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Abstract: In Madagascar, the black rat, Rattus rattus, is the main reservoir of plague (Yersinia pestis infection),

a disease still responsible for hundreds of cases each year in this country. This study used experimental plague

challenge to assess susceptibility in wild-caught rats to better understand how R. rattus can act as a plague

reservoir. An important difference in plague resistance between rat populations from the plague focus (central

highlands) and those from the plague-free zone (low altitude area) was confirmed to be a widespread phe-

nomenon. In rats from the plague focus, we observed that sex influenced plague susceptibility, with males

slightly more resistant than females. Other individual factors investigated (weight and habitat of sampling) did

not affect plague resistance. When infected at high bacterial dose (more than 105 bacteria injected), rats from

the plague focus died mainly within 3–5 days and produced specific antibodies, whereas after low-dose

infection (< 5,000 bacteria), delayed mortality was observed and surviving seronegative rats were not

uncommon. These results concerning plague resistance level and the course of infection in the black rat would

contribute to a better understanding of plague circulation in Madagascar.

Keywords: Experimental challenge, infectious disease resistance, Madagascar, pathogen-mediated selection,

rodent-borne disease, Yersinia pestis

Rodent-borne diseases inflict a heavy toll on human health

(Gratz, 1997; Meerburg et al., 2009). To increase our

understanding of rodent reservoir dynamics, and conse-

quently of disease risks, we need to consider evolutionary

changes of the hosts in response to their pathogens

(Woolhouse et al., 2002; Altizer et al., 2003). Plague is a

rodent-borne disease caused by Yersinia pestis bacteria and

transmitted by fleas (Prentice and Rahalison, 2007). In

Madagascar, plague arrived in 1898 during the third pan-

demic and has persisted in the central highlands, at alti-

tudes above 800 meters, since the 1930 s (Brygoo, 1966;

Duplantier et al., 2005). This large region constitutes one of

the main plague foci in the world (41% of the world’s

reported cases in 2000–2001, WHO, 2003). The black rat,

Rattus rattus, is by far the most abundant small mammal

and is the most probable plague reservoir in villages of the

central highlands (Brygoo, 1966; Duplantier and Duche-

min, 2003). However, this species is classically considered

to be plague susceptible (Dennis et al., 1999), resulting in
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the paradox of attributing the role of reservoir to a highly

susceptible host.

Preliminary experimental infections (Rahalison et al.,

2003) showed that rats from one locality within the

Malagasy plague focus (Antananarivo) were approximately

1,000 times more resistant to plague infection than rats

from one plague-free locality (Brickaville; Fig. 1). Within

the plague focus, rats from different habitats carry dif-

ferent flea species (Brygoo, 1966) and exhibit contrasting

levels of plague seroprevalence (higher outdoors than in-

side houses; Dromigny, 1997; Rahelinirina, 2009), so they

may differ in their susceptibility to plague. Moreover,

plague resistance heterogeneity within species could be

modulated by individual factors, such as sex or age of

animals (Twigg, 1978; Gage and Kosoy, 2005). This study

was designed to further increase knowledge about plague

resistance in natural populations of R. rattus in Mada-

gascar, using experimental plague challenges. The main

goals were (1) to confirm the difference in rat plague

resistance between the plague focus and the plague-free

zone, (2) to describe the kinetics of plague infection and

the production of antibodies according to rat’s origin and

the bacterial dose injected, and (3) to examine whether

resistance was associated with individual (sex or weight)

or ecological (habitat) factors.

RAT SAMPLING

Wild-trapped rats were used in preference to laboratory-

born animals to ensure that host factors would match

closely those found in their natural environment (see also

Isaacson et al., 1983). Sampling was conducted between

November 2006 and May 2008 in two central highland

zones, where human plague cases are reported each year,

and three plague-free zones (Fig. 1). Rats were live-

trapped within houses, in sisal hedges, and around irri-

gated rice fields (as described in Gilabert et al., 2007).

For each sampled rat, a blood sample was collected to

perform an anti-F1 (Y. pestis specific) antibodies ELISA

assay (Dromigny, 1997; Rasoamanana et al., 1997). No

seropositive rats were found within plague-free zones,

whereas seroprevalence levels ranged between 0.4% and

14.6% within the plague focus. Seropositive rats were

euthanized by cervical dislocation as recommended by

Mills et al. (1995). Seronegative rats (supposed plague

naı̈ve) were housed in group boxes of five rats each, at

ambient temperature, with food and water ad libitum.

