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ABSTRACT
The intra cellular protozoan parasite Cryptosporidium sp. is one of the major causes of diarrhea in calf and other animals. During our study period we collected 50 diarrheic faeces samples of calves from 3 different districts (Chittagong, Pabna and Syrajgong) in the country. For diagnosis of Cryptosporidium sp. we have used molecular DNA based tools including highly sensitive nested polymerase chain reaction (nested PCR) and gel electrophoresis to identify the Cryptosporidium sp. from diarrheic faeces of calf below 6 months of age. For nested PCR analysis, specific primers for amplification of 581 base pair fragments of 18s rRNA gene were used. We could not find any positive band in first time reaction, based on this result it can’t sure that all the Templates were negative for DNA, because another investigator found 10% positive result from same sample by Z-N staining and due to time limitation we could not run pcr for several times up to standardization.
Key words: Cryptosporidium, nested PCR, calves.
INTRODUCTION
Bangladesh is an agriculture based country. Livestock is one of the major resources in this sector.  There is about 20.75 million animals (Anonymous, 2007).Among the reared animals most of them are cattle. These animals are reared primarily for milk, meat and skin.
Diseases are one of the major problems for cattle rearing. Among these diseases diarrhea is one of the major cause for Cattle calf’s mortality. Calf can be suffered from diarrhea due to different causal agents like bacteria, virus, protozoa and parasites. Cryptosporidium sp are one of the chief causes for protozoan diarrhea. Cryptosporidium is reported to be present in more than 90% of all US dairy farms and or 50% or more of all dairy calves will shed detectable number of oocysts (Sischo et al., 2000). Yong animals are more susceptible to infection and disease while in adults it is asymptomatic in most cases. Calves are more susceptible shortly after birth and infection has been reported in both dairy and beef calves (Xiao and Herd, 1994; Garber et al., Atwill at el., 1999). The duration of infection is usually short, lasting about two weeks with peak oocysts shedding during the second week of infection (Ongerth and Stibbs, 1989; Xiao and Herd, 1994; Kemp and Wright, 1995; O’Handley et al., 1999; Uga et al., 2000). Clinical signs are usually manifested in calves 7-30 days of age with mild to moderate, pale or yellowish diarrhoea, which is accompanied by mucus. The condition can last for two weeks and alongside dehydration, calves become lethargic and anorexic, contributing to weight loss. They do not respond to antibiotic therapy and in more severe cases, dehydration and cardiovascular collapse leads to mortality (Olson et al., 2003). However, the healthy calves can be subclinically infected which contributes continuous oocyst excretion in faeces (Tzipori, 1988).

  Cryptosporidium is an important cause of enteric infection in calf with severe outbreaks and high case fatality has been reported by several authors (Tzipori et al., 1981; Angus et al., 1982; Johnson et al., 1999). Previous reports indicate the prevalence of Cryptosporidium from 5% up to 77% worldwide (Bomfim et al., 2005; Ryan et al, 2005a; Santin et al, 2007 ).
Several molecular tests to detect parasites have been developed over the last decade. Their specificity and sensitivity have gradually increased, and parasites that were previously difficult to diagnose using conventional techniques began to be identified by molecular DNA based techniques such as PCR, Real-time PCR, sequence analysis and bioinformatics. Until now, molecular epidemiological data concerning calf’s cryptosporidiosis are limited. Considering the limited data on prevalence and molecular characterization of Cryptosporidium in calf, the present study was undertaken with a number of objectives as below:-

· To use nested PCR for identification of Cryptosporidium spp. in the laboratory from diarrheic feces samples.

· To investigate the prevalence of Cryptosporidium spp. from calves in selected areas of Bangladesh.

REVIEW OF LITERATURE

 Cryptosporidium and Cryptosporidiosis

Cryptosporidium spp. are member of the phylum Apicomplexa and are found in human and animal populations worldwide.  People and animals are vulnerable to these important opportunistic protozoa which causes Cryptosporidiosis. The protozoa have a wide host range as it can infect more than 152 species of human and animals. It has a predilection for epithelial cells in the digestive tracts of a wide variety of hosts which includes humans, livestock, companion animals, wildlife, birds, reptiles and fishes (O’Donoghue, 1995). 

