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Summary Haemophilus injl.uenzae type b (Rib) conjugate vaccines represent a new tech
nology wherein an immunogen is targeted to a specific immune response mech
anism. Covalent attachment of the Rib polysaccharide to a protein carrier 
converts the T cell-independent polysaccharide antigen into a protein-like T cell
dependent antigen. The polysaccharide alone is poorly immunogenic in infants 
(~12 months old), and conjugation to a protein carrier results in a protein-like 
antibody response to the Rib polysaccharide in infants. Conjugate vaccines in
duce mostly IgG antibodies and immunological memory. Later vaccination or 
natural exposure then induces a booster response to the Rib polysaccharide. 

These conjugate vaccines have dramatically reduced the incidence of Rib 
disease in many industrialised countries, and also reduce nasopharyngeal carriage 
of Rib in unvaccinated children in populations in which the vaccine is used. The 



Haemophilus inf/uenzae b Conjugate Vaccines 377 

Rib conjugates have now been combined with diphtheria and tetanus toxoids and 
pertussis vaccine to reduce the number of injections required for infants. Finally, 
the conjugate technology that has permitted the near elimination of Rib disease 
has now been extended to other invasive encapsulated bacterial pathogens. 

Haemophilus inJluenzae type b (Rib) was the 
leading cause of invasive bacterial disease in young 
children under the age of 5 years in most in
dustrialised countries prior to the introduction of 
conjugate vaccines in 1987.l1] Approximately 1 in 
200 children by the age of 5 years developed Hib 
meningitis, septicaemia or epiglottitis, and 5 to 8% 
of these died despite effective antimicrobial ther
apy. Of the survivors, 20 to 30% had some form of 
lasting sequelae, the most common of which was 
hearing loss.l2] More than half of all children who 
develop invasive Hib disease in industrialised 
countries have meningitis. 

The incidence of invasive Hib disease in most 
developing countries is either unknown or greatly 
underestimated. Nevertheless, the disease is ubiq
uitous, occurring in most countries.l3] Some Native 
American populations in the US and the Aborigi
nes of Australia have had levels of Hib disease 100 
times the national average, and such levels may be 
found in some developing countries.[4,5] Meningi
tis is the most common form of the disease in de
veloping countries, but peak incidence is often 
shifted to a lower mean age. Although most forms 
of Hib disease are seen, epiglottitis, a disease of 
children over 2 years of age in industrialised coun
tries, is not seen in most developing countries.l3] 

1. Role of Antibodies in Protection 

1 ,1 Importance of Capsule 

It has been shown by a number of investigators 
that the Hib capsule is a major virulence factor. 
Antibodies to the capsular polysaccharide are bac
tericidal and opsonise the bacteria for phagocytic 
killing.[6] In a field trial performed in Finland in 
1974, the presence of antibodies induced by a 
Haemophilus b polysaccharide vaccine correlated 
with protectionP] 
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1.2 Protective Antibody Levels 

The minimum protective level of anti-Hib poly
saccharide antibodies at the time of exposure has 
been estimated to be about 0.15 mg/L. This is based 
on calculations of the amount of anti -Hib antibody 
in agammaglobulinaemic children just prior to re
ceipt of an injection of immune globulin.l8] Similar 
estimates were obtained from passive protection 
studies in infant rats and from the 1974 Finnish 
efficacy triaP7,9] In this trial an anti-Hib poly
saccharide antibody level of ~1.0 mg/L following 
vaccination with unconjugated polysaccharide 
vaccine was associated with long term protection 
against invasive Haemophilus b disease.[7] Al
though the relevance of this antibody threshold to 
clinical protection after immunisation with a con
jugate vaccine is not known, this level continues to 
be considered as indicative of long term protection. 

Passively administered anti-capsular antibodies 
protect against Hib disease.[IO] A bacterial poly
saccharide immune globulin (BPIG) has been 
prepared from the serum of adults immunised with 
meningococcal, pneumococcal and Hib poly
saccharide vaccines. BPIG was given to Native 
American infants, a population at high risk for Hib 
disease, at 2, 6 and 10 months of age. The children 
were protected for at least 4 months after the last 
administration of BPIG, with a point estimate of 
efficacy of 86%. One child who received BPIG de
veloped Hib meningitis over 3 months later, and 
had <0.3 mg/Lof anti-Hib polysaccharide antibody 
at the time of infection. 

