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Introduction

Ebola virus (EBOV) is one of the deadliest viruses causing severe diseases with high
mortality. After the outbreak in West Africa in 2014, many specific treatment measures
were tested experimentally; among these, countermeasures based on neutralizing
antibodies (NAbs) have been considered one of the most practical means. However,
some investigators have reported that patients with critical Ebola virus disease (EVD) could
experience a deleterious recurrence of EBOV from immune-privileged organs with
concomitant NAbs treatment, most prominently in the brain (1). Where EBOV is
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hidden and how virus relapse occurs are largely unknown. Recently,
research on non-human primates (NHPs) has provided some
evidence. Using this evidence and devising countermeasures to
prevent the virus from recurring are a critical issue to discuss.

Main text

EBOV persistence in cerebrospinal fluid (CSF), ocular fluid, and
seminal fluid has been documented in West Africa since 2004 (2-4).
A recent study by Jun Liu et al. revealed the possible origins of
hidden EBOV that cause relapsed meningoencephalitis in non-
human primates (NHPs) by providing detailed evidence (5). This
study identified CD68" macrophages as the cellular reservoir
responsible for persistent EBOV brain infection but not astrocytes
or neurons, which infiltrated the ventricular lumina and ependymal
cell layers of brain ventricles and the choroid plexus (5). In addition,
the recurrence of meningoencephalitis is due to viral multiplication
in the cerebral system (5). This research partly provides a possible
explanation for similar phenomena documented in patients with
EVD treated with experimental NAbs (1, 6). Furthermore, such
results have been suggested for other NHPs infected with
hemorrhagic fever viruses treated with NAbs, such as Junin virus
and Machupo virus, the causative agents of Argentine hemorrhagic
fever and Bolivian hemorrhagic fever, respectively (7, 8).

Although treatment with NAbs produces positive results in
EVD patients, particular attention should be paid to the possible
recurrence of EBOV from immune-privileged organs in these
critical patients, who generally cannot survive the infection. The
proposed solutions (combination therapies of mAbs and antiviral
drugs) from this research may be insufficient to eradicate the
persistence of EBOV since fatal cases of EBOV infection usually
have low antibody levels and an unbalanced T-cell response (9).
Reconstructing the protective immune response against EBOV in
these patients may help clear the virus from immune-privileged
sites and prevent subsequent potential virus transmission (6).

As one of the foundations of immunology, the success of the
rabies vaccine is an ideal example of contingency vaccination. The
first treatment strategy is to inject attenuated rabies viruses into the
victims as soon as possible. Although successful rabies treatment in
the 19th century was comparatively low and lacked rigorous control,
attenuated viruses from the spinal cords of rabbits that had
succumbed to rabies have emerged as the first reliable treatment
for rabies, with a mortality rate of nearly 100% (10). This contingency
vaccination strategy has also been tested in other acute viral infections
in animal models, that is, the Crimean-Congo hemorrhagic fever
transcription and entry-competent virus-like particle vaccine
provides complete protection against CCHFV in mice (11).
Moreover, an ideal example of an emergency vaccine has been
adopted as a widely accepted strategy for preventing the infection
of neonates with hepatitis B virus (HBV). The universal vaccination
of children starting from birth, regardless of the maternal HBV status,
followed by 1 and 6 months (or 2, 4, and 6 months or so) is the
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cornerstone of hepatitis B eradication plans (12, 13) and has helped to
substantially reduce HBV burden in China and other parts of the
world. The prevalence of the hepatitis B surface antigen (HBsAg)
declined from approximately 10% among children in the 1980s to
<0.5% among children born after 2011 (14). Moreover, since 2012,
China has implemented the national hepatitis B immunoglobulin
administration program and will achieve the 2030 target set by the
World Health Organization; that is, the HBsAg prevalence rate of
children aged 5 years old will be less than 0.1%.

