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Abstract u
The heartworm Dirofilaria immitis is a filarial parasitic nematode infecting dogs and iﬁF a?d il L
rererences
other mammals worldwide causing fatal complications. Here, we present the first All images (]
1
large-scale survey of the adult heartworm transcriptome by generation and analysis All tables i

of 4005 expressed sequence tags, identifying about 1800 genes and expanding the

available sequence information for the parasite significantly. Brugia malayi genomic data offered the most valuable
information to interpret heartworm genes, with about 70% of D. immitis genes showing significant similarities to the
assembly. Comparative genomic analyses revealed both genes common to metazoans or nematodes and genes
specific to filarial parasites that may relate to parasitism. Characterization of abundant transcripts suggested important
roles for genes involved in energy generation and antioxidant defense in adults. In particular, we proposed that adult
heartworm likely adopted an anaerobic electron transfer-based energy generation system distinct from the aerobic
pathway utilized by its mammalian host, making it a promising target in developing next generation macrofilaricides and
other treatments. Our survey provided novel insights into the D. immitis transcriptome and laid a foundation for further
comparative studies on biology, parasitism and evolution within the phylum Nematoda.
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nematode; Caenorhabditis elegans; Energy generation

Article Outline

1. Introduction
2. Materials and methods
2.1. Source material, library construction, and EST sequencing
2.2. Sequence analysis and functional assignment
3. Results and discussion
3.1. Properties and clustering of ESTs
3.2. Similarities to genes from other species
3.3. Transcripts expressed abundantly in adult D. immitis
3.3.1. Abundant D. immitis adult transcripts include genes encoding subunits of the mitochondrial
electron transfer complex |
3.3.2. Abundant D. immitis adult transcripts and antioxidant defenses
3.4. Wolbachia transcripts in adult D. immitis
3.5. Functional categorization and other sequence analysis
4. Conclusions
Acknowledgements
Appendix. Supplementary data
Supplementary data
References

| voume| | issue| | Page| | Clear(d Go(Q

@)

-} E-mail Article 4 Add to my Quick Links

M ~ddto scollab
4/ Permissions & Reprirts

. Cited By in Scopus (2)

Miss the
latest
medical
research?

Related Articles in ScienceDirect

= Tetracycline Inhibits Development of the Infective-Stag...
Experimental Parasitology

= Canine heartworm (Dirofilaria immitis) detected in red ...
Veterinary Parasitology

= Dirofilaria immitis: Effect on the longevity of Aedes t...
Experimental Parasitology

= Brugia pahangi and Dirofilaria immitis: Experimental in...
Experimental Parasitology

= An ivermectin-sensitive glutamate-gated chloride channe...
International Journal for Parasitology

