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General introduction 

 
1. Introduction 

Cryptosporidiosis is an apicomplexan protozoan disease caused by Cryptosporidium spp. 

that has completed a complex life cycle on hosts. By the zoonotic and anthroponotic way the 

disease became transmitted globally [Putignani and Menichella, 2010]. Cryptosporidium protozoa 

is one of the coccidian infections that leads to diarrhea. Cryptosporidium parvum causes watery 

diarrhea in people, particularly children in young stage susceptible for this vital zoonotic disease 

[Thomson et al., 2017]. C. parvum was identified for the first time in the gut of mice in 1907 by 

Edward Ernst Tyzzer [Thomson et al., 2017].  Recurrent diarrhea and malabsorption are vulnerable 

to an individual health, especially in the patients suffering with acquired immunedeficiency 

syndrome (AIDS) [Leitch and He, 2011]. Most Cryptosporidium species and genotypes have host 

specificity. To date, Cryptosporidium has thus far 38 recognized species. The report of new 

Cryptosporidium species has enhanced in recent years [Feng et al., 2018].  

The Cryptosporidium thick-walled oocyst (5 µm) is resistant to many decontaminating 

agents like bleach at the time of isolation of oocysts from fecal samples, and also resistant to 

several sources of water in the sustained environment [Leitch and He, 2011]. The receptors on the 

surface of oocysts also show significant roles in settling close to the target tissue in the small 

intestine of the host [Leitch and He, 2011]. The functional damage of villi and microvilli, the large 

internal area for absorption in gut, is often observed in intestinal cryptosporidiosis [Fayer, 2008]. 

Globally, humans cryptosporidiosis has been found in surrounding environments with deprived 

hygienic situations predominantly in developing country [Thomson et al., 2017]. Humans can get 

infected with Cryptosporidium by taking their water or food contaminated with infective oocysts, 
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and this could be spread to the community directly from animals or humans [Ibrahim et al., 2016].  

Cryptosporidium tends to cause self-limiting diarrhea while in infection with the 

immunocompetent people, cryptosporidiosis is thought to be a second-most reason for infant 

diarrhea and death in African and Asian continent after infection of rotavirus [Thomson et al., 

2017]. Hence, in developing countries, Cryptosporidium is responsible for increasing the number 

of deaths. Control of cryptosporidiosis is challenging because of its oocysts that is resistant to 

environment, highly infective, and extreme number of defecated oocysts, and the infection spread 

rapidly to a susceptible cluster of hosts [Thomson et al., 2017]. For the people having 

immunocompromised and immunocompetent of cryptosporidiosis, C. meleagridis is considered 

the third-largest usual source and indicates that the birds are the major reservoir of this protozoan 

based on the epidemiological aspect [da Cunha et al., 2018].  

 

2. Distribution and life cycle 

Cryptosporidium protozoa have a global distribution. There is also needs for a better 

understanding of the environmental issues associated with Cryptosporidium infection. A meta-

analysis examining the effects of seasonality showed that both high ambient temperature (more 

important in temperate countries) and high rainfall (more important in the tropics) are related to 

an increased level of risk for cryptosporidiosis [Jagai et al., 2009]. Cryptosporidium has asexual 

and sexual stages in its life cycle that occur in the same host. Although the parasite has its invasive 

free-living stages, propagation of the parasite takes place inside a parasitophorous vacuole beneath 

the host cell brush-border but outside the cytoplasm of the intestinal epithelium [Leitch and He, 

2011]. The infection transmitted through environmentally resistant oocysts that mostly comes from 

water and rarely food sources, as a result, causes outbreaks of diarrhea in immunocompetent 
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patients that commonly takes fewer than 2 weeks [Leitch and He, 2011]. 

 

Fig. 1. Cryptosporidium life cycle in the enterocyte [Putignani and Menichella, 2010]. 

 

In general, the life cycle is that once ingestion of sporulated oocysts by the host, it excysts 

in the small intestine, then sporozoites release and penetrate to the intestinal epithelial cells and 

infect the enterocytes, forming a parasitophorous vacuole, which then differentiates into a 



4 

 

trophozoite. After that, the mitotic division of the parasite starts to type I merogony process and to 

produce schizont with 8 merozoites. They come out from the parasitophorous vacuole and 

reinfection to the cells. Then again, the merozoite infection initiates in a process of type II 

merogony, and produce 4 merozoites. The merozoites producing from both type I and type II 

merogony comes out and infect again the epithelial cells, as a result, forming of a macrogamont 

(female) or a microgamont (male). More than sixteen microgametes are produced from the 

microgamont and a diploid zygote is formed by fertilization of a macrogamont that distinguishes 

to produce an oocyst. Also, meiosis initiates to produce 4 sporozoites. After that, it starts the sexual 

cycle, and produce 2 types of oocysts. One is thin-walled sporulated oocysts (20%) which cause 

autoinfection within the host and another is thick-walled resistant oocysts (80%) that pass through 

feces into the environment (Fig. 1) [Leitch and He, 2011]. Cryptosporidium has several protein 

candidates like microneme, rhoptry, and dense granules that has a role in the attachment of the host 

cell [Leitch and He, 2011].   

 

3. Poultry cryptosporidiosis 

Most of the mammals, birds, reptiles, amphibians, and fish are found to be infected by 

Cryptosporidium species. Regarding increasing demand for free-range products and increasing the 

number of free-range poultry farms, in the north part of Iran, a notable Cryptosporidium infection 

rate was detected in the free-range chicks and commercial broiler chickens, which notify the role 

of this host as a reservoir and should more emphasize due to the economic and zoonotic importance 

[Shahbazi et al., 2020]. Respiratory cryptosporidiosis is recognized as difficulty with birds for a 

long time [Sréter and Varga, 2000].  

Birds could be a susceptible host for the infections of people because of the potentiality of 
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C. parvum transmission [Helmy et al., 2017]. Besides, recent of the year, total 13 genotypes of 

Cryptosporidium have been reported in birds, for example avian genotypes (I to VI), black duck 

genotype, goose genotypes (I to V), and Eurasian woodcock genotype [Abe and Makino, 2010; 

Nakamura and Meireles, 2015; Xiao et al., 2002]. C. meleagridis and C. galli infections cause 

watery diarrhea, enteritis, and death of birds [Santín, 2013], however, C. baileyi infections are 

mainly responsible for lung problems with severe illness and death [Sréter et al., 1995]. Among 

the avian Cryptosporidium, only C. meleagridis was the potential zoonotic species [Chalmers and 

Giles, 2010]. 

For the children in Peru, the existence infection of C. meleagridis was almost as common 

as cryptosporidiosis due to C. parvum bovine genotype [Xiao et al., 2001]. Regarding public and 

animal health issues, birds are important because they convey many infectious agents, including 

the parasites that have zoonotic potentiality under the Cryptosporidium [Laatamna et al., 2017]. 

There is a huge lack of knowledge about the prevalence of avian Cryptosporidium, especially the 

proper information of genotypes from the various countries [Laatamna et al., 2017].  

   

4. Ruminant cryptosporidiosis 

Cryptosporidiosis is a coccidian disease found in an extensive range of hosts including 

ruminants. C. parvum causes mainly gastrointestinal disease in newborn calves which considered 

significant infections of the early age of ruminant animals. Overall, cryptosporidiosis is currently 

recognized as the most widespread infections in cattle and the significant reasons for 

gastrointestinal infections in newborn calves [Cho and Yoon, 2014]. For the epidemiology of 

bovine cryptosporidiosis, the persistence of oocysts in the environment and contamination of 

oocyst are important issues. Several Cryptosporidium species were typically identified in 
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ruminants, including C. parvum, C. bovis, deer-like genotype, C. ryanae, and C. andersoni in cattle, 

however, specific C. parvum was related to the clinical infection in newborn calves [Fayer et 

al.,2005; Fayer et al.,2008] and aged animals (> 6 weeks) showing excretion of oocysts without 

any symptom. Moreover, C. parvum, C. xiaoi, and C. ubiquitum were also found in lambs and goat 

kids [Baroudi et al., 2018; Ryan et al., 2014].  

Water plays a significant role in the spread of Cryptosporidium transmission via the fecal-

oral pathway [Lee et al., 2016]. C. parvum of the Cryptosporidium is considered for the spread of 

zoonotic diseases in people [Taylan-Ozkan et al., 2016]. Clinically, the start of diarrhea generally 

happens near 3–4 days after taking of infectious oocysts and it persists for about 1–2 weeks. The 

excretion of oocysts happens within 2 weeks of post-infection, although it can fluctuate dependent 

on the primary dose [Zambriski et al., 2013a], and oocyst shedding is not always related to diarrhea. 

A few oocysts of C. parvum is needed to initiate disease in animals, athough the difference depends 

on the isolate of parasite. Experimentally challenged dairy calves with C. parvum determined that 

about 17 oocysts were enough to start both diarrhea and oocysts excretion [Zambriski et al., 2013b].  

Animal age is very important at the sampling time. Early age of calves is probably more 

susceptible to the shedding of C. parvum oocysts whereas aged calves may excrete other 

Cryptosporidium species oocysts [Fayer et al., 2005; Fayer et al., 2008]. Some studies have 

revealed the association of age between host: C. parvum was highly prevalent in newborn calves, 

since C. bovis and C. ryanae were found in young calves, and C. andersoni was detected in aged 

calves and adult animals [Fayer et al.,2006; Robinson et al.,2006; Santin et al.,2004], while C. 

bovis and C. ryanae were found through all ages of animals [Feng et al., 2007]. Two zoonotic 

subtype alleles, IIa and IId of C. parvum were revealed by the subtyping analysis in samples, and 

the contagious IIaA15G2R1 subtype was reported commonly and globally [Mammeri et al., 2019]. 
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The identical subtype is found in all the wild ruminants including the domestic animals in entire 

the Portugal [Alves et al., 2006]. Moreover, it is reported that Cryptosporidium different genotypes 

are found in lambs like C. suis, C. andersoni, C. bovis like genotype, C. parvum deer genotype, 

pig genotype and marsupial genotype [Sari et al., 2009]. Clinical progress of the Cryptosporidium 

infection in lambs and goat kids was similar to calves, and the period of disease development was 

about 3–4 days, and the outbreaks occurred in about 7 to 10-day of age having clinical signs 

continue for two weeks [Sari et al., 2009]. 

Recently, the entire spreading of Cryptosporidium and a wide range of host variety with 

the cow are a major alarming issue for cryptosporidiosis [Xiao, 2010]. Moreover, Cryptosporidium 

might initiate an increase in the number of disease and death when coinfection with HIV [Amadi 

et al., 2009]. Bovine cryptosporidiosis is of a key issue because of the many calves distress from 

clinical cryptosporidiosis, and face financial losses and the possible zoonotic implications [Feng 

et al., 2007].  

 

5. Objectives of the present study 

In Bangladesh, there were no studies of poultry cryptosporidiosis based on sensitive 

diagnostic methods in the country. However, the widespread universal distribution of 

cryptosporidiosis in animals and humans show the importance of developing effective control 

measures against the disease. To explain the relations between infections in diverse hosts, it is first 

essential to recognize species and genotypes properly. To set up an efficient strategy for control of 

an infection or disease, it is important to offer accurate information on the disease circulation and 

information required about the current prevalence. 
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Accordingly, my study aims to discuss in the first chapter, describes the epidemiology of 

Cryptosporidium pathogen present in poultry in the live bird markets of Bangladesh and analyzed 

their genetic characterizations to estimate the current status of Cryptosporidium infection in 

Bangladesh. Next, in the second chapter, I investigated the bovine cryptosporidiosis detection 

expanded to cover several prefectures in Japan. Finally, in the third chapter, molecular evaluation 

of genotypes and subtypes of young ruminants in the Konya region of central Anatolia province 

in Turkey is described. 
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Chapter 1 
 

Prevalence and molecular characterization of Cryptosporidium 

species in poultry in Bangladesh 

 

1-1. Introduction 

Cryptosporidiosis is an apicomplexan disease widely found in wild, domestic, and captive 

birds from several parts of the world [Sréter et al., 2000]. Cryptosporidium was reported in over 

30 avian species in global, with chickens, turkeys, ducks, geese, quails, pheasants, and peacocks 

[Ryan, 2010]. So far, four species: C. baileyi, C. galli, C. meleagridis, and C. avium generally 

triggered the infections in birds [Nakamura and Meireles, 2015]. Cryptosporidium spread over the 

fecal-oral path by environmentally resistant oocysts shedding in the feces, contaminating soil and 

water, and thus providing multiple pathways into the food chain [Samad, 2011]. Only C. 

meleagridis of the Cryptosporidium is familiar to infect both birds and mammals [Chappell et al., 

2011]. Therefore, humans can acquire cryptosporidiosis either by consumption of water and food 

contained infected oocysts or direct interaction with diseased people or animals [Xiao and Ryan, 

2015]. In 2010, C. baileyi was described as the leading Cryptosporidium species found in all age 

groups of chickens [Wang et al., 2010], and in 2017, C. parvum was the common leading observed 

species recognized in poultry in Germany [Helmy et al., 2017]. In Peru, C. meleagridis cross-

species transmission has been described between birds and humans [Wang et al., 2014]. C. 

meleagridis is considered to be the third record observed species of this genus emerging in humans 

[Xiao, 2010]. Cryptosporidium-infected domestic pigeons have been mentioned in some countries, 



10 

 

like in Thailand [Koompapong et al., 2014], China [Li et al., 2015], and Brazil [Oliveira et al., 

2017]. The markets where poultry is purchased are crowded with people, and it is possible for 

Cryptosporidium to spread to the surrounding environment due to close contact with other species 

of birds or mammals in the markets [Bomfim et al., 2013]. 

The poultry industry of Bangladesh is a promising sector for economic growth. In 

Bangladesh, documented studies of cryptosporidiosis in animals and poultry are limited. Moreover, 

no studies examining protozoan infections have been done in the open live bird markets of 

Bangladesh. A few studies of Cryptosporidium related to human disease have been done in 

Bangladesh, including reports of C. parvum and C. meleagridis in infant in Bangladesh [Hira et 

al., 2011; Korpe et al., 2019]. C. meleagridis was the vital species in rural areas, whereas in urban 

areas C. meleagridis was often identified as second record species in Bangladesh after C. parvum 

[Steiner et al., 2018].  

In Bangladesh, open live bird markets offer wholesale poultry. Peoples gather to buy the 

poultry for consumption and sellers slaughter and process the poultry under unhygienic conditions. 

The poultry excrete droppings, which are not regularly cleaned up, creating a high risk for 

transmission of Cryptosporidium infection from poultry to humans. So, my study sought to 

determine the epidemiology of Cryptosporidium spp. in poultry at open live bird markets in 

Bangladesh and to molecularly characterize the Cryptosporidium spp. identified. 

 

1-2. Materials and methods 

Ethics statement. All samples were collected from live bird markets. Since samples were 

collected after slaughter of the poultry, considering the animal protection law unnecessary to take 

permission. I got permission from the poultry sellers for collecting these samples. All the 
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experiments were carried out by strictly following the guidelines of the Care and Use of Laboratory 

Animals of Obihiro University of Agriculture and Veterinary Medicine, Japan. I also got 

permission for handling all of my experiments by the Ethics committee of animal or pathogen 

experiments in the Obihiro University of Agriculture and Veterinary Medicine, Japan (my 

approval numbers: 290156, 2019724) 

Sample collection. A total of 197 intestinal colon samples from different poultry species 

including layer chickens (n = 12), broiler chickens (n=80), sonali chickens (n=93), native chickens 

(n=8) and pigeons (n=4) were obtained from 19 different live bird markets (LBM) in Dhaka, 

Bangladesh. The age of the poultry ranged from one month to two years. Poultry were kept together 

in cages for sale to customers. Fresh intestinal colon samples were collected after the slaughter of 

every bird from a cage, with consideration to collect only that part without contact of any materials 

to escape other contamination. All relevant data such as breed and age were recorded for further 

analysis. Individually sample was placed into a sterile polystyrene tube, labelled, and transferred 

in an isothermal box to the Environmental Biotechnology laboratory of Sher-e-Bangla Agricultural 

University (SAU), Dhaka, Bangladesh where it was kept at 4 °C until DNA extraction. After DNA 

extraction, the DNA samples were imported into Japan according to the rules and guidelines of the 

Care and Use of Laboratory Animals of Obihiro University of Agriculture and Veterinary 

Medicine, Japan. 

