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It’s Time to Dispel the Myth of
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Peter Hotez and colleagues recently published a PLOS Neglected Tropical Diseases Viewpoint
[1] on the implications of the Global Burden of Disease 2010 study (GBD 2010) for the field of
neglected tropical diseases (NTDs). The article highlighted the recent improvements in the
GBD’s Disability-Adjusted Life-Year (DALY) ranking system, but there remains much work to
be done in reversing the DALY-mediated underestimation of NTDs’ importance to the global
health burden.

With regard to the inputs used for the GBD 2010’s DALY calculations for schistosomiasis,

I see a problem: the core team in charge of the GBD 2010 (the Institute for Health Metrics
and Evaluation [THME]) continues to systematically underestimate the burden of Schistosoma
infection-related disability [2]. This underestimation is based on a flawed perception of Schis-
tosoma infection and its related disease manifestations—IHME continues to adhere to the
concept of “asymptomatic” schistosomiasis, while it is my considered opinion that no such
health state exists.

The unfortunate use of the term “asymptomatic” implies that most Schistosoma-infected pa-
tients are not experiencing ongoing morbidity or disability. This is not the case because, by its
nature, schistosomiasis is always a chronic inflammatory disease either of the intestine, genito-
urinary tract, or other organs. Eggs must cause inflammation to leave the human body to com-
plete the parasite life cycle, and immune-mediated inflammation and scarring of the host
tissues are an intrinsic part of infection [3].

“Asymptomatic schistosomiasis” was a faulty concept promulgated by Ken Warren (Rocke-
feller Foundation), Ken Mott (World Health Organization), and other policymakers in the
1970s and 1980s [4]. In that era, there was no affordable treatment for the millions of people
who had Schistosoma-associated disease. Apparently, in that context, policymakers’ cognitive
filters allowed them to accept the idea of a benign, “asymptomatic” form of human Schistosoma
infection that could go untreated. However, this construct was not supported by the data. It
grew out of a misinterpretation of Warren’s population-based field surveys of schistosomiasis
[5,6]. Those studies used Kato-Katz stool smears and urine filtration egg count data to show
that patients with higher egg counts had greater risk of symptoms and objective morbidity in
Schistosoma-endemic areas. On that, we can agree. Nevertheless, the published data indicated
that both subjects with “light” infections and those with no eggs detected (“endemic controls”)
had appreciable rates of symptoms and morbidity, as well.

Warren’s conclusion seems to have been that there was no association between light infec-
tion and disease, because the “light infection” group was not significantly different from those
who were “non-infected” (albeit, based only on limited testing) within the same area. Actually,
the presence of a significant number of light infections in the “non-infected” control group
likely led to a dilution in the observed differences between study groups. His interpretation
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afforded the conclusion that people with light infections must be relatively “asymptomatic”
from their Schistosoma infections.

But this misinterpretation was based on a diagnostic misclassification bias created by the in-
sensitivity of single-specimen stool or urine egg count testing for infection. Most likely, many
(at least 20%-40%) of his egg-negative subjects were actively infected [7-9] and had symptoms
and pathology from their Schistosoma infection. Therefore, his comparisons between “infected”
and “uninfected,” and between heavily infected and “uninfected” subjects, were flawed. Leading
schistosomiasis experts, including Warren [9,10], knew of the insensitivity of egg count diag-
nostics but apparently chose to ignore this important methodological issue. In terms of formu-
lating 1980s policy for schistosomiasis control, given the lack of affordable treatments without
significant side effects, it is likely that low intensity infections were not prioritized and even dis-
missed. In that era, the strategy promoted for schistosomiasis control was to focus very limited
treatment resources on treatment and prevention of heavy Schistosoma infections [11,12]. The
initial GBD 1996 DALY rankings for schistosomiasis (which immediately followed that era)
mirror this earlier bias, as reflected in Mott’s synopsis of schistosomiasis for the initial GBD
1996 program [4]. The difficulty of accurate case-classification persists into the 2001 van der
Werf et al. reviews [13] that IHME has used as part of the newer GBD 2010 estimations of
schistosomiasis burden.