3 View More Related Articles

View Record in Scopus


http://www.sciencedirect.com/science?_ob=HomePageURL&_method=userHomePage&_lg=Y&_version=1&_urlVersion=0&_userid=10&md5=6598e96ba90d6eaa4a18de7710f4cca3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=978daadb837dcd6b8a8f428ae7cc0038#Skip Buttons
http://www.info.sciencedirect.com/licensing/access/guest_user/
http://www.sciencedirect.com/science?_ob=FederationURL&_method=display&_type=f&_version=1&_userid=10&md5=9f4dc03e1974c63f8e91622307f6dd79
https://www.sciencedirect.com/science?_ob=RegistrationURL&_method=display&_type=guest&_returnURL=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%3F_ob%3DArticleURL%26_udi%3DB6T7F-4JM0T7S-2%26_user%3D10%26_rdoc%3D1%26_fmt%3D%26_orig%3Dsearch%26_sort%3Dd%26view%3Dc%26_acct%3DC000050221%26_version%3D1%26_urlVersion%3D0%26_userid%3D10%26md5%3D978daadb837dcd6b8a8f428ae7cc0038&_version=1&_userid=10&md5=a15e69a51c4251e886cfac3bca9dbbd4
http://www.sciencedirect.com/science?_ob=ReminderURL&_method=display&_version=1&_userid=10&md5=45d397050628a55e321bfa5fbb2c60b0
http://www.sciencedirect.com/science?_ob=HomePageURL&_method=userHomePage&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=6598e96ba90d6eaa4a18de7710f4cca3
http://www.sciencedirect.com/science?_ob=BrowseListURL&_type=all&_auth=y&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=ef01b88b8563799c371c027518fece40
http://www.sciencedirect.com/science?_ob=UserSubscriptionURL&_method=begin&_btn=Y&_version=1&_urlVersion=1&_userid=10&md5=845af9e22dfcb7f416abaa8614703244
http://www.sciencedirect.com/science?_ob=MiamiSDIURL&_method=listAlerts&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=41951ca0611de062f4a005e13b8ac4c3
http://www.sciencedirect.com/science?_ob=HelpURL&_file=browse_open_doc.htm&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=42f9c2f0d2efb2c9999c10f506909a0e
http://www.sciencedirect.com/science?_ob=HelpURL&_file=qs_tips.htm&_version=1&_urlVersion=0&_userid=10&md5=3edec3e716cfe480614285f68bf724e0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=978daadb837dcd6b8a8f428ae7cc0038&clearQS=y
http://ad.doubleclick.net/jump/scidir.rbi/;categ=infectious;acct=;sz=728x90;ptile=1;ord=437141?
http://www.sciencedirect.com/science/journal/00207519
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235057%232006%23999639992%23625659%23FLA%23&_cdi=5057&_pubType=J&view=c&_auth=y&_version=1&_urlVersion=0&_userid=10&md5=3f829860a9b7cce8ca499660d03fdbe2
javascript:fontSizeMinus('articleBody', 'science');
javascript:fontSizeAdd('articleBody', 'science');
javascript:toggleTabs('unsubTab')
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T7F-4JM0T7S-2-D&_cdi=5057&_user=10&_orig=search&_coverDate=06%2F30%2F2006&_sk=999639992&view=c&wchp=dGLzVzz-zSkWz&md5=1d8f604564147cb1eb803e128167a1cf&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=EmailFriendURL&_method=gatherInfo&refSource=abst&count=1&_uoikey=B6T7F-4JM0T7S-2&_version=1&_userid=10&md5=e9d70c762590d9c90b16195006682ab0
http://www.sciencedirect.com/science?_ob=QuickLinksURL&_method=createIntLink&_type=abstract&_key=B6T7F-4JM0T7S-2&_version=1&_userid=10&md5=57ed3c16dde3ccce527a9eec136e86b4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=795&_udi=B6T7F-4JM0T7S-2&_targetURL=http%3A%2F%2Fwww.2collab.com%2Fbookmark%2Faddsd%3Fpii%3DS0020751906000828%26resize_to_fit%3Dyes&_version=1&_userid=10&md5=a0594195e0f89ecd4e3667dd050be2b5
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=936&_udi=B6T7F-4JM0T7S-2&_targetURL=https%3A%2F%2Fs100.copyright.com%2FAppDispatchServlet%3FpublisherName%3DELS%26contentID%3DS0020751906000828%26orderBeanReset%3Dtrue&_version=1&_userid=10&md5=2fc1255225bb0fbeb7170df4f36c0777
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_udi=B6T7F-4JM0T7S-2&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-33744979498%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Da80ba16b7f4a811fa555018663c7b98a&_version=1&_userid=10&md5=f193aea77f823ebbb7730a304028a0c9
http://ad.doubleclick.net/jump/scidir.rbi/;categ=infectious;acct=;sz=336x280;ptile=1;ord=437141?
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFH-45FBYCT-1D&_user=10&_origUdi=B6T7F-4JM0T7S-2&_fmt=high&_coverDate=08%2F31%2F2000&_rdoc=1&_orig=article&_version=1&_urlVersion=0&_userid=10&md5=1d6293d91306ef23a313d9c73c2878f2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFH-45FBYCT-1D&_user=10&_coverDate=08%2F31%2F2000&_rdoc=1&_fmt=high&_orig=article&_cdi=6795&_sort=v&_docanchor=&view=c&_ct=91&_version=1&_urlVersion=0&_userid=10&md5=6e44a5199f2736f2a1d8aba84fde0af5
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6WFH-45FBYCT-1D-1&_cdi=6795&_user=10&_orig=article&_coverDate=08%2F31%2F2000&_sk=999049995&view=c&wchp=dGLzVzz-zSkWz&md5=7fe16c9df1fae3c5f46e36a50b54b2a3&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-3TB55F8-6&_user=10&_origUdi=B6T7F-4JM0T7S-2&_fmt=high&_coverDate=07%2F31%2F1998&_rdoc=1&_orig=article&_version=1&_urlVersion=0&_userid=10&md5=ed196e81cfcb0ae9da1a8bdcc353d1ef
