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Potential novel risk factors for autochthonous and
sylvatic transmission of human Chagas disease in
the United States
Melissa N Garcia*, Peter J Hotez and Kristy O Murray
Abstract

Chagas disease is an emerging vector-borne disease in the United States that causes progressive dilated
cardiomyopathy in a third of infected humans. While transmission studies have been performed in Latin America,
little is known about the source of infection in locally acquired cases in the United States. This letter describes the
underlying factors possibly leading to an increased risk of disease transmission among high-risk groups in the
United States.
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Findings
Chagas disease is a vector-borne disease caused by infec-
tion with the parasite Trypanosoma cruzi (T. cruzi). There
are 11 established Triatoma insect vectors reported in the
United States that can transmit T. cruzi to a large number
of competent mammalian hosts [1,2]. These Triatoma
insect vectors typically infest mammalian dens and bur-
rows resulting in sustained interaction between vector
and mammalian host [3]. Recent evidence of establish-
ing sylvatic transmission cycles have been increasingly
reported between vectors and mammalian hosts in the
southern United States [3].
Rare reports of locally-acquired human cases have

been reported in Texas and adjacent southern states [4].
This number is believed to be an underestimation due to
disease underreporting, lack of active surveillance pro-
grams, and minimal physician awareness about the disease
[5]. With the recent recognition of Chagas disease trans-
mission in the US, it is critical that we understand how
human transmission is occurring for the development of
effective intervention studies. Although there is reason to
believe domestic transmission from kissing bugs would
most likely occur in areas of extreme poverty and dilapi-
dated housing in the southern US, a second unexplored
* Correspondence: mnolan@bcm.edu
Section of Pediatric Tropical Medicine, Department of Pediatrics, National
School of Tropical Medicine, Baylor College of Medicine and Texas Children’s
Hospital, 1102 Bates Avenue #550, Houston, Texas 77030, USA

© 2014 Garcia et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.
risk for disease transmission could be occurring as a result
of spillover in a sylvatic transmission setting.
Over this past year in Houston, we began enrolling a

cohort of presumed healthy people who were found
positive for Chagas disease through the blood donor-
screening program at the regional blood center (approved
by the Institutional Review Boards at Baylor College of
Medicine and the Gulf Coast Regional Blood Center).
While we are still in the process of enrollment, we were
astonished by the higher than expected percentage (6/17;
36%) of people who acquired their infection here in the
US as opposed to a Chagas endemic Latin American
country. Interestingly, most (67%) of these individuals
reported an extensive history (10+ years) of hunting or
camping activities, leading us to speculate that time out-
doors in rural settings could place individuals at higher
risk for infection.
In the United States, 90 million people take part in

hunting, fishing and wildlife associated recreation [6]. It
is plausible that these activities increase one’s chance of
disease transmission by increasing their exposure to both
the vector insect and possibly to the parasite directly.
Game hunters typically use tree stands and hunting blinds
during early morning hours, which expose them to vectors
without protection. Hunters and fishermen spend an aver-
age of 536 hours per year outside compared to 116 hours
for the average American [6,7]. In our study, all of those
with a history of hunting reported camping in a tent and/
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or sleeping outside without shelter. Sleeping outdoors
without adequate shelter or in Triatoma- infested struc-
tures could place these individuals at higher risk for vector
exposure, especially at night when vectors seek a blood
meal.
In addition to vector exposure during outdoor activ-

ities, we think it is likely that a hunter could be exposed
to the parasite through direct contact with infectious
blood and tissues of wild animal reservoirs. Triatomine
insects peak in abundance between May and July when
temperatures are ideal for night flying (20°C) [8]. Naïve
wildlife is likely infected at this time due to vector abun-
dance. During acute infection, parasitemic wildlife could
expose hunters to highly infectious blood and tissue
during skinning and field dressing activities [4]. In our
pilot study, no one reported wearing gloves during the
process of skinning, further exacerbating their potential
for blood borne pathogen exposure. Blood-borne trans-
mission is a known mechanism for human-to-human
infection, but has never been reported in this particular
setting.
In the southern United States, there are twenty-four

wildlife species that have been demonstrated as import-
ant hosts in the maintenance of the sylvatic transmission
cycle [3]. In Texas, six of these twenty-four species have
tested positive for T. cruzi and are permitted to be
hunted all year long by the Texas Parks and Wildlife As-
sociation [3,9]. These six species include raccoon, opos-
sum, striped skunk, nine-banded armadillo, American
badger, and coyote. With up to 40% of wildlife positive
for T. cruzi [10,11], blood-borne infection through
breaks in the skin of hands during the skinning and
dressing process poses a reasonable risk to hunters in
the US.
The purpose of this letter is to hypothesize novel risk

