bp - 459bp

100bp

2000bp
1000bp

4 500bp 459bp

100bp

The sequences analysis of nested PCR products using NCBI BLAST tool, The results
revealed the presence of four Cryptosporidium species in Ostriches at central and south
provinces of Irag, namely C.parvum, C. baileyi, C. meleagridis and C. galli ( Table 4-6)
. C. baileyi was the most prevalent species that detected in Ostriches ( 9/20) , following

C. meleagridis ( 5/20) , C.parvum (4/20) and finally C. galli (2/20).
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The sequence analysis confirmed the identification of C. baileyi 100% homology was
observed with their respective species sequences reported on Gen Bank on accession
numbers (MN410723.1) in China , while, C. parvum identity was 99.76 % on accession
number (KM870602.1 ) in Thailand. C.meleagridis 99.53 % homology sequence identity
on accession number (MN410718.1) in China and homology sequence of C.galli identity

was 99.28 % on accession number (GU816045.1) in Brazil ( Table 4- 6).

4.5.Phylogenic analysis :

Phylogenetic tree was constructed using Unweight Pair Group method with
Arithmetic Mean (UPGMA tree) in MEGA .X version for all 20 local Cryptosporidium
isolate PCR products to assess the genetic relationship among various Cryptosporidium
species in Ostriches . All positive PCR products were deposited in GenBank database
under accession no. ( Table 4-6) which recorded five isolates of Cryptosporidium
meleagridis have been consigned in the GenBank database under accession no.
MN410718.1.Sex isolates of Cryptosporidium baileyi under accessision no
MN410723.1.three isolate of Cryptosporidium parvum under accession no.
KM870602.1 and tow isolate of Cryptosporidium galli under accession no. GU816045.
To construct the relationship between Cryptosporidium spp. were aligned with the NCBI
BLAST Cryptosporidium spp. sequences of Ostriches obtain from GenBank at total

genetic changes (0.010-0.060%).

The first used of phylogenetic analysis is to help resolve the controversy of the
taxonomy of the genus Cryptosporidium. 20 sequenced isolates of Cryptosporidium
species from Genomic DNA of Ostriches were describe in phylogenetic tree with

respective reference sequenced retrieved from GenBank . phylogenetic tree was
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constructed for sequences of C. meleagridis, C.parvum ,C. baileyi and C.galli isolated
separately to highlight the differences between these four species DNA STAR in

Ostriches ( fig.4-9) (fig.4-10) .
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Table (4-6) The NCBI-BLAST Homology Sequence identity (%) between local
Cryptosporidium spp. Ostriches isolates and NCBI-BLAST submitted Cryptosporidium

Local Ostriches
Cryptosporidium
sp. No

1

2

10
11
12
13
14
15
16
17
18
19

20

spp. isolates

Gen —Bank
accession No.

MN515110

MN515111

MN515112

MN515113

MN515114

MN515115

MN515116

MN515117

MN515118

MN515119

MN515120

MN515121

MN515122

MN515123

MN515124

MN515125

MN515126

MN515127

MN515128

MN515129

NCBI BLAST Homology sequence identity
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DNA Sequences | Translated Protein Sequences