Microscopic examinations. The samples were examined for Cryptosporidium oocysts by 

using the sucrose flotation technique. Briefly, 1 g of colon contents from the sample was suspended 

in 9 ml of saturated sucrose solution (Specific gravity 1.2) in a tube and centrifuged at, 1300g for 

5 min. Then, sucrose solution was added up to the 15-ml tube, which was then left at normal 

temperature for 30 min. Then, the tube was filled to create a meniscus by adding drops of solution 
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and putting a coverslip over the tube for 5–10 min. After that, the coverslip was put on a glass slide 

and observed for oocysts under a light microscope [Fujino et al., 2006]. Thereafter, oocysts of 

Cryptosporidium-positive samples were placed to a microscopic slide, air dried, and then fixed for 

3-5 min in absolute methanol, already it stained with Ziehl–Neelsen carbol fuchsin for 20 min. 

Next wash with clean water, smears were decolorized with 5% acid alcohol for 20–30 s, washed 

again with clean water and counterstained with 0.4% methylene blue for 2 min, then cleaned again 

with water and air dried. After drying, the stained smears were observed for oocysts under light 

microscope using an oil immersion objective lens (×100) [Zaglool et al., 2013]. The remaining 

samples were kept at 4 °C until DNA extraction [Elliot et al., 1999]. 

DNA extraction. DNA was extracted directly from samples by using the QIAamp Stool 

Mini Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions with 

minor modifications. Modifications included the addition of 0.2 g of E-Z zirconia beads to 0.2 g 

of feces and 1.4 ml of lysis buffer [McLauchlin et al., 1999]. Then, the mixture was heated at 

95 °C for 10 min followed by vigorous shaking using the Biomedicals Fast Prep® instrument 

(1620 r/min for 150 s) to facilitate oocyst rupture. Nucleic acid was eluted in 100 μl of AE buffer 

to increase the quantity of DNA recovered. After the DNA was extracted, it was stored at −20 °C.  

Nested PCR analysis of the 18S rRNA and GP60 genes. For the primary PCR, a PCR 

product of, 1325 bp was first amplified using the primers (Table 1). The amplification was 

performed in a 25-μl volume with 2 μl of each DNA sample in 12.5 μl of 2 × PCR buffer, 5 μl of 

deoxynucleotide triphosphates (2 mM each), 0.25 μl of each primer (50 μM), 4.5 μl of double 

distilled water, and 0.5 μl of KOD- Fx Neo amplification enzyme (1 units/μl) (ToYoBo Co., Ltd., 

Japan). Then, for the nested-PCR, 2 μl of the primary PCR product was used with appropriate 

primers to amplify a ∼830-bp fragment of the Cryptosporidium 18S rRNA gene as described 
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previously [Xiao et al., 2001]. The PCR reaction consisted of an initial heating at 94 °C for 2 min, 

and 35 cycles of 98 °C for 10 s, 55 °C for 60 s, and 68 °C for 30 s (primary PCR) or 98 °C for 10 s, 

60 °C for 30 s, and 68 °C for 1 min 30 s (nested PCR). The 60-kDa glycoprotein (GP60; ∼ 830 

bp; Alves et al., 2003; Guo et al., 2015; Li et al., 2014]) was also amplified in positive samples 

on the basis of the results for the 18S rRNA. For subtyping of C. meleagridis, nested PCR with a 

specific set of primers was performed to amplify a 1100-bp and a 900-bp fragment of the GP60 

gene [Stensvold et al., 2014]. For subtyping of C. parvum, nested PCR with a specific set of 

primers was performed to amplify an 850-bp and an 800-bp fragment of the GP60 gene [Feng et 

al., 2007]. Primary PCR was carried out in a total volume of 25 μl with 2 μl of each DNA sample 

in 12.5 μl of 2 × PCR buffer, 5 μl of deoxynucleotide triphosphates (2 mM each), 0.25 μl of each 

primer (50 μM), 4.5 μl of nuclease-free water, and 0.5 μl of KOD- Fx Neo amplification enzyme 

(1 units/μl). For the nested PCR, 2 μl of the primary PCR product was used. The PCR and cycling 

conditions were unique to the primary and nested PCR and consisted of an initial denaturation at 

94 °C for 2 min, and 35 cycles of 98 °C for 10 s, 50 °C for 30 s, and 68 °C for 60 s. As positive 

and negative controls, C. parvum genomic DNA and ultrapure water, respectively, were used 

instead of sample DNA. Known positive standards were used during each PCR run. Optimization 

of PCR was achieved and different temperature and PCR run conditions were followed as 

described previously by other investigators who have used similar primer sets [Feng et al., 2007] 

to identify and characterize Cryptosporidium. The amplified fragments were electrophoresed in 

1.5% agarose, stained with GelRed® (Biotium), and visualized on an UV transilluminator by 

electrophoresis in the QIAxcel Advanced system (Qiagen, Valencia, USA).  

Sequencing. PCR products were purified from 1.5% agarose gel by using NucleoSpin® 

gel and a PCR clean-up kit (MACHEREY-NAGEL, Germany). Amplicons of 18S rRNA and 
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GP60 genes were directly sequenced in both directions with the primers used for the secondary 

PCR by the ABI 3100 Genetic Analyzer and the BigDye Terminator v3.1 Cycle Sequencing Kit. 

DNA sequences were assembled with Codoncode Aligner version 7.1.1 software (CodonCode 

Corporation). The consensus sequences were assembled with homologous sequences published 

in GenBank using Clustal W [Thompson et al., 1997] and BioEdit Sequence Alignment Editor 

[Hall, 1999]. The acquired sequences were submitted to a BLAST search 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to initially define the species/genotypes and to confirm 

the high similarity and homology with other known sequences of Cryptosporidium spp. in 

GenBank. All sequences were multiple-aligned and analyzed by Bioedit and MEGA 7.0 software 

(http://www.mbio.ncsu.edu/BioEdit/bioedit.html and http://www.megasoftware.net/). 

Phylogenetic trees were generated using Maximum Likelihood (ML) analysis based on the T92+I 

model [Tamura, 1992] for 18S rRNA gene in MEGA7 [Kumar et al., 2016] using Plasmodium 

falciparum as an out-group. Phylogenetic trees were also generated using ML analysis based on 

the Tamura-Nei model [Tamura and Nei, 1993] for the GP60 genes of the Cryptosporidium 

subtypes in MEGA7 [Kumar et al.,2016]. To assess the reliability of this tree, bootstrap analysis 

was done with 1000 replicates.  

Nucleotide sequence accession number. The partial 18S rRNA nucleotide sequences and 

GP60 sequences obtained in this study have been deposited in the GenBank database under 

accession numbers (MN133966 - MN133996 and MN192414 - MN192426).  

Statistical analyses. Data analysis was performed using Microsoft Office Excel 2010, and 

results were considered to be statistically significant when P-values were ≤ 0.05. Prevalence rates 

with 95% confidence intervals were calculated by using Wilson (score) intervals [Sergeant, 2017] 

obtained in OpenEpi software (http: //www. openepi.com/Menu/OE_Menu.htm). 
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1-3. Results 

Positive rates of Cryptosporidium spp. in poultry. Microscopic investigations showed 

the occurrence of Cryptosporidium oocysts in 19.8% (39 of the 197) poultry samples (Fig. 2). The 

modified Ziehl-Neelsen (MZN) method indicated that Cryptosporidium was present in 50% (2/4) 

of the pigeon samples, 20.4% (19/93) of the sonali chicken samples, 18.8% (15/80) of the broiler 

chicken samples, 16.7% (2/12) of the layer chicken samples and 12.5% (1/8) of the native chicken 

samples. Not all microscope-positive samples were PCR-positive. The positive rate for 

Cryptosporidium was 15.7% (31/197) by nested PCR. The highest rate (50%) of Cryptosporidium 

was found in pigeons both microscopically and by PCR, whereas the lowest rate was found in the 

native chicken samples (12.5%) by the microscopic method and in broiler chickens (11.3%) by 

nested PCR (Table 2). 

Detection of Cryptosporidium species in poultry. C. baileyi, C. meleagridis, and C. 

parvum were identified through sequencing; however, C. baileyi was the most predominant species. 

Of the 31 positive samples, 17 were for C. baileyi (8.7%), 12 for C. meleagridis (6.0%), and 2 for 

C. parvum (1.0%). C. baileyi was detected in 11.9% (11/93) of sonalis, 5% (4/80) of broilers, 8.4% 

(1/12) of layers, and 25% (1/4) of pigeons. C. meleagridis was also detected in this study in 5.4% 

of sonalis, 5% of broilers, 8.4% of layers, 12.5% of natives, and 25% of pigeons. Moreover, C. 

parvum was identified in 1% of sonali and 1.3% of broiler (Table 3). There were no statistical 

differences observed about the different species of poultry and the relationship between age and 

infection (Table 4). 

Prevalence of Cryptosporidium spp. in different live bird markets (LBM). 

Cryptosporidium spp. were found in most of the live bird markets in different areas of Dhaka, 

Bangladesh. The prevalence of Cryptosporidium spp. was high among chickens (10%–40%) and 
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pigeons (50%) in Mirpur areas where LBM 4, 10, 12, and 13 were located and where C. baileyi, 

C. meleagridis, and C. parvum were detected. However, I found no Cryptosporidium in the areas 

of Kollyanpur, Mirpur new society, where LBM 6 and 11 were located (Table 5). 

Sequence and phylogenetic analyses. All PCR-positive specimens were successfully 

sequenced and analysis of the nucleotide sequences of the 18S rRNA genes revealed the presence 

of three Cryptosporidium species: C. baileyi, C. meleagridis, and C. parvum.  Direct sequencing 

of the 18S rRNA gene amplicons identified C. baileyi (8.7%; 17/197), C. meleagridis (6.0%; 

12/197), and C. parvum (1.0%; 2/197). The sequences from C. baileyi, C. meleagridis, and C. 

parvum had 100% genetic similarity with sequences previously published in GenBank (JX548294, 

KT151550, KU744845, MK311146, HQ917077, KY448456, KY352486, MH062745, MF671870, 

MK491508 and LC270282).  

ML analysis of 18S rRNA gene sequences showed three different clusters among the 

isolates of cryptosporidia from poultry in this study. Seventeen isolates assembled with C. baileyi, 

sharing 100% sequence identity with accession numbers (MN133967-MN133971, MN133976- 

MN133977, MN133980, MN133981, MN133983, MN133986, MN133987, MN133989- 

MN133991, MN133993 and MN133995). Two isolates assembled with C. parvum sharing 100% 

sequence identity with accession numbers (MN133979 and MN133984). The remaining 12 

isolates assembled with C. meleagridis, sharing 100% sequence identity with accession numbers 

(MN133966, MN133972- MN133975, MN133978, MN133982, MN133985, MN133988, 

MN133992, MN133994 and MN133996) (Fig. 3). All 12 C. meleagridis-positive specimens 

generated the expected GP60 PCR product. However, only 11 of the 12 isolates were successfully 

sequenced. Nucleotide sequence analysis of the GP60 gene revealed that all of the subtypes 

belonged to the most common subtype, the IIIb family of C. meleagridis. I detected two novel 
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subtypes, IIIbA21G2R1, in sonali chickens (n = 4) and a broiler chicken (n=1) and IIIbA20G2R1, 

in a layer chicken (n=1), that had a different nucleotide sequence within the trinucleotide repeat 

region. I also identified two other subtypes (IIIbA21G1R1 and IIIbA23G1R1) found in broiler 

chickens (n=2), a native chicken (n=1), a sonali chicken (n=1) and a pigeon (n=1). The GP60 gene 

of C. parvum was also amplified by specific sets of primers to reveal two subtypes (IIaA11G2R1 

and IIaA13G2R1) identified in a sonali chicken (n=1) and a broiler chicken (n=1) that were 

previously reported in calf (Fig. 4). Therefore, these subtypes were named based on the established 

GP60 nomenclature [Stensvold et al., 2014; Sulaiman et al., 2005]. 

 

1-4. Discussion 

Only limited research has genotyped and subtyped Cryptosporidium in poultry all over the 

world. This study represents 19.7% of Cryptosporidium prevalence in different breeds of poultry 

based on microscopic results. In contrast, a report mentioned a high frequency (about 37%) of 

Cryptosporidium in broiler flocks in Morocco by using microscopy [Kichou et al.,1996]; however, 

in China, lower Cryptosporidium infection rates of 3.4% in broilers and 10.6% in layer chickens 

were identified from fecal samples by using bright-field microscopy [Wang et al., 2010]. 

Furthermore, only 0.5% of chickens at poultry slaughterhouses in Iran were reported to be 

Cryptosporidium-positive [Hamidinejat et al., 2014]. The quantity of oocysts was not evaluated in 

this study. However, in a positive sample, the sensitivity of the primer that I used, there should be 

at least 101 oocysts found under microscope [Jae-Ran et al., 2009].  

In my study, the positive rates of Cryptosporidium obtained by using molecular 

techniques were comparatively higher than those obtained by other investigators, such as 7.03% 

found in Germany [Helmy et al., 2017] and 10% found in China [Wang et al., 2014], although 
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the rate of 14.8% found in Brazil is similar to my findings [da Cunha et al.,2018]. In general, 

molecular technique is more sensitive than microscopy to detect infection. However, sometimes, 

microscopy showed high detection rate. It might be due to presence of PCR inhibitors in feces 

including bilirubin, bile salts, and complex polysaccharides, and thus PCR can be inhibited 

[Morgan et al., 1998]. 

In the current study, C. baileyi was detected in sonali, broiler, and layer chickens and also 

in pigeons. These findings are similar by the work of Baroudi et al., who described a similar 

prevalence (5.5%; 5/90) in broiler chickens in Algeria using molecular techniques [Baroudi et 

al.,2013]. Moreover, similar findings have been reported in Germany in broilers (5.7%; 9/158) and 

layers (8.3%; 1/12) [Helmy et al., 2017]. Broiler chickens might act as sources of infection due to 

shedding of oocysts and may be responsible for transmission and infection [Silverlas et al., 2012]. 

C. baileyi might be a major bird species of Cryptosporidium in global and has an extensive range 

of host [Nakamura and Meireles, 2015; Santana et al., 2018]. In the present study, C. baileyi was 

the leading species and was identified in all age groups of chickens, although C. meleagridis was 

also observed. C. baileyi was detected in sonali, broiler, and layer chickens and in pigeons in this 

study, while C. baileyi described frequently in chickens and pigeons worldwide [Huber et al., 2007; 

Liao et al., 2018]. C. meleagridis was also detected in sonali, broiler, layer, and native chickens as 

well as in pigeons. Similarly, C. meleagridis was previously reported in 3.2% of chickens [Liao et 

al., 2018], 9% of broilers in Algeria [Laatamna et al., 2017], 5.3% of broilers in China [Wang et 

al., 2014] and 10% of layer chickens in China [Wang et al., 2010]; however, some reports have 

shown infection rates of C. meleagridis as high as 28.9% in chickens [Baroudi et al., 2013]. C. 

baileyi was the predominant species and detected in chickens of all ages, while, C. meleagridis 

was found in 31 to 120-day-old layer chickens [Wang et al., 2010]. Both C. baileyi and C. 
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meleagridis were found in more than 4 months of age of chicken [Liao et al., 2018]. The breeds 

of poultry in this study has different life span and genetic variation. I considered that young poultry 

were at risk group because of less immunity. However, in this current study the infection of poultry 

was in adult group which might be the reason of stress factors during the time of production of egg 

and meat [Helmy et al., 2017].  