Contingency vaccination can be an alternative treatment for
critical cases of EVD patients. A choice for this purpose has already
been offered by successful vesicular stomatitis virus (VSV)-based
EBOV vaccines (15, 16). Previous field research revealed that the
efficacy of the VSV-EBOV vaccine in immediate vaccination was
100% (95% CI: 68.9-100.0, p = 0.0045) (17). However, the
replication-competent VSV-based vaccine may not be the best
choice for treating EVD patients because EBOV is a master to
manipulate the immune system, whether the secreted glycoprotein
(sGP) compensates for some NAbs or VP24 and VP35 hinder the
innate immune response (18). In one study using VSV-EBOV as the
post-exposure treatment for rhesus macaques infected with EBOV-
Makona, as all animals in the untreated group died, 33%-67% of the
animals in the treatment groups survived due to different strategies,
indicating that VSV-EBOV is a potent prophylactic vaccine. The
efficacy of post-exposure treatment is limited (19). Other clinical
research results cannot provide reliable evidence but confirm that
VSV-EBOV vaccine is well tolerated and safe for postexposure
vaccination. As evidented in an observational follow-up studies of
healthcare workers in contact with a late reactivation of EVD in the
United Kingdom (20) or a case that experienced a needlestick while
working in an Ebola treatment unit (21). However, in a case report
of a relapse of systemic EVD, a patient who had been administered
VSV-EBOV vaccine approximately 6 months before testing positive
for EVD could not detect anti-EBOV glycoprotein (GP)
Immunoglobulin G (IgG) on the first day (6). This suggests a
possible failure to elicit an effective IgG response by the VSV-EBOV
vaccine. Additionally, data from clinical trials in Liberia
documented that approximately 20% of VSV-EBOV-vaccinated
individuals did not develop positive Ebola IgG-binding titers 1
month after vaccination (22).

Meanwhile, EVD patients are in critical condition.
Consequently, developing a subunit-based protein or an
messenger RNA (mRNA) vaccine is a possible treatment option
that can be combined with NAbs and antivirals. Moreover, since the
relapse of EBOV from the immune-privileged site usually takes
time, a VSV-based EBOV vaccine could be administered to
recovered patients for approximately a month or other suitable
time intervals. In this way, vaccines can serve as a “boost” to elicit
protective immunity. Subsequent antibodies and T-cell responses
could serve as an arsenal that protects patients who cannot exert a
protective immune response during EBOV infection, thus
preventing possible EBOV recurrence from immune-privileged
organs. One critical point is the identification of EVD patients
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with an elapsed potential. As described in the case reports (6), upon
administration, patients without signs of EBOV GP IgG or have a
very low titer could serve the title of “EVD patients with elapse
potential.” However, further evidence is required.

Another interesting question is that not all patients who received
NAbs treatment experienced EBOV recurrence. A more
comprehensive study may be required to clarify which patients are
inclined to relapse. Aside from the evidence of the brains of antibody-
treated non-human primate survivors (5), the NAbs titer during
convalescence may be an interesting indicator. However, the virus
failed to elicit effective antibodies in critical patients who normally
cannot survive, and NAb treatment supplemented this deficiency. It
is difficult for patients to clear away the hidden virus by themselves; in
contrast, this finally leads to a relapse in immune-privileged organs.
Since evidence from previous data confirmed that these kinds of
patients usually fail to establish an antibody response in the first
place, it is important to monitor the EBOV GP IgG titer in the follow-
up survey, e.g., 1 1/2 months [approximately two times the half-life of
NAbs (23)], and estimate the cut-oft level for vaccine indications.
After vaccine administration, it is important to monitor 1gG
responses in follow-up surveys. These data may eventually add to
our knowledge of the nature of the antibody level that restricts viral
relapse. Similar to previous studies, during the latent period of
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varicella-zoster virus infection, vaccination helps postpone the
occurrence of herpes zoster (24).