Species/Abbry B | | | | ] | || | | | || | | | | | R

1. Cryptosporidium sp. izolate No.1 small subunit ribosomal RNA gene

2. Cryptosporidium sp. isolate No.10 small subunit ribosomal RNA gene

3. Cryptosporidium sp. isolate No.11 small subunit ribosomal RNA gene

4. Cryptosporidium sp. isolate No.12 small subunit ribosomal RNA gene

3. Cryptosporidium sp. isolate No.13 small subunit ribosomal RNA gene

6. Cryptosporidium sp. isolate No.14 small subunit ribosomal RNA gene

7. Cryptosporidium sp. isolate No.13 small subunit ribosomal RNA gene

§. Cryptosporidium sp. isolate No.16 small subunit ribosomal RNA gene

9. Cryptospaoridium sp. isolate No.17 small subunit ribosomal RNA gene

10. Cryptosporidium sp. isolate No.18 small subunit ribosomal RNA gene

11. Cryptosporidium sp. isolate No.19 small subunit ribosomal RNA gene

12. Cryptosporidium =p. isolate No.2 small subunit ribosomal RNA gene

13. Cryptosporidium sp. isolate No.20 small subunit ribosomal RNA gene

14. Cryptozporidium =p. isolate No.3 small subunit ribosomal RNA gene

15. Cryptosporidium sp. isolate No.4 small subunit ribosomal RNA gene

16. Cryptozporidium =p. isolate No.5 small subunit ribosomal RNA gene

17. Cryptosporidium sp. isolate No.6 small subunit ribosomal RNA gene

18. Cryptosporidium sp. isolate No.7 small subunit ribosomal RNA gene

19. Cryptosporidium =p. isolate No.8 small subunit ribosomal RNA gene

20. Cryptosporidium sp. isolate No.% small subunit ribosomal RNA gene

21. DQ286403.1 Cryptosporidium hominis 185 ribosomal RNA gene partial seque

22, GUE16045.1 Cryptosporidium galli isolate Cry06MK 185 ribosomal RNA gene

23. KMB70602.1 Cryptosporidium parvum isolate 5139 185 ribosomal RNA gene

24. MH913044.1 Cryptosporidium tyzzeri isolate 30389 small subunit ribosomal R

25. MN410718.1 Cryptosporidium meleagridis isolate 547 small subunit ribosomal

26. MN410723.1 Cryptosporidium baileyi isolate 528 small subunit ribosomal RN

Figure (4-9): Multiple sequence alignment analysis of small subunit ribosomal RNA gene in local Cryptosporidium spp. Ostriche isolates
and NCBI-Genbank Cryptosporidium spp. isolates. The multiple alignment analysis was constructed using ClustalW alignment tool in
(MEGA 6.0 version). That showed the nucleotide alignment similarity as (*) and substitution mutations in small subunit ribosomal
RNA gene.
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Cryptosporidium sp. isolate No.18 small subunit ribosomal RNA gene
MMN410718.1 Cryptosporidium meleagridis isolate 547 small subunit ribosomal RNA gene partial sequence
Cryptosporidium sp. isolate No.6 small subunit ribosomal RNA gene
Cryptosporidium sp. isolate No.3 small subunit ribosomal RNA gene
Cryptosporidium sp. isolate No.1 small subunit ribosomal RNA gene
100 Cryptosporidium sp. isolate No.16 small subunit ribosomal RNA gene

DQ286403.1 Cryptosporidium hominis 185 ribosomal RNA gene partial sequence
- Cryptosporidium sp. isolate No.4 small subunit ribosomal RNA gene
KME70602.1 Cryptosporidium parvum isolate 5159 185 ribosomal RNA gene partial sequence

Cryptosporidium sp. isolate No.15 small subunit ribosomal RNA gene

Cryptosporidium sp. isclate No.19 small subunit ribosomal RNA gene
MH913044.1 Cryptosporidium tyzzeri isolate 30389 small subunit ribosomal RNA gene partial sequence
—— Cryptosporidium sp. isolate No.7 small subunit ribosomal RNA gene

53 Cryptosporidium sp. isolate No.10 small subunit ribosomal RNA gene

100 Cryptosporidium sp. isolate No.14 small subunit ribosomal RNA gene

a7 Cryptosporidium sp. isolate No.9 small subunit ribosomal RNA gene

Cryptosporidium sp. isolate No.13 small subunit ribosomal RNA gene

Cryptosporidium sp. isolate No.20 small subunit ribosomal RNA gene

Cryptosporidium sp. isolate No.12 small subunit ribosomal RNA gene

Cryptosporidium sp. isolate No.5 small subunit ribosomal RNA gene

Cryptosporidium sp. isolate No.2 small subunit ribosomal RNA gene

Cryptosporidium sp. isolate No.11 small subunit ribosomal RNA gene

5E MMN410723.1 Cryptosporidium baileyi isolate 528 small subunit ribosomal RMA gene partial sequence
Cryptosporidium sp. isolate No.8 small subunit ribosomal RNA gene