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-3TB55F8-6&_user=10&_coverDate=07%2F31%2F1998&_rdoc=1&_fmt=high&_orig=article&_cdi=5191&_sort=v&_docanchor=&view=c&_ct=91&_version=1&_urlVersion=0&_userid=10&md5=3955c54814b1d04a54eea4137cd9e69d
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TD7-3TB55F8-6-3&_cdi=5191&_user=10&_orig=article&_coverDate=07%2F31%2F1998&_sk=999219997&view=c&wchp=dGLzVzz-zSkWz&md5=4da1966a54ef7731b57de50ec01a050b&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFH-4C52J80-1HJ&_user=10&_origUdi=B6T7F-4JM0T7S-2&_fmt=high&_coverDate=02%2F28%2F1978&_rdoc=1&_orig=article&_version=1&_urlVersion=0&_userid=10&md5=e9fd012297e61f413a21caf55f5b42c6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFH-4C52J80-1HJ&_user=10&_coverDate=02%2F28%2F1978&_rdoc=1&_fmt=high&_orig=article&_cdi=6795&_sort=v&_docanchor=&view=c&_ct=91&_version=1&_urlVersion=0&_userid=10&md5=50accc55c31def40cd3cb5ae81ee377a
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6WFH-4C52J80-1HJ-1&_cdi=6795&_user=10&_orig=article&_coverDate=02%2F28%2F1978&_sk=999559998&view=c&wchp=dGLzVzz-zSkWz&md5=6c46f3d934f72a8180f587f851220e0a&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFH-4C52JDC-1KK&_user=10&_origUdi=B6T7F-4JM0T7S-2&_fmt=high&_coverDate=06%2F30%2F1979&_rdoc=1&_orig=article&_version=1&_urlVersion=0&_userid=10&md5=73ca20f7249a0ac7314f17389d246a1b
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFH-4C52JDC-1KK&_user=10&_coverDate=06%2F30%2F1979&_rdoc=1&_fmt=high&_orig=article&_cdi=6795&_sort=v&_docanchor=&view=c&_ct=91&_version=1&_urlVersion=0&_userid=10&md5=854de1bc24199fd45d5223ce6b23fb6f
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6WFH-4C52JDC-1KK-1&_cdi=6795&_user=10&_orig=article&_coverDate=06%2F30%2F1979&_sk=999529996&view=c&wchp=dGLzVzz-zSkWz&md5=090ff64bce06619428cab82d9f1a57ba&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4CGM45Y-1&_user=10&_origUdi=B6T7F-4JM0T7S-2&_fmt=high&_coverDate=08%2F31%2F2004&_rdoc=1&_orig=article&_version=1&_urlVersion=0&_userid=10&md5=376aba48f04d592b15318c5dc30ef2fe
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4CGM45Y-1&_user=10&_coverDate=08%2F31%2F2004&_rdoc=1&_fmt=high&_orig=article&_cdi=5057&_sort=v&_docanchor=&view=c&_ct=91&_version=1&_urlVersion=0&_userid=10&md5=82ac3caa850daa924bfe4098a44e3742
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T7F-4CGM45Y-1-B&_cdi=5057&_user=10&_orig=article&_coverDate=08%2F31%2F2004&_sk=999659990&view=c&wchp=dGLzVzz-zSkWz&md5=7d7cce845382128b57fbfd09af0a0b5d&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=RelatedArtURL&_udi=B6T7F-4JM0T7S-2&_orig=article&_version=1&_userid=10&md5=8b8403bb2ea3e007b34f09e6562b407d
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_udi=B6T7F-4JM0T7S-2&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Frecord.url%3Feid%3D2-s2.0-33744979498%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Da80ba16b7f4a811fa555018663c7b98a&_version=1&_userid=10&md5=efa13f5502ae8e38b2f58a3f3a15695d
http://dx.doi.org/10.1016/j.ijpara.2006.03.002
http://www.sciencedirect.com/science?_ob=HelpURL&_file=doi.htm&_version=1&_urlVersion=0&_userid=10&md5=42910f38c1e339e3ee8ea7c261b448ca
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#afn1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#cor1
mailto:yyin@watson.wustl.edu
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#aff1
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T7F-4JM0T7S-2-D&_cdi=5057&_user=10&_orig=search&_coverDate=06%2F30%2F2006&_sk=999639992&view=c&wchp=dGLzVzz-zSkWz&md5=1d8f604564147cb1eb803e128167a1cf&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#sec2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#sec9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#sec10
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx10
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#ack001
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#app1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#secx11
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#bibl001
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#fig1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#fig2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#fig3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#fig4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#tbl1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#tbl2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#tbl3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4JM0T7S-2&_user=10&_coverDate=06%2F30%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5057&_sort=d&_docanchor=&view=c&_version=1&_urlVersion=0&_userid=10&md5=81d2eb1f98cfccbc7c6077997a50d3c4#tbl4