Plague challenge was performed at least ten days after

trapping.

PLAGUE CHALLENGE AND FOLLOW-UP

OF ANIMALS

For all experiments, we used the same Y. pestis strain

(named 23:07S), which was isolated in 2007 from a Mala-

gasy patient during a routine diagnostic test (Institut Pas-

teur de Madagascar). The patient was severely affected and

one fatal case occurred in the same village. The bubon

punction was intensified by injection to mice (which died

within 2 days) and stored at -20�C.

Figure 1. Location of study sites and plague focus in Madagascar.

Dotted line: limits of the main plague focus. Grey area: zone where

altitude is higher than 800 meters. Triangles: sampling sites

[Brickaville (BRI), Inanantonana (INA), Mangarano (MAN), Mian-

drivazo (MIA), and Tsarasambo (TSO)]. Open circles: localities

considered by Rahalison et al. (2003).
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Because the bacterial dose injected during a flea bite can

be highly variable (from zero to more than 4,000 bacteria;

Lorange et al., 2005) and variable numbers of fleas can feed

on one rat (up to 70 fleas on a single rat, J.M. Duplantier,

unpublished observation), we conducted several experi-

ments (Table 1) with various bacterial doses (between 125 to

2.105 bacteria injected). Before infection, the bacterial con-

centration of two days of culture was estimated by measuring

the optical density of the solution. A better estimate of the

injected dose was obtained a posteriori by deposing different

dilutions on selective agar plates. Animals were weighed and

100 lL of bacterial solution was injected subcutaneously in

the thigh. We then followed animals during 18 days, as

preliminary experiments showed that subsequent mortality

was not attributable to plague (L. Rahalison, unpublished

observation). All rats were examined twice per day. An

antigen F1 rapid diagnostic test (RDT, Chanteau et al., 2003)

was used on the spleen of dead rats to confirm that the death

was caused by plague. Dead rats with negative RDT were rare

(mean 2% of infected rats) and removed from the analyses.

At the end of the experiment (18th day), blood was sampled

for an ELISA assay (as described above), to estimate the

proportion of surviving rats presenting anti-F1 antibodies.

COMPARISON OF PLAGUE SUSCEPTIBILITY

BETWEEN PLAGUE FOCUS AND PLAGUE-FREE

ZONE

We assessed whether the issue of plague challenge was re-

lated to the origin of the rats, the dose injected, and the

interaction between both factors, using a generalized linear

model (GLM, PROC LOGISTIC: binomial error distribu-

tion, logit link function, backward selection) in SAS for

Windows 9.1. (SAS Institute, Cary, NC, USA 2002). Plague

survival was higher in rats from the plague focus than for

the low-altitude zone (v2(1) = 56.2; P < 0.0001) and de-

creased with the injected dose (v2(1) = 21.7; P < 0.0001;

Table 1; Fig. 2). The large difference in plague susceptibility

between plague focus and plague-free zone populations,

Table 1. Description of the plague challenge experiments conducted and results in term of mortality rate and antibody production

Experiment i1 i2 i3 i4 i5 i6 i7

Date 15/02/07 27/09/07 26/05/08 26/05/08 04/06/07 16/10/07 23/05/08

Origin Plague focus Plague-free zone

(localitya) (INA + MAN) (INA) (INA) (INA) (BRI + MIA) (TSO + MIA) (BRI + MIA + TSO)

Bacterial dose 105 125 1000 2.105 150 750 4150

No. of rats %b

Infected 146 82 86 31 12 20 22

Dead 76 15 5 6 10 18 20

52.1% 18.3% 5.8% 19.4% 83.3% 90% 90.9%

Surviving seronegative 4 16 30 0 N.A. N.A. N.A.

5.7 % 23.9 % 37.0 % 0 %

aSee Fig. 1 for location
bPercentages were calculated according to the total number of infected rats, or according to the survivors for surviving seronegatives

N.A. = not analyzed

Figure 2. Dose-response curves in term of mortality rate for the rats

originating from the plague focus (central highlands, triangles) and rats

originating from the plague-free zone (low altitude zone, squares).