This study identified two novel subtypes of C. meleagridis (IIIbA21G2R1 and 

IIIbA20G2R1) in sonali chickens, in one broiler chicken and in one layer chicken. The remaining 

2 subtypes, IIIbA21G1R1 and IIIbA23G1R1, were identified in chickens and pigeons, consistent 

with previous reports in humans and birds [Abal-Fabeiro et al., 2013; Glaberman et al., 2001; 

Stensvold et al., 2014]. The presence of C. meleagridis in poultry in live bird markets in the current 

study makes a questions about potent zoonosis from poultry to humans. C. meleagridis is also a 

public health concern in humans, related to digestive problems in both immunocompetent and 

immunocompromised persons and mammals [Chappell et al., 2011]. Two subtypes of C. 

meleagridis was identified in the patients of AIDS that spread by poultry (chicken, pigeon, or duck) 

in a similar place of Peru [Wang et al., 2014]. The IIIbA22G1R1 subtype was detected in people 

from Sweden who went to India or Thailand before the infection [Stensvold et al., 2014]. These 

variations in prevalence could be related to the different breeds of poultry which has various 

susceptibility and immunity due to genetic variation, and the situation of the location of LBM, and 

the improper hygienic condition in poultry cages of LBM. Environmental factors and differences 

in host species may also be responsible. Unhygienic conditions in cages, overpopulation, and 

keeping different birds together have contributed to the high infection rates of Cryptosporidium 

[Bomfim et al., 2013].  

C. parvum also has zoonotic potential and is sporadically found in birds [Nakamura and 
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Meireles, 2015]. In Germany, the major leading species found in chickens and turkeys were C. 

parvum [Helmy et al., 2017], that promotes the possibility of poultry that might be an infection 

source and mechanical vector for other zoonotic Cryptosporidium, besides C. meleagridis. 

However, in my study, the sanitary conditions were characterized as poor due to the lack of periodic 

cage cleaning and overpopulation. Also, the presence of ruminants in LBMs might be infected by 

C. parvum, and have caused the spread of oocysts in the surroundings, favoring ingestion by 

poultry. In contrast, migratory birds would act as a source of transmission, mechanical passage of 

oocysts, and contamination of the environment, even though they have low-level infections 

[Majewska et al., 2009].  

Birds are considered as the natural definitive host for C. meleagridis, and zoonosis is 

pointed out for the transmission of poultry to humans [Silverlas et al., 2012]. In urban areas of 

Bangladesh, the second most commonly recognized species was C. meleagridis (13%), and also 

C. parvum was identified in 2% infecting children without diarrhea. However, in remote areas, the 

major species was C. meleagridis (90%) while C. parvum was much less prevalent (4%) causing 

subclinical cryptosporidiosis [Steiner et al., 2018]. C. meleagridis and C. parvum have been 

identified in infants in Mirpur, Bangladesh. This might be anthropozoonotic; transmitted from 

chickens kept in households [Korpe et al., 2019]. Interestingly, my study also detected C. 

meleagridis and C. parvum in LBMs in Mirpur areas. It is not possible to say whether the C. 

meleagridis subtypes identified in this study are related to subtypes that have infected humans due 

to lack of identified GP60 gene subtyping data of C. meleagridis in humans in Bangladesh. The C. 

parvum subtype IIcA5G3R2 and subtype IImA7G1 were identified in children with diarrhea aged 

less than 2 and 5 years, respectively, in Bangladesh. This subtype family has not been identified in 

any animal thus far and is generally considered “anthroponotic” [Hira et al., 2011; Korpe et al., 
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2019]. In the current study, we detected two subtypes (IIaA11G2R1 and IIaA13G2R1) of C. 

parvum in broiler and sonali chickens that were previously reported as calf subtypes [Wielinga et 

al., 2008]. In the current study, Cryptosporidium was identified in pigeons; however, a detection 

rate of 7% was found in pigeons in Brazil and 25% in pigeons in Thailand [Koompapong et al., 

2014; Oliveira et al., 2017]. Pigeons could be infected by contact with animals or their owners 

could passively spread oocysts in the surroundings. Owners become at high risk of infection during 

the time of contact of oocysts discharged from pigeons [Oliveira et al., 2017]. The occurrence of 

C. meleagridis in domestic pigeons in China might lead to zoonotic transmission, particularly both 

in handlers and the surrounding place due to mice spreading the oocysts in water and food [Li et 

al., 2015]. Market workers and customers who were handling poultry in the markets might transmit 

oocysts in water, feed, and litter in poultry. It might be shed from the oocysts of mammalian/human 

origin due to lack of hygienic maintenance. Therefore, it is vital to think about this pathogen. 

People and other animals could be infected with C. meleagridis and C. parvum via potential 

zoonotic transmission from poultry carrying the pathogen. Therefore, it is important to consider 

Cryptosporidium as a risk for public health and the economy. 

 

1-5. Summary 

In conclusion, my research revealed that Cryptosporidium parasites are common among 

the live bird markets in Bangladesh. Subsequent nested PCR targeting the 18S rRNA gene revealed 

that 15.7% (31/197) of the samples were Cryptosporidium positive. Of these 31 samples, 17 were 

C. baileyi (8.7%), 12 were C. meleagridis (6.0%), and 2 were C. parvum (1.0%). Nucleotide 

sequence analysis of the GP60 gene of the C. meleagridis revealed that two subtypes 

(IIIbA21G1R1 and IIIbA23G1R1), which were found in the broiler, native and sonali chickens 
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and a pigeon, matched those previously reported in humans and poultry. I identified two novel 

subtypes (IIIbA21G2R1 and IIIbA20G2R1) in sonali chickens, a broiler chicken, and a layer 

chicken. I also amplified the GP60 gene of C. parvum and found two subtypes (IIaA11G2R1 and 

IIaA13G2R1) in a sonali and a broiler chicken that were previously reported in the calf. These 

results indicate that poultry might be a source of cryptosporidial infections for humans and animals 

in Bangladesh. This is the first molecular investigation of Cryptosporidium genotypes and 

subtypes in poultry at open live bird markets in Bangladesh. 
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Table 1. Primers used for amplifying 18S rRNA and GP60 genes for the detection of 
Cryptosporidium genotypes and subtypes in poultry. 

 

Primers Primers 5′-3′ sequences Amplified 

product (bp) 

References 

18S rRNA F1 TTCTAGAGCTAATACATGCG  ∼ 1325 Xiao et al., 2001 

 18S rRNA R1 CCCATTTCCTTCGAAACAGGA  ∼ 1325 

18S rRNA F2 GGAAGGGTTGTATTTATTAGATAAAG ∼ 830 

18S rRNA R2 AAGGAGTAAGGAACAACCTCCA ∼ 830 

GP60 F1 ATAGTCTCCGCTGTATTC ∼ 850 Feng et al., 2007 

 GP60 R1 GGAAGGAACGATGTATCT ∼ 850 

GP60 F2 TCCGCTGTATTCTCAGCC  ∼ 800 

GP60 R2 GCAGAGGAACCAGCATC ∼ 800 

CRSout115F GATGAGATTGTCGCTCGTTATC ∼ 1100 Stensvold et al., 2014

 CRSout1328R AACCTGCGGAACCTGTG ∼ 1100 

ATGFmod GAGATTGTCGCTCGTTATCG ∼ 900 

GATR2 GATTGCAAAAACGGAAGG ∼ 900 
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Table 2. Positive rates of Cryptosporidium species in poultry. 

Poultry spp. No. sample No. microscopy positive (%) No. nested PCR positive (%) 

Chicken (sonalis) 93 19 (20.4) 17 (18.3) 

Chicken (broilers) 80 15 (18.8) 9 (11.3) 

Chicken (layers) 12 2 (16.7) 2 (16.7) 

Chicken (natives) 8 1 (12.5) 1 (12.5) 

Pigeon 4 2 (50) 2 (50) 

Total 197 39 (19.8) 31 (15.7) 
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Table 3. Detection of Cryptosporidium spp. in poultry. 

Poultry spp. No. sample No. positive (%) Total positive (%) 95% CIa 

  C. baileyi  C. meleagridis C. parvum   

Chicken (sonalis) 93 11 (11.9) 5 (5.4) 1 (1) 17 (18.3) 11.8-27.4 

Chicken (broilers) 80 4 (5) 4 (5) 1 (1.3) 9 (11.3) 6.03-20.02 

Chicken (layers) 12 1 (8.4) 1 (8.4) 0 (0) 2 (16.7) 4.7-44.8 

Chicken (natives) 8 0 (0) 1 (12.5) 0 (0) 1 (12.5) 2.3-47.1 

Pigeons 4 1 (25) 1 (25) 0 (0) 2 (50) 15-85 

Total 197 17 (8.7) 12 (6.0) 2 (1.0) 31 (15.7) 11.4-21.5 

a Confidence interval. 
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Table 4. Prevalence of Cryptosporidium spp. according to their age category in poultry. 

Poultry spp. No.  sample Age of poultry (days) No. positive (%) 

 

95% CIa 

Chicken(sonali) 70 30-90  10 (10.8) 7.9-24.4 

23 >120  7 (7.6) 15.6-50.9 

Chicken(broiler) 80 30 9 (11.3) 6.0-20.0 

Chicken(layer) 12 >120 2 (16.7) 4.7-44.8 

Chicken(native) 8 >120 1 (12.5) 2.2-47.0 

Pigeon 4 >120  2 (50) 15-85 

Total 197 - 31 (15.7) 11.3-21.5 

a Confidence interval. 
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Table 5. Prevalence of Cryptosporidium spp. in different live bird markets in Bangladesh. 

Location Live Bird 
Market 
(LBM) 

Poultry 
species 

No. 
samples 

No. 
Cryptosporidium 
positive (%) 

Cryptosporidium spp. (n) 
 

Taltala LBM 1 Chicken (sonali) 10 1 (10) C. baileyi (1) 
Shewra para LBM 2 Chicken (sonali) 6 1 (16.7) C. baileyi (1) 

Chicken (broiler) 3 0   
Pigeon 2 1 (50) C. meleagridis (1) 

Borobag LBM 3 Chicken (sonali) 5 2 (40) C. meleagridis (2) 
Chicken (broiler) 3 1 (33.4) C. baileyi (1) 

Mirpur-10 LBM 4 Chicken (sonali) 5 1 (20) C. meleagridis (1) 
Chicken (broiler) 3 1 (33.4) C. meleagridis (1) 
Chicken (layer) 2 0  
Pigeon 2 1 (50) C. baileyi (1) 

West agargaon LBM 5 Chicken (sonali) 5 2 (40) C. baileyi (2) 
Kollyanpur LBM 6 Chicken (sonali) 8 0  

Chicken (layer) 1 0  
Paikpara LBM 7 Chicken (broiler) 4 0  

Chicken (layer) 5 1 (20) C. meleagridis (1) 
Tolarbag LBM 8 Chicken (broiler) 6 0  

Chicken (sonali) 3 1 (33.4) C. meleagridis (1) 
New Market LBM 9 Chicken (sonali) 9 2 (22.3) C. baileyi (2) 

Chicken (native) 4 1 (25) C. meleagridis (1) 
Mirpur-7 masjid LBM 10 Chicken (sonali) 18 2 (11.2) C. baileyi (1), C. parvum (1) 

Mirpur new society LBM 11 Chicken (broiler) 10 0  

Mirpur-6 LBM 12 Chicken (broiler) 4 1 (25) C. parvum (1) 
Chicken (sonali) 5 2 (40) C. baileyi (1), C. meleagridis (1) 

Chicken (native) 2 0  
Mirpur-2  LBM 13 Chicken (broiler) 10 1 (10) C. baileyi (1) 
Kathal bagan LBM 14 Chicken (broiler) 9 1 (11.2) C. meleagridis (1) 

Chicken (sonali) 1 0  
Farmgate LBM 15 Chicken (broiler) 11 0  

Chicken (layer) 4 1 (25) C. baileyi (1) 
Chicken (native) 2 0  

Mohammadpur 
Krishi  

LBM 16 Chicken (sonali) 10 2 (20) C. baileyi (2) 

Kalshi kacha LBM 17 Chicken (sonali) 8 1 (12.5) C. baileyi (1) 
Townhall  kacha LBM 18 Chicken (broiler) 10 2 (20) C. baileyi (1), C. meleagridis (1) 

Sukrabad  bazar LBM 19 Chicken (broiler) 7 2 (28.6) C. baileyi (1), C. meleagridis (1) 
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Fig. 2. Microscopic observation of Cryptosporidium oocysts. Oocysts were observed by using the 

MZN method under a microscope. 
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Fig. 3. Phylogenetic tree based on partial sequences of the 18S rRNA genes for Cryptosporidium 

spp. A Phylogenetic tree was constructed without nucleotide gaps using the Maximum Likelihood 

analysis with 1000 replicates based on the T92+I model [Tamura 1992]. Species, host, region of 

identification, and GenBank accession number are included. Newly obtained sequences are bolded. 

The Plasmodium falciparum sequence was used as an out-group. Only bootstrap values >50% 

from 1000 pseudo-replicates are shown. Evolutionary analyses were conducted in MEGA7 

[Kumar et al. 2016]. 

 KY352486 Cryptosporidium meleagridis Algeria

 MG969401 Cryptosporidium meleagridis China

 AJ493207 Cryptosporidium meleagridis Thailand

 JX548300 Cryptosporidium meleagridis China

 MH062745 Cryptosporidium meleagridis Brazil

 EU814432 Cryptosporidium meleagridis China

 MN133996 Cryptosporidium meleagridis Bangladesh

 MN133994 Cryptosporidium meleagridis Bangladesh

 MN133992 Cryptosporidium meleagridis Bangladesh

 MN133988 Cryptosporidium meleagridis Bangladesh

 MN133985 Cryptosporidium meleagridis Bangladesh

 MN133982 Cryptosporidium meleagridis Bangladesh

 MN133966 Cryptosporidium meleagridis Bangladesh

 MN133972 Cryptosporidium meleagridis Bangladesh

 MN133973 Cryptosporidium meleagridis Bangladesh

 MN133974 Cryptosporidium meleagridis Bangladesh

 MN133975 Cryptosporidium meleagridis Bangladesh

 MN133978 Cryptosporidium meleagridis Bangladesh

 GU951714 Cryptosporidium tyzzeri China

 KP314259 Cryptosporidium hominis Monkey China

 JQ936502 Cryptosporidium suis China

 MN133979 Cryptosporidium parvum Bangladesh

 MN133984 Cryptosporidium parvum Bangladesh

 KC569976 Cryptosporidium parvum India

 KX513531 Cryptosporidium parvum Turkey Germany

 KJ917579 Cryptosporidium parvum China

 JX298601 Cryptosporidium parvum Egypt

 KU531658 Cryptosporidium fayeri kangaroo Australia

 AY504515 Cryptosporidium Goose genotype II USA

 GU553016 Cryptosporidium xiaoi goat Spain

 KT922235 Cryptosporidium ryanae calf Ethiopia

 MN133995 Cryptosporidium baileyi Bangladesh

 KU744845 Cryptosporidium baileyi China

 MN133990 Cryptosporidium baileyi Bangladesh

 MN133989 Cryptosporidium baileyi Bangladesh

 MN133991 Cryptosporidium baileyi Bangladesh

 MN133969 Cryptosporidium baileyi Bangladesh

 MG969397 Cryptosporidium baileyi China

 MN133967 Cryptosporidium baileyi Bangladesh

 MN133968 Cryptosporidium baileyi Bangladesh

 MN133970 Cryptosporidium baileyi Bangladesh

 MN133971 Cryptosporidium baileyi Bangladesh

 MN133976 Cryptosporidium baileyi Bangladesh

 MN133977 Cryptosporidium baileyi Bangladesh

 MN133980 Cryptosporidium baileyi Bangladesh

 MN133981 Cryptosporidium baileyi Bangladesh

 MN133983 Cryptosporidium baileyi Bangladesh

 MN133986 Cryptosporidium baileyi Bangladesh

 MN133987 Cryptosporidium baileyi Bangladesh

 MN133993 Cryptosporidium baileyi Bangladesh

 GU377276 Cryptosporidium baileyi China

 MH062742 Cryptosporidium baileyi Brazil

 JX548294 Cryptosporidium baileyi China

 JQ217142 Cryptosporidium baileyi China

 KJ917578 Cryptosporidium andersoni China

 HM116387 Cryptosporidium galli China

 AY168848 Cryptosporidium galli Birds Australia

 HM116386 Cryptosporidium avian genotype III China

 MF155937 Plasmodium falciparum
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Fig. 4. Phylogenetic tree based on partial sequences of the GP60 genes for Cryptosporidium spp.  