 Taxonomy

 All species of Cryptosporidium are taxonomically classified as below (Levine 1985)-

Phylum: Apicomplexa

 Class: Sporozoasida

   Subclass: Coccidiasina

     Order: Eucoccidiorida

       Suborder: Eimeriorina

         Family: Cryptosporidiidae

           Genus: Cryptosporidium

Diagnosis
A number of tests have been developed for the diagnosis of Cryptosporidium sp. These involve direct detection by microscopy of faecal materials after using specialized staining techniques (Garcia et al., 1983). The modified acid-fast stain (Ziehl-Neelsen stain) and auramine stain is widely used but has the limitation of relatively low sensitivity (Weber et al., 1991). However, examining under UV light with a rhodamine filter can increase the sensitivity up to 100 times (Nielsen and Ward, 1999). Use of polyclonal or monoclonal antibodies for detection by immunolabelling has also been developed, but proved less sensitive than conventional staining (Garcia and Shimizu, 1997). The recently developed PCR amplification technique has been found to be very specific and highly sensitive, targeting different genes including the oocyst wall protein (COWP), the small subunit of rRNA, (-tubulin, TRAP-C1, TRAP-C2, ITS1, polythreonine repeat (poly-T), dihydrofolate reductase (DHFR), and sequences and mRNA of heat shock proteins (Sulaiman et al., 1999). The efficacy of this technique for detection of Cryptosporidium in environmental and clinical samples has also been reported in several studies (da Silva et al., 1999). Certainly, the use of the PCR technique with sequence analysis provides help for genetic characterization of Cryptosporidium at the species level which can contribute significantly to epidemiological investigations. 

 Molecular identification of Cryptosporidium sp. based on Nested PCR
Different types of molecular diagnostic tools have been used in the identification of Cryptosporidium species. Several genes including 18S rRNA based tools are now generally used in identification of Cryptosporidium in humans, animals and water samples. Table 1 shows example of such reports where different genes and primer sets were used.
Table 1: Selected reports where PCR based diagnosis was used for Cryptosporidium identification by different investigators

	Gene 
	Primer
	Primer sequence 
	References

	18s rRNA gene
	18SiCF2

18SiCR2

18SiCF1

18SiCR1
	5-GAC ATA TCA TTC AAG TTT CTG ACC-3

5-CTG AAG GAG TAA GGA ACA ACC-3

5-CCTATC AGC TTT AGA CGG TAG G-3

5-TCT AAG AAT TTCACC TCT GAC TG-3
	Ryan et al., 2003



	GP60 gene
	AL3531

AL3535
AL3532
AL3534
	5-ATA GTC TCC GCT GTA TTC-3

5-GGA AGG AAC GAT GTA TCT-3

5- TCC GCT GTA TTC TCA GCC-3
5-GCA GAG GAA CCA GCA TC-3
	Chalmers et al., 2007

	SSU rRNA gene
	CPB-DIAGF

CPB-DIAGR
	5-AAG CTG GTA GTT GGA TTT CTG-3

5-TAA GGT GCT GAA GGA GTA AGG-3
	Ondˇrej et al., 2004.

	COWP gene,
	CRY-9

CRY-15
	5-GGA CTG AAA TAC AGG CAT TAT CTT G-3
5-GTA GAT AAT GGA AGA GAT TGT G-3
	Ondˇrej et al., 2004

	HSP70 gene
	_
	5–GGTGGTGGTACTTTTGATGTATC-3
5 –GCCTGAACCTTTGGAATACG-3

	Budu-Amoako et al., 2011


MATERIALS AND METHOD
 Source of samples

During the study, a total of 50 fresh fecal samples of calves were collected from SA Quadery Teaching Veterinary Hospital (SAQTVH) of the Chittagong Veterinary and Animal Sciences University (CVASU), Syrajgonj and Pabna district. The age of the animals were below 6 months and permission from all the owners were sought during fecal sample collection for this study. All relevant data such as breed, sex, age, housing, feeding, treatment history were recorded for further analysis.