2. Need for Conjugate Vaccines 

The first licensed Hib vaccine, the purified cap
sular polysaccharide, was approved in 1985.l 11 ,12] 
The capsule is a phosphodiester-linked ribosyl 
ribitol polymer, sometimes referred to as PRP. The 
polysaccharide vaccine was approved in the US based 
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Table I. Comparison of Haemophilus b conjugate vaccines 

Vaccine Manufacturer Saccharide size Carrier protein Spacer (linker) Formulated to contain (llgJdose) 

saccharide protein 

PRP-D Connaught Polysaccharide Diphtheria toxoid Adipic hydrazide 25 18 
(6-carbon spacer) 

PRP-CRM Lederle-Praxis Oligosaccharide Diphtheria protein None (amide) 10 25 
(CRM) 

PRP-OMPC Merck Small polysaccharide Meningococcal Thioether (bigeneric) 15 200 
protein 

PRP-T Pasteur Merieux Polysaccharide Tetanus toxoid Adipic hydrazide 10 24 

upon a randomised efficacy trial in 100000 chil
dren conducted in Finland between 1973 and 1977, 
with an estimated efficacy of 90% (95% confi
dence limits 55 to 98%) for children ~18 months 
of ageJ7] The vaccine, however, proved less effec
tive in the US than in Finland, and was not used to 
any extent outside the US and Canada.[13] Following 
approval, a series of post-licensure case-control 
studies in the US gave quite variable results, rang
ing from no protection to 88% effectiveness (see 
section 6.1). 

The uncertain effectiveness of the Hib poly
saccharide vaccine and reports of vaccine failures 
provided the impetus to approve in 1987 the first 
Hib conjugate vaccine, PRP-D, produced by Con
naught Laboratories for use in children ~18 months 
0Id.!1l,14] Interestingly, many of the Hib polysac
charide vaccine failures were due to an apparent 
selective defect in the immune response to the na
tive polysaccharide.[l5] However, when these chil
dren were reimmunised with a Hib conjugate vac
cine they responded normally.!15] 

3_ Chemistry of Licensed 
Conjugate Vaccines 

Hib conjugate vaccines represented a new appli
cation by Robbins and his colleagues in 1980 of a 
biotechnological process of chemically attaching 
saccharides to protein carriers which was devel
oped 50 years earlier.[16.17] There are now 4 differ
ent Hib conjugate vaccines licensed in the usY 1,18] 

all different, having their own physical, chemical 
and immunological characteristics (table I). A de
tailed review of the conjugation chemistry and 
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(6-carbon spacer) 

quality control used in these vaccines was recently 
published.[19] 

The first conjugate, PRP-D, consisted of size
reduced Hib polysaccharide attached through a 6-
carbon spacer, adipic hydrazide, to diphtheria tox
oid using the procedure of Schneerson et a1.£17] 
Later the conjugation chemistry was modified and 
the adipic acid dihydrazide spacer was added first 
to the polysaccharide, which was then conjugated 
to the purified protein. [20] Attachment of the spacer 
first to the polysaccharide was more generally ap
plicable, because initial attachment to the protein 
reduced protein solubility and conjugation effi
ciency. The vaccine PRP-T utilised the improved 
chemistry to covalently link Hib polysaccharide to 
tetanus toxoid. 

The PRP-CRM vaccine does not contain Hib 
polysaccharide, but rather oligo saccharides of 
about 20 repeat units derived by periodate oxida
tion, attached directly to a nontoxic mutant form of 
diphtheria toxin known as CRM I 97 as pioneered by 
Anderson et a1.£19.21] The ratio of oligosaccharide 
to protein was found to be critical for optimal an
tibody response.! 1 1.21] 

Compared with the other conjugate vaccines, 
PRP-OMPC has a number of unique properties. The 
protein carrier is not a component of the diphtherial 
tetanus/pertussis (DTP) vaccine, but consists oflipo
polysaccharide-depleted meningococcal outer mem
brane vesicles attached to size-reduced Hib poly
saccharide through a thioether linkage.[l9] In this 
process, separate linkers are attached to both the 
protein and the Hib polysaccharide, followed by 
fusion of the linkers. 

Clin. Immunother. 4 (5) 1995 
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Although there are a number of other Hib con
jugate vaccines produced in other countries, most 
resemble one of the above vaccines. 

