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PCR based detection of toxoplasmosis in tissue samples: A step towards
detection of toxoplasmosis in meat and post mortem samples
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ABSTRACT

The aim of the study was to find out a suitable marker gene for diagnosis of toxoplasmosis in tissue and meat
samples during meat inspection and/or during post mortem studies. PCR was used to diagnose toxoplasmosis in ten
inbred Swiss albino mice after experimental inoculation of 100 tachyzoites of laboratory maintained human RH
strain of the parasite. Blood, peritoneal lavage and tissue from lung, liver spleen, brain, heart and kidney were
taken from experimental murine models in duplicate. The samples were subjected to PCR, using primers directed
to the multicopy of Surface Antigen 3 (SAG 3 gene). Blood, kidney and heart tissue were found negative while
peritoneal lavage along with lung, liver spleen and brain tissue yielded desired positive amplicons. The significance
of the studied molecule vis-a-vis future projections in regard to diagnosis of toxoplasmosis during meat sample
examination and/or during routine post mortem is being described.
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Toxoplasma gondii is an obligate intra-cellular coccidian
parasite with utmost zoonotic relevance. Consumption of
undercooked meat of secondary hosts mainly pig and sheep
is a major route of transmission of the disease to human
population (Tenter e al. 2000). The condition causes severe
economic losses in terms of abortions and death of young
stock and newborn animals (Dubey and Beattic 1998)
alongwith its life-threatening consequences both in
immuno-compromised human patients suffering from
acquired immune deficiency syndrome (AIDS) and those
with organ transplants. The PCR based diagnosis remains
the only viable tool for detection of toxoplasmosis in food
like animal meat samples and/or in post mortem
examinations where because of death of animal, other tools
like serology fails to detect the infection. The present paper
describes the use of SAG 3 gene of 7. gondii to detect
toxoplasmosis in tissue samples of experimentally infected
murine models.

MATERIALS AND METHODS

Ten inbred Swiss albino mice (either sex, age group 6—
8 weeks weighing approximately 22-25 g) were used in
the present study and subsequently infected
intraperitoneally with 100 live virulent human RH strain
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of T. gondii. The strain was being maintained through
regular passaging in murine model for over a decade in a
cryopreserved stock line in Divisional Protozoology
Laboratory, IVRI. The experiments on the laboratory animal
were done as per the approval of University Ethical
Committee. The infected mice were daily monitored for
the development of signs infection. Such mice were
euthanized on day 7 PI and the peritoneal fluid was aspirated
after inoculation of 5 ml of sterile phosphate buffered saline
(PBS, pH 7.2) in the peritoneal cavity with due care to avoid
injury to visceral organs. The process was repeated until
the peritoneal contents were clear. Similarly, blood was also
aspirated directly from the heart. Small pieces (matchstick
head size) of lungs, liver, brain, spleen, kidney and heart
were excised and placed in about 150 pl of distilled water
and grounded thoroughly with a pestle and mortar. Duplicate
samples, from these grounded samples along with peritoneal
washings and blood, were placed in the tubes and were
heated in boiling water for 15 minutes. From these boiled
crude samples, 15 pl of the supernatant was taken and served
as the DNA template for PCR amplification. The nucleotide
sequences of the primers for the amplification of SAG 3
gene (Sudan ef al. 2012) were as follows: forward primer,
TS3F 5-ATGCAGCTGTGGCGGCGCAG-3 and reverse,
TS3R 5-TTAGGCAGCCACATGCACAAG-3. The PCR
amplification was carried out in a 25 pl PCR reaction
mixture consisting of 15 pl of sample, 2.5 ul of 10X PCR
buffer, 2.5 pl of 2.5 mM dNTP mix, 0.5 pl (1.5 U) of Taq
polymerase and 1 pl each of forward and backward primers.
The final volume was made 25 pul by addition of adequate
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nuclease free water. The PCR conditions consisted of initial
denaturation of DNA strands at 95°C for 5 min followed
by 32 cycles of denaturation at 95°C for 50 sec, primer
annealing at 62°C for 75 sec and strand elongation at 7°C
for 50 sec. Thereafter, one cycle of final extension of the
strands was given at 72°C for 12 min. The PCR
amplification was confirmed by visualization of the PCR
products with appropriate volume of 6X loading dye on
1.5% agarose gel stained with ethidium bromide following
electrophoresis.