Study area and period

The animals were located in Chittagong, Pabna and Sirajgong district. The experiment was carried out at   Poultry Research & Training Center (PRTC) and the Parasitology Laboratory of the Department of Pathology & Parasitology, Chittagong Veterinary & Animal Sciences University (CVASU). The study period was during September, 2013 until March, 2014.

 Collection of fecal samples

Feces were collected directly from the rectum of calf into a clean plastic specimen container that was immediately labeled and carried to the Laboratory. The fecal samples were preserved in – 20°C freezer for DNA extraction.
DNA extraction from fecal samples
Total genomic deoxyribonucleic acid (DNA) was directly extracted from fecal samples, using the QIAamps DNA stool mini kit (Qiagen®) according to manufacturer’s instructions (Qiagen, Hilden, Germany). Briefly the protocol was as follows: 
Materials and Reagents:
•
Buffer ASL

•
Buffer AL

•
Buffer AW1

•
Buffer AW2

•
Buffer AE

•
Proneinase K

•
QIAGEN InhibitEx ® tablet.

•
96-100% ethanol. 
Protocol: Isolation of DNA from faeces for Pathogen Detection
1. 180-220 mg faces were weighed in a 2 ml eppendorf tube and the tube placed on ice.

2. 1.4 ml Buffer ASL was added to each fecal sample. Continuously vortex was performed for 1 min or until the faeces sample is thoroughly homogenized. 

3. Samples were placed on liquid N2 for 5 min & then transferred to hot water bath for 5 min (This step was repeated for 4 times). 

4. Vortexed for 15s and centrifuged sample at full speed for 1 min to pellet faces particles. 

5. Pipetted 1.2 ml of the supernatant into a 2ml eppendrof tube and discarded the pellet. 

6. 1 InhibitEX Tablet was added to each sample and vortexed immediately and continuously for 1 min or until the tablet is completely suspended. Incubated suspension for 1min at room temperature to allow inhibitors to adsorb the InhibitEX matrix. 

7. Sample was centrifuged at full speed for 6 min to pellet inhibitors bound to InhibitEX matrix.

8. All the supernatant were pipetted into a new 1.5 ml eppendorf tube and discarded the the pellet.The sample was centrifuged at full speed for 3 min. 

9. 15 µl Proteinase K was pipetteded into a new 1.5 ml eppendrof tube. 

10.  200 µl supernatant was pipetted from step 8 into the eppendrof tube containing proteinase K.   

11.  200 µl Buffer AL was added and vortexed for 15s. 

12. Samples were incubated at 70o C for 10 min. 

13. 200 µl ethanol (96-100%) was added to the lysate & mixed by vortexing. 

14. A new QlAamp spin column placed in a 2 ml collection tube was labeled and lided. The complete lysate was carefully applied from step 13 to the QIAamp spin column without moistening the rim. The cap was closed and Centrifuged at full speed for 1 min. The QIAamp spin column was placed in a new 2 ml collection tube, and discarded the tube containing the filtrate.

15. The QIAamp spin column was carefully opened and 500 µl Buffer AW1 was added. The cap was closed and Centrifuged at full speed for 1 min. The QIAamp spin column was placed in a new 2 ml collection tube, and discarded the collection tube containing the filtrate.  

16. The QIAamp spin column was carefully open and 500 µl Buffer AW2 was added. The cap was closed and Centrifuged at full speed for 4 min. The collection tube containing the filtrate was discarded.  

17. Recommended: The QIAamp spin column was placed in a new 2 ml collection tube and discarded the old collection tube with the filtrate and centrifuge at full speed for 1 min. 

