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We evaluated published and unpublished data on cholera cases and deaths reported from clinical care facilities
in the 56 health districts of the Democratic Republic of Congo to the National Ministry of Health during 2000–
2011. Cholera incidence was highest in the eastern provinces bordering lakes and epidemics primarily orig-
inated in this region. Along with a strong seasonal component, our data suggest a potential Vibrio cholerae
reservoir in the Rift Valley lakes and the possible contribution of the lakes’ fishing industry to the spread of
cholera. The National Ministry of Health has committed to the elimination—rather than control—of cholera in
DRC and has adopted a new national policy built on improved alert, response, case management, and preven-
tion. To achieve this goal and implement all these measures it will require strong partners in the international
community with a similar vision.
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The Democratic Republic of the Congo (DRC) is
among the countries in the world most affected by
cholera outbreaks, accounting for a substantial propor-
tion of global cases and deaths. The national health
system is organized in 3 levels:

1. Central level (Ministry of Health, Department
of Disease Control), which has the normative and

regulatory authority over all of the country’s health
structures.
2. Intermediate level (provincial health authority

and health district): Provides technical support to the
development of health zones
3. Peripheral level (health districts): This is the oper-

ational unit of planning and implementation of nation-
al policy.

The DRC has 11 health provinces subdivided into 56
operational health districts (planned to be expanded to
65 districts). These are divided into 515 health zones.
The health sector is highly dependent on external
funding and interventions. Patients are charged for
routine care, but treatment in cholera treatment centers
is generally free. The DRC currently has 401 hospitals:
176 are state-owned, 179 run by religious organizations,
46 by companies in the public- or private sector; 7725
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other care facilities include community health centers, maternity
clinics, and polyclinics, which are also either owned by the state,
by businesses, religious groups, NGOs, or private individuals.

The current article reviews the published and unpublished
work of the cholera working group at the National Institute for
Biomedical Research and the Department of Disease Control in
Kinshasa on the epidemiology of cholera in DRC based on
public health surveillance data, and describes how the Ministry
of Health (MoH) used these data to develop a national strategic
plan for elimination of cholera as a public health problem in
DRC (2008–2012 and since this year 2013–2017). The DRC
MoH hopes that this process will influence other African
Countries affected by cholera to change their policies from
control to elimination of cholera.

METHODS

We studied cases and deaths from cholera reported by the 56
district health offices to the National Ministry of Health
between 2000 and 2011. We analyzed case notifications and en-
vironmental data to characterize the different geographic areas
at the level of health district and province comprising all the
different types of structures mentioned above. The Ministry of
Health supplied demographic data by province and health dis-
trict and the shape-files for constructing the polygons for
mapping the distribution of cases in the mapping software
HealthMapper (Ministry of Health DRC, 2002).

We reviewed over 150 status reports of cholera outbreaks
produced between 2000 and 2011 by intervention teams of the
Department for Disease Control, the Provincial Medical In-
spections Office, the medical staff of the health zones, WHO
and UNICEF, the nongovernmental organization (NGO) Doctors
Without Borders, and other medical-humanitarian NGOs.

Incidences were calculated as notified cases of cholera per
100 000 population. Population data were provided by the DRC
Ministry of Health.

Cholera cases were defined based on the WHO standard case
definition as patients 5 years of age or older with acute watery
diarrhea, with or without vomiting. In the DRC, cases 2 years
and older are also notified to the national surveillance system
but only during laboratory-confirmed cholera outbreaks. As
recommended by WHO, outbreaks were usually confirmed by
identification of V. cholera O1 in stool cultures; however,
usually only sporadically at the beginning and the end of each
outbreak are cases confirmed by stool culture of Vibrio cholerae.

RESULTS

Geographic Distribution of Cholera in DRC
In 2011, the DRC reported 21 700 (3.7%) of the globally noti-
fied 589 854 cases of cholera to the WHO and 584 (7.4%) of all

7816 cholera-related deaths in the world [1]. Between 2000 and
2011, the highest annual attack rates were mostly observed in
the Eastern provinces bordering the Great Lakes, ie, the prov-
inces of Orientale, North and South Kivu, Katanga, and Kasaï
Oriental (Supplementary Figure 1).