4. Immunology and Kinetics of 
Immune Response 

4.1 Immunology 

The nonconjugated Hib polysaccharide, like 
most polysaccharides, is capable of stimulating B 
lymphocytes to produce antibody without help from 
T lymphocytes (T cell-independent response)J22] 
Responses to protein antigens are augmented by 
helper T lymphocytes (T cell-dependent response). 
Covalent attachment of the Hib polysaccharide to 
a protein carrier converts the T cell-independent 
polysaccharide into a T cell-dependent antigen. 
The ability of a conjugate to recruit helper T lym
phocytes into the immune response helps explain 
why an infant responds to the Haemophilus b con
jugate vaccine, but not to the polysaccharide on 
primary immunisation.[23] 

The T cell-dependent nature of the immune re
sponse also results in induction of immunological 
memory, leading to an anamnestic or booster re
sponse on re-exposure to the native polysacchar
ide.[24,25] Granoff et aU24] found that immunisation 
during infancy primed for a memory response when 
infants were revaccinated with the polysaccharide 
at 12 months of age. In contrast, infants who have 
not been immunised during infancy and receive the 
polysaccharide vaccine at 12 months have a negli
gible antibody response. Barbour et a1P5] found 
evidence that the primary immunisation series dur
ing infancy primed children to respond with a 
booster response upon later Hib colonisation. 
Other features of a T cell-dependent response such 
as predominance of IgG 1 and maturation affinity 
are also seen with conjugate vaccines.[22] 

Bactericidal titres in post-vaccination sera 
against Hib are strongly correlated with the affinity 
or functional avidity of the sera.[26,27] Those chil
dren with low-affinity antibody after immunisation 
showed little increase in bactericidal activity. Al
though there was a direct and significant correla-
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tion between bactericidal activity and functional 
avidity, a wide range of anti-Hib polysaccharide 
antibody concentrations were found to have equiv
alent bactericidal titres, indicating that multiple 
factors contribute to the observed bactericidal ti
treP6] The in vivo biological importance of anti
body avidity is not clear. 

4.2 Kinetics 

As might be expected from the large differences 
in composition among the 4 conjugate vaccines 
(table I), the kinetics of the antibody responses of 
infants to these vaccines are quite different (fig. 1). 
Two different methods have been used to compare 
Hib conjugate vaccines: 
• geometric mean titre using a standardised radio

immunoassay 
• rate of seroconversion to 1 mg of anti-Hib anti

bodylL. 
The latter is more important since it is an indi

cation of the percentage of vaccine recipients ex
pected to have long term protection. 

A number of comparative trials of the different 
Hib conjugate vaccines in infants have been con
ducted in the US and FinlandP8-32] Although PRP
D gave excellent protection in children ~18 months 
of age,[33] in each of the comparative trials it was 
clearly less immunogenic in infants than the other 
Hib conjugates. Upon completion of the primary 
immunisation series at 2, 4 and 6 months of age 
(US schedule), PRP-CRM and PRP-T consistently 
induce the highest immune responses and sero
conversion rates in a variety of populations. How
ever, one problem with these vaccines is that PRP
CRM induces relatively little antibody until after 
the third injection, and PRP-T requires at least 2 
doses to stimulate a reasonable response. There
fore, they both act as typical T cell-dependent im
munogens, requiring carrier priming for an optimal 
antibody response.[33] They induce mostly IgG 1 of 
high avidity.[26] 

Unlike the other Hib conjugate vaccines, a sin
gle dose of PRP-OMPC elicits in 2-month-old in
fants a strong clinically important IgG and IgM 
response. However, only modest increases in re-

Clln. Immunother. 4 (5) 1995 
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Fig. 1. Antibody responses of infants to different Hib conjugate vaccines. The left-hand column shows data from a study in Minnesota, 
Missouri and Texas[18.29.30J; the right column shows data from a study in Tennessee.l2B1 The top row shows the levels of anticapsular 
antibody before vaccination and after 1, 2 and 3 doses of vaccine. The bottom row shows the percentage of vaccine recipients with 
anticapsular antibody levels ~1 mg/L after vaccination. 

