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Pertussis Vaccine Trials in the 1990s
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The significant burden of disease due to pertussis, which predominantly affects newborns during their
first few months of life, was substantially decreased following the introduction of inactivated whole-
bacterial-cell vaccines in the middle of the 20th century. Although these vaccines were effective in re-
ducing the incidence of pertussis in the countries that implemented their widespread use, increasing
concerns about pertussis vaccine–associated adverse events led the development of acellular pertussis
vaccines containing 1 or more purified Bordetella pertussis proteins. During the 1990s, collaborative
international clinical trials were conducted to evaluate the safety, immunogenicity, and/or efficacy of
different acellular vaccines.
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PERTUSSIS VACCINE DEVELOPMENT:
BACKGROUND

Pertussis remains a highly infectious respiratory infec-
tion that causes a significant burden of disease.
Between the 1920s and early 1940s, an average of
175 000 cases of pertussis were reported each year in
the United States, with the majority occurring in chil-
dren younger than 5 years [1–3]. Highly effective, inac-
tivated whole-bacterial-cell–derived pertussis vaccines
that also contained diphtheria and tetanus toxoids
(DTwP) were developed and approved in the early part
of last century and, by the late 1940s, were being used
in infants in many countries. In the United States, use
of DTwP vaccine decreased the incidence of pertussis
to <5000 cases per year by 1970 [3]. While their intro-
duction led to a significant decrease in the number of
reported cases of pertussis, DTwP vaccines were fre-
quently reported to be associated with injection site re-
actions (eg, pain, swelling, redness), irritability, and
with more-severe reactions, including rare neurologic

side effects, such as febrile seizures [4]. Although
DTwP vaccines are highly effective, the resulting de-
crease in pertussis cases led to increasing concerns about
the frequency of the associated reactions, and several
countries that suspended their DTwP vaccination pro-
grams, reported a resurgence of pertussis cases within a
few years [5]. As a result, there was a call for the acceler-
ated development of new pertussis vaccines that were as
effective as the whole-cell vaccines but less reactogenic.
Importantly, research in the 1970s to characterize Borde-
tella pertussis proteins led to the development of candi-
date acellular pertussis, diphtheria, and tetanus toxoid
(DTaP) vaccines containing 1 or more purified antigenic
components [6]. By the early 1980s, DTaP vaccines had
been developed and licensed in Japan, with promising
results [7]. This led to the initiation of clinical research
efforts and field trials in the 1990s to pursue the licensure
of DTaP vaccines in the United States and in Europe.

During the 1990s, there was an intense international
effort to compare the safety, immunogenicity, and
efficacy of DTaP and DTwP vaccines in infants [8]. The
following describes key studies conducted to generate
data supportive of licensure of DTaP vaccines as part of
the pediatric primary series and booster doses.

COMPARING THE SAFETYAND
IMMUNOGENICITY OF DTAP VACCINES:
THE COMPARISON TRIAL

In the early 1990s, the National Institute of Allergy and
Infectious Diseases (NIAID) sponsored a multicenter
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phase 1/2 clinical trial in infants to directly compare the safety
and immunogenicity of 13 different candidate DTaP vaccines
with the safety and immunogenicity of 2 DTwP vaccines to
help determine which DTaP vaccines should progress to phase
3 evaluation. The DTaP vaccines evaluated met prespecified
criteria and varied in the number and amounts of their antigen-
ic components, how they were manufactured, and their stage of
development [9]. This prospective, randomized, double-blind,
multicenter clinical trial, which enrolled 2342 infants who were
vaccinated at 2, 4, and 6 months of age, showed, in general, a
lower frequency of reactions with all of the DTaP vaccines,
compared to reactions with the DTwP vaccines [10]. Across the
different DTaP vaccines, there were some differences in reac-
tion rates; however, no one vaccine was consistently the most or
least reactogenic, and all had fewer and less severe adverse
events, compared with the DTwP vaccines. Similar results were
also reported when a booster dose was administered to children
between 15 and 20 months of age [11]. The DTaP vaccines
were immunogenic, eliciting antibody responses to all antigens
included in each vaccine; however, no one acellular vaccine was
the most or least immunogenic for all included antigens. The
geometric mean titers (GMTs) of antibodies generated by the
different vaccines differed significantly across the vaccine
groups. While the antibody responses to pertussis toxin (PT)
generated by the acellular vaccines exceeded those generated by
the whole-cell vaccines, there was no correlation between
GMTs to PT and the amount of PT in the vaccine [12]. Vaccine
selection for subsequent efficacy evaluation by NIAID was
based on multiple variables, including safety profile, immuno-
genicity, and antigen purity, and availability, which were re-
viewed by a scientific advisory group. Industry and other
federal agencies pursued the evaluation of some of the same
candidates, as well as others [9].