The western provinces of Equateur, Bandundu, Kinshasa,
and Bas-Congo reported cases in 3 out of the 12 evaluated
years, apart from an isolated outbreak in Kinshasa in 2001. In
contrast, the provinces bordering the Great Lakes—namely,
North and South Kivu and Katanga—suffered high incidences
of over 10 per 100 000 every year during the same period. The
province of Oriental, bordering the northernmost lake, reported
cholera during all years but 2010, albeit with a lower incidence.

We compared the number of cholera cases notified through-
out the country during the study period with the number of
cases notified only in the eastern provinces of North and South
Kivu, Katanga, and Kasai-Oriental, all bordering lakes (Figure 1).
The lake-bordering provinces were hyperendemic and account-
ed for the majority of cases in DRC. This was especially true for
2005–2007 and December 2009, when all cases observed were
notified from lake-bordering health-districts. During 2002–
2003, October 2007 to March 2008, and throughout 2011, out-
breaks occurred inland and farther west, namely, in the Upper
Congo River Basin in Katanga [2], and other urban areas such as
Mbuji-Mayi, the capital of Eastern Kasaï [2], and Kinshasa, the
capital of the DRC [3].

The most recent available cumulative cholera notifications for
2011 followed the trends described above for 2000–2011. Again,
the highly endemic areas are defined as those from which cases
are reported continuously, with lull periods with zero notified
cases of <6 months. These are all in the east of the country and
border the lakes of the Rift Valley. The western provinces show a
typical seasonal pattern of epidemics (Figure 2) are long lull
periods of over 6 months between 2 cholera outbreaks.

Temporal Distribution of Cholera
Seasonal peaks exist, with most cases usually notified during
the first quarter of the year. Other features of cholera outbreaks
include (Figure 2): (1) a high level of cases all year in endemic
lake bordering areas, (2) cases beginning in Province Orientale
during week 9 and peaking during mid-March, and (3) the first
cases notified during weeks 18, 22, and 24 in Equateur, Ban-
dundu, and Kinshasa with the epidemic peak during mid-July,
mid-June, and end of July, respectively.

A previous study conducted in DRC between 2002 and 2006 [4]
reported overall cases, cases by season, and a residual component
not explained for by the seasonality. Around lakes Upemba and
Tanganyika, analysis found a repetitive seasonal pattern in notifi-
cations with higher case numbers between October and April
and lower numbers from May to September. After subtract-
ing the seasonal variations from the crude notifications, the re-
maining trend showed a marked decrease over the study
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period. Additionally, this study found that the seasonal model
explained the variation throughout the year between rainy and
dry seasons but not the outbreaks during 2002 in Kalemie and
Bukama, which would thus require an explanation outside of
seasonal events.

Factors Favoring the Spread of Cholera Outbreaks
Several studies have found an environmental reservoir for V.
cholerae in the lakes of the rift valley [4, 5]. In previous studies
we have described specific sources in lake areas and transmis-
sion pathways via main roads and railways [6]. The Congo
River is a major means of transportation in DRC, with fisher-
men travelling at the end of the dry season from lakes in
eastern DRC to bigger cities where they sell their fish [2].
Hence, seasonal variations may occur because of fishing and
commercial activities concentrated along rivers.

As an example, between weeks 30–39 and 41–44 of 2007,
cholera outbreaks spread from the lake districts of Bukama,
Kasenga, and Kalemie to the cities of the southern Katanga
province (Figure 3). The observed spread of cholera outbreaks
correlated with the migratory patterns of the local fishermen.
During June and July, the months with the lowest number of
notifications, cases were mainly concentrated in the lake areas of
Kalemie, Bukama, and Kinkondja Kabondo-Dianda (Katanga);
Goma, and Kirotshe-Mutwanga (North Kivu); and Uvira,
Katana, and Bukavuand Kyondo (South Kivu), suggesting lakes
might act as natural reservoirs for V. cholerae. During that
period, fishermen and merchants migrated to islands in the lake

where they set up temporary settlements. At the beginning of
the rainy season in late September, they started leaving those
islands for cities such as Likasi, Kolwezi and Lubumbashi in the
south of Katanga province. Around the same time as those migra-
tions occurred case notifications from those cities rose leading to
the hypothesis of migrating local fishermen and traders being
likely to spread cholera. This hypothesis will need to be con-
firmed by molecular biology analyses.