100 Cryptosporidium sp. isolate No.17 small subunit ribosomal RNA gene
4 GU816045.1 Cryptosporidium galli isolate Cry06MK 185 ribosomal RNA gene partial sequence

0060 0050 0040 0030 0020 0010 0000

Figure (4-10): Phylogenetic tree analysis based on small subunit ribosomal RNA gene partial sequence in local Cryptosporidium spp.
Ostriches isolates that used for genetic Cryptosporidium species identification . The phylogenetic tree was constructed using Unweighted
Pair Group method with Arithmetic Mean (UPGMA tree) in (MEGA .X version). The local Cryptosporidium isolate 1Q.Ostriche (No.1
No.3 No0.6 No.16 and No.18) were showed closed related to NCBI-BLAST Cryptosporidium meleagridis (MN410718.1). The local
Cryptosporidium isolate 1Q. Ostriches (No.2 No.5 No.7 No0.9-No.14 and No.20) were showed closed related to NCBI-BLAST
Cryptosporidium baileyi (MN410723.1). The local Cryptosporidium isolate 1Q.Ostriche (No.4, No.15 and No.19) were showed closed
related to NCBI-BLAST Cryptosporidium parvum (KM870602.1). The local Cryptosporidium isolate 1Q.Ostriche (No.8 and No.17) were
showed closed related to NCBI-BLAST Cryptosporidium galli (GU816045.1) at total genetic changes (0.010-0.060%b).
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5. Discussion:

First part

5.1. Conventional microscopic examination of Ostriches fecal samples

The total prevalence of Cryptosporidium spp. infection in central and south parts of Iraq
using modified Ziehl-Neewlsen (mZN) and flotation methods 11%.This result was
agreement with the result of Wang etal.(2011) in China whom recorded Cryptosporidium
in Ostriches by conventional methods was 11.7% , also Qi et al.(2014) in China whom
recorded infection rate 10.2%. Huang et al.(2018) recorded rate 10.2% in China

These differences in prevalence rate of Cryptosporidium spp. infection in Ostriches
that recorded by several workers were due to difference in areas of study and samples
collection. While own result was disagree with the high rate 28% that recorded in south
Iran by Behzadi et al .( 2009) , and which showed that the prevalence of
Cryptosporidium oocysts in south of Iran was 28% , and Nguyen et al.(2013) whom
reported 23.7 % in central of Vietnam .this differences were due to stressing conditions
leading to immunosuppression or poor husbandry practices related to feed, water or
hygiene while the lowest prevalence rate 2.48% recorded by Sun et al .(2007) in
ZhengZhou Ostriches at China, Zhu et al ( 2008) whom recorded 1.7% in Brazil,
Nakamura et al.(2009) in Brazil recorded prevalence rate 4.86%.these attributed to
differences of samples number at limited areas, methods of rearing and methods of
diagnosis.no significant differences was found between sex of Ostriches that infected
with Cryptosporidium , which was accordance with previous study by (Bamaiyi et al .,

2013) in Nigeria.
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5.1.1. Prevalence rate of Cryptosporidium spp. infection in relation to age groups

The higher rate of infection 12.26% was recorded in Young (chicks) (< 9
Months),while the lower infection rate 9.57%was recorded in the adult(’> 9
Months).without significant difference. These results were accordance with those found
previous studies whom showed that the infection was more prevalent at age group( 20-40
days) more than adult Ostriches(Zhu et al., 2008), also Qi et al.(2014) in China recorded
10.2% rate in Ostriches aged 16-60 days and 1.2% in those aged > 10 years , Wang et
al.(2011) in China reported that the young chicks(4-8 weeks ) showed high percentage
of infection 16.2% than adult more than 12 months with rate 7.2 %. Huang et al.(2018)
showed that Ostriches with age 16-60 days recorded 27.6% , while with > 10 years old
recorded 20.4% rate of infection. Nguyen et al.(2013) in Vietnam found the majority of
infection rate in 2- 3 months Ostriches chicks, while the lower rate was recorded in one

year age adult Ostriches.

