



Crude extract of adult Pseudophyllidean tapeworm, Spirometra erinacei fromTanzania and use in serodiagnosis of human sparganosis 
ABSTRACT
Sparganosis is a zoonotic parasitic disease caused by the larvae (spargana) of the genus Spirometra which is worldwide distributed. More than 60 species of Spirometra have been identified and over 2000 cases have been reported. A seroepidemiologic examination for the detection of anti-Spirometra erinacei in serum was carried out in normal inhabitants in Babati district, Tanzania. Sere were tested by enzyme-linked immunosrobent assay (ELISA) for the antibodies.  Antigen of adult Spirometra was extracted by using Bradford assay method (1976). The extract was used as antigen, specific antibody levels in sparganosis sera reacted positively. Sera of 31 inhabitants from Babati were tested by enzyme-linked immunosorbent assay (ELISA). Out of 31 participant's sera, 19 (61.3%) reacted positively to crude extracts of adult Spirometra. This result showed that crude extracts of adult S. erinacei could be used as a diagnostic antigen of human sparganosis.
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INTRODUCTION
Human sparganosis is caused by a larval stage of pseudophyllidean tapeworms belonging

to the genus Spirometra. Cases of sparganosis have been reported worldwide. However, sparganosis is more common in Asia [1]. Spirometra species have complex life cycle involving 2 intermediate hosts, first intermediate host is freshwater copepods (Cyclops spp.), second intermediate host are am​phibians (tadpoles and frogs) or reptiles (snakes) that consume copepods whilst drinking water [2]. The plerocercoid larva, the sparganum, frequently infects humans by the consumption of raw or undercooked meat from the second intermediate host, or con​sumption of untreated water containing procercoid-infected copepods [3]. The definitive hosts are mainly domestic and wild carnivores (canids, and felids) that prey on the intermediate or paratenic hosts. In humans, the disease produced by the development of the Spirometra’s plerocercoids is known as sparganosis [4,5]. In rare cases, the adult stage of Spirometra spp. can develop in the human intestine, developing spirometrosis [6]. Few species of Spirometra have been reported in Africa.
  S. theileri has been found in the bush cat (Leptailurus serval) and the tiger cat (Felis lybica) near Pretoria, and in the lion (Panthera leo) in DRC Congo (Baer, 1959) [7]. The plerocercoids of Spi​rometra (spargana) have been detected in wild her​bivorous mammals such as buffalo, zebra, wildebeest and wart​hogs in Tanzania and Kenya [8,9]. Adults of S. theileri were collected from dogs and cats experi​mentally infected with spargana from warthogs (Phacochoerus africanus) in Tanzania [10]. The parasites usually infect the subcutaneous and muscle layer but may invade the visceral organs and the central nervous system, resulting to severe neurological manifestations [11, 12]. Enzyme linked immuno sorbent assay (ELISA) is a sensitive and specific serodiagnostic tool for subcutaneous or cerebral sparganosis [13; 14].  Therefore, it is almost possible to determine whether a patient is infected or not. It is important to examine inhabitants at the infection prevalent area before the worm migrates to the brain. In Gangweon-do, the positive rate of sparganum antibody was higher than other 
provinces in Korea [15; 16]. This study was carried out to investigate whether ELISA was effective for detection of human sparganosis in normal adults in Gangweon-do, Korea. In serological diagnosis of the disease, the crude extracts of the sparganum have been used as an antigen [13].
 However, in the present study it was difficulty to obtain the spargana from naturally infected second intermediate hosts (birds and mammals). Therefore, it was decided to search for another source of antigen and evaluate if its antigenicity is to be useful. Therefore, in the present study we evaluated the use of crude extracts of adult S. erinacei as a diagnostic antigen.
Materials and Methods
Study area

The study was carried out in Babati District, Manyara Region in northern Tanzania. The main economic activities of the residents include subsistence agriculture and livestock keeping. Babati was purposely selected for this study because it borders with Tarangire National Park. The villages involved in the study were Mamire, Mawemairo, Sarame and Gichameda. The four villages selected borders with Tarangire National Park. 
Sample collection
Serum of 31 inhabitants from Babati district, Tanzania was used in this study. Participants were randomly selected after explaining to them the aim of the study. Challenges encountered in the study, majority of the participants were not ready to be taken blood in fear that it was being tested for HIV. Despite of being explained the aim of the study but the majority refused completely. Those who accepted to participate in the study, about 4 ml of blood was collected from each participant using vacutainers. Blood was left at room temperature for 3 hours, serum was pipetted into cryotubes which were preserved in the refrigerator at temperature 4ºC until transported in cool box with ice cubes to Sokoine University of Agriculture, Morogoro, where was stored at freezing temperature -20⁰C until use.