Mortality rates are indicated for each infection experiment, along with

their binomial confidence interval (Clopper and Pearson, 1934).
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previously described by Rahalison et al. (2003), is here

confirmed and demonstrated in other localities. Because

this pattern was also observed in laboratory-born animals

(Rahalison et al., 2003), it suggests the evolution of plague

resistance restricted to central highland populations where

plague has been endemic for 90 years. Plague resistance in

these R. rattus populations would therefore be an example

of rapid evolution (Altizer et al., 2003), which may be ex-

plained by the high virulence of plague bacteria (Stenseth

et al., 2008) and the short generation time of the black rat

(approximately 0.5 years; J.-M. Duplantier, unpublished

data). Evolution of plague resistance may not be restricted

to this system, as variability in resistance related to plague

occurrence has been described in other recent plague foci:

Onychomys leucogaster (Thomas et al., 1988) and Microtus

californicus (Quan and Kartman, 1962) in North America;

Mastomys natalensis in South Africa (Shepherd et al., 1986).

Unlike these native species, the black rat was introduced to

Madagascar a few thousand years ago, and consequently

displays relatively low levels of neutral genetic variability,

especially in the central highlands (Tollenaere et al., 2010),

but this does not appear to have prevented rapid evolution

(see also Koskinen et al., 2002; Dlugosch and Parker, 2008).

KINETICS OF INFECTION

We conducted Kaplan-Meier survival analyses to compare

experiments resulting in at least 15 dead individuals (i1, i2,

i6, i7; Fig. 3) using the LIFETEST procedure of SAS. Log-

rank tests indicated significant differences among survival

curves (v2(3) = 17.06; P = 0.0007). Most plague death

occurred between the third and fifth days after infection

(more than 90% before the seventh day) for experiments

involving rats from the plague-free zone (i6 and i7) and for

high-dose infections of rats from the plague focus (i1).

Mean survival time was higher for the low-dose experiment

involving rats from the plague focus (i2) with some plague

death still occurring after 17 days (Fig. 3).

These results mostly confirmed the rapidity of plague

disease in R. rattus, as observed in humans (Perry and Fe-

therston, 1997) and laboratory rats (Sebbane et al., 2005).

However, the prolonged lifespan of infected rats within

plague foci could have a significant influence on flea infection

rates and, therefore, plague transmission, but information on

bacteraemia levels in the blood through the course of infec-

tion would be necessary to evaluate this hypothesis.

ANTIBODY PRODUCTION IN SURVIVING

ANIMALS

Most rats surviving to 18 days produced antibodies.

However, the proportion differed according to the dose

injected (Table 1), with 24–37% of rats surviving a low-

dose infection (i2, i3) testing seronegative compared with

only 0–6% at high dose (i1, i4). Individuals resistant to

infection with no antibody production were rare in high-

dose but fairly common in low-dose infections. Because the

natural dose injected by fleas may be highly variable

(Lorange et al., 2005), this result indicates that seropreva-

lence levels could underestimate plague circulation in ro-

dent populations.

INDIVIDUAL FACTORS AFFECTING

SUSCEPTIBILITY WITHIN THE PLAGUE FOCUS

The effect of sex, weight (at infection time), habitat

(houses, sisal fences, and rice fields), and their interactions

on plague survival was tested using GLMs (see above). Only

experiment i1 was considered due to insufficient number of

dead rats in other experiments. Sex was the only variable

included in the final model (v2(1) = 4.43; P = 0.035),

revealing that males (66 individuals) were more resistant

than females (80 individuals). More experiments are nee-

ded to confirm this finding. In humans, plague incidence

Figure 3. Survivorship functions for experiments resulting with

more than 14 dead individuals. The proportion of surviving

individuals among finally (after 18 days) dead individuals is

represented following Kaplan-Meier representation. i1 (black) was

a high-dose infection, whereas i2, i6, and i7 (grey) were low- or

moderate-dose infections. i1 and i2 used rats from the plague focus,

whereas i6 and i7 used rats from the plague-free zone. The mean

survival time was higher in i2 (8.60 ± 1.14 days) compared with i1

(4.84 ± 0.30 days), i6 (4.39 ± 0.52 days), or i7 (5.15 ± 0.44 days).
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often differs between males and females, although the

direction of the sex-bias differs between foci (for example

Migliani et al., 2006 and Davis et al., 2006). This pattern is

classically attributed to variation in risk due to differential

behavior, rather than differences in susceptibility (but see

Boisier et al., 2002).