DTAP EFFICACY TRIALS

A series of prospective, randomized, double-blind efficacy trials
were subsequently conducted 1990s, with the majority per-
formed in countries that had suspended DTwP vaccination
programs. Before the initiation of these trials, a study in the
United States showed that DTwP efficacy estimates depended
on the case definition used and that the use of a more severe
case definition for pertussis (eg, paroxysmal cough with labora-
tory confirmation of B. pertussis infection) resulted in higher
vaccine efficacy than less specific case definitions (eg, mild
cough) [13]. While the majority of the efficacy trials used the
World Health Organization (WHO) primary case definition
(≥21 days of paroxysmal cough confirmed by culture or serol-
ogy or documented epidemiological contact with a household
member or other individual with a culture-confirmed case
[14]), differences in individual study designs, study popula-
tions, vaccines evaluated, and study schedule limited direct

comparisons across these studies [8]. A brief summary of the
results of several key efficacy studies follows (Table 1).

A prospective efficacy trial was conducted in Italy in which
14 832 infants received 3 doses of one of two 3-component
DTaP vaccines (SmithKline or Chiron Biocine), a DTwP
vaccine (Connaught Laboratories), or a diphtheria and tetanus
antigens (DT) only vaccine (Biocine) at 2, 4, and 6 months of
age [15]. In this study, a pertussis case was defined as ≥21 days
of paroxysmal cough with B. pertussis infection confirmed
either by culture or serology. The results showed that the effica-
cy of the 2 DTaP vaccines was nearly identical (SmithKline,
83.9% [95% confidence interval {CI}, 75.8–89.4]; Chiron
Biocine, 84.2% [95% CI, 76.2–89.7], and both were more effica-
cious against pertussis than the DTwP vaccine (Connaught,
36.1% [95% CI, 14.2–52.1]). The authors noted the substan-
tially lower-than-expected efficacy results for the DTwP in this
study, compared to that in other studies, and suggested that it
may have been due to differences in study-specific methods
and the influence of booster doses in other studies. The follow-
up period for infants in this study was extended to further
assess the duration of protection. The overall high level of effi-
cacy of the DTaP vaccines persisted as children were followed
for an additional 9 months (through 33 months of age) [16].
Through 3–6 years of age, the 2 DTaP vaccines continued to
provide a similar degree of protection, indicating that a fourth
dose of a DTaP vaccine could be postponed until preschool age
in children who received a 3-component DTaP vaccine as their
primary immunization in infancy [17].

A prospective efficacy trial was also conducted in Sweden
among 9829 infants who were given 3 doses of either a 2-
component or a 5-component DTaP vaccine, a DTwP vaccine,
or a DT vaccine [18]. The primary case definition for pertussis
in this study was defined as at least 21 days of paroxysmal
cough and confirmed infection with B. pertussis by either
culture or serology or as documented contact with an infected
household member who had culture-confirmed pertussis. The
investigators for this study reported that the efficacy for the 5-
component vaccine (Connaught Laboratories, 85.2% [95% CI,
80.6–88.8]) was higher than that of the 2-component vac-
cine (SmithKline Beecham, 58.9% [95% CI, 50.9–65.9]). The
DTwP vaccine efficacy was lower than anticipated (Connaught
Laboratories/USA, 48.3% [95% CI, 37.0–57.6]). When partici-
pating children were followed over an additional 24-month
period, the 5-component DTaP vaccine maintained a greater
sustained level of protection, compared with the 2-component
DTaP vaccine and the DTwP vaccines [18].

Building on these findings, an efficacy study was conducted
in a large proportion of the birth cohort in Sweden between
1993 and 1994 [19]. In this randomized, double-blind trial,
82 892 infants were prospectively enrolled and randomized to
receive 3 doses of a 2-, 3-, or 5-component DTaP vaccine or a
DTwP vaccine. The results from this study showed that against
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Table 1. Summary of Efficacy Results From Selected Pertussis Vaccine Trials Conducted in the 1990s

Study Site (Reference[s]),
Manufacturer (Location)

Study Characteristics Vaccine Characteristics

Design
Vaccination Schedule,

Age, mo. Primary Case Definition Antigen(s)
Postvaccine
Follow-upa,e

Efficacy, %
(95% CI)

Italy [15, 16] Prospective, randomized, double
blind, placebo controlled

2, 4, 6 ≥21 d of paroxysmal cough, with
culture- or serologically
confirmed B. pertussis infection

. . . . . . . . .