Phylogenetic tree was constructed without nucleotide gaps using the Maximum Likelihood 

analysis with 1000 replicates based on the Tamura-Nei model [Tamura and Nei 1993]. Subtypes, 

host, region of identification, and GenBank accession number are included. Newly obtained 

sequences are bolded. C. meleagridis and C. parvum were subtyped in this study by use of 

reference sequences and observations. Only bootstrap values >50% from 1000 pseudo-replicates 

are shown. Evolutionary analyses were conducted in MEGA7 [Kumar et al. 2016]. 

 

 MN192426 Cryptosporidium meleagridis IIIbA21G1R1 Bangladesh

 MN192421 Cryptosporidium meleagridis IIIbA21G1R1 Bangladesh

 MN192419 Cryptosporidium meleagridis IIIbA21G1R1 Bangladesh

 MN192425 Cryptosporidium meleagridis IIIbA23G1R1 Bangladesh

 MN192422 Cryptosporidium meleagridis IIIbA21G1R1 Bangladesh

 MH062747 Cryptosporidium meleagridis IIIbA23G1R1 Chicken Brazil

 KJ210616 Cryptosporidium meleagridis IIIbA22G1R1 Human India

 KJ210618 Cryptosporidium meleagridis IIIbA21G1R1 Human Thailand

 MG969391 Cryptosporidium meleagridis IIIbA22G1R1 Chicken China

 KY575457 Cryptosporidium meleagridis IIIbA22G1R1 Human China

 KJ210612 Cryptosporidium meleagridis IIIbA23G2R1 Human Indonesia

 MN192418 Cryptosporidium meleagridis IIIbA21G2R1 Bangladesh

 MN192417 Cryptosporidium meleagridis IIIbA20G2R1 Bangladesh

 AB539720 Cryptosporidium meleagridis IIIbA20G1R1 Human Japan

 MN192416 Cryptosporidium meleagridis IIIbA21G2R1 Bangladesh

 MN192420 Cryptosporidium meleagridis IIIbA21G2R1 Bangladesh

 MN192423 Cryptosporidium meleagridis IIIbA21G2R1 Bangladesh

 MN192424 Cryptosporidium meleagridis IIIbA21G2R1 Bangladesh

 MH062748 Cryptosporidium meleagridis IIIbA24G1R1 Quail Brazil

 KY352480 Cryptosporidium meleagridis IIIgA22G3R1 Goose Algeria

 JX878611 Cryptosporidium meleagridis IIIgA26G3R1 bird Algeria

 AF401500 Cryptosporidium meleagridis IIIaA24G3R1 Birds USA

 AF401499 Cryptosporidium meleagridis IIIaA24G3R1a Birds USA

 JF691563 Cryptosporidium meleagridis IIIeA26G2R1 Human China

 KJ210608 Cryptosporidium meleagridis IIIeA17G2R1 Human India/Nepal

 AB539717 Cryptosporidium meleagridis IIIeA20G2R1 Cockatiel Japan

 MG969387 Cryptosporidium meleagridis IIIeA19G2R1 Chicken China

 KU831548 Cryptosporidium meleagridis IIIhA7 Human UK

 DQ067570 Cryptosporidium meleagridis IIIdA6R1 Human India

 AF401497 Cryptosporidium meleagridis IIIcA6R1 Birds USA

 KF733815 Cryptosporidium meleagridis IIIcA6 Human Peru

 AY738185 Cryptosporidium parvum IIdA20G1b Human Kuwait

 EF073049 Cryptosporidium parvum IId cattle Hungary

 AY738195 Cryptosporidium parvum IIcA5G3a Human Kuwait

 GU214365 Cryptosporidium parvum IIcA5G3R2 Human UK

 AY873781 Cryptosporidium parvum IIh Human Uganda

 AY700401 Cryptosporidium parvum IImA7G1 Human Bangladesh

 AY700395 Cryptosporidium parvum IImA7G1 Human Bangladesh

 AY738188 Cryptosporidium parvum IIfA6 Human Kuwait

 AY873780 Cryptosporidium parvum IIg Human Uganda

 DQ192502 Cryptosporidium parvum IIaA13G2R1 calf Canada

 GU214357 Cryptosporidium parvum IIaA16G2R1 Human UK

 JX441324 Cryptosporidium parvum IIaA23G3R1 calf Ireland

 MN192414 Cryptosporidium parvum IIaA11G2R1 Bangladesh

 MN192415 Cryptosporidium parvum IIaA13G2R1 Bangladesh
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Chapter 2 
 

Distribution of Cryptosporidium species isolated from diarrhoeic 

calves in Japan 

 

2-1. Introduction 

Cryptosporidium spp. are common enteric protozoan and well-recognized reasons of 

diarrheal disease in humans, domestic animals, and wild vertebrates during waterborne epidemics 

[Checkley et al., 2015]. Cattle are important reservoirs of Cryptosporidium spp., as they excrete a 

large number of oocysts into the environment [Xiao, 2010]. Many Cryptosporidium species, like 

C. parvum, C. bovis, C. ryanae, and C. andersoni, are usually observed in ruminants [Ryan et 

al.,2014]. C. parvum is the main reason of zoonotic infections in humans worldwide among 

Cryptosporidium [Chalmers et al., 2010; Xiao, 2010].  

Cryptosporidium is gradually a well-established reason for both newborn calf diarrhea and 

non-diarrhea complications, which can make a progressive dehydration, growth restriction, and 

perhaps even death [Silverlas et al., 2010]. Cryptosporidium is spread through the fecal-oral route, 

and water contamination is responsible for the vital role in this way of spread [Baldursson and 

Karanis, 2011; Karanis et al., 2007; Moon et al., 2013]. C. parvum is dominant in diarrhoeic 

newborn calves and has been reported as a cause of cryptosporidial infections of humans and 

animals in Hokkaido [Karanis et al., 2010]. C. parvum dominates in newborn calves, C. bovis and 

C. ryanae predominate in young calves, and C. andersoni is most prevalent in aged calves and 

adult animals [Fayer et al.,2006; Robinson et al.,2006; Santín et al.,2004], while C. bovis and C. 
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ryanae have been found by others through all ages [Feng et al.,2007]. C. parvum causes watery 

diarrhoea in infected cattle and in humans [Fayer et al., 2005]. By use of the GP60 gene, the IIa, 

IId, and IIl subtype families have been detected in calves worldwide, and subtype IIaA15G2R1 is 

the most frequently reported zoonotic subtype of the IIa subtype family in cattle [Xiao, 2010]. 

Previous data on C. parvum GP60 sequences from Hokkaido [Murakoshi et al., 2013], Gifu [Abe 

et al., 2006], Hyogo [Satoh et al., 2003], Okinawa [Ichikawa-Seki et al., 2015], and Kagoshima 

prefectures [Aita et al., 2015], in Japan, suggested that subtype IIaA15G2R1 of C. parvum was the 

only subtype present in these regions. However, the number and distribution of the locations 

analysed in those studies were insufficient to accurately define the genetic variation of C. parvum 

throughout Japan.  

Accordingly, in this present study, I investigated Cryptosporidium infections in diarrhoeic 

pre-weaned calves from several locations and regions of Japan, and analysed the isolates to 

determine the distribution of C. parvum subtypes in calves throughout Japan and also that of other 

Cryptosporidium genotypes in infected calves in Japan. 

 

2-2. Materials and methods 

Specimen collection. A total of 80 diarrhoeic faecal specimens from pre-weaned calves 

were collected in between October 2018 to March 2019 from nine different prefectures in Japan 

(Fig. 5). All the specimens were collected from farm animals. The ages of calves were in between 

3 to 35 days. The dairy calves were mostly Holstein Friesians and the beef calves were mostly the 

Japanese Black breed. Samples were collected from the rectum of animals or taken from the fresh 

feces defecated directly from the animals. Fresh faecal specimens were collected after observation 

of diarrhoea in each animal. For each animal, the sampling date, age, sex, and fecal consistency 
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were noted. Each specimen was placed into an individual sterile polystyrene tube, labelled, and 

transferred to an isothermal box, where it was kept at 4 °C prior to being DNA extraction. The 

Guide for the Care and Use of Field Animal samples of Obihiro University of Agriculture and 

Veterinary Medicine, Japan were strictly followed. I got approved for all of my experiments by the 

Ethics committee of animal or pathogen experiments in the Obihiro University of Agriculture and 

Veterinary Medicine, Japan just as it is followed by chapter 1 (My approval numbers: 290156, 

2019724).  

DNA extraction. DNA was extracted directly from specimens by using the QIAamp® 

Fast DNA Stool Mini Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's 

instructions with minor modifications. Briefly, 0. 2 g of E-Z zirconia beads was added to 0.3 g of 

faeces and 1.4 ml of lysis buffer [McLauchlin et al., 1999]. Then, the mixture was heated at 70 °C 

for 10 min followed by vigorous shaking using a Biomedicals Fast Prep® instrument (1620 r/min 

for 150 s) to facilitate oocyst rupture. The nucleic acid was eluted in 100 μl of AE buffer to 

increase the quantity of DNA recovered. After extraction, the DNA was stored at −20 °C. 

Specimen analysis by use of the 18S rRNA and GP60 genes. Cryptosporidium spp. 

were detected by using nested polymerase chain reaction (nested PCR) amplification targeting a 

~830-bp fragment of the small subunit 18S rRNA as described previously [Xiao et al., 2001]. For 

the primary PCR, a PCR product of 1325 bp was amplified using the primers 5'- 

TTCTAGAGCTAATACATGCG -3' and 5'-CCCATTTCCTTCGAAACAGGA-3'. Then, a nested 

PCR was done using the primers 5'-GGAAGGGTTGTATTTATTAGATAAAG-3' and 5'- 

AAGGAGTAAGGAACAACCTCCA -3' in order to amplify a ∼830-bp fragment of the 

Cryptosporidium 18S rRNA gene. C. baileyi genomic DNA and ultrapure water, respectively were 

used as positive and negative controls. For each specimen, nested PCR detection was repeated 
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independently at least twice. Positive and negative controls were included in all PCR sets. The 

amplified fragments were electrophoresed through 1.5% agarose, stained with GelRed® 

(Biotium), and visualized on a UV transilluminator by using the QIAxcel Advanced system 

(Qiagen, Valencia, USA). The identity of the Cryptosporidium species was confirmed by 

sequencing the secondary PCR products from the specimens. For C. parvum subtyping, nested 

PCR was performed to amplify an 800-bp fragment of the 60 kDa glycoprotein (GP60) gene 

[Feng et al., 2007]. Positive and negative controls were again included in all PCR sets.   

Sequencing and phylogenetic analyses. All secondary PCR products determined to be 

Cryptosporidium-positive were sequenced in both directions by using an ABI 3130 Genetic 

Analyzer (Applied Biosystems, Japan) with the secondary primers and the BigDye Terminator 

v3.1 Cycle Sequencing Kit (Applied Biosystems, Japan); cloning was also done when needed. 

The sequences were assembled by using Codoncode Aligner version7.1.1 software (CodonCode 

Corporation). The consensus sequences were aligned with homologous sequences published in 

GenBank by using ClustalX (http://www.clustal.org/) and the BioEdit Sequence Alignment Editor 

[Hall, 1999]. The acquired sequences were subjected to a BLAST search 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to initially define the species/genotypes and to confirm 

the high similarity and homology with other known sequences of Cryptosporidium spp. in 

GenBank (based on 18S rRNA sequences) and the established C. parvum subtype nomenclature 

system (based on GP60 sequences) [Sulaiman et al.,2005]. All sequences were multiple-aligned 

and analysed by using Bioedit and MEGA 7.0 software (http://www.mbio. 

ncsu.edu/BioEdit/bioedit.html and http://www.megasoftware. net/). Phylogenetic trees were 

constructed by using a Maximum Likelihood analysis based on the T92+G model [Tamura, 1992], 

in MEGA7 [Kumar et al., 2016], using P. falciparum as an out-group. To assess the reliability of 



35 

 

this tree, a bootstrap analysis was done with 1000 replicates using the Kimura 3-parameter 

logarithm.  

Nucleotide sequence accession number. The partial 18S rRNA nucleotide sequences and 

GP60 gene sequences obtained in this study were submitted to the GenBank database under the 

accession numbers: MN540724- MN540791, and MN561797-MN561843, respectively. 

 

2-3. Results 

Identification of Cryptosporidium spp. in different types of calves. A total of 83.8% 

(67/80) of the specimens were positive for Cryptosporidium by nested PCR. Of the 67 positives, 

66 specimens were obtained in single species infection, and one specimen obtained was in mixed 

species infection. The genotyping results revealed the presence of three Cryptosporidium species, 

namely C. parvum, C. bovis, and C. ryanae. C. parvum was the leading dominant species detected 

in 77.5% (31/40) of beef calves and 80% (32/40) of dairy calves. C. bovis was also detected, but 

in only 5.0% (2/40) of dairy calves. Moreover, I detected C. ryanae in only 2.5% (1/40) of dairy 

calves. One mixed-species infection 2.5% (1/40) was found in a beef calf, detected in C. parvum, 

and C. ryanae (Table 6).  

Distribution of Cryptosporidium spp. in different prefectures. This study found 

Cryptosporidium spp. in all nine different prefectures from the northern to the southern regions of 

Japan. In Fukuoka prefecture, I found the number of Cryptosporidium-positive at 27 among 29 

specimens. Kagoshima, Hyogo, and Hokkaido prefectures had 13, 10, and 8 Cryptosporidium-

positive among 14, 10, and 10 number of specimens, respectively. Both Miyazaki and Gifu 

prefectures had 3 Cryptosporidium-positive in each among 3 and 4 specimens, respectively. For 

Yamagata, Fukushima, and Aichi prefectures shared only 1 Cryptosporidium-positive among 1, 8, 

and 1 number of specimens. C. parvum was the most dominant species among these prefectures in 
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Japan. The C. bovis and C. ryanae identified for the first time in Gifu prefecture, and C. ryanae 

was detected for the first time in Miyazaki prefecture having mixed infections with C. parvum. 

(Table 7). 

Sequencing and phylogenetic analyses. All PCR-positive specimens were sequenced, 

and analysis of the nucleotide sequences of the 18S rRNA genes revealed the presence of three 

Cryptosporidium species: C. parvum, C. bovis, and C. ryanae. The obtained 18S rRNA gene 

nucleotide sequences of the identified Cryptosporidium isolates were identical to that of C. parvum, 

C. bovis, and C. ryanae reference sequences available in GenBank, respectively, and they clustered 

with each of these three species when the 18S rRNA sequence data were analyzed by Maximum 

Likelihood method (Fig. 6).  

Subtyping of C. parvum. All 63 C. parvum-positive single and one C. parvum-positive 

mixed infections isolates generated the expected GP60 locus. Only 47 isolates were positively 

sequenced, however, the rests of the 17 isolates are unable to be sequenced because of insufficient 

DNA in the template. Aligning the sequences obtained with reference sequences downloaded from 

GenBank showed that isolates belonged to the most common zoonotic subtype IIa family of C. 

parvum. Analysis of the GP60 gene of the C. parvum isolates revealed that the subtype 

IIaA15G2R1 was found in most specimens, and was by far the most prevalent subtype in calves. 

I also detected other subtypes, namely IIaA14G3R1, IIaA14G2R1, and IIaA13G1R1, which had 

nucleotide sequences that differed from each other within the trinucleotide TCA and/or TCG repeat 

region before the R repeat sequence ACATCA (Fig. 7).  

 

2-4. Discussion 

Cryptosporidiosis is a common disease among neonatal ruminants and is frequently 

observed in calves. The present study showed that watery diarrhoea in calves is often caused by 
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Cryptosporidium spp. In previous reports of 75% and 7% outbreaks of diarrhoea caused by 

Cryptosporidium spp. in calves in Japan [Karanis et al.,2010; Murakoshi et al.,2013]. In contrast, 

the occurrence of diarrhoea caused by rotavirus in calves in Japan has been reported to be 9.5% 

[Okada and Matsumoto, 2002] and 5.3% [Abe et al., 2009]. Severe watery diarrhoea causes 

dehydration in neonatal calves, which may lead to restricted growth, weight loss, and sometimes 

death, which in turn, results in significant economic loss. 

