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We wish to thank Carla Arpino and colleagues for
their comments on our recent report of an association
between autism and polyomavirus infection in post-
mortem neocortical brain tissue (Lintas et al, 2010).
This study represents the first of a series of papers
aimed at addressing the hypothesis of vertical viral
transmission in a sizable subgroup of autistic
patients. We believe this mechanism could lead to
an overestimation of genetic roles in this disease by
spuriously boosting heritability estimates (Freitag,
2007). Due to space constraints, we were evidently
unable to fully clarify in our Discussion that we
envision viral genomes as already present in parental
gametes (egg and/or sperm cells) and to be passed
onto the offspring already at the time of fertilization.
Viral genomes would start being actively transcribed
in permissive cells of the fetus only at a later stage
during development. Within this framework, our
study was exclusively aimed at highlighting possible
viral candidates potentially involved in this process.
Hence, we agree with Arpino and colleagues in pre-
dicting that vertical transmission from mother to
offspring “before, during, or after delivery” should
not be particularly relevant to autism, as this
mechanism would not explain (a) neuropathological
abnormalities pointing toward neurodevelopmental
derangements occurring during the first and/or sec-
ond trimester (Bauman and Kemper, 2005; Miller
et al, 2005); (b) the association between autism and
paternal age (Reichenberg et al, 2006; Lauritsen et al,
2005; Sasanfar et al, 2010); and (c) the low likelihood
of transplacental transmission for polyomaviruses,
pointed out by Arpino and colleagues.

In this study we have chosen to assess all available
samples and not to apply an age-matched design as in
our previous work (Lintas et al, 2009; Palmieri et al,
2010; Garbett et al, 2008), both for its exploratory
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purpose and to maximize sample size, an inevitable
constraint of all postmortem studies. Regardless, as
stated at the bottom of Table 3 (Lintas et al, 2010),
mean age = SD for 15 autistic patients was 13.36 +
8.78, and for 13 controls was 15.23 + 8.89 (P = .610).
Our results clearly do not stem from age differences
between cases and controls.

BK virus, JC virus, and simian virus 40 (SV40)
were combined in our analysis for two reasons:
(a) they belong to the same family and each was
overrepresented among cases versus controls (4:0,
6:3, and 2:0, respectively); (b) gametic transmission
of polyomaviruses from parents to offspring is pre-
dicted to generate not only direct damage during
development, but also indirect damage mediated by
an overproduction of cytokines, relatively nonspe-
cific in reference to its viral trigger (Ashwood et al,
2006; Vargas et al, 2005; Smith et al, 2007). Also the
trend toward an overrepresentation of infections by
multiple viruses (P = .08) points toward nonspecific
viral contributions. Nonetheless, we agree that viral
infections might be the consequence of immunosup-
pression or tissue susceptibility rather than the cause
of autism. For this reason, we have undertaken a
search of polyomavirus in male gametes of fathers
of autistic children and controls, which is providing
very encouraging results. We sincerely hope this
effort will contribute to solve the mistery of the
“missing heritability” (Maher, 2008) in autism
genetic research, and to explore the potential role
of gametic viral infections as potential triggers of
genomic instability and evolution of the species.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

Ashwood P, Wills S, Van de Water J (2006). The immune
response in autism: a new frontier for autism research.
J Leukoc Biol 80:1-15.



Bauman ML, Kemper TL (2005). Neuroanatomic observa-
tions of the brain in autism: a review and future direc-
tions. Int | Dev Neurosci 23:183—187.

Freitag CM (2007). The genetics of autistic disorders and its
clinical relevance: a review of the literature. Mol Psy-
chiatry 12:2-22.

Garbett KA, Ebert PJ, Mitchell A, Lintas C, Manzi B,
Mirnics K, Persico AM (2008). Immune transcriptome
alterations in the temporal cortex of subjects with
autism. Neurobiol Dis 30:303—-311.

Lauritsen MB, Pedersen CB, Mortensen PB (2005). Effects
of familial risk factors and place of birth on the risk
of autism: a nationwide register-based study. J Child
Psychol Psychiatry 46:963-971.

Lintas C, Altieri L, Lombardi F, Sacco R, Persico AM
(2010). Association of autism with polyomavirus infec-
tion in postmortem brain. J NeuroVirol 16:141-149.

Lintas C, Sacco R, Garbett K, Mirnics K, Militerni R,
Bravaccio C, Curatolo P, Manzi B, Schneider C,
Melmed R, Elia M, Pascucci T, Puglisi-Allegra S,
Reichelt K-L, Persico AM (2009). Involvement of the
PRKCB1 gene in autistic disorder: significant genetic
association and reduced neocortical gene expression.
Mol Psychiatry 46:1-8.

Maher B (2008). Personal genomes: the case of the missing
heritability. Nature 456:18-21.

Miller MT, Stromland K, Ventura L, Johansson M,
Bandim JM, Gillberg C (2005). Autism associated with

Reply to the Letter to the Editor
AM Persico 333

conditions characterized by developmental errors in
early embryogenesis: a mini review. Int | Dev Neurosci
23:201-219.

Palmieri L, Papaleo V, Porcelli V, Scarcia P, Gaita L,
Sacco R, Hager J, Rousseau F, Curatolo P, Manzi B,
Militerni R, Bravaccio C, Trillo S, Schneider C,
Melmed R, Elia M, Lenti C, Saccani M, Pascucci T,
Puglisi-Allegra S, Reichelt K-L, Persico AM (2010).
Altered calcium homeostasis in autism-spectrum dis-
orders: evidence from biochemical and genetic studies
of the mitochondrial aspartate/glutamate carrier AGC1.
Mol Psychiatry 15:38-52.

Reichenberg A, Gross R, Weiser M, Bresnahan M,
Silverman J, Harlap S, Rabinowitz ], Shulman C,
Malaspina D, Lubin G, Knobler HY, Davidson M,
Susser E (2006). Advancing paternal age and autism.
Arch Gen Psychiatry 63:1026—1032.

Sasanfar R, Haddad SA, Tolouei A, Ghadami M, Yu D,
Santangelo SL (2010). Paternal age increases the risk for
autism in an Iranian population sample. Mol Autism
1:2.

Smith SE, Li J, Garbett K, Mirnics K, Patterson PH (2007).
Maternal immune activation alters fetal brain develop-
ment through interleukin-6. / Neurosci 27:10695—10702.

Vargas DL, Nascimbene C, Krishnan C, Zimmerman AW,
Pardo CA (2005). Neuroglial activation and neuroin-
flammation in the brain of patients with autism. Ann
Neurol 57:67-81.

This paper was first published online on Early Online on 21 July 2010.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