5.1.2. Prevalence of Cryptosporidium spp. in relation to areas of study

Microscopic examination of Ostriches fecal samples from seven provinces in
central and south parts of Iraq , including: Wasit , Baghdad , Babylon , Diyala ,
Karbala , Al-Najaf and Al-Qadisyiah recorded 0% , 4.17% , 15.79% , 3.70% |,
23.53%. Al-Najaf showed highest prevalence rate (23.53%) due to poor husbandry
practices, contaminated of water sources, drinking water and Breeding other domestic

birds near the Ostriches farms.
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5.1.3. Prevalence of Cryptosporidium spp. in relation to months of study

The result showed that the highest prevalence 50% was recorded in March while.
the lowest prevalence rate 0%. recorded during August the result agreement with the
Wang et al.(2011) in China whom reported highest prevalence rate 15.6% in spring
season was. Goodwin (1989) in Georgia and Muchiri et al(2009) recorded high
prevalence rate 9% in spring and lowest rate in winter 3.5%, the peak of prevalence
occurred in March and April( 19%) for each months for two year of study and the

apparent seasonal period peak of detection at the end of the rainy season.

5.1.4. Morphology and measurement of Cryptosporidium spp. oocysts

Morphologically Cryptosporidium parvum oocysts appeared by flotation with salt
and sheathers solution spherical or rounded with a thin membrane , with four
sporozoit look as black bodies inside the oocysts, Oocysts with Modified Ziehl-
Neelsen stain appeared spherical stained dark red with clear halo around the oocysts ,
against a blue background of the methylene blue stain. The average length and width
measurements of C.parvum oocysts had almost ( 4.3% 4.9 = 0.9) um. These results
were comparable to the results of Khalil (2010) who recorded that the average length
and width measurement of Cryptosporidium parvum were (5.2 x 4.2 £ 0.3) um, Also
Al-alousi and Mahmood (2012) whom recorded that the diameter of Cryptosporidium
oocyst was 5.2 x 4.4 um and, Thigeel (2016) who recorded the measurements of C.
parvum had a mean size of 5.01 x 4.56 um Al-Zubaidi (2012) in Irag, who recorded
the measurements of C. parvum oocysts were 5.2+ 0.41 um in length and 4.1+ 0.21

pum in width.
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C. baileyi oocysts have ovoid shape and more larger with average size 6.0x4.6
pmor 6.3x5.2 pm. These results were compatible with the results of Current et al.( 1986)
whom recorded the oocyst measured 6.2 x 4.6\ 5.6 — 6.3 x 4.5—4.8 um and Hajdusek
et al (2004) in Czech Republic recorded average size of baileyi oocysts 5.2 + 0.2 x 4.9
+ 0.2 um, Gajadhar ( 1993) in Canada reported oocysts measurment 4.0-6.1 x 3.3-5.0
pum , Egyed et al.(2003) who recorded that the measurements of C. baileyi were 5.6-7.5
x4.0-5.7 pum shape index 1.35 pum. in Brazil Meireles and Figueiredo (1992) whom
recognized C. baileyi oocysts have an ovoid shape and measure 6.0%4.6 pum; shape
index 1.31.Santos et al (2005) reported measurement of oocysts 6.0x4.8 um with shape

index 1.31 similar to C. baileyi.