sponse are observed after the second dose (in the 
US, PRP-OMPC is administered at 2 and 4 months 
of age). Induction of significant antibody levels af
ter a single injection may be of importance where 
there is a high incidence of Hib disease in early 
infancy, as in some Native American populations. 
Use of meningococcal outer membrane vesicles as 
the protein carrier may be responsible for the rapid 
immune response (fig. 1))34] The OMPC carrier 
consists of lipopolysaccharide-depleted outer mem
brane vesicles from a strain of group B Neisseria 
meningitidis. The major porin protein in these ves
icles was shown by Liu et al. [34] to be a human periph
eral blood lymphocyte mitogen. The toxoid carriers 
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in the other conjugates are not mitogenic. Thus, the 
PRP-OMPC vaccine appears to have both T cell
independent and T cell-dependent properties.[14,34] 
Whereas conjugate vaccines utilising a toxoid car
rier protein appear to require carrier priming, PRP
OMPC does not.[35] 

4.3 Mix and Match 

With no information available on the interchange
ability of Hib conjugate vaccines, the conservative 
recommendation was that the same vaccine be used 
for the primary immunisation series. However, due 
to population mobility, a child may not return to the 
same medical care provider to complete hislher pri-

Clin. Immunother. 4 (5) 1995 
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mary immunisation series. Studies now show that 
any Hib conjugate vaccine recommended for in
fant administration can be used.[IS.36] Any combi
nation of 3 doses of Hib conjugate vaccine will 
stimulate an adequate immune response. A sequen
tial combination of PRP-OMPC for the first dose 
and then either PRP-CRM or PRP-T for the second 
and third doses resulted in protective antibody lev
els after the first dose and very high peak antibody 
levels at 7 months of age}3?] 

4.4 Booster Dose 

In many countries, although not all, a booster 
dose with any of the Hib conjugate vaccines shown 
in table I is recommended between 12 and 18 
months of age. Studies have shown that any Hib 
conjugate can be used for the boosterPS] A booster 
is recommended because there is a decay in peak 
antibody levels, with an estimated half-life of be
tween 12 and 16 weekspI] and it has been desir
able to provide protection up to 6 years of age. The 
immunisation schedule in the UK is at 2, 3 and 4 
months of age with no booster, but it is not yet clear 
whether this strategy provides for solid protection 
up to 6 years of age, based on the epidemiology of 
Hib disease prior to Hib vaccine. 

Interestingly, PRP-D used as a booster follow
ing use of any of the other vaccines in infants pro
duced post-booster antibody levels that equalled or 
exceeded those obtained with the vaccine used for 
the infant immunisation.[3S] Individual children 
who have essentially no measurable antibody re-

Table II. Efficacy of Haemophilus b conjugate vaccines in infants 

Vaccine Study population Study group 

PRP-CRM California, USA Unvaccinated 
Fully vaccinated" 

PRP-OMPC American Native Placebo 
Fully vaccinatedb 

PRP-T Oxford, UK Unvaccinated controls 
Fully vaccinatedC 

a Immunisation at 2, 4 and 6 months of age. 

b Immunisation at 2 and 4 months of age. 

c Immunisation at 2, 3 and 4 months of age. 

d Child-years at risk. 
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sponse «0.1 mg/L) after the full 2- or 3-dose infant 
immunisation series are primed to respond as well 
as those who responded strongly as infants. 

5. Efficacy Studies Supporting Approval 

Two Hib conjugate vaccines, PRP-CRM and 
PRP-OMPC, were approved in the US in 1990 for 
routine administration to infants on the basis of 
controlled efficacy trials (table II). 

5.1 PRP-CRM 

The PRP-CRM trial was conducted in a large 
health maintenance organisation in Northern Cali
fornia.[39] Over 20000 infants received PRP-CRM 
at 2, 4 and 6 months of age. The trial was not placebo
controlled; rather, there were 2 control groups to
talling 30 500 infants comprising: 
• those born during the first 6 days of each month, 

who were not offered the vaccine 
• those who were offered the vaccine but refused. 

After 1 year of follow-up, efficacy was 100%. 
There was also clear evidence of protection after the 
second dose, but not after 1 dose. 

5.2 PRP-OMPC 

The PRP-OMPC efficacy study was a double
blind placebo-controlled trial conducted in a Na
tive American population.[40] This permitted a 
much smaller study population, but there was con
cern about conducting a trial in such a high-risk 
population, since PRP-D had failed to protect in a 

Number of Number of Efficacy ('Yo) Reference 
participants cases [confidence interval] 

18862 12 100 (68-100) 39 
20800 0 

1929 14 93 (53-98) 40 
1913 1 

16484d 18 95 (75-100) 42 
15499d 
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similar population.l4J ) In children immunised with 
PRP-OMPC at 2 and 4 months of age and followed 
to 18 months of age, only 1 case occurred for a point 
estimate of efficacy of 93%. No cases occurred in 
vaccine recipients between the first and second 
doses, whereas several cases occurred in the pla
cebo group. 

