



Molecular Identification of Spirometra erinaceieuropaei from a dog in Minjingu Ward, Babati District, Tanzania
Abstract: This study investigated the Spirometra tapeworm (Cestoda:Diphyllobothridae) collected from a dog in Minjingu ward in Tanzania using molecular analysis. The amplicons derived from genomic DNA samples from single adult worm were subjected to sequencing and compared with that of S. erinaceieuropaei from the Gene Bank. The gene arrangement in the mt genome sequences of S. erinaceieuropaei from Tanzania is identical. The identity of the mt genomes is 100% between S. erinaceieuropaei from Tanzania and Gene Bank. Phylogenetic analysis was performed gave well supported, congruent tree topology of S.erinaceieuropaei. The finding concluded that S. erinaceieuropaei are distributed in Tanzania. Therefore, we can know for the first time that dog is the definitive host of this tapeworm in Tanzania. These findings can be useful to the molecular diagnosis and control of Spirometra infections in human.
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Introduction

Tapeworms in the genus Spirometra belongs to the order Psuedophyllidea family Diphyllobothridae was first reported by Rudolphi (1819) in Europe after collecting spargana from hedgehog (Erinaceus europaeus). Spirometra is classified into three species Spirometra erinacei (also known as Spirometra erinaceieuropaei), Spirometra mansonoides and Proliferative sparganosis (Miyazaki,1991). The parasite causes sparganosis and is worldwide distributed. In China, Japan and Southeast Asia the most common species is Spirometra erinacei (Sparks, 1976). S. mansonoides has been reported in USA (Mueller, 1935) and Proliferative sparganosis has been reported from a range of carnivorous mammals species (Buergelt, 1984; Beveridge, 1998; Nobrega-Lee, 2006). S. erinaceieuropaei and S. mansonoides are responsible for sparganosis in Asia and Americas (Anantaphruti, 2011). Few species of Spirometra have been reported in Africa. S. pretoriensis (=Luhella pretoriensis) has been found in the bateared fox (Otocyon megalotis) in South Africa (Baer, 1924) and in the African wild dog (Lyacoon pictus) in DRC Congo Baer and Fain,1955). Adults of S. theileri were collected from dogs and cats experimentally infected with spargana from warthogs (Phacochoerus africanus) in Tanzania (Opuni,1974). S. pretoriensis was found in hyena in Ethiopia (Graber,M, 1981). The eggs and proglottids have been found in faecal samples of spotted hyena (Cocruta cocruta) and in lion (Muller-Graf, 1995, 1999; Bjork, 2000). Spirometra species was found in the intestines of lions and wild dogs in the Luangwa Valley, Zambia (Beresten,2012). In lions from Tarangire, northern Tanzania, the prevalence of Spirometra was higher than that of other intestinal helminthes (Kavana,2015).
The genus Spirometra has been identified by using a combination of ecological, biological and morphological criteria (Furukwa, 1969; Schmidt, 1986).   In recent years, DNA techniques in particular, polymerase chain reaction (PCR) has emerged as one of the useful complementary tools for the identification and genetic characterization of cestodes (MacManus, 1996). Mitochondrial DNA (mtDNA) sequencing has provided genetic markers for addressing questions in systematics and population genetics of Spirometra. Miyadera, (2001) reported that S. erinaceieuropaei and S. proliferum are distinct species after employing mtDNA cox1 gene sequences. However, a recent study showed that mtDNA cox1 sequences are useful genetic markers for the identification of Spirometra species (Nakao, 2007). Additionally, the complete mt genome sequences allow accurate resolution of taxonomic relationships even at deep levels than single gene or single region of mt DNA (Gissi, 2008). Although the single gene or single region of mt DNA have been considered as useful molecular makers, the complete mt genome sequences have significantly improved the power and resolution of phylogenetic analysis compared with single gene or single region (Douglas, 2011; Santamaria, 2007). Cestoda is a large animal class, complete mt genome of only few species have been sequenced and deposited in GenBank. In particular, S. erinaceieuropaei from Japan (GenBank accession No.NC_011037). In Tanzania, the Spirometra species from dog have not been investigated using molecular approaches. Thus, the aim of the present study was to characterize the Spirometra to species level by using molecular methods.
Materials and method
Study area