Chiron Biocine (Italy) . . . . . . . . . PT, FHA, PRN 17 mo 84 (76–90)

. . . . . . . . . . . . 26 mob 89 (79–94)

SmithKline Beecham (Belgium) . . . . . . . . . PT, FHA, PRN 17 mo 84 (76–89)
. . . . . . . . . . . . 26 mob 78 (62–87)

Connaught Laboratories
(United
States)

. . . . . . . . . Pertussis whole
cell

17 mo 36 (14–52)

Sweden [18] Prospective, randomized, double
blind, placebo controlled

2, 4, 6 ≥21 d of paroxysmal cough, with
culture- or serologically
confirmed pertussis or
documented contact with an
infected household member
who has culture-confirmed
pertussis

. . . . . . . . .

Smithkine Beecham (Belgium) . . . . . . . . . PT, FHA 21–23.5 mo 59 (51–66)

Connaught Laboratories
(Canada)

. . . . . . . . . PT, FHA, FIM2,
FIM3, PRN

21–23.5 mo 85 (81–89)

Connaught Laboratories
(United
States)

. . . . . . . . . Pertussis whole
cell

21–23.5 mo 48 (37–58)

Senegal [21] Prospective, randomized, double
blind, nested contact

2, 4, 6 ≥21 d of paroxysmal cough, with
culture- or serologically
confirmed pertussis or direct
epidemiological linkage to a
culture-confirmed pertussis
case

. . . . . . . . .

Pasteur Mérieux Sérums and
Vaccines (France)

. . . . . . . . . PT, FHA 1.7–1.8 y 85 (66–93)

Pasteur Mérieux Sérums and
Vaccines (France)

. . . . . . . . . Pertussis whole
cell

1.7–1.8 y 96 (86–99)

Germany [22] Prospective, blinded, household-
contact study

3, 4, 5 ≥21 d of paroxysmal cough, with
culture- or serologically
confirmed pertussisc

. . . . . . . . .

SmithKline Beecham (Belgium) . . . . . . . . . PT, FHA, PRN 2 y 89 (77–95)
SmithKline Beecham (Belgium) . . . . . . . . . Pertussis whole

cell
2 y 98 (83–100)
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Table 1 continued.

Study Site (Reference[s]),
Manufacturer (Location)

Study Characteristics Vaccine Characteristics

Design
Vaccination Schedule,

Age, mo. Primary Case Definition Antigen(s)
Postvaccine
Follow-upa,e

Efficacy, %
(95% CI)

Sweden [19] Prospective, randomized, double
blind

3, 5, 12; 2, 4, 6d ≥21 d of paroxysmal cough, with
culture-confirmed pertussis

. . . . . . . . .

RR of Pertussis With Cough (95% CI)

SmithKline Beecham
(Belgium)

. . . . . . . . . PT, FHA Not donef

Chiron Vaccines (Italy) . . . . . . . . . PT, FHA, PRN 1.4 (.7–2.7)
Pasteur-Merieux-Connaught,
(Canada)

. . . . . . . . . PT, FHA, PRN,
FIM2, FIM3

0.85 (.4–1.8)

Evans Medical (United
Kingdom)

. . . . . . . . . Pertussis whole
cell

1.0

The table is adapted from contents in the article by Halperin [8].
Abbreviations: CI, confidence interval; FHA, filamentous hemagglutinin; FIM2, type 2 fimbriae; FIM3, type 3 fimbriae; PRN, pertactin; PT, pertussis toxoid; RR, relative risk.
a Data are duration of follow-up after the last dose, which composed the period examined in the efficacy analysis.
b After the 17-month follow-up period was completed (stage I), eligible children were followed for an additional 9 months (stage II).
c Children presenting with ≥21 days of spasmodic cough with either culture or serological confirmation of B. pertussis infection were considered index cases. Vaccine efficacy wasmeasured in nonvaccinated household contacts.
d An independent analysis was not done in infants enrolled in the 2-, 4-, 6-month vaccination schedule.
e Post vaccine follow up period [19] was 3 years.
f Assignment of infants randomized to the 2-component acellular vaccine was made known during the trial because of poor efficacy.
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culture-confirmed pertussis infection with or without ≥21 con-
secutive days of paroxysmal cough, the 5-component or 3-
component DTaP vaccine and the whole-cell vaccine, when
given in a 3-, 5-, and 12-month schedule, had similar efficacy
against pertussis, as assessed by relative risk (Pasteur-Merieux-
Connaught 5-component, 0.85 [95% CI, .41–1.79]; Chiron 3-
component, 1.38 [95% CI, 0.78–2.69]; Evans whole-cell
vaccine, 1.0). The treatment assignment of infants randomized
to the 2-component DTaP group was made known during the
trial because of poor efficacy. Against more mild disease
(culture-confirmed B. pertussis with or without any cough),
results in this study showed a 2–3-fold higher relative risk of
pertussis for the 3-component vaccine, compared with the
5-component vaccine. The investigators concluded that the
addition of B. pertussis fimbriae 2 and 3 proteins in the 5-
component vaccine may provide increased effectiveness [19].
Ongoing follow up of these children continued, and while the
incidence of pertussis remained low for nearly 5 years, an in-
crease in cases among individuals aged 7–8 years in this cohort
suggested a waning of the vaccine-induced protection and the
need for a booster dose between 5 and 7 years of age [20].