RESULTS AND DISCUSSION

All the infected mice started showing characteristic signs
of the disease from day 5 post infection (Sudan et al. 2014a,
2014b). The clinical signs included raised and rough hair
coat, pendulous abdomen, severe ascites, dullness and
tachypnoea marked by resting with fore legs on walls of
the cages, the nozzle of water bottle or on other resting
mice. Direct amplification of the samples was observed in
peritoneal washings, liver, lungs, spleen and brain. A
characteristic specific band suggesting amplification was
seen at 1158 bp distance that confirmed the presence of 7.
gondii DNA in these samples. No amplification was
observed in blood, kidneys and heart (Fig 1). Known
positive and negative samples were also run alongside.

It is known that multiplication of tachyzoites occurs
freely in the lymph nodes 9 and the lymphoid tissues
particularly during acute phase of infection and 100 virulent
tachyzoites of human RH strain are sufficient to cause acute
toxoplasmosis in mice (Sudan ez al. 2014a, 2014b). The
macrophages in the peritoneal fluid account for presence
of tachyzoites and hence amplification was seen in
peritoneal lavage. Similarly, lymphoid tissue drained to liver
and spleen account for amplification in these tissues. Brain
and lungs are found to be centers of tissue reactions caused
due to acute toxoplasmosis (Sreekumar ef al. 2004, Sudan
et al. 2014a, 2014b). The absence of amplification in the
blood might be attributed to two reasons viz. firstly, there
might be absence of tachyzoites in the blood and the animals

Fig. 1. Gel showing the desired 1158 bp amplicon of SAG 3.
Lane 1, 100 bp plus ladder; lane 2, known positive; lane 3,
peritoneal lavage; lane 4, liver tissue; lane 5, lung tissue; lane 6,
spleen tissue; lane 7, brain tissue; lane 8, kidney tissue; lane 9,
heart tissue; lane 10, known negative.
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were euthanized much before the paracetemia reached the
blood and secondly that the paracetemia was present but
the boiling of the blood samples might have caused a change
in the constituents like haeme and proteinases, which are
potent PCR inhibitors. Thus, the continued presence of the
inhibitory substances could have prevented the
amplification of desired amplicon. The kidney and heart
samples did not show any amplification and it could be
attributed to absence of tachyzoites in these tissues owing
to acute phase of infection and tachyzoites did not get
enough time to get converted to bradyzoites and actually
get settled in these tissues as pseudocysts.

PCR is a highly sensitive, specific and rapid technique
for detecting 7. gondii (Hurtado et al. 2001). No doubt,
murine bioassays are more sensitive than PCR with respect
to the isolation of 7. gondii (Hurtado et al. 2001) but indeed
the ultimate significance of PCR based detection of
toxoplasmosis is that PCR can detect the DNA of parasites
even when the tissues available for testing are in state of
decomposition; bioassays, in contrast, can only detect viable
parasites (Wastling et al. 1993). Moreover, the size of the
sample analyzed is very important in the detection even by
bioassays and it is quite possible that the parasitic stage in
the sample to be tested is either low or sparse and shows
focal distribution in the tissues or it may be all together
dead. Bioassay will miss detection in either of these cases.
But PCR will give amplification even if the parasitic stage
is dead (Yai et al. 2003) and/or very less in number. PCR
can even detect 0.1 pg of DNA (MacPherson and Gajadhar
1993) and even a very few tachyzoites are sufficient in
accurate diagnosis no matter if they are living or dead.