Minjingu ward was chosen as a study area in this study. The area is located 120 km Southeast of Arusha. The ward is at the entry of Tarangire National Park, it is bordering with the National Park to the North and part of Lake Manyara to the South. In this ward there is Minjingu Fertilizer Factory. The road from Arusha to Babati divides the ward into North and South. This area was selected because of its location, it borders with Tarangire National Park which has been reported lions to be infected with Spirometra species.
Sample collection
Random sampling of households keeping dogs was carried out. Faecal samples were collected from dogs per rectum, the faeces were placed in the plastic bags, labeled and preserved in cool box. The samples were taken to Tarangire National Park Veterinary laboratory where was processed. The sedimentation technique as described by Soulsby (1982) was used to detect the presence of Spirometra eggs in the samples. Two positive dogs were taken alive in a cage and transported to Sokoine University of Agriculture for post mortem. 
Isolation of Spirometra from animals
At Sokoine University of Agriculture, Morogoro one positive dog was sacrificed after euthanasia. Drugs used were: (i) Ketamine 50mg/ml 2mls IV, (ii) Xylazine 20mg/ml 2mls IV and (iii) Potasium chloride 10% 8mls intracardial.
The abdomen of the dog was opened. Small intestine was identified from the duodenum opened with a scissor until the adult worm was seen. 
The adult worm was transferred in a plastic tray with Normal saline. The scolex and neck of the worm could not be seen it was not removed with the strobila during manipulation. The parasite was washed several times in Normal Saline, identified morphologically, fixed in 70% ethanol and stored at room temperature until use. The strobila collected from the dog was 60 cm long. The mature and the gravid proglottids were 2.5 x 12.0 mm in average size.The genital and vaginal pore were located ventrally on the midline in the anterior 1/3 of the segment. The uterine pore was situated on the midline behind the anterior margin of the terminal uterine ball and the terminal uterine ball measured 350 µm in diameter. The uterus consisted of 3 loops. The ovary was highly dendritic and connected to the uterus.
Isolation of genomic DNA
Total genomic DNA was isolated from one whole adult worm of S. erinaceieuropaei by using sodium dodecyl sulphate/proteinase K treatment, followed by spin-column purification (DNeasy Tissue Kit) and eluted into 150 μl Buffer AE. In order to independently verify the identity of this specimen, mt cox1 gene was amplified by the polymerase chain reaction (PCR) and sequenced.
Polymerase chain reaction (PCR) 

Spirometra DNA was extracted from tissue sample using tissue extraction kit (Qiagen, Hilden, Germany). Polymerase chain reaction (PCR) was performed with PCR reaction cycle consisted of 40 cycles of denaturation at 95ºC for 20 seconds, annealing at 55ºC for 30 seconds and extension at 72ºC for 30 seconds followed by a final extension for 6 minutes. The PCR reaction mixture of 25 μl contained 4 µl of DNA template, 5pmol of forward primer (JB10, 5' GATTACCCGCTGAACTTAAGCATA 3') and reverse primer (JB9, 5' GCTGCATTCACAAACACCCCGACTC 3') targeted at 28S rRNA sequence (Bowles and McManus, 1994), 1X PCR buffer (35 mM Tris-HCl, pH 9.0, 3.5 mM MgCl2, 25 mM KCl, 0.01% gelatine), 0.25 M dNTP, 1 u Taq polymerase and 15.3 μl of nuclease free water. The PCR of mitocondrial Cytochrome Oxidase I (mtCOI) were performed using the method described above, but with different primers. The forward primer was JB3 (5' TTTTTTGGGCATCCTGAGGTTTAT 3'), and the reverse primer was JB4.5 (5' TAAAGAAAGAACATAATGAAAATG 3') (Bowles and McManus, 1994). The PCR condition used was the same as that described above, except for that annealing was done at 48ºC for 30 seconds.

Cloning and sequencing of 28S rRNA and mtCOI

The PCR product was purified with QIA quick Gel Extraction Kit (Qiagen, Hilden, Germany) and the nucleotide sequence of the amplified fragment was confirmed by sequence analysis. The amplified fragment was then cloned into pGEM-T Vector Systems (Promega, Wisconsin, USA) prior to DNA sequencing 
Sequence analysis 

Nucleotide sequences were aligned using CLUSTAL-W, which is available online (http://

www.ebi.ac.uk/Tools/msa/clustalw2). Pairwise nucleotide differences and genetic distance (defined as p-distance) between the sequences were calculated using MEGA4 (Tamura et al. 2007). Phylogenetic trees were constructed using the Neighbour-Joining (NJ) and Maximum Parsimony (MP) methods, also described in MEGA4. In the construction of the phylogenetic trees, bootstrap replicates of 1000 were used to test the robustness of the trees generated. The phylogenetic trees were outgroup rooted using the 28S rRNA nucleotide sequences of Digamma sp., because it represented a sister taxon (Fig. 6). 
Results
The PCR (Fig.1) was used to amplify ~300 bp and ~ 400 bp fragments of the parasite, sequenced and compared with the sequences deposited in the GenBank using the BLAST programs and databases. Nucleotide sequence identity was 100% similarity with S. erinaceieuropaei.
   The presence of parasite DNA in the sample colony PCR was used. The colony PCR (Fig.2) amplified the parasite fragments with a characteristic band of ~300 bp and ~ 400 bp, the fragments were confirmed by sequencing.
Table 1: PCR screening results and confirmatory sequencing results of Spirometra erinaceieuropaei isolates from Tanzania

	Host
	Origin
	PCR
	Result
	Confirmatory sequencing

	
	
	n
	Species
	n
	species

	Dog
	Tanzania
	3
	S. erinaceieuropaei
	3
	S. erinaceieuropaei


        L      1      2      3      4      5      6
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Figure 1: Gel electrophoresis of PCR products.