18. The QIAamp spin column was transferred into a new and labeled 1.5 ml eppendrof tube. The QIAamp spin column was carefully opened and pipeted 100 µl Buffer AE directly onto the QIAamp membrane. The cap
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 was closed and incubated for 1 min at room temperature, then Centrifuged at speed for 1 min to elute DNA.
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Fig 1:Samples before DNA extraction        Fig 2: Samples kept in liquid Nitrogen
Fig 3 : Samples in hot water bath.          Fig 4: Samples in centrifuge                   
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Fig 5: PCR tubes placed in Thermocycler          Fig 6:  Agarose gel electrophoresis  
 Nested PCR analysis of 18s rRNA gene  
 For the primary PCR, a PCR product of 758 bp was amplified using the primers mentioned below (Table 2). For the secondary PCR, a fragment of 581 bp was amplified using 1 µl of primary PCR product and the primers mention below (Original Gene Bank accession number: AF112573.1 ; Ryan et al., 2003). Section 3.6.2 (Page 22)

Table 2: Primer for 18s rRNA gene amplification

	Name of primer
	Sequence of primer
	Lengh of sequence
	Start 
	Stop

	18 SiCF2 (Forward primer)
	GAC ATA TCA TTC AAG TTT CTG ACC
	24bp
	271
	294

	18 SiCR2 (Reverse primer)
	CTG AAG GAG TAA GGA ACA ACC
	21bp
	1028
	1008

	18 SiCF1 (Forward primer)
	CCT ATC AGC TTT AGA CGG TAG G
	22bp
	293
	314

	18 SiCR2 (Reverse primer)
	CTA AGA ATT TCA CCT CTG ACT G
	22bp
	873
	852


 Preparation to perform PCR: 

PCR reactions were performed using each DNA sample in a 20 µl reaction mix containing the reagents in a PCR tube. DNA was extracted from  faecal samples from all 50 isolates using the QIAamp Stool Mini Kit (Qiagen) according to the manufacturer’s instructions, incorporating an initial step of four freeze-thaw cycles (freezing in liquid nitrogen for 5 min and heating at 70oC for 5 min) in the protocol to maximise oocyst lesion. The eluted DNA was dissolved in 15 ml ultra-pure water. For the amplification of the 18S ribosomal DNA (18S rDNA) gene, previously described PCR protocols were used (Ryan et al., 2005b). Amplification products were visualized on 1.0% agarose gels with ethidium bromide (described later). A positive (known DNA) and negative (PCR water) control samples were included in each PCR reaction. 

Table 3: Reagent used in first round of nested PCR

	Components
	Initial concentration
	Final concentration
	Total reaction volume 

 (20 µl)

	GoTaq Green Master mix (Promega Cat. No. #M7122 (Contain Taq polymerase, dNTP, MgCl2, buffer)
	2x
	1x
	10 µl

	Primer (Forward and Reverse)
	1x
	1x
	2 µl

	Template (from eluted DNA recovered after DNA extraction)
	1x
	1x
	2 µl

	Double distilled deionised water
	
	
	6 μl


 Agarose gel electrophoresis 

Electrophoresis was performed using agarose (Promega®) and tris buffer (TAE) solution. The PCR product was visualized in the 1.0% agarose gel by addition of ethidium bromide or SYBR Green dye (Sigma). These bind strongly to DNA by intercalating between the bases and is fluorescent meaning that it absorbs invisible UV light and transmits the energy as visible orange light. (Geurden et al., 2008).

Materials and Reagents:

Materials: 

· Conical flask 

· 50ml test tube

· Aluminium foil

· Electronic balance

· Microwave oven.

· Gel electrophoresis tank.

· Agarose

· Micropipette
· UV transilluminator

Reagents: 

· 1.0% agarose

· 50x TAE buffer.

· Distilled water

· Ethidium bromide

· SYBR Green® dye

Procedure of agar gel electrophoresis: 

1. For 1.0% agarose gel, we had weighted out 500 mg of agarose into a flask and mixed with up to 50ml X50 TAE buffer in the conical flask.  

2. The mixture was then heated in a microwave oven until agarose was completely dissolved.

3. The agarose-TAE buffer solution was then allowed to cool in room temperature.

4. Gel casting tray was prepared by sealing ends of gel chamber with tape or appropriate         casting system and placed appropriate number of combs in gel tray. 