In his 1980 review regarding prospects for Schistosoma control [11], Peter Jordan, Director
of the multiyear Rockefeller-funded schistosomiasis control project in St. Lucia, agreed that the
focus for “disease control” should be the prevention of heavy infections, but he admitted that
“...‘measures of health’ are as yet insensitive and cannot measure the ill health caused by low
numbers of trematodes. . .” In 2014, we have much more extensive knowledge of the links be-
tween past or present Schistosoma infection, per se, and the “subtle” morbidities of pain, dys-
uria, dyspareunia, fatigue, anemia, growth stunting, undernutrition, cognitive impairment, and
genital disease [14,15]. While these morbidities may not be overtly symptomatic in terms of
creating immediate demand for clinical care, they are undoubtedly physically and socially dis-
abling for most affected patients. Moreover, a patient can continue to have the disease schisto-
somiasis even after Schistosoma infection is ended. Included in this latter category is the risk of
cancer caused by years of chronic tissue inflammation.

So, it is clear that in accounting Schistosoma-related disease burden, we need to include all
“egg-negative schistosomiasis” detected by newer disease classifications. While the GBD 2010
now accounts for some milder symptoms (diarrhea, dysuria, anemia) of active schistosomiasis,
it does not accord them much disability. It includes separate accounting of advanced forms of
disease (hepatic inflammation, hematemesis, and ascites), but it does not include advanced
urogenital diseases, infertility, or the late effects of growth stunting and cognitive impairment.
Including these disease outcomes could effectively double the number of people considered to
be affected by significant Schistosoma-related disease.

Historically, research to specify these impacts has been hampered by poor diagnostics and
scarce funding. It is likely, given the now-evident risks of leaving Schistosoma infection untreat-
ed, that any future placebo-controlled trials will be considered to be unethical to perform. As a
result, we may never have a perfectly clear picture of the attributable risk for all the morbid
conditions associated with Schistosoma infection. I am fairly convinced, however, that very few
people living in a high-risk, Schistosoma-endemic area escape infection, and I believe that all
those who are infected are symptomatic or diseased to some extent. Current mass drug admin-
istration programs, in which praziquantel therapy is given irrespective of individuals’ “egg-pos-
itive” or “egg-negative” status, are now the interventions most likely to unmask the true impact
of chronic Schistosoma infection.
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In brief, patients with chronic intestinal or bladder pathology cannot be “asymptomatic,” as
imputed by the GBD 2010 disability weights assigned to the majority of Schistosoma-infected
patients [2]. From my viewpoint, there is no benign, “asymptomatic” form of schistosomiasis
that can be dismissed with vanishingly small disability weights. Praziquantel treatment is now
cheap and widely available. It is time to quit believing in the myth of “asymptomatic schistoso-
miasis” and account for the disease as it really is, so that it can be rightly controlled
and prevented.

References

1.

10.

11.

12.

13.

14.

15.

Hotez PJ, Alvarado M, Basanez MG, Bolliger |, Bourne R, et al. (2014) The global burden of disease
study 2010: interpretation and implications for the neglected tropical diseases. PLoS Negl Trop Dis 8:
€2865. doi: 10.1371/journal.pntd.0002865 PMID: 25058013

King CH (2013) Health metrics for helminth infections. Acta Trop. In press. doi: 10.1016/j.actatropica.
2013.12.001. [Preprint available online at http://www.sciencedirect.com/science/article/pii/
S0001706X13003501. Accessed 12/8/2014.]

Wamachi AN, Mayadev JS, Mungai PL, Magak PL, Ouma JH, et al. (2004) Increased ratio of tumor ne-
crosis factor-alpha to interleukin-10 production is associated with Schistosoma haematobium-induced
urinary-tract morbidity. J Infect Dis 190: 2020—2030. PMID: 15529268

Mott KE (2004) Schistosomiasis. In: Murray CJL, Lopez A, Mathers CD, editors. The Global Epidemiol-
ogy of Infectious Diseases. Geneva: World Health Organization.