An underlying problem is a lack of access to safe water. Differ-
ent recent studies from 2010 and 2011 found a safe water cover-
age of households between 26% (38% urban, 17% rural) [7] and
47% (23% rural, 80% urban) [8]. In reality, even these figures do
not reflect the geographic disparity in drinking water access,
which in many areas is below 5% [8]. The main reasons for this
low supply of drinking water are the current inadequate institu-
tional framework and the lack of financial resources allocated to
the sector. Armed conflict has exacerbated this already precari-
ous situation by the destruction of existing infrastructure. Only
27% of all households (25% rural and 28% urban) use improved
sanitation facilities [8]. The strategic cholera elimination plan is
characterized by the priority given to those underdeveloped
areas in lack of water and sanitation infrastructure that are highly
endemic for cholera. The plan has a budget of nearly $160
million US dollars of which nearly 60% shall be spent on the im-
provement of water and sanitation infrastructure.

At present, still very few interventions are carried out around
sanitation and improved drinking water sources. Point of use
chlorination of water that people carry home from lakes and

Figure 1. Suspected cholera cases, by week of notification, Democratic Republic of Congo (DRC), 2000–2011. In blue, the total notifications from DRC;
in red, notifications from Katanga, North-/South Kivu and Kasai Oriental, lake-bordering areas in eastern DRC.
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rivers is often used, but there has never been a study to assess
its effectiveness. Thus, in the absence of water, even during epi-
demics the population continues to use the contaminated water
of rivers and lakes. Regarding behavior change, campaigns have
failed to integrate the disease perception of local people. As an
example, people were asked to boil water in areas of swampy sa-
vannas like parts of Bukama and Katanga where wood and coal
are rare and expensive and used only for cooking.

DISCUSSION

Between 2000 and 2011, the highest annual incidence of reported
cholera cases in DRC was observed in the Eastern provinces of
Orientale, North- and South Kivu, Katanga, and Kasaï Oriental,
with high incidence of cholera and higher attack rates repeatedly
found in communities close to lakes. Our work has identified 3
key elements relevant to cholera control efforts, namely:

1. Epidemics primarily originated in the same areas of
Eastern DRC.
2. Cholera epidemics were seasonal in DRC, with low inci-

dence between May and July.

3. During this period of low incidence, cholera was concen-
trated in the lake areas, possibly implicating lakes as natural res-
ervoirs for V. cholerae.

Seven cities located on the lake shore have been identified as
the main source of cholera epidemics in the DRC, implying these
could be reservoirs [9]. The corresponding health zones (Figure 4)
have been targeted according to the strategic plan of cholera elimi-
nation in the DRC. Seasonal patterns will assist with planning
public health activities to prevent cholera outbreaks.

The work performed in the DRC constitutes an important
step in understanding the spatio-temporal dynamics of cholera
epidemics in the region. The methods we have used could be
applied in other cholera-affected African countries, thereby as-
sisting in cholera control efforts. Such studies in Africa are im-
portant to understand the specific role of certain geographical
areas, to identify temporal dynamics of the disease, to quantify
precisely lull periods, and to identify populations at risk.

Limitations of the Presented Data
This article presents the currently available aggregate weekly
notifications from the 56 health districts in the DRC of suspect
cases that presented to the health posts. No active case finding

Figure 2. Reported cholera cases in 7 provinces of the Democratic Republic of Congo (DRC) during 2000–2011. The colored spots are located in the geo-
graphic center of these provinces and do not correspond to the exact location of the notified cholera cases. Yellow spots represent endemic areas; red
spots represent epidemic areas. Endemic regions of eastern DRC were those from which cases are reported continuously, with lull periods with zero noti-
fied cases of <6 months despite no changes in the surveillance system and methodology. A region was defined as epidemic when there are long lull
periods of >6 months between 2 cholera outbreaks.
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is undertaken, so there is no reliable way to estimate the num-
ber of cases and deaths outside the existing health structures.
Only sporadically at the beginning and the end of each out-
break are cases confirmed by stool culture of V. cholerae. The
health authorities in the DRC are trying to introduce case-
based surveillance in sentinel sites [10]. This includes asking
cases presenting at treatment centers to name other cases of di-
arrhea in their household. This exhaustive surveillance is sup-
posed to be extended by the national authorities beyond the
surveillance sites to better estimate the burden of cholera in the
community.