C. meleagridis are spherical with average measurement 5.2x4.6 um, Our results were
in agreement with Slavin (1955) who recorded 5.2 x 4.6 \45-6 x4.2-53 um, ltis
not possible to differentiate between C. baileyi and C.melegridis but C. melegridis are
spherical or sub spherical and measured 5.2x4.6um with shape index 1.31 ( Lindsay
et al.,1989). Egyed et al.(2003) recorded C. meleagridis measurment 4.5-6.0x 4.2—
5.3 with shape index 1.14.Sreter and Vagra (2000), Upton and Current (1985)
recorded measured 5.0 (4.5-6.0)x 4.4 (4.2-5.3) um with shape index 1.1 while C.
galli oocysts are larger with average measurement 8.3 x 6.3 um. These results were
comparable to the results of Santos et al (2005) measured 8.5x6.3um have shape
index ( length/ width) 1.30 , Pavlasek( 1999) and Ryan etal.(2003) whom recorded

8.3%6.318—8.5x6.2— 6.4 um.
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Second part

5.2. Molecular detection:

Polymerase chain reaction is high sensitivity because of the nested protocol and
multi-copy nature of one gene. PCR procedures will amplified of defined DNA
sequences has been gain considerable promise for the development of highly
sensitive and specific diagnostic tests. Although the benefits of PCR technique are its
ability to batching, ease of interpretation and the potential to further differentiate to
the species and genotype/sub genotype level (Geurden et al., 2006). molecular
techniques is used for confirmation Cryptosporidium spp detected, is also important
since they cannot be identified by morphology (Robinson et al., 2006). The molecular
detection methods are also included in the present study for diagnosis and

identification Cryptosporidium spp .infection.

5.2.1. Nested PCR (nPCR)

These the first molecular study by Nested PCR of Cryptosporidium spp infected
Ostriches in Iraq . There are many species of Cryptosporidium were detected by nested
PCR protocol targeting the 18S rRNA gene which has been shown highly sensitive
and having successfully amplified the DNA from just one oocyst (Xiao et al.,1999
;Santin et al., 2008; Karanis et al., 2010; Thigeel, 2016). The nPCR more sensitive as
a compared to modified Ziehl-Neelsen (mZN) staining technique (Uppal et al 2014).
Therefore the 18S rRNA gene fragment was targeted in the current study to detected

Cryptosporidium spp.
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5.2.2. Prevalence of Cryptosporidium spp.in Ostriches by Nested PCR

Statistical analysis showed significant differences between conventional and
molecular techniques and its relation with sensitivity and specificity of each
diagnostic test, Nested PCR revealed total infection rate with Cryptosporidium spp.in
Ostriches was 26.5%.This finding was comparable with the results of Nguyen
etal.(2013) whom recorded infection rate 23.7 % , Silva et al( 2010) reported 24.5%
from adult birds in Brazil . However, Oliveira et al (2008) recorded 44.4% prevalence
rate Cryptosporidium spp in examined Ostriches. On the other hand, the infection rate
was lower in study of Wang et al ( 2011) in China which recorded overall prevalence
11.7%, Ng et al. (2006) in Australia recorded infection rate in (6.3%). Nakamura et

al.(2009) reported infection rate 4.86% in captive birds in Brazil.

These differences were attributed to husbandry practices, stressing condition
,poor type of feed , water or hygiene management, area of sampling (farming /
captive) Ostriches , environmental conditions, the sampling method and samples

size(.(Caccio and Putignani, 2014).

5.2.3. Prevalence of Cryptosporidium spp. in Ostriches by Nested PCR in
relation to age groups

The prevalence showed a significant differences among age groups The higher rate
recorded in Young's Ostriches < 9 Months 30.19% while the lower infection rate
22.34% recorded in the adult > 9 Months age group. These results were agreement
with those found in previous studies which showed that young Ostriches chicks more
susceptible to Cryptosporidium infection than adult from the first day of life (.Zhu et

al., 2008;Sreter et al.,2000).
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Qi et al.(2014) whom recorded infection10.2% in aged 16-60 days chicks, 1.2% in
those aged > 10 years adult .Wang etal.(2011) recorded in young chicks(4-8 weeks )
show high percentage 16.2% than adult Ostriches more than 12 months with rate 7.2
%. Nguyen et al.(2013) recorded prevalence of Ostriches Cryptosporidium in

Vietnam as <45 days-90 days 23.5 % while in >12 months was 5.8% .