Collection of adult worm of Spirometra erinacei
Adult worm of Spirometra was collected from the small intestine of infected dog from Minjingu village near Tarangire National Park. The worm was preserved in 70% ethanol at room temperature until use. The species of the worm was confirmed by Polymerase chain reaction (PCR).
Protein extraction from adult Spirometra worm

Pieces of adult worm about 1cm were placed in a falcon tube washed with PBS several times. Transferred into 4 tubes of 1.5 ml where was meshed, 1.5 ml of PBS was added. The tubes were transferred in a box with liquid Nitrogen at -180ºC for 1 min. then transferred in a water bath at 37ºC for 2 min. It was repeated several times until the tissue lysed. The samples were sonicated, and centrifuged for 15 min. at 3000g. The supernatant was transferred into new tubes stored at -20ºC until used.

Determination of protein concentration 

Protein determination was done by using Bradford method [18] (The Quick Start Bradford Assay Kit, USA). The procedure was performed in a 250 μl microplate assay. Two wells were pipetted with 500 μl of 1x dye reagent and labeled as blank. The next seven wells in duplicate were labeled as sample, transferred to each well 250 µl of a mixture (10μl of extracted protein in 500µl of 1x dye reagent). The microplate was transferred to spectrophotometer to measure absorbance of the standards, blanks and samples after 5 minutes.
Antigen-ELISA

The positive control of human serum of a patient with sparganosis from areas suspected to be infected was not available. However, commercial antigen of cysticercosis was used in this study.
Serum levels of antibody specific to spargana were measured by ELISA [8]. The crude extract parasite antigen (adult Spirometra) was diluted to a concentration of 10 ng/µl in sterile PBS. Then pippeted 30 µl of this solution into the ELISA wells. 
ELISA plates were incubated over night at 4ºC in a wet chamber.
Serum to be tested was diluted to 1:200 in 2% skim milk (blocking solution). Dried ELISA plate with antigen was incubated overnight by heating it on a tissue to get rid of excess antigen solution, then pippeted 200 µl of skim milk in each well for blocking  binding sites not needed then was incubated for 30 min at room temperature ranging from 23-25 ºC. Washed ELISA plates three times with PBS (200 µl in each well). Serum sample to be tested 30 µl was pippeted in each well. Sample incubated for 60 min at room temperature. Washed ELISA plate three times with PBS (200 µl in each well). Diluted anti-human-IgG-peroxidase-conjugated secondary antibody (Goat anti-Human IgG H+L, USA) to 1:400 in 2% skim milk then 30 µl pippeted in the wells to block  binding sites not needed. The plate incubated for 60 min at room temperature. Washed ELISA plate three times with PBS (200 µl in each well). Substrate-TMB (amresco) 30 µl was pippeted in each ELISA well. The plate incubated for 30 min at room temperature. Absorbance at 595 nm was read using an ELISA reader (Nano Quant Infinite M200PRO TECAN).
Polymerase chain reaction (PCR) 

Spirometra DNA was extracted from blood sample using blood 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 of 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 rDNA 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 above described method, 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 rDNA and mtCOI

The PCR product was purified with QIAquick 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 [9].
Data Analysis
The data were analysed by using spectrophotometer. The blank values were subtracted from the average value from the standard and unknown sample values.

A standard curve was plotted the 595 nm values (y-axis) versus their concentration in μg/ml (x-axis). The unknown sample concentration was determined by using the standard curve. A typical standard curve using the microassay procedure with BSA was plotted. In this case the sample was not diluted. The final concentration of protein is in the formula (y= 0.3650x + 0.2761).

Antibody test

Serum antibody levels, specific to sparganum, were measured by ELISA. In this study there was no positive control from patients diagnosed to have sparganosis. We tried to find commercial antigen from different parts abroad we could not get it. However, we decided to redesign the study since we had serum of humans from areas suspected to be infected. It has been reported that in serological studies of cestodes cross-reaction does occur [10]. Therefore, we used commercial antigens of cysticercosis. The following protocol was adopted.

Parasite antigen (adult Spirometra) was diluted to a concentration of 10 ng/µl in PBS. Pippeted 30 µl of this solution into the ELISA wells. ELISA plates incubated over night at 4ºC in a wet chamber.