In this current study, C. parvum, C. bovis, and C. ryanae were detected in pre-weaned 

diarrhoeic calves by 18S rRNA gene sequences. Little information is available on clinical 

symptoms caused C. bovis and C. ryanae; however, there was a report of diarrhoea possibly due 

to C. bovis and C. ryanae infection in native calves reared using traditional husbandry practices  

[Ayinmode et al.,2010]. Here, I detected one mixed infections of C. parvum and C. ryanae in 

Miazaki prefecture, related to those described before in Hokkaido prefecture [Murakoshi et al., 

2012]. In Japan, only two reports of C. bovis have been published, with the first reported detection 

being in pre-weaned calves in Hokkaido prefecture [Karanis et al., 2010; Murakoshi et al., 2012]. 

The present study represent the first detection of C. bovis in the Gifu prefecture of Japan. Several 

studies in different countries around the world have reported that the distribution of C. parvum is 

the leading dominant species in pre-weaned calves [Geurden et al., 2007; Imre et al., 2011; 

Meireles et al.,2011; Plutzer and Karanis, 2007; Santín et al.,2008]. In the previous report of 

Hyogo prefecture in Japan, the excretion of C. parvum oocysts was detected through feces of 93% 

calves [Murakoshi et al., 2016]. Moreover, C. ryanae was first identified both in adult cattle in 

Miyagi prefecture [Amer et al., 2009], and in young calves in Hokkaido prefecture [Murakoshi et 

al., 2012].  In present study, C. ryanae was detected for the first time in Miyazaki prefecture. This 

findings demonstrated that at 1–5 weeks of age, pre-weaned calves appear to be more susceptible 
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to Cryptosporidium infection. In Japan, the Cryptosporidium infection rate is reported to be 20% 

among beef calves [Murakoshi et al., 2012]. In developing countries, particularly Asian countries, 

there are few reports concerning the distribution of C. ryanae and C. bovis. C. bovis and C. ryanae 

might have low levels of detection in cow-calf grazing beef cattle in Japan [Murakoshi et al., 2012]. 

Therefore, calves may be potential sources of cryptosporidial infections for humans and other 

animals in Japan. 

Nucleotide sequence analysis of the GP60 gene based on the Tamura-Nei model [Tamura 

and Nei, 1993], showed that most dominant subtype among the C. parvum-positive specimens was 

subtype IIaA15G2R1. This is the main subtype observed in cattle in several countries [Santín et 

al., 2008]. The C. parvum subtype families can be distinguished based on variations in their gene 

GP60 sequences and according to repetition of the trinucleotide region TCA and/or TCG 

[Sulaiman et al., 2005]. Most of the GP60 nucleotide sequences detected from the different 

prefectures were identical to each other, and belonged to the IIaA15G2R1 subtype. Previous 

analyses of the GP60 subtype of C. parvum from Gifu, Kobe, Hokkaido, and Kagoshima also 

described the existence of the IIaA15G2R1 subtype alone [Abe et al., 2006; Murakoshi et al., 

2013; Wu et al., 2003]. Although the low number of specimens surveyed in this study, however, I 

also identified subtype IIaA14G3R1, subtype IIaA14G2R1, and subtype IIaA13G1R1, which have 

not previously been detected in Japan. The subtype IIaA14G3R1 found in Fukuoka and Kagoshima 

prefectures, while the subtype IIaA14G2R1 detected in Fukuoka and Miyazaki prefectures along 

with the subtype IIaA15G2R1. The subtype IIaA13G1R1 identified in Hyogo prefecture beside 

the subtype IIaA15G2R1. In this study, C. parvum genotype and subtypes were not detected in 

calves in Gifu prefecture. These results indicate that although C. parvum with the IIaA15G2R1 

subtype is predominant, it is not the only subtype in Japan. Given the zoonotic nature of subtype 
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IIaA15G2R1 [Xiao, 2010], this is considered to think about the public health aspects of 

cryptosporodial infections in calves in Japan. This study revealed that C. parvum is a widely 

distributed Cryptosporidium species in newborn diarrhoeic calves in Japan. In addition, three 

different C. parvum subtypes, namely IIaA14G3R1, IIaA14G2R1, IIaA13G1R1, were found along 

with the subtype IIaA15G2R1. Considering the zoonotic significance of the C. parvum IIa 

subtypes, more intensive surveillance of Cryptosporidium species is necessary in Japan.  

 

2-5. Summary 

In conclusion, a nested PCR aiming the small subunit 18S rRNA and GP60 genes were 

used to detect the Cryptosporidium genotypes and subtypes in calves in Japan. 83.8% (67 out of 

80) of the specimens were positive for Cryptosporidium spp.; Cryptosporidium was found in both 

beef and dairy calves. C. parvum was the major species, identified in 77.5% (31/40) of beef calves 

and 80% (32/40) of dairy calves. C. bovis was also detected, 5.0% (2/40) of dairy calves, and C. 

ryanae was also found 2.5% (1/40) of dairy calves. One mixed-species infection, 2.5% (1/40) was 

detected in a beef calf having C. parvum, and C. ryanae. I detected the most common subtype of 

C. parvum (i.e., IIaA15G2R1), as well as other subtypes (i.e., IIaA14G3R1, IIaA14G2R1, and 

IIaA13G1R1) that have not previously been detected in calves in Japan. My results demonstrate 

the wide diversity of Cryptosporidium infection in calves in Japan. 
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Table 6. Identification of Cryptosporidium spp. in different types of calves. 

Types of 

calf 

No. 

specimens 

No. positive (%) 

C. parvum C. bovis C. ryanae Mixeda 

C. parvum + C. ryanae 
Beef calves 40 31 (77.5) 0 0 1 (2.5) 

Dairy calves 40 32 (80.0) 2 (5.0) 1 (2.5) 0 

Total 80 63 (78.8) 2 (2.5) 1 (1.3) 1 (1.3) 

a The C. parvum in mixed infections with C. ryanae. 
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Table 7. Distribution of Cryptosporidium spp. in different prefectures of Japan. 

Prefectures No. 

specimens 

tested  

No. Cryptosporidium-positive specimens by species 

C. parvum C. bovis C. ryanae Mixeda 

C. parvum+ C. ryanae

Hokkaido 10 8 - - - 

Yamagata 1 1 - - - 

Fukushima  8 1 - - - 

Gifu  4 - 2 1 - 

Aichi 1 1 - - - 

Hyogo 10 10 - - - 

Fukuoka  29 27 - - - 

Miyazaki  3 2 - - 1 

Kagoshima 14 13 - - - 

a The C. parvum in mixed infections with C. ryanae. 
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Fig. 5. Sampling areas of Japan. A total of 80 diarrhoeic faecal specimens were collected from pre-

weaned calves of nine different prefectures in Japan. The sampling areas in Japan are indicated in 

red pins.  
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Fig. 6. Phylogenetic tree based on partial sequences of the 18S rRNA genes for Cryptosporidium 

spp. The tree was constructed without nucleotide gaps by using a Maximum Likelihood analysis 

with 1000 replicates based on the T92+G model. Only bootstrap values >50% from 1000 pseudo-

replicates are shown. Evolutionary analyses were conducted in MEGA7. 
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 JP 53 C.parvum Hokkaido Japan

 JP 52 C.parvum Hokkaido Japan
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 JP 8 C.parvum Fukuoka Japan
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 JP 80 C.parvum Hokkaido Japan
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Fig. 7. Phylogenetic tree based on partial sequences of the GP60 genes for Cryptosporidium spp. 

The tree was constructed without nucleotide gaps by using a Maximum Likelihood analysis with 

1000 replicates based on the Tamura-Nei model. Only bootstrap values >50% from 1000 pseudo-

replicates are shown. Evolutionary analyses were conducted in MEGA7. 
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 MH735138 C.parvum IIaA15G2R1 Calf Mexico

 KY990916 C.parvum IIaA15G2R1 Human Mexico

 XM 627480 C.parvum Iowa II

 GU214357 C.parvum IIaA16G2R1 Human UK

 JQ362493 C.parvum IIaA17G2R1 cattle Australia

 MK165989 C.parvum IIaA17G2R1 Human Australia

 LC012017 C.parvum IIaA15G2R1 Iwate Japan

 LC012018 C.parvum IIaA15G2R1 Kagoshima Japan

 AB746198 C.parvum IIaA15G2R1 Hokkaido Japan
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 JP 41 C.parvum IIaA15G2R1 Kagoshima Japan

 JP 40 C.parvum IIaA15G2R1 Kagoshima Japan

 JP 39 C.parvum IIaA15G2R1 Kagoshima Japan

 JP 38 C.parvum IIaA15G2R1 Kagoshima Japan

 JP 37 C.parvum IIaA15G2R1 Hyogo Japan

 JP 36 C.parvum IIaA15G2R1 Hyogo Japan
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 JP 15 C.parvum IIaA15G2R1 Hyogo Japan

 JP 14 C.parvum IIaA15G2R1 Hyogo Japan

 JP 13 C.parvum IIaA15G2R1 Fukuoka Japan

 JP 12 C.parvum IIaA14G3R1 Fukuoka Japan

 JP 11 C.parvum IIaA15G2R1 Fukuoka Japan

 JP 10 C.parvum IIaA15G2R1 Fukuoka Japan

 JP 8 C.parvum IIaA15G2R1 Fukuoka Japan

 JP 7 C.parvum IIaA15G2R1 Fukuoka Japan
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 KM215758 C.parvum IIaA15G1R1 Human Lebanon

 KC679056 C.parvum IIaA19G1R1 lambgoat UK
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 JP 79 C.parvum IIaA15G2R1 Hokkaido Japan
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 AY738188 C.parvum IIfA6 Human Kuwait

 AY873784 C.hominis Id Human Uganda

 KX579756 C.parvum IIeA12G1 Human Mozambique

 KU852716 C.parvum IIeA13G1 Human Sweden

 AB514086 C.parvum IIdA20G1 calf Egypt

 EF073049 C.parvum IId cattle Hungary

 AY738185 C.parvum IIdA20G1b Human Kuwait

 GU214355 C.hominis IfA12G1R2 Human Australia

 AY166810 C.hominis If Human Portugal

 GQ384439 C.hominis If Human India

 AY738195 C.parvum IIcA5G3a Human Kuwait

 GU214365 C.parvum IIcA5G3R2 Human UK
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 AY738196 C.hominis IbA9G3 Human Kuwait
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Chapter 3 
 

Molecular detection of genotypes and subtypes of Cryptosporidium 

infection in diarrheic calves, lambs, and goat kids from Turkey 

 

3-1. Introduction 

Cryptosporidiosis is a primary disease playing a role in the causes of newborn diarrhea 

disorder of ruminants and causes severe illness or death in young animals [de Graaf et al., 1999]. 

Healthy and diarrheic young calves may facilitate the spread of cryptosporidiosis in both humans 

and animals [Diaz et al., 2018]. Other livestock are also potential reservoirs of this protozoan. In 

cattle herds, infected animals, particularly diarrheic calves, may cause to infect directly for other 

livestock [Olson et al., 2004]. Also, secondary transmission by cattle sheds, bedding, pasture, and 

soil and contaminated drinking water from environmental oocysts, has been described as a major 

source of bovine transmission [Wells and Thompson, 2014]. Lambs and goat kids are similar to 

calves about the clinical progress of the disease. 

The diversity of Cryptosporidium species like C. parvum, C. xiaoi, and C. ubiquitum are 

identical both in goat kids and lambs [Diaz et al.,2015; Kaupke et al.,2017; Papanikolopoulou et 

al.,2018; Quílez et al.,2008; Rieux et al.,2013; Tzanidakis et al.,2014]. However, geographical 

changes exist in the spreading of Cryptosporidium species in lambs. Mostly C. parvum is the main 

species in the European continent whereas C. ubiquitum in the American continent, and C. xiaoi 

in developing countries and all of them together found in Australia [Ryan et al., 2014]. Further, 

European investigation revealed that C. parvum was mostly observed in clinically affected lambs, 
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where C. ubiquitum and C. xiaoi were usually observed in unaffected lambs [Mueller-Doblies et 

al., 2008; Quílez et al., 2008].  

There is only limited research on Cryptosporidium infections in animals of Turkey; 

however, most of them rely on microscopic observation of oocysts and the antigens found in feces 

detected by the ELISA method. Since then, Cryptosporidium oocysts have been described in 

animals with or without diarrhea from Kars [Sari et al., 2009], Erzurum [Sari et al., 2008], and 

Van provinces of Turkey [Gul et al., 2008]. Also, the distribution of C. parvum has been reported 

in unconfined newborn diarrheic calves and goat kids in five provinces of Turkey [Taylan-Ozkan 

et al., 2016]. Recently, a report mentioned that C. parvum infection was dominant in newborn 

calves, however, C. bovis and C. ryanae were identified in aged calves and heifers in the 

Mediterranean and Central Anatolia regions of Turkey [Yildirim et al., 2020]. Two studies 

subtyped C. parvum-positive isolates from newborn calves by using gp60 sequence analysis in 

Kars, Turkey [Arslan and Ekinci, 2012; Tanriverdi et al., 2006].  

Accordingly, the aim of this study was to evaluate the zoonotic potentiality of 

Cryptosporidium by identifying the genotypes and subtypes of Cryptosporidium spp. in the 

diarrheic calves, lambs, and goat kids in Turkey. 

 

3-2. Materials and methods 

Specimen collection. The hospitals, clinics, and mobile emergency clinics of Selcuk 

University, Faculty of Veterinary Medicine serve the duty to the local livestock in Konya province, 

Turkey.  Konya is the largest city (38.873 km2) located in the south central Anatolia region of 

Turkey, and cattle and small ruminant breeding are carried out intensely in this region. A total of 

415 diarrheic fecal specimens from 333 calves, 67 lambs, and 15 goat kids were examined in this 
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study. In Konya, all the specimens were collected from diarrheic animals which were brought to 

the clinics for treatment with the main complaint of diarrhea between 2016 and 2018 (Fig. 8). 

Specimens were collected from fresh feces of the animals.  Diarrhea was observed during the time 

of specimen collection.  Ages of the animals ranged from 3 to 30 days. All relevant data were 

recorded during the sampling time for further analysis. Each specimen was placed into an 

individual sterile polystyrene tube with 2.5% potassium dichromate, labelled, and kept at 4 °C 

until DNA extraction. After DNA extraction, the DNA samples were imported into Japan 

according to the rules and guidelines of the Care and Use of Laboratory Animals of Obihiro 

University of Agriculture and Veterinary Medicine, Japan. I got approved number for all of my 

experiments by the Ethics committee of animal or pathogen experiments in the Obihiro University 

of Agriculture and Veterinary Medicine, Japan just as it is followed by chapter 1and 2 (My 

approval numbers: 290156, 2019724). 

Specimen analyses. Specimens were microscopically examined for Cryptosporidium spp. 

oocysts by use of MZN method [Casemore, 1991]. DNA was extracted directly from the 

specimens by using the NucleoSpin®Tissue (MACHEREY-NAGEL, Germany) kits according to 

the manufacturer's instructions [McLauchlin et al., 1999]. After extraction, DNA was stored at 

−20°C. For genotyping and subtyping of Cryptosporidium detection, an approximately 830-bp 

fragment of the SSU rRNA gene and the gp60 gene were amplified by using KOD FX Neo 

(TOYOBO, Japan) with primers as described previously [Feng et al., 2007; Sulaiman et al., 2002]. 