factors for Chagas infection in the US, and we feel these
hypotheses warrant further investigation. With Chagas
disease emerging in the United States, it is imperative
that we understand the transmission dynamics for the
prevention of infection. Seroprevalence studies in these
potentially high risk as well as normal control groups
would enable us to understand the relevance of our early
findings. Clinicians and public health officials should
consider screening for T. cruzi in those presenting with
cardiac disease, particularly dilated cardiomyopathy, and
performing case investigations to identify their specific
source(s) of infection.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
MNG, PJH and KOM conceived of the study. MNG performed the analysis
and wrote the manuscript. All authors read and approved the final
manuscript.
Acknowledgements
We would like to thank Nathaniel Wolf for his editorial contribution to the
manuscript.

Received: 25 April 2014 Accepted: 26 June 2014
Published: 4 July 2014

References
1. Brener Z: Biology of Trypanosoma cruzi. Annu Rev Microbiol 1973,

27:347–382.
2. Centers for Disease Control and Prevention: American Trypanosomiasis. 2013.

http://www.cdc.gov/parasites/chagas/.
3. Bern C, Kjos S, Yabsley MJ, Montgomery SP: Trypanosoma cruzi and

Chagas’ disease in the United States. Clin Microbiol Rev 2011, 24:655–681.
4. Cantey PT, Stramer SL, Townsend RL, Kamel H, Ofafa K, Todd CW, Currier M,

Hand S, Varnado W, Dotson E, Hall C, Jett PL, Montgomery SP: The United
States Trypanosoma cruzi infection study: evidence for vector-borne
transmission of the parasite that causes Chagas disease among United
States blood donors. Transfusion 2012, 52:1922–1930.

5. Hotez PJ, Dumonteil E, Betancout CM, Botazzi ME, Tapia-Conyer R,
Meymandi S, Karunakara U, Ribeiro I, Cohen RM, Pecoul B: An unfolding
tragedy of Chagas disease in North America. PLoS Negl Trop Dis 2013,
7:e2300.

6. U.S. Department of the Interior: U.S. Fish and Wildlife Service: 2011 National
Survey of Fishing, Hunting and Wildlife-Associated Recreation. 2012. http://www.
doi.gov/news/pressreleases/upload/FWS-National-Preliminary-Report-2011.pdf.

7. U.S. Department of Labor: Bureau of Labor Statistics: American Time Use
Survey. 2008 [http://www.bls.gov/opub/ooq/2008/spring/oochart.pdf]

8. Reisenman CE, Lawrence G, Guerenstein PG, Gregory T, Dotson E,
Hildebrand JG: Infection of kissing bugs with Trypanosoma cruzi, Tucson,
Arizona, USA. Emerg Infect Dis 2010, 16:400–405.

9. Texas Parks and Wildlife: 2013–2014 Statewide Hunting Seasons. 2014. http://
www.tpwd.state.tx.us/regulations/outdoor-annual/hunting/seasons/statewide/.

10. Yabsley MJ, Brown EL, Roellig DM: Evaluation of the Chagas Stat-Pak assay
for detection of Trypanosoma cruzi antibodies in wildlife reservoirs.
J Parasitol 2009, 95:775–777.

11. Maloney J, Newsome A, Huang J, Kirby J, Kranz M, Wateska A, Dunlap B,
Yabsley MJ, Dunn JR, Jones TF, Moncayo AC: Seroprevalence of
Trypanosoma cruzi in raccoons from Tennessee. J Parasitol 2010,
96:353–358.

doi:10.1186/1756-3305-7-311
Cite this article as: Garcia et al.: Potential novel risk factors for
autochthonous and sylvatic transmission of human Chagas disease in
the United States. Parasites & Vectors 2014 7:311.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.cdc.gov/parasites/chagas/
http://www.doi.gov/news/pressreleases/upload/FWS-National-Preliminary-Report-2011.pdf
http://www.doi.gov/news/pressreleases/upload/FWS-National-Preliminary-Report-2011.pdf
http://www.bls.gov/opub/ooq/2008/spring/oochart.pdf
http://www.tpwd.state.tx.us/regulations/outdoor-annual/hunting/seasons/statewide/
http://www.tpwd.state.tx.us/regulations/outdoor-annual/hunting/seasons/statewide/

	Abstract
	Findings
	Competing interests
	Authors’ contribution
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