International Journal for Parasitology
Volume 36, Issue 7, June 2006, Pages 829-839

Home Browse My Settings Alerts Help

About ScienceDirect | Contact Us | Information for Advertisers | Terms & Conditions | Privacy Policy

ELsEVIER | Copyright © 2008 Elsevier B.V. All rights reserved. ScienceDirect® is a registered trademark of Elsevier B.V.



http://www.sciencedirect.com/science/journal/00207519
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235057%232006%23999639992%23625659%23FLA%23&_cdi=5057&_pubType=J&view=c&_auth=y&_version=1&_urlVersion=0&_userid=10&md5=3f829860a9b7cce8ca499660d03fdbe2
http://www.sciencedirect.com/science?_ob=HomePageURL&_method=userHomePage&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=6598e96ba90d6eaa4a18de7710f4cca3
http://www.sciencedirect.com/science?_ob=BrowseListURL&_type=all&_auth=y&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=ef01b88b8563799c371c027518fece40
http://www.sciencedirect.com/science?_ob=UserSubscriptionURL&_method=begin&_btn=Y&_version=1&_urlVersion=1&_userid=10&md5=845af9e22dfcb7f416abaa8614703244
http://www.sciencedirect.com/science?_ob=MiamiSDIURL&_method=listAlerts&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=41951ca0611de062f4a005e13b8ac4c3
http://www.sciencedirect.com/science?_ob=HelpURL&_file=browse_open_doc.htm&_btn=Y&_version=1&_urlVersion=0&_userid=10&md5=42f9c2f0d2efb2c9999c10f506909a0e
http://www.elsevier.com/
http://info.sciencedirect.com/
http://www.sciencedirect.com/science?_ob=MiamiCommentURL&_method=comment&_version=1&_urlVersion=0&_userid=10&md5=35f41839c31e7692695b9f6f9354f204
http://www.elsevierscitech.com/forms/sd/form.html
http://www.sciencedirect.com/science?_ob=UserSubscriptionURL&_method=displayTerms&_version=1&_urlVersion=1&_userid=10&md5=f189b1772be4be97ef9c79993345bfc6
http://www.sciencedirect.com/science?_ob=UserSubscriptionURL&_method=displayPolicy&_version=1&_urlVersion=1&_userid=10&md5=7632ca5cffa5389abb351d0aa4ff543a
http://www.elsevier.com/