For the primary PCR, a product of 1325 bp was amplified using the following primers: 5'- 

TTCTAGAGCTAATACATGCG -3' and 5'-CCCATTTCCTTCGAAACAGGA-3'. Then, a nested 

PCR was done using the following primers: 5'-GGAAGGGTTGTATTTATTAGATAAAG-3' and 

5'- AAGGAGTAAGGAACAACCTCCA -3' to amplify the ∼830-bp fragment of the 
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Cryptosporidium SSU rRNA gene. C. baileyi genomic DNA and ultrapure water were used as 

positive and negative controls, respectively, in all PCR sets. The amplified fragments were 

electrophoresed in 1.5% agarose, stained with GelRed® (Biotium), and visualized on an UV 

transilluminator in the QIAxcel Advanced system (Qiagen, Valencia, USA). The identity of each 

Cryptosporidium species was confirmed by sequence analysis of the secondary PCR products from 

the specimens. The gp60 gene was used for subtyping C. parvum. The subtypes were named after 

sequencing of the gp60 gene of these isolates based on the number of trinucleotide repeats 

encoding the amino acid serine (TCA, TCG, TCT, and ACATCA ) sequence [Sulaiman et al.,2005].  

Sequencing and phylogenetic analyses. All secondary PCR products were sequenced in 

both directions by using an ABI 3130 Genetic Analyzer (Applied Biosystems, Japan) with the 

secondary primers and the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, 

Japan). The sequences were aligned by using Clustal X2 [Larkin et al., 2007], and the computed 

sequences were edited by hand with BioEdit 7.0.5.3 [Hall, 1999]. All gaps were eliminated, and 

SSU rRNA genes were used for the phylogenetic analysis. Maximum Likelihood analyses were 

performed by using MEGA version 7 software program [Kumar et al., 2016]. Substitution models 

and optional parameter sets were selected according to the Akaike information criterion. To assess 

the reliability of the tree, bootstrap analysis was done with 1000 replicates using the same datasets. 

I constructed two phylogenetic trees: one for the SSU rRNA gene, in which the substitution model 

and optional parameters were also used on the Tamura 3-Parameter model [Tamura, 1992], and the 

other for the gp60 gene, in which the General-Time-Reversible model [Nei and Kumar, 2000] was 

used, incorporating the invariable site and Gamma distribution options.  
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3-3. Results 

Prevalence of Cryptosporidium in the collected samples. Of the 415 fecal specimens 

investigated, 106 (25.6%) were confirmed to be infected with Cryptosporidium species by both 

microscopy and nested PCR. Two Cryptosporidium species, namely C. parvum and C. bovis were 

found in calves using SSU rRNA gene analyses, accounting for 27.1%, and 0.3%, respectively. 

Only C. parvum was found in lambs and goat kids using SSU rRNA gene analyses, accounting for 

19.4%, and 13.4%, respectively (Table 8). I could not find any samples that was positive in PCR 

and negative in microscopic observation or vice versa. Moreover, I found the single-species 

infection in all individual infected animals, while no mixed species infection was detected.  Among 

the specimens, Cryptosporidium was found more frequently in 3–7-day-old calves (30.8%) than 

in 8–15-day-old calves (26.3%) and 16–30-day-old calves (17.8%). Cryptosporidium prevalence 

was also higher in younger lambs: 23.1% in 3–7-day-old lambs compared with 14.2% in both 8–

15-day-old lambs and 16–30-day-old lambs. However, in goat kids, 12.5% of specimens from 3–

7-day-old animals were Cryptosporidium-positive compared with 16.7% of specimens from 8–15-

day-old animals (Table 9).  

Phylogenetic analyses. All PCR-positive specimens were directly sequenced; analyses of 

the nucleotide sequences of the SSU rRNA genes reported the presence of C. parvum in calves, 

lambs, and goat kids, and the presence of C. bovis in one calf in Turkey. Fragments of the SSU 

rRNA gene sequences of Cryptosporidium spp. acquired here were placed in GenBank 

(MN918153-MN918257 and MN918118). Based on a blast search, all of the sequences detected 

here were identified as Cryptosporidium. The nucleotide sequence of C. parvum had 99.5% to 

100% genetic identity with the reference sequences previously published in GenBank (JX298604, 

KF533079, JQ313985, GQ983351, and MK731971). Among the Cryptosporidium partial SSU 
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rRNA gene sequences, only one sample had 100% identity with the C. bovis reference sequences 

in GenBank (AB777173, AB628204, EU408317, MK880573) (Fig. 9). 

All of the C. parvum-positive specimens generated the expected gp60 PCR product. 

However, only 82 of the 105 isolates the gp60 gene were successfully sequenced and deposited in 

GenBank (MN962650-MN962718, MN998529-MN998541). However, the rests of the 23 isolates 

are unable to be sequenced because of insufficient amount of template DNA or poor-quality DNA 

in the template, and sometimes the template does not contain a sequence complementary to the 

primer. Inside the C. parvum IIa family, all sequences were same in the non-repeat region while 

three subtypes (IIaA13G4R1, IIaA12G3R1, and IIaA11G3R1) differed from reference sequences 

regarding the trinucleotide region of TCA and/or TCG repeats and were considered novel C. 

parvum subtypes. Eight subtypes were identified among the calf C. parvum specimens, including 

two novel (IIaA12G3R1 and IIaA11G3R1) subtypes and three other IIa subtype families 

(IIaA13G2R1, IIaA15G2R1, and IIaA11G2R1) and three IId subtype families (IIdA16G1, 

IIdA18G1, and IIdA22G1). The sequence difference from each subtype was mostly in the number 

serine-coding trinucleotide repeat region (i.e. had one copy of sequence ACATCA immediately 

after the trinucleotide repeats), containing 1, 2, 3 and 4 copies of the TCG repeat and 11, 12, 13, 

14 and 15 copies of TCA within the IIa family, however, one copy of TCG and 16, 18 and 22 

copies of TCA repeat region within the IId family.  

 Moreover, six subtypes were found in the lamb C. parvum samples, with two novel 

subtypes (IIaA13G4R1 and IIaA12G3R1) and four other IIa subtype family (IIaA15G2R1, 

IIaA13G2R1, IIaA14G3R1, and IIaA11G2R1). In addition, I identified two subtypes 

(IIaA14G1R1 and IIaA13G2R1) in the goat kid C. parvum specimens (Fig. 10 and 11).   
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3-4. Discussion 

In this study, Cryptosporidium prevalence was found 25.6%, which is consistent with 

previous studies conducted in Turkey. Except for one calf which was infected with C. bovis, all of 

the Cryptosporidium from 90 calves, 13 lambs and 2 goat kids were of C. parvum. In Turkey, there 

is only one study reporting C. bovis in calves in the Mediterranean and Central Anatolia regions 

[Yildirim et al., 2020]. In another report, C. bovis was detected in environmental water in Turkey 

[Koloren and Ayaz, 2016]. C. parvum was detected marginally in calves and cattle in northeastern 

Turkey [Gunduz and Arslan, 2017; Tanriverdi et al., 2006]. C. parvum infections commonly cause 

profuse watery diarrhea which sometimes contains mucus or blood, dehydration, abdominal pain, 

loss of appetite, and weight loss. The disease causes severe illness and death in young ruminants. 

Therefore, Cryptosporidium infections drive to the real financial crisis [de Graaf et al., 1999]. C. 

parvum is not host-specific; accordingly, an environment contaminated with oocysts during an 

outbreak in calves can give rise to infection in lambs and goat kids that subsequently use the same 

grazing area. 

In Turkey, Cryptosporidium prevalence was observed as 38.8% in diarrheic lambs 

inspected by the modified acid-fast (MAF) method in the northeastern region of Anatolia in Turkey. 

Also, the excretion of oocysts was observed higher rates in 1st week age groups and lower rates in 

3rd week age groups [Sari et al., 2009]. However, similarly, the current study showed the 

Cryptosporidium infection positivity was higher in 3-7 days of age and lower in 16-30 days of age 

in calves, lambs, and goat kids. Another study was performed in the locality of Erzurum province 

in calves which were no more than three months old, and Cryptosporidium spp. was detected 

22.8% examined under a microscope by using the MAF staining technique [Sari et al., 2008]. 

Moreover, another report mentioned Cryptosporidium prevalence was determined as 13.19% in 
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older calves in Van province in Turkey by the MAF technique [Gul et al., 2008]. Also, another 

study determined the Cryptosporidium prevalence infections in calves under the farm or rural 

community at the Kars Province by MAF and ELISA method. The incidence of Cryptosporidium 

in calves was 3.8% with the MAF method and 5.1% with ELISA. Cryptosporidium was observed 

5.5% and 7.5% in 3 months aged diarrheic calves, and 3.3% in between 3-6 months aged calves 

[Gunduz and Arslan, 2017]. Even though the specificity of this staining technique is 100%, 

however, lack of its sensitivity is 44.0% comparison to nested PCR. The report mentioned that 

nested PCR is a more appropriate technique for understanding the causes of uncertain diarrheic 

cases [Sungur et al., 2008]. Most of these studies in Turkey rely on microscopic examination of 

fecal specimens. Nested PCR protocol was more sensitive and specific for detecting 

Cryptosporidium oocysts than microscopic technique [Mirhashemi et al., 2015]. However, both 

microscopy and nested PCR technique were used to identify the infections in the current study. 

Moreover, Cryptosporidium infection rates in Europe have been reported as follows: 38.8% of 

calves in Italy [Diaz et al.,2018], 37% and 12% of dairy and beef calves, respectively, in Belgium 

[Geurden et al.,2007], 36.7% of calves in Sweden [Bjorkman et al.,2015], 22.5% of calves in 

Poland [Kaupke and Rzeżutka, 2015], 19.2% of lambs and 37.1% of goats in Poland [Kaupke et 

al.,2017], 74.4% of lambs and 93.8% of goat kids in Spain [Diaz et al.,2015], 13.1% of lambs and 

9.5% of goat kids in Belgium [Geurden et al.,2008], and 5.1% of lambs and 7.1% of goat kids in 

Greece [Tzanidakis et al.,2014]. Since the discussion above, clearly pointed the Cryptosporidium 

infections are widespread in calves, lambs, and goat kids in Europe, with Turkey.  

Each gp60 subtype family has multiple subtypes, and first a subtype family is identified 

from the amino acid sequence which is notably different from those seen in other subtype families 

of a conserved region. Variation in a number of trinucleotide repeat region (counts of 
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TCA/TCG/TCT repeats after the subtype family name), then identifies subtypes within each family 

[Chalmers et al., 2019]. Here, the results of gp60 sequence analysis pointed out the important 

genetic variability in the occurrence of two novel subtypes (IIaA12G3R1 and IIaA11G3R1) of the 

IIa subtype family of C. parvum in calves. Most of the calves were found to be infected with 

subtype IIaA13G2R1, which was common subtype in all three hosts and the subtype found firstly 

in lambs in Turkey. Subtype IIaA13G2R1 was previously identified in uncaged newborn diarrheic 

calves and goat kids in Turkey [Taylan-Ozkan et al., 2016]. Moreover, IIaA13G2R1 was found the 

major subtype in pre-weaned diarrheic calves in the Central Anatolia region of Turkey [Yildirim 

et al., 2020]. This uncommon zoonotic subtype was also reported in Algerian young calves, lambs, 

and goat kids [Baroudi et al., 2018; Benhouda et al., 2017]. Moreover, there are only a few reports 

of this uncommon subtype in a marginal quantity of calves in Belgium, Canada, and the 

Netherlands [Geurden et al., 2007; Trotz-Williams et al., 2006; Wielinga et al., 2008]. The second-

most common subtype identified in this study, IIaA15G2R1 which is the most common subtype 

found worldwide, has been reported previously in cattle and diarrheic calves in Kars province of 

Turkey [Arslan and Ekinci, 2012]. The occurrence of subtype IIaA15G2R1 in calves and lambs 

worldwide and its exposure in humans show that it spreads simply in animals and freely transmits 

to humans [Santín and Trout, 2007]. Subtype IIaA11G2R1 has not previously been reported in 

Turkey; however, it has been reported in humans in Slovenia and Slovakia [Hatalova et al., 2019; 

Soba and Logar, 2008].  

The IId subtype family (IIdA16G1, IIdA18G1 and IIdA22G1) of C. parvum was also 

reported in calves in my study. Subtypes IIdA18G1 and IIdA22G1 have previously been detected 

in calves and goat kids in Turkey [Taylan-Ozkan et al., 2016]. In a report conducted in Greece, 

IIdA16G1 subtype was identified in diarrheic lambs and goat kids [Papanikolopoulou et al., 2018]. 
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Within the subtype IId family, IIdA16G1, IIdA18G1, and IIdA22G1 subtypes have been reported 

before in calves, lambs, and goat kids in Spain [Quílez et al., 2008]. C. parvum IId subtypes were 

observed at low volume in calves in several European nations [Bjorkman et al., 2015; Broglia et 

al., 2008; Geurden et al., 2007; Plutzer and Karanis, 2007]. The newly detected three subtypes 

(IIaA11G2R1, IIaA14G3R1, and IIdA16G1) were found in young ruminants for the first time in 

Konya province, Turkey. It is not confirmed to say how these new subtypes come, but probably it 

might be come through imported cattle from a neighbored country like Greece or contaminated 

water or food of these imported animals. Moreover, it can attribute to the lack of regulations on 

animal movements especially in the borderline of eastern and south-eastern Anatolia regions of 

Turkey. 

It was elucidated that, the dominant Cryptosporidium species was C. parvum in the calves, 

lambs, and goat kids in the present study. Two novel subtypes (IIaA13G4R1 and IIaA12G3R1) 

were identified among the lambs. Here, the dominant subtype was IIa family found, either in lambs 

and or goat kids. IIa and IId subtypes were found previously in diarrheic goat kids in Turkey 

[Taylan-Ozkan et al., 2016].  However, the IId subtype was dominant either in lambs and or goat 

kids in northeastern Spain [Quílez et al., 2008]. Interestingly, subtype IIaA14G3R1, identified in 

lambs in this study was previously found in fresh molluscan shellfish in Italy [Giangaspero et al., 

2014]. The difference in subtype distribution might be due to the least cross-species transmission 

of C. parvum in calves, lambs, and goat kids. Importantly, C. parvum observed in pregnant women, 

children, and an infant in Turkey, however lacking subtype information [Dogan and Saglik, 2010; 

Hizli et al., 2006; Tamer et al., 2007]. The common available subtype alleles of C. parvum are IIa, 

IIc, IId, and IIe. In humans and animals, globally the major dominant subtype allele is IIa however 

in Asia, Australia, Europe, and North Africa, IId is the most zoonotic subtype family [Huang et al., 
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2018]. Animals infected with these subtypes probably pose a threat to human health in Turkey. The 

zoonotic C. parvum subtype families (IIa, IId) identified here proposed that calves, lambs, and 

goat kids are probably a major reservoir of C. parvum. The present study showed the molecular 

characterization of diversified Cryptosporidium isolated in Turkey; C. bovis was identified in a 

calf, and three novel subtypes (IIaA13G4R1, IIaA11G3R1, and IIaA12G3R1) were found. Further, 

it would be better to go forward epidemiological analysis of cryptosporidiosis in young ruminants 

based on the molecular approach in different provinces in Turkey. 

 

3-5. Summary 

In conclusion, this current study revealed that 25.6% (106 of 415) of the specimens were 

positive for Cryptosporidium spp. infection. I identified 27.4% (91/333), 19.4% (13/67), and 

13.4% (2/15) of positivity in calves, lambs and goat kids, respectively. Genotyping of the SSU 

rRNA indicated that almost all positive specimens were of C. parvum, except for one calf which 

was of C. bovis. Sequence analysis of the gp60 gene revealed the major zoonotic subtypes (IIa and 

IId) of C. parvum. I detected 11 subtypes (IIaA11G2R1, IIaA11G3R1, IIaA12G3R1, IIaA13G2R1, 

IIaA13G4R1, IIaA14G1R1, IIaA14G3R1, IIaA15G2R1, IIdA16G1, IIdA18G1, IIdA22G1); three 

of them (IIaA12G3R1, IIaA11G3R1 and IIaA13G4R1) was novel subtypes found in calves and 

lambs. Additionally, three subtypes (IIaA11G2R1, IIaA14G3R1, and IIdA16G1) were detected in 

young ruminants for the first time in Turkey. These results indicated the high infection of 

Cryptosporidium in Turkey and propose that young ruminants are likely a major carrier of C. 

parvum and a potential source of zoonotic transmission. 
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Table 8. Prevalence of Cryptosporidium spp. in calves, lambs, and goat kids in Turkey. 