Animal weight and habitat did not influence suscep-

tibility. Other individual factors—transitory (physiological

or immune status) or permanent (genetics)—also may

influence resistance levels (Gage and Kosoy, 2005) and

should be investigated in Malagasy R. rattus.

CONCLUSIONS

Epidemiological Consequences of Resistance Level

within the Plague Focus

The proportion of plague-resistant or susceptible individ-

uals in a population characterizes the role that population

can play in transmission and maintenance of plague (Big-

gins and Kosoy, 2001). Indeed, highly resistant individuals

allow the maintenance of rat populations during outbreaks,

whereas highly susceptible rats allow plague transmission

(Eisen and Gage, 2009), because fleas can only be infected

by feeding on animals with terminal septicemia (Lorange

et al., 2005). Resistance levels found in R. rattus popula-

tions from the Malagasy plague focus (50–94%) were close

to those found in classical enzootic hosts in Asia (40–80%;

Biggins and Kosoy, 2001). Moreover, epidemiological

models show that an introduction of bubonic plague can

lead to a highly persistent enzootic focus when the initial

level of resistance in rodent population is 50–75% (Keeling

and Gilligan, 2000). Developing specific epidemiological

models would allow a more detailed investigation of the

role of R. rattus resistance for plague persistence in Mad-

agascar. The results of this study provide crucial insight for

developing such models.
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des rats et des musaraignes. Unpublished Master Report. Uni-
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paysage. Thesis. Antananarivo, Antananarivo.

Rasoamanana B, Leroy F, Boisier P, Rasolomaharo M, Buchy P,
Carniel E, et al. (1997) Field evaluation of an immunoglobulin
G anti-F1 enzyme-linked immunosorbent assay for serodiag-
nosis of human plague in Madagascar. Clinical and Diagnostic
Laboratory Immunology 4:587–591

Sebbane F, Gardner D, Long D, Gowen BB, Hinnebusch J (2005)
Kinetics of disease progression and host response in a rat model
of bubonic plague. American Journal of Pathology 166:1427–
1439

Shepherd AJ, Leman PA, Hummitzsch DE (1986) Experimental
plague infection in South African wild rodents. Journal of Hy-
giene (Cambridge) 96:171–183

Stenseth NC, Atshabar BB, Begon M, Belmain SR, Bertherat E,
Carniel E, et al. (2008) Plague: past, present, and future. Plos
Medicine 5:9–13

Thomas RE, Barnes AM, Quan TJ, Beard ML, Carter LG, Hopia
CE (1988) Susceptibility to Yersinia pestis in the northern
grasshopper mouse (Onychomys leucogaster). Journal of Wildlife
Diseases 24:327–333

Tollenaere C, Brouat C, Duplantier JM, Rahalison L, Rahelinirina
S, Pascal M, et al. (2010) Phylogeography of the introduced
species Rattus rattus in the western Indian Ocean, with special
emphasis on the colonization history of Madagascar. Journal of
Biogeography 37:398–410

Twigg GI (1978) The role of rodents in plague dissemination: a
worldwide review. Mammal Review 8:77–110

Woolhouse MEJ, Webster JP, Domingo E, Charlesworth B, Levin
BR (2002) Biological and biomedical implications of the co-
evolution of pathogens and their hosts. Nature Genetics 32:569–
577

World Health Organization (2003) Human plague in 2000–2001.
Weekly Epidemiological Record 78:130–135

Experimental Plague in Malagasy Rattus rattus 247


	Susceptibility to Yersinia pestis Experimental Infection in Wild Rattus rattus, Reservoir of Plague in Madagascar
	Abstract
	Rat Sampling
	Plague Challenge and Follow-up  of Animals
	Comparison of Plague Susceptibility between Plague Focus and Plague-free Zone
	Kinetics of Infection
	Antibody Production in Surviving Animals
	Individual Factors Affecting Susceptibility within the Plague Focus
	Conclusions
	Epidemiological Consequences of Resistance Level within the Plague Focus

	Acknowledgments
	References



<<
  /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