Conclusion

To avoid a potential recurrence of EBOV in immune-sensitive
organs, treatment with NAb in patients with critical EVD may be
supplemented by an EBOV GP subunit vaccine or an mRNA vaccine
to help reduce the possibility of relapse. NAD treatment could prevent
fatal outcomes, and vaccine inoculation could elicit B-cell and T-cell
responses, which may help reduce virus persistence and disease
relapse (Figure 1). The key point is to develop a standard for
evaluating the type of patients needing vaccine inoculation after
convalescence. The EBOV GP IgG antibody titer upon patient
administration could serve as an early warning of potential viral
relapse when no obvious antibody is detected. The IgG titer at the
two-time half-life of treatment with NAb after discharge may serve as
the second index. However, the differences in IgG titers between fully
recovered patients and those with viral relapse tendencies require
further research. If one suffered EVD and had a very low EBOV GP
titer upon administration and the antibody titer was still low at
convalescence, it may serve as an index to receive the currently
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Immunological responses that correlate with fatality or survival from infection with Ebola virus (EBOV) and possible intervention strategies to
treat critical cases and prevent virus persistence as well as disease recrudescence. B-cell responses, which are reflected by antibody production
and early 1gG and Immunoglobulin M (IgM) levels, are protective against EBOV infection. However, a fatal outcome is usually associated with low
antibody response levels. Neutralizing antibody (NAb) treatment can reverse the disease outcome but cannot induce an immune response in the
patients. Combining vaccine inoculation and NAb treatment could prevent fatal outcomes and elicit B- and T-cell responses in patients, which
may help reduce virus persistence and disease recrudescence. T-cell responses are also crucial for surviving EBOV infection, which can be

elicited by the vaccine.
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available VSV-EBOV vaccines. These strategies could also be
employed for subunit-based vaccines (Figure 1). The antibodies
and T-cell responses elicited by the EBOV vaccine could serve as
an arsenal that protects patients by counteracting potential virus
relapse from immune-privileged organs.

Author contributions

YL and FZ provided administrative support and financial
support. WY and JL conceived of the study and wrote the
manuscript. CY prepared the figure. WY, CY, JL, YL, and FZ
checked and finalized the manuscript. All authors contributed to
the article and approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (82172272, 82072268, 81871697) and a
university supporting grant (no. 2021JSTS10).

References

1. Jacobs M, Rodger A, Bell DJ, Bhagani S, Cropley I, Filipe A, et al. Late Ebola virus
relapse causing meningoencephalitis: A case report. Lancet (2016) 388:498-503. doi:
10.1016/50140-6736(16)30386-5

2. Caviness K, Kuhn JH, Palacios G. Ebola Virus persistence as a new focus in
clinical research. Curr Opin Virol (2017) 23:43-8. doi: 10.1016/j.coviro.2017.02.006

3. Varkey JB, Shantha JG, Crozier I, Kraft CS, Lyon GM, Mehta AK, et al.
Persistence of Ebola virus in ocular fluid during convalescence. N Engl ] Med (2015)
372:2423-7. doi: 10.1056/NEJMo0al500306

4. Chughtai AA, Barnes M, Macintyre CR. Persistence of Ebola virus in various
body fluids during convalescence: Evidence and implications for disease
transmission and control. Epidemiol infection (2016) 144:1652-60. doi: 10.1017/
50950268816000054

5. LiuJ, Trefry JC, Babka AM, Schellhase CW, Coffin KM, Williams JA, et al. Ebola
Virus persistence and disease recrudescence in the brains of antibody-treated
nonhuman primate survivors. Sci Trans Med (2022) 14:eabi5229. doi: 10.1126/
scitranslmed.abi5229

6. Mbala-Kingebeni P, Pratt C, Mutafali-Ruffin M, Pauthner MG, Bile F, Nkuba-
Ndaye A, et al. Ebola Virus transmission initiated by relapse of systemic Ebola virus
disease. N Engl ] Med (2021) 384:1240-7. doi: 10.1056/NEJM0a2024670