A wide range of gene targets like B1 gene (Sreekumar
et al. 2004), Tox4 and Tox5 genes (Jacquet et al. 2001) are
being used for the PCR based diagnosis of toxoplasmosis
from time over and again. All these gene targets are having
their own advantages and limitations. Most of the times,
these are either present in either one of the infective stage
of the parasite and thereby their presence is affected by the
course of the infection. Surface antigen 3 (SAG3) is a
glycosylphosphatidylinositol (GPI) anchored membrane
bound protein commonly found on both the developmental
stages of parasite viz. tachyzoites and bradyzoites (Burg et
al. 1999). Hence, this molecule was selected so that it can
detect tachyzoites in acute infections as well as tissue cysts
in form of bradyzoites in chronic cases.

Considering toxoplasmosis a significant emerging
zoonotic problem, the findings reported herein have
undoubtedly opened newer frontier of research. It would
be interesting to precisely investigate through well planned
experimental studies to elucidate effective well planned
research aiming at SAG 3 molecule to be used as a potent
candidate for diagnosis of toxoplasmosis from meat tissues
and/or dead animals in referral labs. Further detailed
research in all these aspects is thereby warranted.

ACKNOWLEDGEMENT
The authors are thankful to the Director, IVRI for the



426 SUDAN ET AL.

facilities provided and to the ICAR for the fellowship
awarded to the first author during the perusal of his masters
programme.

REFERENCES

Burg J L, Grover C M, Pouletty P, Boothroyd J C. 1989. Direct
and sensitive detection of a pathogenic protozoan, Toxoplasma
gondii, by polymerase chain reaction. Journal of Clinical
Microbiology 27: 1787-92.

Dubey J P and Beattie C P. 1988. Toxoplasmosis of Animals and
Man. CRC Press, Boca Raton, Florida.

Tenter A M, Heckeroth A R and Weiss L M. 2000. Toxoplasma
gondii: From animal to humans. International Journal of
Parasitology 30: 1217-58.

Hurtado A, Aduriz G, Moreno B, Barandika J, Garcia-Pe'rez A L.
2001. Single tube nested PCR for the detection of Toxoplasma
gondii in fetal tissues from naturally aborted ewes. Veterinary
Parasitology 102: 17-27.

Jacquet A, Coulon L, Neve J D, Daminet V, Haumont M and
Garcia L. 2001. The surface antigen SAG3 mediates the
attachment of Toxoplasma gondii to cell-surface proteoglycans.
Molecular and Biochemical Parasitology 116: 35-44.

MacPherson J M and Gajadhar A A. 1993. Sensitive and specific
polymerase chain reaction detection of Toxoplasma gondii for
veterinary and medical diagnosis. Canadian Journal of

[Indian Journal of Animal Sciences 86 (4)

Veterinary Research 57: 45-48.

Sreekumar C, Rao J R, Mishra A K, Ray D, Joshi P and Singh R
K. 2004. Detection of toxoplasmosis in experimentally infected
goats by PCR. Veterinary Record 15: 632-35.

Sudan V, Tewari A K, Singh H, Saravanan B C and Sankar M.
2012. Molecular characterizationof surface antigen 3 (SAG3)
gene of Toxoplasma gondii RH-IVRI strain. Journal of
Parasitic Diseases 36 (2): 210-14.

Sudan V, Tewari A K and Singh H. 2014a. An insight into the
behavior, course and kinetics of acute infection of Toxoplasma
gondii human RH strain in experimentally infected murine
model. Iranian Journal of Parasitology 9 (1): 114-19.

Sudan V, Tewari A K, Singh H and Singh R. 2014b. Pathobiology
of human RH strain induced experimental toxoplasmosis in
murine model. Journal of Parasitic Diseases DOI 10.1007/
$12639-014-0589-1.

Wastling J M, Nicoll S and Buxton D. 1993. Comparison of two
gene amplification methods for the detection of Toxoplasma
gondii in experimentally infected sheep. Journal of Medical
Microbiology 38: 360-65.

Yai L E O, Vianna M C B, Soares R M, Cortez A, Freire R L and
Richtzenhain L J. 2003. Evaluation of experimental
Toxoplasma gondii (Nicolle and Manceaux 1909) infection in
pigs by bioassay in mice and polymerase chain reaction.
Brazilian Journal of Veterinary Research and Animal Sciences
40: 227-34.




<<
  /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 [612.000 792.000]
>> setpagedevice


