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Ticks cause huge economic losses as a result of injury,
tick pyaemia and tick paralysis, besides transmitting various
pathogens including bacteria, virus and protozoan parasites
to the host animals. Prevalence of several tick species from
domestic ruminants has been reported by different workers
(Saravanan et al. 2008, Ronghang and Roy 2014, Patel et
al. 2013 and Patel et al. 2014) but very limited reports are
available on the prevalence of ticks on the mithun
(Rajkhowa et al. 2005, Chamuah et al. 2012, Chamuah et
al. 2015). During a study in two villages of Kohima district
of Nagaland, 2 ixodid tick species were collected from the
mithun. Identification of the ticks was based on the
morphological features but the species were identified using
internal transcribed spacer region-2 as the molecular probe.

Live specimens of gross ticks were collected from the
dewlap and inner aspects of thighs of the mithun from
Jotsoma and Khonoma villages with the help of thumb
forceps in plastic vials containing 70% alcohol and
thereafter processed in the laboratory by standard
procedures using 10% potassium hydroxide solution
(HMSO, 1979; Soulsby, 1986). Based on the available
morphological keys like anal grooves anteriorly, long palpi
and absence of festoons, these were identified as Ixodes
ticks. For the accurate identification of the ticks to the
species level, internal transcribed spacer-2 region of some
of the tick specimens was PCR amplified using the
following primers 5'-CTGCGAGACTTGGTGTGAAT–3'
and 5’-TATGCTTAAGTTCAGCGGGT–3' flanking 5.8S
and 28S rRNA genes (Poucher et al. 1999). Genomic DNA
of the 6 tick specimens was isolated with a commercial
genomic DNA isolation kit and was used as a template for
PCR amplification of the ITS-2 region of these ticks. The
PCR master mix (25 μl) was composed of 14μl nuclease
free water, 4 μl of dream Taq buffer, 2 μl of 10mM dNTP,
1 μl of 25Mm MgCl2, 1 μl of each forward and reverse
primer (10pm), Taq DNA 0.4 μl and 1.6 μl genomic DNA.

The PCR conditions followed for the amplification of
the ITS-2 were initial denaturation at 95°C for 5 min; 35
cycles at 95°C for 1 min, 60°C for 1 min, 72°C for 2 min
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and one cycle at 72°C for 5 min. The PCR products were
purified using gel extraction kit and custom sequenced at
University of Delhi. The sequence analysis and similarity
searches were performed with the basic local alignment
search tool (BLAST), NCBI. Specific identification of the
ticks was made by sequence comparison with available
sequences of the corresponding species in the GenBank
database.

ITS-2 region of the ticks collected from Khonoma village
on PCR amplification resulted in a PCR product of 900 bp
whereas Ixodes ticks collected from Jotsoma village
amplified a product of 1000 bp due to species difference.
Sequence analysis of the ITS-2 of the Ixodes tick from
Khonoma region showed 100% similarity with Ixodes
ovatus (acession no. AB280550) whereas ticks from
Jotsoma region showed 95% similarity with I. acutitarsus
(accession no. AB105168). Therefore, ticks collected from
Khonoma village were assigned to I. ovatus and those from
the Jotsoma village to I. acutitarsus. Based on the
morphological features of each tick specimen and
subsequent sequence analysis, it was thus confirmed that
both I. ovatus and I. acutitarsus were infesting the mithun
in these areas.

Ticks and tick borne diseases are a major constraint for
improved production of the animals. Moreover, infestation
of different ticks has been reviewed by different authors
from time to time. In India, I. acutitarsus was reported from
domestic cattle and yak in Arunachal Pradesh, Asom and
Sikkim (Ghosh et al. 2007, Sarvanan et al. 2008 and
Chamuah et al. 2015). I. acutitarsus was reported from the
mithun of Arunachal Pradesh by Ronghang and Roy (2014)
for the first time based on the morphological features of

Fig. 1. PCR amplification of ITS-2 region of Ixodes ovatus
(lanes 1,2) and I. acutitarsus (lanes 3–7). Lane M 100 bp DNA
ladder marker.
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these ticks. Human biting activity of I. acutitarsus was also
recorded in Taiwan (Chao and Shih 2012). The occurrence
of I .ovatus in Japan was reported by Megumi et al.(2004).
In India, occurrence of Ixodid ticks and seasonal prevalence
in cattle and buffalo was also reported from Mathura district
of Uttar Pradesh (Patel et al. 2013, Patel et al. 2014).
However, the present communication is the first report of
I. ovatus from the mithun of Nagaland. Based on PCR-RFLP
of the internal transcribed spacer-2 17 species of Ixodes
were identified in the United States of America (Poucher et
al. 1999). The species validity was also proved for
Boophilus annulatus, Hyalomma dromedarii and H.
anatolicum by PCR-RFLP of the ITS-2 (Kawther et al.
2005). The present finding is the first report on I. ovatus
infestation on mithun, along with the infestation of I.
acuitarsus being recorded by ITS-2 sequencing.