L = DNALadder

1 = Control Negative

2 & 3 = JB3/4.5 primers (≈300bp)

4 = Control Negative

5 & 6 = JB10/9 primer (≈400bp)

Arrow = 500bp

                                      1     2     3     4     L
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Fig.2: Gel electrophoresis of colony PCR

2 & 3 = M13 primers (≈300bp)

4 = Control Negative

L = DNALadder

Arrow = 500bp
Sequences of nucleotides by different primers used.
Ni-1-F.P (Forward primer JB3)
TGCCTGGGGTTCGGGATGGTGAGTCATGTGTGTAGTAAATTGGGTTGTTCCTATGATACTTTTGGTTTTTATGGTTTGTT

ATTTGCTATGTTTTCAATAGTATGTTTAGGTAGTGTGGTTTGGGGGCATCACATGTTTACGGTTGGGTTGGATGTGAAGA

CTGCTGTTTTTTTTAGTTCTGTAACTATGATTATTGGGGTCCCCACTGGGATAAAGGTGTTTTCTTGGTTGTACATGATT

TTGAATAGTCGTGTGTCGTTGCGCGAGCCTGTGTTTTGGTGGGTTTTGTCTTTTATAGTATTGTTTACAATGGGAGGGGT

TACTGGTATAATTCTTTCTGCTTGTGTGTTGGATAAAATTTTGCATGATACTTGGTTTGTGGTGGCTCATTTTCATTATG

TTCTTTCTTTAAATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTG

AGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCAC

AATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTG

CGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGA

GGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGT

ATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGAAAGAACATGTGAGCAAAAGGCCA

GCAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCTGACGAGCATCACAAAAAT

CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCTGTAGCTCCCTCGTGCGCT

CTCTGTTCCG
Figure 3: Nucleotide sequence of DNA of Spirometra isolates from Tanzania using Forward primer JB3
Ni-2-F.P (Forward primer JB10)
TGCCCTGGGTTCGGGATGGTGAGTCATGTGTGTAGTAAATTGGGTTGTTCCTATGATACTTTTGGTTTTTATGGTTTGTT

ATTTGCTATGTTTTCAATAGTATGTTTAGGTAGTGTGGTTTGGGGGCATCACATGTTTACGGTTGGGTTGGATGTGAAGA

CTGCTGTTTTTTTTAGTTCTGTAACTATGATTATTGGGGTCCCCACTGGGATAAAGGTGTTTTCTTGGTTGTACATGATT

TTGAATAGTCGTGTGTCGTTGCGCGAGCCTGTGTTTTGGTGGGTTTTGTCTTTTATAGTATTGTTTACAATGGGAGGGGT

TACTGGTATAATTCTTTCTGCTTGTGTGTTGGATAAAATTTTGCATGATACTTGGTTTGTGGTGGCTCATTTTCATTATG

TTCTTTCTTTAAATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTG

AGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCAC

AATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTG

CGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGA

GGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGT

ATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCACGGGATAACGCACGAAAGAACATGTGAGCAAAAGGCC

AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTCCATAGGCTCCGCCCCCTGACGAGCATCACAAAAT

CGACGCTCAAGTCAGAGTGCGAAACCCGACAGGACTATAAGATACCAGGCGTTTCCCCTGAGCTCCCTCGTGCGCTCTCC

TGTCGACCCT

Figure 4: Nucleotide sequence of DNA of Spirometra isolates from Tanzania using Forward primer JB10

Ni-3-M13F (Forward primer M13)
TGCCCTGGGTTCGGGATGGTGAGTCATGTGTGTAGTAAATTGGGTTGTTCCTATGATACTTTTGGTTTTTATGGTTTGTT
ATTTGCTATGTTTTCAATAGTATGTTTAGGTAGTGTGGTTTGGGGGCATCACATGTTTACGGTTGGGTTGGATGTGAAGA