In December 2007, national experts agreed on the strategic
plan for the elimination of cholera in the DRC [11]. In this
policy document signed by the Minister of Health the elimina-
tion of cholera is declared the long-term objective of cholera
control efforts. The general objective of this plan is to improve
the health of the Congolese population by reducing morbidity
and mortality due to cholera. The specific objective is lowering
the incidence of cholera to <1 case per 100 000 population,
meaning <500 cumulative confirmed cases of cholera per year
in the DRC by 2013.

To achieve this goal, 7 main strategies are being pursued,
with priority on 7 lake-bordering areas that are highly endemic
for cholera (Figure 4):

1. Strengthening active and passive epidemiological surveil-
lance
2. More timely alert of outbreaks (by abolishing the notifica-

tion threshold currently used)
3. Strengthening prevention in the targeted health areas

(health promotion, vaccination, . . . )
4. Improved infrastructure for drinking water and sanitation

and hygiene conditions in the lake areas “sources” as a priority;
5. Improved case management
6. Strengthening coordination (for the relationship between

donors, operational actors and researchers
7. Promotion of operational research

The implementation of the plan has led to the improvement
of epidemiological surveillance, improved case management,
and the strengthening of coordination through the creation of
an Intersectoral Committee for the Fight Against Cholera. In
the areas of water, hygiene, and sanitation, sustainable actions

Figure 3. Graphical representation of a cholera outbreak spread from week 30 to week 44, 2007 in the Democratic Republic of Congo.
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have been initiated and are currently progressing in 4 priority
cities of Bukama, Kalémie, Uvira, and Goma.

In the DRC as in several African countries, the idea of a pos-
sible elimination of cholera as a public health problem is still
considered unachievable. Yet the experience in other regions,
such as the elimination of cholera in Latin America only 12
years after the first outbreak in 1991, shows that this can be
achieved. The recent decision by the Pan American Health
Organization (PAHO), World Health Organization (WHO),
UNICEF, US Centers for Disease Control and Prevention, and
the 2 governments of Haiti and Dominican Republic, to move
from control to elimination of cholera in the island of Hispan-
iola [12], should serve as an example to policy makers and the
international community regarding the elimination of cholera
in Africa. The call to action for the elimination of cholera in the
island of Hispaniola demonstrates the importance of political
courage and institutional commitment when confronting a
disease that results largely from social inequities.

In the DRC, despite the fact that the dynamic and the source
of cholera outbreaks are already known [13], these elements
remain absent, including a strong statement by the internation-
al community that the goal is elimination and not merely
control. While the DRC Ministry of Health has expressed a
desire for cholera elimination, the current circumstances of the
DRC dictate that international funding and technical groups
must also commit to this goal and work with the DRC govern-
ment and local experts to achieve it.

Supplementary Data

Supplementary materials are available at The Journal of Infectious Diseases
online (http://jid.oxfordjournals.org/). Supplementary materials consist of
data provided by the author that are published to benefit the reader. The
posted materials are not copyedited. The contents of all supplementary data
are the sole responsibility of the authors. Questions or messages regarding
errors should be addressed to the author.

Notes

This article has not been submitted or accepted elsewhere. All authors
have contributed to, seen, and approved the final, submitted version of the
article.
Financial support. The Africhol project and this article were funded

through a grant from the Bill and Melinda Gates Foundation.
Potential conflicts of interest. All authors: No reported conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. WHO. Weekly epidemiological record 3 AUGUST 2012, 87th year,
289–304. http://www.who.int/wer/2012/wer8731_32.pdf. Accessed 14
December 2012.

2. Bompangue ND, Giraudoux P, Plisnier PD, et al. Dynamics of cholera
outbreaks in Great Lakes region of Africa, 1978-2008. Emerg Infect Dis
2011; 17:2026–34.