SUMMARY

An animal health check-up and treatment camp during
the year 2015 for the free ranging mithun (Bos frontalis)
organized at Khonoma and Jotsoma villages of Kohima
district, Nagaland showed Ixodid tick infestation on these
animals, with the ticks attached to the dewlap and inner
aspects of the thighs. Based on their morphological features,
the ticks were identified to belong to the genus Ixodes.
However, identification of these ticks to Ixodes ovatus and
I. acutitarsus was made by the sequence analysis of the
internal transcribed spacer-2 region of these ticks. The
present study showed both I. ovatus and I. acutitatarsus
are prevalent on the mithun in this area and is the first report
on the occurrence of I. ovatus on the mithun

ACKNOWLEDGEMENT

Authors were thankful to the Director, National Research
Centre on Mithun (ICAR) for providing facilities for this
study.

REFERENCES

Chamuah J K, Bhattacharjee K, Sarmah P C, Raina O K,
Mukherjee S. and Rajkhowa C. 2015. Report of Amblyomma
testudinarium in mithuns (Bos frontalis) from eastern Mizoram
(India). Journal of Parasitic Diseases DOI 10.1007/s12639–
015–0654–4.

Chamuah J K, Bhattacharjee K, Sarmah P C, Raina O K,
Mukherjee S and Rajkhowa C. 2015. Report of Amblyomma
testudinarium in mithuns (Bos frontalis) from eastern Mizoram
(India). Journal of Parasitic diseases DOI 10.1007/s12639–
015–0654–4

Chamuah J K, Singh V, Dutta P R, Khate K, Mech A. and

Rajkhowa C. 2012. Tick infestation in mithun. Indian
Veterinary Journal 89 (7): 140

Chao L L and Shih C M . 2012. First report of human biting activity
of Ixodes acutitarsus (Acari: Ixodidae) collected in Taiwan.
Experimental Applied Acarology 56 (2): 159–64

Ghosh S, Bansal G C, Gupta S C, Ray D, Khan M Q, Ishad H,
Sahidzzuwan S.U and Ahmed, J S. 2007. Status of tick
distribution in Bangladesh, India and Pakistan. Parasitology
Research 101: 207–16

HMSO.1979. Manual of Veterinary Parasitological Laboratory
Techniques. Ministry of Agriculture, Fisheries and Food,
Reference Book 418

Kawther M. El Kammah and Zaki A. El-Fiky .2005. Molecular
markers of some tick genera in Egypt based on the internal
transcribed spacer (ITS-2): 1– Ixodidae (Boophilus and
Hyalomma) Arab Journal of Biotechnology 8(1) : 61–66.

Megumi Inayoshi, Hirotaka Naitou, Fumihiko Kawamori,
Toshiyuki Masuzawa,and Norio Ohashi. 2004.
Characterization of Ehrlichia species from Ixodes ovatus Ticks
at the Foot of Mt. Fuji, Japan. Microbiol and Immunol 48(10):
737–45

Patel G, Shanker D, Jaiswal, A K, Sudan, V, Verma S K .2013.
Prevalence and seasonal variation in ixodid ticks on cattle of
Mathura district, Uttar Pradesh. Journal of parasitic diseases
37(2): 173–76.

Patel G, Shanker D, Jaiswal, A K, Sudan, V, Verma S K .2013.
2015. Prevalence and seasonal variation in Ixodid ticks on
buffaloes of Mathura district, Uttar Pradesh, India. Buffalo
Bulletin 34(1): 21–28.

Poucher K L, Hutcheson H J, Keirans J E, Durden L.A. and Black
W C. 1999. Molecular genetics key for the identification of
17 Ixodid species of the United States (Acari: Ixodidae): a
methods model. Journal of Parasitology 85: 623–29.

Rajkhowa S, Rajkhowa C, Bujarbaruah KM, Hazarika, GC. 2005.
Seasonal dynamics of Boophilus microplus infesting the
mithuns (Bos frontalis) of Nagaland. Indian Journal of Animal
Sciences 75: 25–26

Ronghang B. and Roy. B. 2014. Occurrence of Rhipicephalus
sanguineus and Ixodes acutitarsus (Acari: Ixodidae) among
semi wild cattle Bos frontalis in Northeast India. Entomolgy
and Applied Science letters 1 (3): 23–26.

Saravanan B C, Bandyopadhyay S, Pourouchottamane R,
Kataktalware M A, Ramesha K P. and Sarkar, M. 2008.
Incidence of Ixodid  tick infesting on yak (Poephagus
grunniens) and its hybrids in Arunachal Pradesh and Sikkim.
Indian Journal of Animal Science 78 (2): 159–60.

Saravanan B C, Bandyopadhyay S, Pourouchottamane R,
Kataktalware M A, Ramesha K P and Sarkar M .2008.
Incidence of Ixodid ticks infesting on yak (Poephagus
grunniens) and its hybrids in Arunachal Pradesh and Sikkim.
Indian Journal of Animal science 78 (2): 159–60.

Soulsby E J L.1986. Helminths, Arthropods and Protozoa of
Domesticated Animals,seventh ed. The English Language
Book Society. Bailliere and Tindall, London.pp.1– 809.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [396.000 612.000]
>> setpagedevice