CTGCTGTTTTTTTTAGTTCTGTAACTATGATTATTGGGGTCCCCACTGGGATAAAGGTGTTTTCTTGGTTGTACATGATT

TTGAATAGTCGTGTGTCGTTGCGCGAGCCTGTGTTTTGGTGGGTTTTGTCTTTTATAGTATTGTTTACAATGGGAGGGGT

TACTGGTATAATTCTTTCTGCTTGTGTGTTGGATAAAATTTTGCATGATACTTGGTTTGTGGTGGCTCATTTTCATTATG

TTCTTTCTTTAAATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTG

AGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCAC

AATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTG

CGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGA

GGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGT

ATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCACGGGATAACGCACGAAAGAACATGTGAGCAAAAGGCC

AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTCCATAGGCTCCGCCCCCTGACGAGCATCACAAAAT

CGACGCTCAAGTCAGAGTGCGAAACCCGACAGGACTATAAGATACCAGGCGTTTCCCCTGAGCTCCCTCGTGCGCTCTCC

TGTCGACCCT
Fig. 5. Nucleotide sequence of DNA of Spirometra isolates from Tanzania using Forward primer M13
Phylogenetic relationships
Phylogenetic analysis of Spirometra species was performed using the Bayesin inference and maximum likelihood methods based on partial mitochondrial coxI sequences of Spirometra spp, Digamma sp (Dm-1AF520953), Ligula sp (AF520954), Digamma interrupta (DQ925325), Diphyllobothrium (DQ925326), Spirometra sp (JL-2010HQ228992), Schistocephalus solidus (AF286944), D. pacificum (DQ925327) D. nihonkaiense (AB302388), D.latum(AB302387), Spirometra erinaceieuropaei (AF004717) and Nicholas worm (SP-2RC).  Phylogenetic tree topologies generated using the Bayesian inference and maximum likelihood methods were identical as shown (Fig.6).

Figure 6: Maximum likelihood (ML) estimate of Spirometra erinacei phylogenetic     relationships based on cox1 sequences. Numbers above the branches represent bootstrap values for maximum likelihood.
Discussion

In the present study, this is the first report S. ernaceieuropaei from natural infection of a dog in Tanzania using mitochondrial cox1 gene sequence analysis. Spirometra species was first reported by Rudolphi (1819) in Europe after collecting spargana from hedgehog (Erinaceus europaeus). The identification was by morphological characters. Spirometra species can be identified based on morphological and molecular characters. A number of Spirometra species, described based on the biology and morphological features of the adult stage are of uncertain taxonomic status because of considerable variability in these features (Daly, 1982; Furukawa, 1969; Mueller, 1974). Biological variation within S. erinaceieuropaei has been documented by a number of authors (Furukawa, 1969; Mueller, 1974, Odening, 1982; Phares, 1966; Opuni, 1972). 

In the present study, we report S. erinaceieuropaei from naturally infection of a dog from Minjingu ward, Babati District, Tanzania using mitochondrial coxI, PCR technology and DNA sequencing techniques were used to identify the species. Primers JB3/4.5, JB10/9 for sample and M13 primer for colony were used. Amplicons for both sample and colony provided similar results for amplification. To confirm the positive clones PCR was conducted using M13 primer. This revealed that clones harbored inserts of approximately 400bp were similar to sample amplicons. In this study nucleotide sequencing was used as a confirmatory method. Sequences from positive bands of sample and clones were identical. They were compared with the sequences deposited in the GenBank using the BLAST programs and databases. Nucleotide sequence identity was 100% similarity to S.erinaceieuropaei. Molecular studies have previously not been used to demonstrate the species of Spirometra that exist in Tanzania. In the present study, this has been characterized and confirmed by using PCR and sequencing methods (molecular biology techniques) which showed for the first time, also the occurrence of S. erinaceieuropaei in dog from Minjingu ward, Babati District, Tanzania. The ward is boardering with Tarangire National Park where Spirometra sp was first reported in lions (Kavana, 2015). Molecular identification of Spirometra sp. has played a great role in improving understanding phylogenetic relationships, genetic variation and taxonomy. Mitochondrial DNA sequences have been utilized for phylogenetic reconstruction, taxonomic identification, population genetics and epidemiological investigations (Le,2002). In the present study, phylogenetic analysis of Spirometra species was performed using the Bayesin inference and maximum likelihood methods based on partial mitochondrial coxI sequences of Spirometra spp, from Minjingu ward, Babati District, Tanzania.
Molecular taxonomy based on suitable markers have been documented for identification of a group of morphologically similar parasites. These markers, such as cox1 have been used previously for the identification of Spirometra erinaceieuropaei (Okamoto, 2007; Wang,2011; Liu, 2012;Wei, 2014). In the present study cox1 was used in the identification of Spirometra erinaceieuropaei collected from a dog. The present study has given interesting results which can be applied to samples of different hosts in Tanzania. 
Conclusions
The present study determined the complete mt genome sequence of S. erinaceieuropaei from Tanzania. These new mtDNA will provide useful novel markers for studying the molecular epidemiology and have implications for the diagnosis, prevention and control of sparganosis in canid animals and humans. However, further studies are needed to evaluate the Spirometra species responsible for human sparganosis in the country.
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