3. Bompangue D, Vesenbeckh SM, Giraudoux P, et al. Cholera ante
portas: The reemergence of cholera in Kinshasa after a ten-year hiatus.
Version 2. PLoS Curr 2012; 4: RRN1310.

4. Bompangue D, Giraudoux P, Piarroux M, et al. Cholera epidemics, war
and disasters around Goma and Lake Kivu: an eight-year survey. PLoS
Negl Trop Dis 2009; 3:e436.

5. Kaddumukasa M, Nsubuga D, Muyodi FJ. Occurrence of culturable
Vibrio cholerae from Lake Victoria, and Rift Valley Lakes Albert and
Georges, Uganda. Lakes and Reservoirs: Research and Management
2012; 17:291–9.

6. Birmingham ME, Lee LA, Ndayimirije N, et al. Epidemic cholera in
Burundi: patterns of transmission in the Great Rift Valley Lake region.
Lancet 1997; 349:981–5.

7. United Nations Environment Program. http://postconflict.unep.ch/
publications/UNEP_DRC_water.pdf. Accessed 19 April 2013.

8. WHO and UNICEF. Meeting the MDG drinking water and sanitation
target: the urban and rural challenge of the decade. http://www.who.
int/water_sanitation_health/monitoring/jmpfinal.pdf. Accessed 22 April
2012.

9. Piarroux R, Bompangue D, Oger PY, Haaser F, Boinet A, Vandevelde
T. From research to field action: example of the fight against cholera in
the Democratic Republic of Congo. FACTS Rep 2009; 2:69–77.

10. Africhol.org. Africhol in the Democratic Republic of Congo. http://
www.africhol.org/country/drc. Accessed 19 April 2013.

11. Ministry of Health of the Democratic Republic of the Congo. National
Plan of Elimination of Cholera 2013-2017. http://www.africhol.org/
news/drc/drc-national-plan-elimination-cholera-2013-2017-now-available.
Accessed 22 April 2013.

12. Periago MR, Frieden TR, Tappero JW, De Cock KM, Aasen B, Andrus
JK. Elimination of cholera transmission in Haiti and the Dominican
Republic. Lancet 2012; 379:9812.

13. Bompangue D, Giraudoux P, Handschumacher P, et al. Lakes as source
of cholera outbreaks, Democratic Republic of Congo. Emerg Infect Dis
2008; 14:798–800 .

Figure 4. The 7 targeted health zones, according to the strategic plan
of cholera elimination in the Democratic Republic of Congo.

Cholera in DRC • JID 2013:208 (Suppl 1) • S91

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jit204/-/DC1
http://jid.oxfordjournals.org/
http://jid.oxfordjournals.org/
http://jid.oxfordjournals.org/
http://www.who.int/wer/2012/wer8731_32.pdf
http://www.who.int/wer/2012/wer8731_32.pdf
http://www.who.int/wer/2012/wer8731_32.pdf
http://postconflict.unep.ch/publications/UNEP_DRC_water.pdf
http://postconflict.unep.ch/publications/UNEP_DRC_water.pdf
http://postconflict.unep.ch/publications/UNEP_DRC_water.pdf
http://postconflict.unep.ch/publications/UNEP_DRC_water.pdf
http://www.who.int/water_sanitation_health/monitoring/jmpfinal.pdf
http://www.who.int/water_sanitation_health/monitoring/jmpfinal.pdf
http://www.who.int/water_sanitation_health/monitoring/jmpfinal.pdf
http://www.who.int/water_sanitation_health/monitoring/jmpfinal.pdf
http://www.africhol.org/country/drc
http://www.africhol.org/country/drc
http://www.africhol.org/country/drc
http://www.africhol.org/country/drc
http://www.africhol.org/news/drc/drc-national-plan-elimination-cholera-2013-2017-now-available
http://www.africhol.org/news/drc/drc-national-plan-elimination-cholera-2013-2017-now-available
http://www.africhol.org/news/drc/drc-national-plan-elimination-cholera-2013-2017-now-available
http://www.africhol.org/news/drc/drc-national-plan-elimination-cholera-2013-2017-now-available


<<
  /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 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /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