There was age-related distribution of Cryptosporidium spp among the Ostriches ,
C. baileyi and C. parvum was dominant species in young Ostriches 40% (8/20),15%
( 3/20) respectively, while C. meleagridis was dominant species in adult ostriches > 9
Months age 15% (3/20) although C. galli was occurred in adult less than 2 years

10% (2/20) .

These results were accordance with(Meireles and Figueiredo 1992; Pavlasek,
1993 : Sreter et al.,1995 ;Sreter and Varga, 2000; Morgan et al., 2001;) whom
recorded that Cryptosporidium baileyi is a dominant parasite of various species of
young birds, including chickens, turkeys, ducks, cockatiels, a brown quail, gulls and
Ostrich. Quah et al( 2011) reported C.parvum infection in adult birds 10% Although
C. parvum has not been reported to cause infection in birds,. Laatamna et al (2017)
explained that C.meleagridis more prevalence in small aged Farmed turkeys than
ostriches .Santos etal.(2005) showed that C. galli have light infection rate in adult
birds and less pathogenic than other Cryptosporidium spp in bird . Jasim and
Marhoon(2015) identified Cryptosporidium parvum in all birds age ,
Cryptosporidium baileyi more common in domestic young chickens while C. galli
only recorded from domestic adult chickens.( Ryan et al.,2003).

In relation to sex nested PCR results showed that Ostriches male were found

infected with Cryptosporidium at rate 20.83 %while Ostriches female recorded rate
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22.86% without significant differences. which was accordance with many previous

studies (Mohammed,2010; Bamaiyi et al ., 2013 ) .

5.2.4. Prevalence of Cryptosporidium infection by nested PCR in relation relation
to areas

The prevalence in seven provinces at central and south parts of Iraq including :
Wasit , Baghdad , Babylon , Diyala , Karbala , Al-Najaf and Al-Qadisyiah revealed
prevalence 30% 16.67%, 31.58% ,11.11% , 30.77% , 38.24% and 34.62%
respectively. Al-Najaf province showed the highest prevalence rate(38.24%) while
Diyala province showed the lowest rate (11.11%). with significant differences among
provinces. The highest results in Al-Najaf was due to many reasons including poor
management systems, density of breeding farms, contaminated of water sources as
compared to Diyala province, Behzadi et al .(2009) were recorded Ostrich farms
infection at rate 28% in Shiraz province southern Iran. Sun etal .(2007) in ZhengZhou
province recorded 2.48% . In Henan Province, Zhu et al ( 2008) whom showed the
infection rate with Cryptosporidium spp 1.7%.anther study in Henan province Wang
etal.(2011)recorded infection rate 11.7 %. in Khanh Hoa province in central
Vietnam, Nguyen etal.(2013) recorded prevalence of Cryptosporidium was 23.7 % .
Nakamura et al., (2009) showed total infection rate of three provinces (Brazilian
states of Goias , Parana and Sao Paulo) was recorded 14.6%. Oliveira et al (2008)
whom reported prevalence rate 44.4% in Rio de Janeiro province. Brazil.
The differences could be attributed to the variation between regions , breeding
conditions , climatic nature, distribution of Ostriches farms, poor husbandry practices,
environmental conditions , Age of birds ,sampling method and size and stress

condition.( Godro et al., 2002 ) .
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5.2.5. Prevalence of Cryptosporidium infection by nested PCR in relation to
months of study

Nested PCR revealed significant difference between prevalence of Cryptosporidium
infection in relation to months of study. April recorded highest rate of
infection72.73% while the lowest rate 7.14% recorded in July. the result agreement
with the Wang et al.(2011) which clarify that the extremely shedding of oocysts are
the most responsible for high prevalence of Cryptosporidium spp. particularly during
spring season, and they recorded highest prevalence rate in spring season was 15.6%
Goodwin (1989) recorded high prevalence rate 9% in spring with seasonal period
peak of detection at the rainy season and lowest rate in winter 3.5%, Muchiri et
al(2009) showed the peak of prevalence occurred in March and April( 19 % and 19
%) respectively of each two year of study.the differences of low infection in summer
it may be the all examined Ostriches were adult and have high resistant to infection as

compare with young chicks .