Animal No. specimens 

tested  

No. positive (%) Total positive (%) 

C. parvum C. bovis 

Calves 333 90 (27.1) 1 (0.3) 91 (27.4) 

Lambs  67 13 (19.4) - 13 (19.4) 

Goat kids 15 2 (13.4) - 2 (13.4) 

Total 415 105 (25.3) 1 (0.3) 106 (25.6) 
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Table 9. Distribution of Cryptosporidium genotypes, subtypes and positive rates of 

Cryptosporidium spp. in calves, lambs, and goat kids by age. 

Animal Age (days)  No. specimens No. positive (%) / 

Cryptosporidium spp. 

Detection of C. parvum 

gp60 subtypes (No.) 

Calves 3–7 159 49 (30.8) / C. parvum IIaA13G2R1 (35) 
IIaA15G2R1 (4) 
IIaA11G2R1 (2) 

8–15 129 34 (26.3) / C. parvum IIaA13G2R1 (15) 
IIaA15G2R1 (2) 
IIaA12G3R1 (5) 
IIdA18G1 
IIdA16G1 
IIdA22G1 

16–30 45 7 (15.6) / C. parvum IIaA12G3R1 (2) 
IIdA22G1  
IIaA11G3R1 

1 (2.2) / C. bovis - 

Lambs 3–7 39 9 (23.1) / C. parvum IIaA15G2R1 (3) 
IIaA13G2R1 (3) 
IIaA11G2R1 

 8–15 21 3 (14.2) / C. parvum IIaA12G3R1 
IIaA14G3R1 

 16–30 7 1 (14.2) / C. parvum IIaA13G4R1 

Goat kids 3–7 8 1 (12.5) / C. parvum IIaA14G1R1 

 8–15 6 1 (16.7) / C. parvum IIaA13G2R1 

 16–30 1 - - 
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Fig. 8. Map of sampling location in Turkey.  
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Fig. 9. Phylogenetic tree based on partial sequences of the SSU rRNA genes for Cryptosporidium 

spp. The phylogenetic tree was constructed without nucleotide gaps by using a Maximum 

Likelihood analysis with 1000 replicates based on the T92+G model. Cryptosporidium molnari 

sequence was used as the out-group. Only bootstrap values >50% from 1000 replicates are shown 

at the nodes. Black filled bold indicate sequences generated in the present study. 

 

C. bovis 

C. parvum  

 TR 41 C.parvum calf Turkey
 TR 349 C.parvum calf Turkey
 TR 362 C.parvum calf Turkey

 TR 410 C.parvum calf Turkey
 JX679086 C tyzzeri

 TR 408 C.parvum calf Turkey
 JQ313985 C.parvum human Canada

 TR 407 C.parvum calf Turkey
 MK731971 C.parvum donkey China
 GQ983351 C.parvum Human UK
 JX298604 C.parvum cattle Egypt

 TR 2 C.parvum calf Turkey
 TR 4 C.parvum calf Turkey
 TR 20 C.parvum calf Turkey
 TR 29 C.parvum calf Turkey
 TR 40 C.parvum calf Turkey
 TR 45 C.parvum calf Turkey
 TR 52 C.parvum calf Turkey
 TR 54 C.parvum calf Turkey
 TR 63 C.parvum calf Turkey
 TR 66 C.parvum calf Turkey
 TR 70 C.parvum calf Turkey
 TR 72 C.parvum calf Turkey
 TR 75 C.parvum calf Turkey
 TR 77 C.parvum calf Turkey
 TR 84 C.parvum calf Turkey
 TR 86 C.parvum calf Turkey
 TR 88 C.parvum calf Turkey
 TR 89 C.parvum calf Turkey
 TR 94 C.parvum calf Turkey
 TR 97 C.parvum calf Turkey
 TR 98 C.parvum calf Turkey
 TR 99 C.parvum calf Turkey
 TR 109 C.parvum calf Turkey
 TR 110 C.parvum calf Turkey
 TR 115 C.parvum calf Turkey
 TR 116 C.parvum calf Turkey
 TR 125 C.parvum calf Turkey
 TR 128 C.parvum calf Turkey
 TR 129 C.parvum calf Turkey
 TR 132 C.parvum lamb Turkey
 TR 135 C.parvum calf Turkey
 TR 137 C.parvum calf Turkey
 TR 140 C.parvum calf Turkey
 TR 141 C.parvum calf Turkey
 TR 147 C.parvum calf Turkey
 TR 148 C.parvum calf Turkey
 TR 161 C.parvum calf Turkey
 TR 162 C.parvum calf Turkey
 TR 165 C.parvum calf Turkey
 TR 166 C.parvum calf Turkey
 TR 169 C.parvum calf Turkey
 TR 171 C.parvum calf Turkey
 TR 180 C.parvum calf Turkey
 TR 185 C.parvum calf Turkey
 TR 215 C.parvum calf Turkey
 TR 233 C.parvum lamb Turkey
 TR 239 C.parvum calf Turkey
 TR 251 C.parvum calf Turkey
 TR 252 C.parvum calf Turkey
 TR 254 C.parvum calf Turkey
 TR 274 C.parvum lamb Turkey
 TR 282 C.parvum lamb Turkey
 TR 283 C.parvum lamb Turkey
 TR 285 C.parvum lamb Turkey
 TR 304 C.parvum lamb Turkey
 TR 320 C.parvum calf Turkey
 TR 323 C.parvum lamb Turkey
 TR 325 C.parvum lamb Turkey
 TR 328 C.parvum calf Turkey
 TR 330 C.parvum calf Turkey
 TR 334 C.parvum Goat kid Turkey
 TR 335 C.parvum Goat kid Turkey
 TR 336 C.parvum calf Turkey
 TR 340 C.parvum calf Turkey
 TR 343 C.parvum calf Turkey
 TR 347 C.parvum calf Turkey
 TR 350 C.parvum calf Turkey
 TR 357 C.parvum calf Turkey
 TR 367 C.parvum calf Turkey
 TR 370 C.parvum calf Turkey
 TR 380 C.parvum calf Turkey
 TR 386 C.parvum calf Turkey
 TR 389 C.parvum calf Turkey
 TR 390 C.parvum calf Turkey
 TR 395 C.parvum calf Turkey
 TR 396 C.parvum calf Turkey

 TR 359 C.parvum calf Turkey
 TR 32 C.parvum calf Turkey
 TR 95 C.parvum calf Turkey
 TR 21 C.parvum calf Turkey
 TR 10 C.parvum calf Turkey

 TR 263 C.parvum calf Turkey
 TR 130 C.parvum lamb Turkey

 TR 174 C.parvum calf Turkey
 TR 222 C.parvum lamb Turkey
 TR 5 C.parvum calf Turkey

 TR 258 C.parvum calf Turkey
 TR 363 C.parvum calf Turkey

 TR 59 C.parvum calf Turkey
 TR 22 C.parvum calf Turkey

 TR 353 C.parvum calf Turkey
 TR 280 C.parvum lamb Turkey
 TR 106 C.parvum calf Turkey

 TR 270 C.parvum lamb Turkey
 KF533079 C.parvum calf UK

 TR 16 C.parvum calf Turkey
 TR 192 C.parvum calf Turkey
 TR 198 C.parvum calf Turkey
 TR 365 C.parvum calf Turkey
 TR 373 C.parvum calf Turkey
 EU186156 C.hominis goat UK
 EU186154 C.hominis lamb UK

 KP730299 C fayeri
 AB449870 C suis

 LC414387 C.ubiquitum goat Algeria
 JX258863 C.ubiquitum lamb Romania

 KR999986 C canis
 AB628201 C.ryanae calf Japan

 KT922233 C ryanae
 JX258864 C.xiaoi lamb Romania

 GU553016 C.xiaoi goat Spain
 EU408317 C.bovis sheep UK
 AB777173 C.bovis calf Egypt
 AB628204 C.bovis calf Japan
 MK880573 C.bovis cattle Iraq

 TR 175 C.bovis calf Turkey
 HM243547 C molnari
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Fig. 10. Phylogenetic tree based on partial sequences of the gp60 genes for Cryptosporidium 

parvum. The phylogenetic tree was constructed without nucleotide gaps by using a Maximum 

Likelihood analysis with 1000 replicates based on the Hasegawa-Kishino-Yano model. Only 

bootstrap values >50% from 1000 replicates are shown at the nodes. Black and Red filled circles 

represent sequences in two different subtype families generated in this study. 

 TR343 C.parvum Calf IIaA13G2R1
 TR365 C.parvum Calf IIaA13G2R1
 TR192 C.parvum calf IIaA12G3R1
 TR125 C.parvum Calf IIaA13G2R1
 TR116 C.parvum Calf IIaA13G2R1
 TR95 C.parvum Calf IIaA13G2R1
 TR88 C.parvum Calf IIaA13G2R1
 TR41 C.parvum Calf IIaA13G2R1
 TR 408 C.parvum Calf IIaA13G2R1
 TR 407 C.parvum Calf IIaA13G2R1
 TR 395 C.parvum Calf IIaA13G2R1
 TR 386 C.parvum Calf IIaA15G2R1
 TR 380 C.parvum Calf IIaA13G2R1
 TR 373 C.parvum Calf IIaA13G2R1
 TR 370 C.parvum calf IIaA11G2R1
 TR 363 C.parvum Calf IIaA13G2R1
 TR 362 C.parvum Calf IIaA13G2R1
 TR 359 C.parvum Calf IIaA12G3R1
 TR 353 C.parvum Calf IIaA15G2R1
 TR 347 C.parvum calf IIaA13G2R1
 TR 336 C.parvum calf IIaA13G2R1
 TR 330 C.parvum calf IIaA12G3R1
 TR 325 C.parvum lamb IIaA12G3R1
 TR 323 C.parvum Lamb IIaA15G2R1
 TR 282 C.parvum lamb IIaA14G3R1
 TR 280 C.parvum lamb IIaA13G4R1
 TR 274 C.parvum lamb IIaA15G2R1
 TR 254 C.parvum calf IIaA13G2R1
 TR 252 C.parvum Calf IIaA13G2R1
 TR 251 C.parvum Calf IIaA13G2R1
 TR 239 C.parvum Calf IIaA13G2R1
 TR 222 C.parvum lamb IIaA13G2R1
 TR 185 C.parvum Calf IIaA13G2R1
 TR 180 C.parvum Calf IIaA13G2R1
 TR 174 C.parvum Calf IIaA13G2R1
 TR 171 C.parvum Calf IIaA13G2R1
 TR 169 C.parvum Calf IIaA13G2R1
 TR 166 C.parvum Calf IIaA13G2R1
 TR 165 C.parvum Calf IIaA13G2R1
 TR 162 C.parvum Calf IIaA13G2R1
 TR 148 C.parvum Calf IIaA15G2R1
 TR 147 C.parvum Calf IIaA13G2R1
 TR 137 C.parvum Calf IIaA11G3R1
 TR 132 C.parvum Lamb IIaA13G2R1
 TR 130 C.parvum lamb IIaA15G2R1
 TR 110 C.parvum Calf IIaA12G3R1
 TR 109 C.parvum Calf IIaA13G2R1
 TR 106 C.parvum calf IIaA13G2R1
 TR 99 C.parvum calf IIaA12G3R1
 TR 97 C.parvum Calf IIaA13G2R1
 TR 94 C.parvum Calf IIaA13G2R1
 TR 89 C.parvum Calf IIaA11G2R1
 TR 86 C.parvum Calf IIaA13G2R1
 TR 77 C.parvum Calf IIaA13G2R1
 TR 75 C.parvum calf IIaA13G2R1
 TR 72 C.parvum Calf IIaA13G2R1
 TR 66 C.parvum Calf IIaA15G2R1
 TR 59 C.parvum calf IIaA13G2R1
 TR 54 C.parvum Calf IIaA13G2R1
 TR 52 C.parvum Calf IIaA13G2R1
 TR 45 C.parvum Calf IIaA12G3R1
 TR 32 C.parvum Calf IIaA13G2R1
 TR 29 C.parvum calf IIaA13G2R1
 TR 22 C.parvum calf IIaA13G2R1
 TR 21 C.parvum calf IIaA13G2R1
 TR 20 C.parvum Calf IIaA13G2R1
 TR 16 C.parvum calf IIaA13G2R1
 TR 10 C.parvum calf IIaA12G3R1
 TR 5 C.parvum calf IIaA13G2R1
 TR 4 C.parvum calf IIaA13G2R1

 AB968045 C. parvum IIaA15G2R1 Calf Japan
 JX441324 C.parvum IIaA23G3R1 calf Ireland
 GU214357 C.parvum IIaA16G2R1 Human UK
 JQ362493 C.parvum IIaA17G2R1 cattle Australia
 MK165989 C.parvum IIaA17G2R1 Human Australia

 TR 285 C.parvum lamb IIaA13G2R1
 TR63 C.parvum Calf IIaA15G2R1
 TR367 C.parvum Calf IIaA13G2R1
 TR396 C.parvum Calf IIaA13G2R1

 KM215758 C.parvum IIaA15G1R1 Human Lebanon
 TR 304 C.parvum lamb IIaA11G2R1
 TR 334 C.parvum goat kid IIaA13G2R1
 TR 335 C.parvum goat kid IIaA14G1R1

 TR 161 C.parvum Calf IIaA15G2R1
 AY738188 C. parvum IIfA6 Human Kuwait

 AY873784 C.hominis Id Human Uganda
 KX579756 C.parvum IIeA12G1 Human Mozambique
 KU852716 C.parvum IIeA13G1 Human Sweden

 AB514086 C.parvum IIdA20G1 calf Egypt
 MG725620 C. parvum IIdA20 calf Italy
 KR349104 C. parvum IIdA22G1 goat Italy
 LT556063 C. parvum IIdA22G1b Human Romania
 EF073049 C.parvum IId cattle Hungary

 AY738185 C.parvum IIdA20G1b Human Kuwait
 DQ280496 C. parvum IIdA19G1 Human Portugal

 TR 70 C.parvum calf IIdA16G1
 TR 198 C.parvum calf IIdA22G1
 TR2 C.parvum calf IIdA18G1
 TR40 C.parvum Calf IIdA22G1

 GU214347 C.hominis IbA9G3R2 Human UK
 AY738195 C.parvum IIcA5G3a Human Kuwait
 GU214365 C.parvum IIcA5G3R2 Human UK

 GU214355 C.hominis IfA12G1R2 Human Australia
 AY166810 C.hominis If Human Portugal99
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Fig. 11. Distribution of subtypes in the diarrheic calves, lambs and goat kids. 
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General Discussion 

 

Overall, this study figures out the genetic diversity Cryptosporidium genotypes and 

subtypes family in different hosts and geographically different locations. The first chapter 

established the detection of poultry cryptosporidiosis in the live bird markets in Bangladesh. In 

this study, C. baileyi was found in chickens and pigeons. C. baileyi is responsible for the damage, 

loss of meat and egg production and respiratory diseases in poultry, especially broiler chickens 

[Sréter and Varga, 2000]. In the abattoirs, the infection of C. baileyi are associated with reduced 

weight gain, developed lower respiratory problems, enlarged death, and high rate of carcass 

condemnation found in broiler chickens [Gorham et al., 1988]. C. meleagridis was also identified 

in the current study. C. meleagridis infection in native birds increases the chances of possible 

zoonosis from poultry to humans in this study. The genetic variation of the C. meleagridis is 

essential to illustrate its origin of transmission and infections. For those subtype alleles, 

anthroponotic and zoonotic pathways exposed were detected both in humans and birds [Stensvold 

et al., 2014]. The C. meleagridis isolates reported in this study is under the family IIIb, few of 

them have been detected in birds and humans before [Abe and Makino, 2010]. There was no effect 

of age and breeds on host susceptibility to Cryptosporidium infection in this study. Published 

research explained that the early age of birds is more often susceptible to Cryptosporidium than 

adult birds [Helmy et al., 2017; Wang et al., 2010]. These infections could be the reason for the 

financial losses of poultry shopkeepers in the live bird markets due to weight loss, even the death 

of birds. In this study, Cryptosporidium infection occurs in all ages of poultry, it might be due to 

the stress condition during the time of egg and meat growth.  