Warren KS, Mahmoud AAF, Muruka JF, Whittaker LR, Ouma JH, et al. (1979) Schistosomiasis haema-
tobia in Coast Province, Kenya. Relationship between egg output and morbidity. American Journal of
Tropical Medicine and Hygiene 28: 864-870. PMID: 484768

Arap Siongok TK, Mahmoud AA, Ouma JH, Warren KS, Muller AS, et al. (1976) Morbidity in Schistoso-
miasis mansoni in relation to intensity of infection: study of a community in Machakos, Kenya. Am J
Trop Med Hyg 25: 273-284. PMID: 1259088

Carabin H, Marshall CM, Joseph L, Riley S, Olveda R, et al. (2005) Estimating the intensity of infection
with Schistosoma japonicum in villagers of Leyte, Philippines. Part I: A Bayesian cumulative logit
model. The Schistosomiasis Transmission & Ecology Project (STEP). Am J Trop Med Hyg 72: 745—
753. PMID: 15967758

Savioli L, Hatz C, Dixon H, Kisumku UM, Mott KE (1990) Control of morbidity due to Schistosoma hae-
matobium on Pemba Island: egg excretion and hematuria as indicators of infection. Am J Trop Med
Hyg 43:289-295. PMID: 2121056

Warren KS, Arap Siongok TK, Hauser HB, Ouma JH, Peters PAS (1978) Quantification of infection with
Schistosoma haematobium in relation to epidemiology and selective population

chemotherapy. I. Minimal number of daily egg counts in urine necessary to establish intensity of infec-
tion. Journal of Infectious Diseases 138: 849-855. PMID: 570210

Wright WH, Dobrovolny CG, Berry EG (1958) Field trials of various molluscicides (chiefly sodium penta-
chlorophenate) for the control of aquatic intermediate hosts of human bilharziasis. Bull World Health
Organ 18:963-974. PMID: 13573120

Jordan P, Christie JD, Unrau GO (1980) Schistosomiasis transmission with particular reference to pos-
sible ecological and biological methods of control. A review. Acta Trop 37: 95-135. PMID: 6106355

Warren KS (1982) Selective primary health care: strategies for control of disease in the developing
world. |. Schistosomiasis. Rev Infect Dis 4: 715-726. PMID: 7123043

van der Werf MJ, de Vlas SJ (2001) Morbidity and infection with schistosomes or soil-transmitted hel-
minths. Report for WHO Parasitic Diseases and Vector Contol. Rotterdam: Erasmus University.

King CH, Dickman K, Tisch DJ (2005) Reassessment of the cost of chronic helmintic infection: a meta-
analysis of disability-related outcomes in endemic schistosomiasis. Lancet 365: 1561-1569. PMID:
15866310

King CH, Dangerfield-Cha M (2008) The unacknowledged impact of chronic schistosomiasis. Chronic
lliness 4:65-79. doi: 10.1177/1742395307084407 PMID: 18322031

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003504 February 19, 2015 3/3


http://dx.doi.org/10.1371/journal.pntd.0002865
http://www.ncbi.nlm.nih.gov/pubmed/25058013
http://dx.doi.org/10.1016/j.actatropica.2013.12.001
http://dx.doi.org/10.1016/j.actatropica.2013.12.001
http://www.sciencedirect.com/science/article/pii/S0001706X13003501
http://www.sciencedirect.com/science/article/pii/S0001706X13003501
http://www.ncbi.nlm.nih.gov/pubmed/15529268
http://www.ncbi.nlm.nih.gov/pubmed/484768
http://www.ncbi.nlm.nih.gov/pubmed/1259088
http://www.ncbi.nlm.nih.gov/pubmed/15967758
http://www.ncbi.nlm.nih.gov/pubmed/2121056
http://www.ncbi.nlm.nih.gov/pubmed/570210
http://www.ncbi.nlm.nih.gov/pubmed/13573120
http://www.ncbi.nlm.nih.gov/pubmed/6106355
http://www.ncbi.nlm.nih.gov/pubmed/7123043
http://www.ncbi.nlm.nih.gov/pubmed/15866310
http://dx.doi.org/10.1177/1742395307084407
http://www.ncbi.nlm.nih.gov/pubmed/18322031


<<
  /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