A prospective, randomized, double-blind efficacy trial com-
paring a 2-component DTaP vaccine to a DTwP vaccine was
conducted in Senegal. Three doses of the vaccine were adminis-
tered to 4181 infants at 2, 4, and 6 months of age. Against the
primary protocol definition of cough of at least 21 days dura-
tion that was confirmed by culture, serology, or direct epidemi-
ological linkage (epilink) to a culture-confirmed case, the
efficacy of the acellular vaccine was 31% (95% CI, 7%–49%),
compared with 55% (95% CI, 38%–68%) for the whole-cell
vaccine. The efficacies based on the more severe WHO case
definition, in which exposure via epilink required a positive po-
lymerase chain reaction result, were 85% (95% CI, 66%–93%)
and 96% (95% CI, 86%–99%) for the DTaP and DTwP vac-
cines, respectively [21].

Results from a prospective household contact study in
Germany showed that the DTaP vaccine was highly effective in
preventing pertussis under conditions of household exposure [22].
In this study, 22 505 infants received their 3-dose primary vac-
cination series with a 3-component DTaP vaccine at 3, 4, and 5
months of age. Potential index cases among vaccinated infants
were identified by passive monitoring, and if a child presented
with ≥21 days of spasmodic cough and had either culture or se-
rological confirmation of B. pertussis infection, the remaining
members of the household were eligible for enrollment.
Vaccine efficacy was measured by assessing the attack rates of
pertussis in blinded, prospectively followed household contacts,
using the WHO definition of spasmodic cough of at least 21
days. From 412 evaluable household contacts, the DTaP
vaccine had an efficacy of 88.7% (95% CI, 76.6%–94.6%), based
on the number of cases in the nonvaccinated household con-
tacts, leading the investigators to conclude that acellular

vaccines given as a primary series were highly protective in pre-
venting pertussis until the time recommended for booster
vaccination.

PERSISTING QUESTIONS

The pertussis vaccine clinical trials conducted during the 1990s
were widely regarded as highly successful. The need to conduct
the trials was clear. Industry, academia, and US and interna-
tional governmental partners quickly came together, which re-
sulted in the trials largely starting and concluding in the first
half of the decade. In addition to rapidly generating efficacy
data that supported the licensure of acellular vaccines in many
countries, the unprecedented level of collaboration across these
groups laid a foundation for ongoing vaccine development
efforts and collaborations in many different areas—a legacy
that persists today. As the trials in the 1990s were concluding,
however, the following unanswered questions about the DTaP
vaccines remained: Is there an optimum number of B. pertussis
components in the acellular vaccine, and if so, what is it? Are
there optimum amounts of each antigen? Is there an optimum
schedule for DTaP administration? What is the duration of pro-
tection that they provide? The immunological correlates of pro-
tection from pertussis were also unknown during the trials in
the 1990s and remain so today. The increase in pertussis cases
being reported in many countries around the world today un-
derscores the importance of these questions, and it is hoped
that the ongoing research efforts that lead to their answers will
become the legacy of this decade.

Note

Potential conflicts of interest. Author certifies no potential conflicts of
interest.
The author has 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. Centers for Disease Control and Prevention. Pertussis cases by year
(1922–2012). Updated 28 August 2013. http://www.cdc.gov/pertussis/
surv-reporting/cases-by-year.html. Accessed 29 July 2013.

2. Cherry JD. Pertussis in the preantibiotic and prevaccine era, with em-
phasis on adult pertussis. Clin Infect Dis 1999; 28(Suppl 2):S107–11.

3. Centers for Disease Control and Prevention. Pertussis vaccines. In: The
pink book: course textbook (May 2012). 2nd ed. Updated 20 Sepetem-
ber 2013. http://www.cdc.gov/vaccines/pubs/pinkbook/pert.html. Ac-
cessed 29 July 2013.

