
Glucocorticosteroids as
Dengue Therapeutics:
Resolving Clinical
Observations With a Primary
Human Macrophage Model

TO THE EDITOR—A recent trial [1] inves-
tigated the use of a glucocorticosteroid,
prednisolone, as a therapy for reduction
of severe dengue disease. Many pathogens
induce accelerated or excessive inflam-
mation, resulting in detrimental rather
than protective effects [2], and dengue
virus is a well-characterized example of
this phenomenon. Several soluble medi-
ators of the innate inflammatory res-
ponse have been linked with severe
pathology [3]; however, these studies are
largely correlative and have failed to elu-
cidate molecular mechanisms facilitating
specific pathologies. Nevertheless, con-
tinued observation of excessive inflamma-
tion concurrentwith a drop in viremia and
development of severe symptoms [4, 5]
has prompted several previous attempts at
immunosuppressive strategies as a means
of reducing severe dengue disease [6–9].

Enhancement of disease due to sup-
pression of innate antiviral mechanisms
has been a primary concern. The study by
Tam et al [1] revealed neither protective
effects (as discussed by Prof Barrett [10])
nor enhancement of disease. These results
are surprising, because it seems likely that
glucocorticosteroid treatment would prove
either productive (ie, reducing excessive
inflammation and resultant severe symp-
toms) or detrimental (ie, reducing innate
mediators of viral clearance such that a
greater incidence of severe disease would
be noted). We have data that may explain
why glucocorticosteroid treatment fails to
affect the presentation of severe dengue.

We investigated dexamethasone as a
dengue therapeutic in primary mono-
cyte-derived macrophages from dengue-
naive donors. From these samples, we
collected cytokine and viral titer mea-
surements at days 1, 3, and 5 and note
an interesting phenomenon that we
believe complements the results obtained
in patients (Figure 1). We observed a
significant (Mann-Whitney U, α < .05)
decrease in viral load on day 1 of dexa-
methasone treatment, concomitant with
decreased, but still elevated, levels of
select inflammatory cytokines (RANTES,
tumor necrosis factor α, interferon γ, in-
terleukin 8, interleukin 10, interleukin
17A, granulocyte colony-stimulating factor,
and monocyte chemoattractant protein
1). By day 3, suppression of cytokines was
still evident, but viral titers had rebound-
ed to the same level as in untreated
samples. Viral titers for dexamethasone-
treated samples did not exceed those in
untreated samples on day 3 or day 5, pre-
sumably because the inflammatory re-
sponse remained sufficiently intact to
prevent enhanced viral load.
This finding has implications for the use

of immunosuppressive therapies against

dengue and other diseases that manifest
through excessive immune activation (eg,

avian influenza, severe acute respiratory
syndrome coronavirus). Although these
drugs are capable of reducing inflamma-

tory mediators in important targets of
infection in tissues (macrophages), the

systemic effects and related severe pathol-
ogies may not be affected. Alternatively,
the effectiveness of treatment may depend

critically on the time of drug adminis-
tration. Immediate treatment following

infection may be able to help direct the
developing immune response to effective

viral clearance while preventing severe
symptoms in the subset of patients at
risk of shock or hemorrhage; however,

this is an unrealistic option in the clini-
cal setting. We suggest that modest im-

munosuppression may be safe for use in
these diseases as an adjunctive therapy

in coordination with a direct-acting

antiviral capable of reducing pathogen

load efficiently. Future experiments in-
vestigating such a strategy may unlock

the therapeutic potential of otherwise
nonviable options.
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Figure 1. A, Dengue virus titer kinetics in primary monocyte-derived macrophages from 5 donors in the absence (black bars) or presence (gray bars) of
dexamethasone as determined by LLC-MK2 plaque assay. B–K, Equivalent kinetic assessment of cytokines and chemokines was conducted by performing
custom Bio-Plex multiplex analysis with a Luminex 200 analyzer. Error bars represent standard errors, with significance (*α < .05, **α < .01) assessed by Mann-
Whitney U nonparametric tests, owing to failure of Levene’s test for homogeneity. All x-axis values represent days after infection (days 1, 3, and 5). Abbrevia-
tions: G-CSF, granulocyte colony-stimulating factor; IFN-γ, interferon γ; IL-6, interleukin 6; IL-8, interleukin 8; IL-10, interleukin 10; IL-17A, interleukin 17A;
MCP-1, monocyte chemoattractant protein 1; MIF, macrophage migration inhibitory factor; PFUs, plaque-forming units; TNF- α, tumor necrosis factor α.

902 • CID 2013:56 (15 March) • CORRESPONDENCE

mailto:nicole.zitzmann@bioch.ox.ac.uk
mailto:nicole.zitzmann@bioch.ox.ac.uk


Clinical Infectious Diseases 2013;56(6):901–3
© The Author 2012. Published by Oxford University Press on
behalf of the Infectious Diseases Society of America. This is
an Open Access article distributed under the terms of the Crea-
tive Commons Attribution License (http://creativecommons.
org/licenses/by/3.0/), which permits unrestricted reuse, distri-
bution, and reproduction in any medium, provided the original
work is properly cited.
DOI: 10.1093/cid/cis1048

CORRESPONDENCE • CID 2013:56 (15 March) • 903

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