7. Maiztegui JI, Fernandez NJ, de Damilano AJ. Efficacy of immune plasma in
treatment of Argentine haemorrhagic fever and association between treatment and a
late neurological syndrome. Lancet (1979) 2:1216-7. doi: 10.1016/S0140-6736(79)
92335-3

8. Eddy GA, Wagner FS, Scott SK, Mahlandt BJ. Protection of monkeys against
machupo virus by the passive administration of Bolivian haemorrhagic fever
immunoglobulin (human origin). Bull World Health Organ (1975) 52:723-7.

9. Prescott JB, Marzi A, Safronetz D, Robertson SJ, Feldmann H, Best SM.
Immunobiology of Ebola and lassa virus infections. Nat Rev Immunol (2017)
17:195-207. doi: 10.1038/nri.2016.138

10. The L. Pasteur’s legacy in 21st century medicine. Lancet (2022) 400:2157. doi:
10.1016/S0140-6736(22)02573-9

11. Scholte FEM, Spengler JR, Welch SR, Harmon JR, Coleman-McCray JD, Freitas
BT, et al. Single-dose replicon particle vaccine provides complete protection against
Crimean-Congo hemorrhagic fever virus in mice. Emerging Microbes Infect (2019)
8:575-8. doi: 10.1080/22221751.2019.1601030

12. WHO Publication. Hepatitis b vaccines: WHO position paper-
recommendations. Vaccine (2010) 28:589-90. doi: 10.1016/j.vaccine.2009.10.110

13. Terrault NA, Levy MT, Cheung KW, Jourdain G. Viral hepatitis and pregnancy.
Nat Rev Gastroenterol Hepatol (2021) 18:117-30. doi: 10.1038/s41575-020-00361-w

Frontiers in Immunology

10.3389/fimmu.2023.1060481

Acknowledgments

We thank Home for Researchers editorial team (www.home-
for-researchers.com) for the language editing service.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

14. Tang ], Luo YQ, Zhou YH. Elimination of hepatitis b virus infection in children:
experience and challenge in China. Chin Med ] (2021) 134:2818-24. doi: 10.1097/
CM9.0000000000001791

15. Agnandji ST, Huttner A, Zinser ME, Njuguna P, Dahlke C, Fernandes JF, et al.
Phase 1 trials of rVSV Ebola vaccine in Africa and Europe. N Engl ] Med (2016)
374:1647-60. doi: 10.1056/NEJMoal502924

16. Henao-Restrepo AM, Longini IM, Egger M, Dean NE, Edmunds W], Camacho
A, et al. Efficacy and effectiveness of an rVSV-vectored vaccine expressing Ebola surface
glycoprotein: Interim results from the Guinea ring vaccination cluster-randomised
trial. Lancet (2015) 386:857-66. doi: 10.1016/S0140-6736(15)61117-5

17. Henao-Restrepo AM, Camacho A, Longini IM, Watson CH, Edmunds W7,
Egger M, et al. Efficacy and effectiveness of an rVSV-vectored vaccine in preventing
Ebola virus disease: final results from the Guinea ring vaccination, open-label, cluster-
randomised trial (Ebola Ca suffit)! Lancet (2017) 389:505-18. doi: 10.1016/S0140-6736
(16)32621-6

18. Fanunza E, Frau A, Corona A, Tramontano E. Insights into Ebola virus VP35 and
VP24 interferon inhibitory functions and their initial exploitation as drug targets. Infect
Disord Drug Targets (2019) 19:362-74. doi: 10.2174/1871526519666181123145540

19. Marzi A, Hanley PW, Haddock E, Martellaro C, Kobinger G, Feldmann H.
Efficacy of vesicular stomatitis virus-Ebola virus postexposure treatment in rhesus
macaques infected with Ebola virus makona. J Infect Dis (2016) 214:5360-s366. doi:
10.1093/infdis/jiw218