4. Miller DL, Alderslade R, Ross EM. Whooping cough and whooping
cough vaccine: the risks and benefits debate. Epidemiol Rev 1982; 4:
1–24.

5. Romanus V, Jonsell R, Bergquist SO. Pertussis in Sweden after the ces-
sation of general immunization in 1979. Pediatr Infect Dis J 1987;
6:364–71.

6. Marzouqi I, Richmond P, Fry S, Wetherall J, Mukkur T. Development
of improved vaccines against whooping cough: current status. Hum
Vaccines 2010; 6:543–53.

Pertussis Vaccine Trials in the 1990s • JID 2014:209 (Suppl 1) • S8

http://www.cdc.gov/pertussis/surv-reporting/cases-by-year.html
http://www.cdc.gov/pertussis/surv-reporting/cases-by-year.html
http://www.cdc.gov/pertussis/surv-reporting/cases-by-year.html
http://www.cdc.gov/pertussis/surv-reporting/cases-by-year.html
http://www.cdc.gov/vaccines/pubs/pinkbook/pert.html
http://www.cdc.gov/vaccines/pubs/pinkbook/pert.html
http://www.cdc.gov/vaccines/pubs/pinkbook/pert.html


7. Sato H. Japanese experience with 60 million doses of acellular pertussis
vaccines. DevBiol Stand 1997; 89:327–9.

8. Halperin SA. Developing better paediatric vaccines; the case of pertus-
sis vaccines. Bio Drugs 1999; 12:175–91.

9. Klein DL. Multicenter acellular pertussis vaccine trial: a national insti-
tutes of health perspective. Pediatrics 1995; 96(3 Pt2):547–8.

10. Decker MD, Edwards KM, Steinhoff MC, et al. Comparison of 13 acel-
lular pertussis vaccines: adverse reactions. Pediatrics 1995; 96(3 Pt2):
557–66.

11. Pichichero ME, Deloria MA, Rennels MB, et al. A safety and immuno-
genicity comparison of 12 acelluar pertussis vaccines and one whole-
cell pertussis vaccine given as a fourth dose in 15- to 20-month-old
children. Pediatrics 1997; 100:772–88.

12. Edwards KM, Mead BD, Decker MD, et al. Comparison of 13 acellular
pertussis vaccines: overview and serologic response. Pediatrics 1995;
96(3 Pt2):548–57.

13. Onorato I, Wassilak SG, Meade B. Efficacy of whole-cell pertussis
vaccine in preschoold children in the United States. JAMA 1992; 267:
2745–9.

14. World Health Organization Meeting on Case Definition of Pertussis,
Geneva, 10–11 January 1991. Issue MIN/EPI/PERT/91.1. Geneva:
World Health Organization, 1991:4–5.

15. Greco D, Salmaso S, Mastrantonio P, et al. A controlled trial of two
acellular vaccines and one whole-cell vaccine against pertussis. N Engl J
Med 1996; 334:341–8.

16. Salmaso S, Mastrantonio P, Wassilak SGF, et al. Persistence of protec-
tion through 33 months of age provided by immunization in infancy
with two three-component acellular pertussis vaccines. Stage II
Working Group. Vaccine 1998; 16:1270–5.

17. Salmaso S, Mastrantonio P, Tozzi AE, et al. Sustained efficacy
during the first 6 years of life of 3-component acellular pertussis vac-
cines administered in infancy: the Italian Experience. Pediatrics 2001;
108:E81.

18. Gustafsson L, Hallander HO, Olin P, et al. A controlled trial of a two-
component acellular, a five-component acellular, and a whole-cell per-
tussis vaccine. N Engl J Med 1996; 334:349–55.

19. Olin P, Rasmussen F, Gustafsson L, et al. Randomised controlled trial
of two-component, three-component, and five-component acellular
pertussis vaccines compared with whole-cell pertussis vaccine. Lancet
1997; 350:1569–77.

20. Gustafsson L, Hessel L, Storsaeter J, Olin P. Long-term follow-up of
Swedish children vaccinated with acellular pertussis vaccines at 3, 5,
and 12 months of age indicates the need for a booster dose at 5 to 7
years. Pediatrics 2006; 118:978–84.

21. Simondon F, Preziosi MP, Yam A, et al. A randomized double-blind
trial comparing a two-component acellular to a whole-cell pertussis
vaccine in Senegal. Vaccine 1997; 15:1606–12.

22. Schmitt HJ, Wirsing von König CH, Neiss A, et al. Efficacy of acellular
pertussis vaccine in early childhood after household exposure. JAMA
1996; 275:37–41.

S9 • JID 2014:209 (Suppl 1) • Lambert



<<
  /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
  /CreateJDFFile 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

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