Serum to be tested was diluted to 1:200 in 2% skim milk (blocking solution). Dried ELISA plate with antigen incubated overnight by beating it on a tissue to get rid of excess antigen solution. Pippeted 200 µl of skim milk in each well for blocking not needed binding sites and was incubated for 30 min at room temperature (23-25 ºC). Washed ELISA plates three times with PBS (200 µl in each well). Serum sample to be tested 30 µl was pippeted in each well. Sample incubated for 60 min at room temperature. Washed ELISA plate three times with PBS (200 µl in each well). Diluted anti-human-IgG-peroxidase-conjugated secondary antibody (Goat anti-Human IgG H+L, USA) to 1:400 in 2% skim milk then 30 µl pippeted in the wells to block not needed binding sites. The plate incubated for 60 min at room temperature. Washed ELISA plate three times with PBS (200 µl in each well). Substrate-TMB (amresco) 30 µl was pippeted in each ELISA well. The plate incubated for 30 min at room temperature. Then read on an ELISA reader (Nano Quant Infinite M200PRO TECAN). In determining the sensitivity and specificity of the respective antigens, a cut off absorbance of 0.006 was determined by the following formula: sample average=0.381 and standard deviation=0.0012. Cut off point: 0.381+2x0.0012=0.006
Any reading above the cut of point was considered as positive and any reading below cut off point was considered as negative.
Ethical clearance
Ethical clearance for this research project was obtained from the National Institute for Medical Research Tanzania (NIMR/HQ/R.8a/Vol.IX/1285). Respective health and government authorities at regional and district level received copies of the ethical clearance from the National Institute for Medical Research Tanzania. At individual level an informed consent was sought after detailed explanation of the purpose and benefits of the study.
Results
Characteristic of individual respondents

A total of 31 (males = 12, females =7) individuals participated in the study. The overall average mean age of respondents was 33.2 (range 18-95 years). Crop production was the main source of income for the respondents (100%).

The antigenicity of crude extracts of adult S. erinaceie was used for serodiagnosis of human sparganosis. Antisparganum specific antibody (IgG) levels in sera was measured by using the crude extract of adult S. erinacei as antigen. Cysticercosis serum was used as a positive control. Out of 31 sera samples of inhabitants tested, 19 (61.3%) sera showed positive reactions to the adult S. erinacei antigen (Table 1). There were 12 (38,7%) positive males and 7 (22.6%) positive females. The age range was males (18-95) years and females (18-80) years. 

Table 1 Result of ELISA

	
	Total
	Positive
	Negative

	
	
	
	
	

	Babati district
	
	
	
	

	Male (18-95)
	17
	12
	5
	

	Female (18-80)
	14
	  7
	7
	

	Children (<18)
	-
	-
	-
	

	Total
	31
	19
	12

	
	
	
	

	
	
	
	

	
	
	
	


DISCUSSION
Human sparganosis is a chronic infection of long duration [19]. In most cases the infection manifest without symptoms. Serological diagnosis of the infection can be done because the antigenic epitopes recognize the antibodies produced as early as two weeks post infection [20]. The antibody test is the most feasible epidemiologic tool in obtaining a large scale prevalence data of human sparganosis [21], it has been reported the sensitivity of the antibody test to be 85.7% and the specificity 97.5% when undertaken by ELISA. The anti-sparganum antibody test has been reported to have cross-reactivity with Cysticercosis [22]. In the present study 62.5% of participants reacted positively to anti-sparganum antibody test in their serum and there was no reaction in cysticercosis. Prevalence data in this study coincide very well with the previous epidemiologic findings of human sparganosis of case records in Korea [13]. The antibody test is supplementary to confirm the diagnosis, also is a useful sero-epidemiological survey tool [14]. The use of crude extracts of adult S. erinacei for serodiagnosis of sparganosis has been previously reported [23;24]. The present study showed that adult extracts of S. erinacei could be used in the serodiagnosis of human sparganosis. In addition, adult worms have the benefit of providing the large amounts of antigen. 
CONCLUSION AND RECOMMENDATION
The present study is the first in record to determine the antibody of spargana in inhabitants of Babati district in Tanzania by using crude extracts of adult S. erinacei antigen. This result showed that crude extracts of adult S. erinacei could be used as a diagnostic antigen of human sparganosis. It is recommended that crude extracts of adult Spirometra should be used in epidemiological studies of sparganosis which is a public health problem.
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