5. 20 microlitre of ethidium bromide or 1 micriltre of SYBR Green dye (X10,000) was added to agarose-TAE buffer mixture, shaked well & poured into gel tray

6. The gel was then allowed to be cool (left for 15-30 minutes at room temperature). 

7. Now the Comb(s) were removed and the electrophoresis chamber will be filled with buffer (TAE buffer) until the casted gel is drowned completely.

8. 5 µl of DNA & 3 µl of Molecular weight marker (ladder) were loaded onto gel.


9. The electrophoresis was run at 110 volt and 140 mA for 30-50 minutes. 

10. The gel then were taken to the UV transilluminator for image acquisition and analysis.

RESULTS

 For molecular identification by PCR based approach, total DNA was extracted from all diarrheic fecal samples. Known positive standard were used during each PCR run. Optimization of PCR was achieved with different temperature and thermal profiles were followed as described previously by other investigators who have used similar primer sets to identify Cryptosporidium from fecal samples. Using nested PCR approach, 18s rRNA gene was amplified and no bands was observed. (Fig: 7 & 8)
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Fig 7:                                                                   fig:  8
Fig : Electrophoretic  (1% Agarose) separation of 18s rRNA gene fragment, Lane M, 100 bp ladder (Marker);no bands found in another lane using sample. 
DISCUSSION
Calves under 6 months of age are frequently infected with Cryptosporidiosis.  Cryptosporidiosis has been reported in several countries by a number of investigators. The prevalence rates have been reported that varies widely according to the sample size and geographic distribution. The prevalence recorded by a study performed by another investigator in CVASU found that 10% in calves was positive for Cryptosporidium using Ziehl-Neelsen technique. Previous reports indicate the prevalence of Cryptosporidium can be from 5% up to 77% worldwide (Bomfim et al., 2005; Ryan et al, 2005a; Santin et al, 2007).We have used nested PCR technique which is highly sensitive for diagnosis of Cryptosporidium spp  .But unfortunately due to some unknown reason we could not find any bands after electrophoresis. The reasons why the DNA bands did not come may be followings:
· The electrophoresis machine used in the study is too old to perform correctly.
· Gel electrophoresis tank was damaged due to many time uses.

· Molecular weight marker (ladder) might be spoiled due to long time use.
· Different reagents used in study those are sensitive to temperature might not be stored in proper way. 
· Agarose pulv. and SYBR Green® dye might be out of date.
· The samples might be spoiled due to improper cool chain maintain or long time storage.
· Due to time limitation the whole work could not be done again after study failure in another lab with different reagents and time limitations.
CONCLUSION
Cryptosporidiosis is a common cause of diarrhea in human and animals worldwide. It can be acquired by ingestion of Oocysts that were excreted in the faeces of infected individuals. Transmission can occur from person to person, from animal to person, animal to animal by ingestion of contaminated feed and water or contact of contaminated surfaces. The protozoan is highly resistant to environmental and chemical hazards and its propagation in vitro is difficult. No effective chemotherapy has been identified for the treatment of the disease in adult human and animals making cryptosporidiosis a persistent disease in the immunocompromised with high potential of transmission. As it is a zoonotic disease with persistent occurrence, its prevalence and epidemiological study is a matter of concern worldwide now a day for effective prevention and control. We have used highly sensitive nested PCR technique for identification and prevalence study of Cryptosporidium spp.  During this study we have used 18S rRNA gene which was also found to be effective in identifying Cryptosporidium sp. at this level. But unfortunately after jel run due to some limitation we did not successfully completed the study. But from another study using Z-N staining it appears that cryptosporidiosis is one of the major causes for calves’ diarrhea.  We did not find positive results that mean we had some problems in the whole procedure that should be recovered in further study. 
Finally, we have found that the molecular technique of nested PCR approach is highly sensitive but time consuming for routine diagnosis of cryptosporidiosis in laboratory that can be used for diagnostic and research purposes.
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