5.2.6. Sequence analysis of Cryptosporidium spp. in Ostrich

DNA sequencing analysis has the most commonly used approach for typing
Cryptosporidium spp. isolates from different geographical areas recently (Xiao et al.,
1999). DNA sequencing based on small subunit ribosomal RNA gene which followed
in the present study was identical to many previous studies(Nakamura et al., 2009

;Wang et al,. 2011; Jasim and Marhoon, 2015).

Results of DNA sequencing revealed the presence of four Cryptosporidium species in
Ostriches at central and south provinces of Iraq, C.parvum, C. baileyi, C. meleagridis
and C. galli. Our results were in agreement with results of Xiao and Ryan,(2004) in
Korea , Behzadi et al.,2009) in Iran whom recorded the species infecting birds are C.

baileyi, C. galli and C. meleagridis. Current et al.(1986 ) recorded the validity of

81


https://www.ncbi.nlm.nih.gov/pubmed/?term=Muchiri%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=18957776

Cryptosporidium meleagridis and C. baileyi as distinct species in Ostriches, Santos
et al., 2005 in Brazil reported the species infected bird are C. baileyi, C. meleagridis
and C. galli. (Ng et al., 2006; Xiao and Fayer, 2008; Qi et al., 2011) in China whom
showed that C. baileyi, C. meleagridis, and C. galli are the commonest
Cryptosporidium species and have been identified in many avian hosts. In brazilain
Ostrich, Meireles et al.( 2006) detected C. baileyi ,C. parvum, C. meleagridis . In
China Wang et al (2011) reported C. baileyi only in five farms, zoo, and an animal

rescue center in Zhengzhou, Henan Province.

The result of phylogenic tree analysis indicated a high genetic variation among 20
local Cryptosporidium spp. isolates and other NCBI BLAST Cryptosporidium spp.
sequences of Ostriches obtain from GenBank with (0.010-0.060%) as total genetic
changes and recorded that dominant Ostriches species, C. baileyi 45% ( 9/20) was
detected in different age groups of Ostriches , following C. meleagridis 25% (5/20) ,
C.parvum 20% ( 4/20) and finally C. galli 10% (2/20). The results were accordance
with( Meireles and Figueiredo 1992; Pavlasek, 1993; Sreter et al.,1995; Sreter and
Varga, 2000; Morgan et al., 2001 ) whom recorded that Cryptosporidium baileyi is a
dominant parasite of various species of young birds. Wang et al (2011) recorded that
the most common Cryptosporidium of Ostriches in China is C. baileyi. Zhu et al

(2008) recorded C.baileyi in Ostrich from many areas in Henan Province, China .
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6.1.Conclusions:

According to the results obtained from the study, following conclusions
recorded:

1. The overall infection rate of Cryptosporidium spp. in Ostrich was 11%
(22/200) with significant differences recorded between different provinces

and months of study.

2.Molecular prevalence recorded 26.5% infection rate for 200 Ostriches
samples analyzed by nPCR .

3. Molecular analysis showed a significant differences between age groups
the highest rate recorded in Young's Ostriches < 9 Months, while sex recorded
percentage without significant differences among male and female Ostriches.

Al-Najaf province showed the highest Cryptosporidium prevalence rate than
other provinces in central and south parts of Iraq .

4. Cryptosporidium baileyi and C. parvum were dominant species in young
Ostriches while C. meleagridis and C. galli are dominant species in adult .

5. First time in Irag, phylogenic analysis revealed the presence of four
Cryptosporidium species in Ostriches : C.parvum, C. baileyi, C. meleagridis
and C. galli.

6.2. Recommendation :
1. Identification of Cryptosporidium infection in north parts of Iraq
2. Study prevalence of other intestinal protozoa infected Ostriches .

3. ldentification , genotyping of Eimeria spp in farming Ostriches in Iraq

4. Experimental study with Cryptosporidium parvum isolated from human
sources in infected Ostriches chicks.

5. Study the relation between Cryptosporidial infection and other intestinal
causative agent in Ostriches.
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