20. Davis C, Tipton T, Sabir S, Aitken C, Bennett S, Becker S, et al. Postexposure
prophylaxis with rVSV-ZEBOV following exposure to a patient with Ebola virus
disease relapse in the united kingdom: An operational, safety, and immunogenicity
report. Clin Infect diseases: an Off Publ Infect Dis Soc America (2020) 71:2872-9. doi:
10.1093/cid/ciz1165

21. Lai L, Davey R, Beck A, Xu Y, Suffredini AF, Palmore T, et al. Emergency
postexposure vaccination with vesicular stomatitis virus-vectored Ebola vaccine after
needlestick. Jama (2015) 313:1249-55. doi: 10.1001/jama.2015.1995

22. Bolay FK, Grandits G, Lane HC, Kennedy SB, Johnson MP, Fallah MP, et al.
PREVAIL I cluster vaccination study with rVSVAG-ZEBOV-GP as part of a public
health response in Liberia. J Infect Dis (2019) 219:1634-41. doi: 10.1093/infdis/jiy698

23. Gaudinski MR, Coates EE, Novik L, Widge A, Houser KV, Burch E, et al. Safety,
tolerability, pharmacokinetics, and immunogenicity of the therapeutic monoclonal
antibody mAb114 targeting Ebola virus glycoprotein (VRC 608): An open-label phase 1
study. Lancet (2019) 393:889-98. doi: 10.1016/S0140-6736(19)30036-4

24. Gershon AA, Breuer J, Cohen JI, Cohrs RJ, Gershon MD, Gilden D, et al.
Varicella zoster virus infection. Nat Rev Dis Primers (2015) 1:15016. doi: 10.1038/
nrdp.2015.16

frontiersin.org


http://www.home-for-researchers.com
http://www.home-for-researchers.com
https://doi.org/10.1016/S0140-6736(16)30386-5
https://doi.org/10.1016/j.coviro.2017.02.006
https://doi.org/10.1056/NEJMoa1500306
https://doi.org/10.1017/S0950268816000054
https://doi.org/10.1017/S0950268816000054
https://doi.org/10.1126/scitranslmed.abi5229
https://doi.org/10.1126/scitranslmed.abi5229
https://doi.org/10.1056/NEJMoa2024670
https://doi.org/10.1016/S0140-6736(79)92335-3
https://doi.org/10.1016/S0140-6736(79)92335-3
https://doi.org/10.1038/nri.2016.138
https://doi.org/10.1016/S0140-6736(22)02573-9
https://doi.org/10.1080/22221751.2019.1601030
https://doi.org/10.1016/j.vaccine.2009.10.110
https://doi.org/10.1038/s41575-020-00361-w
https://doi.org/10.1097/CM9.0000000000001791
https://doi.org/10.1097/CM9.0000000000001791
https://doi.org/10.1056/NEJMoa1502924
https://doi.org/10.1016/S0140-6736(15)61117-5
https://doi.org/10.1016/S0140-6736(16)32621-6
https://doi.org/10.1016/S0140-6736(16)32621-6
https://doi.org/10.2174/1871526519666181123145540
https://doi.org/10.1093/infdis/jiw218
https://doi.org/10.1093/cid/ciz1165
https://doi.org/10.1001/jama.2015.1995
https://doi.org/10.1093/infdis/jiy698
https://doi.org/10.1016/S0140-6736(19)30036-4
https://doi.org/10.1038/nrdp.2015.16
https://doi.org/10.1038/nrdp.2015.16
https://doi.org/10.3389/fimmu.2023.1060481
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Lessons from Pasteur may help prevent the deadly relapse of Ebola in patients: Using contingency vaccination to avoid Ebola relapse in immune-privileged organs
	Introduction
	Main text
	Conclusion
	Author contributions
	Funding
	Acknowledgments
	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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