In Germany, the common species recorded in chickens and turkeys were C. parvum without 
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any contamination of feces from mammals [Helmy et al., 2017], which is responsible because 

poultry might be a carrier for the infection sources and mechanical vectors for other zoonotic 

Cryptosporidium, in addition to C. meleagridis [Majewska et al., 2009]. In Bangladesh, C. parvum 

and C. meleagridis were identified in children under 2 years of age. Probably, it might be 

anthropozoonotic; transmitted from chickens that kept in their family house in rural areas [Korpe 

et al., 2019]. C. parvum infections rate was higher in the people of rural areas, particularly in 

children than in municipal zones where C. hominis dominates [Essid et al., 2008; Llorente et al., 

2007]. Some topographical deviations occur in the contamination caused from the diverse 

Cryptosporidium species. For example, there is higher occurrence of C. meleagridis contamination 

than somewhere else in Peru [Cama et al., 2007]. While C. parvum is not a common pathogen of 

poultry, it would be transmitted from sources of contaminated water or shopkeepers who handle 

this poultry regularly. In Sweden, probably a case of humans got infected with C. meleagridis 

infection through directly touch with infected poultry on a farm [Silverlas et al., 2012]. Here, the 

C. parvum and C. meleagridis were identified which were reported earlier as a zoonotic infection. 

The children of dwellings from the surroundings of LBM are probably more susceptible to get this 

infection due to unhygienic situation in the LBM and lacking knowledge of infection transmission. 

It would be a matter of concern that zoonotic C. parvum and its IIa subtype found in poultry in the 

LBM might be a potential risk for the people who regularly deal with.  

The second chapter described the region of the study was extended to more prefectures of 

Japan. Although the constraints of this research on a low number of samples, however, the results 

were likely to show the recent distribution of bovine cryptosporidiosis in the country, besides, to 

reveal a high exposure of C. parvum infections both in beef and dairy calves. My reports supported 

the former explanations that C. parvum was an extremely dominant pathogen in calves with 
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diarrhea [Karanis et al., 2010; Murakoshi et al., 2013]. C. bovis and C. ryanae were also found in 

calves in low levels of infection in this study. In the developing countries, mostly Asian countries, 

only a few records about the prevalence of C. ryanae and C. bovis. C. ryanae and C. bovis might 

have low levels of detection in the rearing of cow-calf with browsing beef type cattle in Japan 

[Murakoshi et al., 2012]. In a developed country, subtype IIaA15G2R1 is overwhelmingly the 

leading subtype in calves, however, in the United Kingdom, Ireland, and Australia, subtype 

IIaA18G3R1 is the most recorded subtype [Xiao, 2010]. Most of the GP60 nucleotide sequences 

detected from the different prefectures were identical to each other and belonged to the 

IIaA15G2R1 subtype. However, I also identified subtype IIaA14G3R1, subtype IIaA13G1R1, and 

subtype IIaA14G2R1, in newborn calves in Japan. Here, I identified C. bovis and C. ryanae in the 

newborn calf that is unusual for the early age of hosts. Though the early age of calves is probably 

more susceptible to the C. parvum infection while earlier studies supported C. bovis and C. ryanae 

were found through all ages of animals [Feng et al., 2007]. These studies demonstrated the C. 

parvum with the IIaA15G2R1 subtype is predominant, however, it is not the only subtype, three 

more C. parvum subtypes, namely IIaA14G3R1, IIaA14G2R1, IIaA13G1R1, were detected in 

calves for the first time in Japan. It was probably because the study area was extended in more 

prefecture of Japan. This study identified Cryptosporidium infection in both dairy and beef calves. 

It would need to take careful precautions in the early period of the calves and keep up proper 

hygiene to control this infection as well as to save the economic losses of farmer. 

In chapter 3, the molecular evaluation for the detection of Cryptosporidium agents in calves, 

lambs, and goat kids having diarrhea is discussed. The frequency of C. parvum infection differs in 

between country to country and also the studies. This current study revealed the higher prevalence 

of C. parvum and also detected two zoonotic subtypes of C. parvum IIa and IId in young ruminants 
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in Konya, Turkey. The variability in the earlier prevalence of C. parvum reported most likely 

reflects differences in the strategy of the studies. One study in Australia was carried out to decide 

the effects of cryptosporidiosis on growth and found lambs that infected with Cryptosporidium 

were lose weight up to 1.65 kg lighter than healthy lambs at slaughter [Sweeny et al., 2011]. Since 

its detection in cattle in 1971, Cryptosporidium is progressively a well-recognized reason for 

diarrhea in the newborn calf [Silverlas et al., 2010], which leads to progressive dehydration, 

growth hamper, and perhaps death. The occurrence of cryptosporidiosis relied either on the 

Cryptosporidium species and subtypes or the environmental exposure which determined by the 

elements such as season, the convenience of water supply and hygiene applies [Leitch and Qing, 

2011]. Here, I identified 11 subtypes of C. parvum in young ruminants in their early stage of life. 

Three of them (IIaA12G3R1, IIaA11G3R1, and IIaA13G4R1) were novel subtypes found in calves 

and lambs. Among the causes of human cryptosporidiosis by these protozoans, direct contact 

between humans and animals is of great importance or contaminating oocysts of water or food, 

and this situation poses a risk especially for children, veterinarians, and other people who handle 

daily and take care of animals. These results indicate the high chances of potential sources of 

zoonotic transmission from young ruminants to children.  

In brief, my study emphasizes the molecular characterization of Cryptosporidium parasites. 

Here, the zoonotic subtype IIa of C. parvum was identified in poultry and young ruminants, and 

another zoonotic subtype IId of C. parvum was identified in calves. People and other animals could 

be infected with this potential zoonotic pathogen. Therefore, it is important to consider 

Cryptosporidium as a risk for both human and animal health, and the economy. It would need to 

take precautions, growing awareness, and practice of good hygiene everywhere for the people to 

prevent this zoonotic infection. 
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General Summary 

 

Cryptosporidium parasites cause an important economic problem in the animal industry 

sector. Outbreaks of cryptosporidiosis in hosts facilitate by the number of high shedding of 

environmentally resistant oocysts. The protozoa multiply in the intestine and again form oocysts, 

which are released from the body along with feces and become a new source of infection. Infection 

may lead to severe diarrhea with abdominal pain, inability to absorb nutrients from the intestinal 

tract, and lead to death in young livestock animals with insufficient immunity. Moreover, chlorine 

disinfection does not kill the oocysts shell. So, Cryptosporidium cannot be completely removed at 

the water purification plant. For this reason, large-scale outbreaks of waterborne infections have 

been reported all over the world. Moreover, studies of the Cryptosporidium species based on the 

dissemination and transmission pathway are significant in the aspect of public health and food 

production. The present study performed to evaluate an epidemiological analysis for molecular 

detection of Cryptosporidium samples in poultry and young ruminants. Because of medical and 

veterinary importance, Cryptosporidium is considered one of the recorded vital studied pathogens. 

In chapter 1, the first molecular investigation for the identification of Cryptosporidium 

genotypes and subtypes in poultry at open live bird markets in Bangladesh was performed. C. 

baileyi, C. meleagridis, and C. parvum were found in poultry. Nucleotide sequence analyses of the 

GP60 gene of the C. meleagridis revealed that two subtypes (IIIbA21G1R1 and IIIbA23G1R1) 

were found in broiler, native and sonali chickens, and a pigeon. Here, I also identified two novel 

subtypes (IIIbA21G2R1 and IIIbA20G2R1) of C. meleagridis in sonali chickens, a broiler chicken, 

and a layer chicken. Moreover, this study found C. parvum IIa subtypes (IIaA11G2R1 and 
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IIaA13G2R1) in a sonali and a broiler chicken. I can assume that poultry might act as an important 

source of contaminations of Cryptosporidium for human beings and other animals. Besides, the 

information revealed the recent status of cryptosporidiosis in the live bird market in Bangladesh, 

and effective control methods were required to decrease financial losses due to the infection. 

In chapter 2, the evaluation of Cryptosporidium molecular study in many prefectures of 

Japan was conducted. Consequently, Cryptosporidium was found both in beef and dairy calves. 

The recent study revealed C. parvum is widely distributed in the early age of diarrhoeic calves in 

Japan. C. bovis and C. ryanae were also detected in dairy calves. One mixed-species infection was 

detected in a beef calf having C. parvum, and C. ryanae. I detected the most common subtype of 

C. parvum (i.e., IIaA15G2R1), as well as other subtypes (i.e., IIaA14G3R1, IIaA14G2R1, and 

IIaA13G1R1) that have not previously been detected in calves in Japan. These records showing 

the existing distribution of C. bovis and C. ryanae infection in cattle in Japan was not found in a 

single prefecture rather extent it to different prefectures. The data demonstrate the wide diversity 

of Cryptosporidium infection in calves in Japan.  

In chapter 3, a successful detection system was used to demonstrate the specific occurrence 

of zoonotic C. parvum subtype families (IIa and IId) in Turkey. The recent study demonstrates that 

calves, lambs, and goat kids are likely a major susceptible of C. parvum. C. bovis was identified 

in a calf, and sequence analyses of the gp60 genes presented the most common zoonotic subtypes 

(IIa and IId) of C. parvum. This study detected 11 subtypes (IIaA11G2R1, IIaA11G3R1, 

IIaA12G3R1, IIaA13G2R1, IIaA13G4R1, IIaA14G1R1, IIaA14G3R1, IIaA15G2R1, IIdA16G1, 

IIdA18G1, IIdA22G1); three of them (IIaA12G3R1, IIaA11G3R1 and IIaA13G4R1) were novel 

subtypes found in calves and lambs. Additionally, three subtypes (IIaA11G2R1, IIaA14G3R1, and 

IIdA16G1) were detected in young ruminants for the first time in Turkey. These results indicated 
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the considerable occurrence of C. parvum infection in Turkey and implied such infection as a 

national challenge. This study proposed the development of an effective control strategy for 

cryptosporidiosis via assessing the current situation of the occurrence of C. parvum in Turkey.  

Overall, all of my studies emphasize the molecular characterization of Cryptosporidium 

parasites. To prevent and control this disease, some steps need to be taken as much as possible. 

Firstly, the development of vaccines and drugs has been, however, needed a long time. Secondly, 

it is needed to improve hygiene and sanitation from top to the bottom label of the society because 

the people are directly or indirectly involved with the animals and the environment. Finally, based 

on the One Health concept, the authority of the respective region or country should take initiatives 

to stop the infectious environmental exposure and to control the animal movements especially in 

the borderline areas, and to practice good hygiene. The government should also take precautions 

on the management system and publicity for growing awareness to the people in the country to 

prevent this Cryptosporidium infection by proper implementation of laws, hygienic rules, and 

efficient control approach for cryptosporidiosis.  
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和文要約 
 

クリプトスポリジウムは、ヒトや家畜を含めた哺乳動物の他に鳥類、魚類などにも寄生する。

コクシジウム類に属する腸管寄生原虫で、通常の浄水システムではろ過できない。水や食べ物

の中では、殻に覆われたオーシストの形で存在し、体内に入ると小腸の中でオーシストの中に

いたスポロゾイドが腸粘膜上皮細胞に侵入する。原虫は腸の中で増殖し、再びオーシストを形

成し、これが糞便とともに体外に放出され、新たな感染源となる。感染すると、腹痛を伴う激

しい下痢症状が続き、腸管からの栄養吸収ができず、免疫力がまだ十分ではない幼若な畜産動

物においては斃死に至ることがある。このことから、クリプトスポリジウム症は世界の畜産業

に大きな経済的打撃を与えている。オーシストの殻は塩素消毒でも死滅しない。従って、浄水

場ではクリプトスポリジウムを除去しきれない。このことから、世界中で水系感染による大規

模な集団感染が報告されてきた。本研究では、家禽類と幼若な反芻類を宿主としてクリプトス

ポリジウムの分子疫学解析を行った。獣医学分野や医学分野において、クリプトスポリジウム

は重要な病原体と考えられる。 

第一章では、バングラデシュの鳥肉市場で販売されている鳥肉からクリプトスポリジウムの

分子疫学解析を行った。結果として、Cryptosporidium baileyi, C. meleagridis, C. parvum の同定に

成功した。次に、C. meleagridisの GP60 の遺伝子解析によって、IIIbA21G1R1 と IIIbA23G1R1 の

サブタイプに分けられることを明らかとした。両サブタイプは、ブロイラー、地鶏、ソナリ

（交雑鶏）、ハトの腸管から同定された。また、C. meleagridis の新しいサブタイプとして、

IIIbA21G2R1 と IIIbA20G2R1 をソナリ、ブロイラー、産卵鶏から同定した。さらに、C. parvum 

IIa サブタイプ（IIaA11G2R1, IIaA13G2R1）をソナリとブロイラーから同定した。このことは、

家禽類がヒトを含めた動物へのクリプトスポリジウムの感染源となり得ることを示唆している。

さらに、現状のバングラデシュの鳥肉市場においてはクリプトスポリジウム症蔓延による経済

的な損失を防ぐため、公衆衛生上の対策を講ずる必要がある。 

第二章では、日本の仔ウシの下痢便を採取し、前例の無い規模でのクリプトスポリジウムの

分子疫学調査を行った。C. parvum は肉牛と乳牛の両方から同定されたことから、日本の離乳前

の仔ウシに C. parvum が広く蔓延し、下痢症を起こしていることがわかる。乳牛については C. 

bovis, C. ryanae も同定された。一頭の肉牛において、C. parvum と C. ryanae の混合感染が同定さ

れた。C. parvum については、最も高頻度で同定されるサブタイプである IIaA15G2R1 とともに、

これまで日本のウシでは見られなかったサブタイプである IIaA14G3R1, IIaA14G2R1, 

IIaA13G1R1 が同定された。これらの結果から、C. bovis, C. ryanae の日本のウシへの現在の感染

状況が明らかとなり、１つの道県に留まらず、複数の県まで感染が広がっていることがわかる。

本研究は、日本のウシでのクリプトスポリジウム症の広範な蔓延を示唆するものである。 

第三章では、これまで構築したクリプトスポリジウムの分子疫学系を用いて、トルコの仔ウ

シ、仔ヒツジ、仔ヤギの糞便サンプルから人獣共通感染性である C. parvumのサブタイプファミ

リーである IIa, IId の同定に成功した。本研究の結果から、仔ウシ、仔ヒツジ、仔ヤギが C. 
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parvum の媒介動物になっていることが示唆された。C. parvum IIa, IId の同定には、GP60 遺伝子

の分子系統樹解析を用いた。一方で、C. bovis も仔ウシから同定された。さらに、仔ウシと仔ヒ

ツジの糞便サンプルから、IIaA11G2R1, IIaA11G3R1, IIaA12G3R1, IIaA13G2R1, IIaA13G4R1, 

IIaA14G1R1, IIaA14G3R1, IIaA15G2R1, IIdA16G1, IIdA18G1, IIdA22G1 の 11 のサブタイプを同定

した。この中の３サブタイプ（IIaA12G3R1, IIaA11G3R1, IIaA13G4R1）は新しいものである。さ

らに、３サブタイプ（IIaA11G2R1, IIaA14G3R1, IIdA16G1）はトルコの幼若反芻類からは初めて

同定されたものである。以上の結果から、トルコにおいてクリプトスポリジウムの感染は頻繁

に起こっており、国の公衆衛生上の対策が求められる。特に、C. parvum の発生状況については

現在の状況を適切に把握していくことが感染対策につながると考える。 

以上のことから、本研究ではクリプトスポリジウム症の同定と遺伝子解析に焦点を当て、解

析を行った。バングラデシュにおいては、クリプトスポリジウム症の爆発的な感染を避けるた

めにも、疫学解析と公衆衛生上の監視を徹底する必要がある。また、日本、トルコにおいても

反芻類におけるクリプトスポリジウム症の効率的な感染制御対策の構築を行っていく必要があ

る。その際に、本研究のデータは大きく貢献することが期待できる。一方で、この重要な原虫

病に対抗するため、さらなる解析を行っていく必要がある。 
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