5.3 PRP-T 

PRP-T was approved in the US in 1993 based 
upon immune correlates of protection,[ll) but was 
approved in the UK in 1992 on the basis of a con
trolled community intervention trial in the Oxford 
region (table 11).[42) The vaccine was offered in 4 dis
tricts but not in 4 adjacent districts, and was admin
istered using an accelerated schedule at 2, 3 and 4 
months of age. No booster immunisation was given. 
The point estimate of efficacy involving over 25 
000 fully vaccinated children was 95% after 1 to 
2 years of observation. The protection observed 
through the second year of life without a booster 
and the use of the accelerated schedule provided 
information for the World Health Organization to 
consider for incorporation of Hib conjugate vac
cines in their Expanded Program of Immunisation. 

5.4 Immunological Surrogates of Efficacy 

Once a vaccine is approved, it becomes ethically 
difficult to design an acceptable placebo-controlled 
clinical trial to demonstrate efficacy of another Hib 
conjugate vaccine. Immunological surrogates should 
therefore be used to demonstrate equivalence be
tween a new vaccine and the existing licensed Hib 
conjugate vaccines. 

Some immunological surrogates of an effective 
Hib conjugate vaccine are presented in table III. 
Studies of the 4 different Hib conjugate vaccines 
have shown a number of common features that 
clearly differentiate the immune responses to con
jugate vaccines from those to the unconjugated Hib 
polysaccharide. These include: 
• induction of antibodies in infants at an age when 

they do not respond to the free polysaccharide 
• induction of higher levels of IgG 1 relative to 

IgG2 
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Table III. Some immunological surrogates of an effective 
Haemophilus b conjugate vaccine to be considered in evaluation of 
new vaccines 

1. Randomised comparative immunogenicity studies with 
currently licensed vaccines in infants 

2. Measurement of antibody persistence after the primary 
immunisation series up to age of the recommended booster dose 

3. Determination of whether the conjugate vaccine primes infants 
for a subsequent booster response to the native polysaccharide 
given 6 months or more after primary immunisation 

4. Comparison of IgG, IgM and IgG subclasses following the 
primary immunisation series to those reported for licensed 
vaccines 

5. Demonstration of functional capacity of conjugate-induced 
antibodies in infants by measurement of opsonic or bactericidal 
activity 

• priming of infants for a booster response to the 
native polysaccharide. 
A conjugate vaccine acting as a T cell-dependent 

antigen will induce immunological memory, where
as the native polysaccharide will not. Since long 
term protection following immunisation with the 
conjugate may depend upon a booster response to 
the native polysaccharide, induction of immuno
logical memory by a new conjugate should be ex
perimentally confirmed by administration of the 
polysaccharide at least 6 months after completion 
of the primary immunisation series. As shown in 
figure 1, conjugate vaccines can differ from each 
other in the magnitude and duration of the initial 
response induced. 

A new vaccine should be shown to induce func
tionally important antibodies. Both opsonic and 
bactericidal antibodies are important, and have 
been shown to correlate with one another.l43) It is 
likely that opsonic activity alone is sufficient, be
cause individuals with deficiencies in the late com
plement components do not appear at increased risk 
of Hib disease, as they are with meningococcal 
disease. 

6. Effectiveness in Clinical Use 

6.1 Decline in Disease in the US 

Since introduction of Hib conjugate vaccines 
for use in infants, dramatic declines in Hib disease 

Clin. Immunother. 4 (5) 1995 



Haemophilus inf/uenzae b Conjugate Vaccines 

have been documented in a number of industrial
ised countries.£44.50] The effect of the polysacchar
ide vaccine and the later conjugate vaccines on the 
incidence of Hib disease was examined by inten
sive surveillance of children <5 years old in Dallas, 
Texas and in Minnesota from 1983 to 1991.l45] 

In the period between 1985 and 1987, when only 
the Hib polysaccharide vaccine was available for 
use in children 2 to 6 years old, no decrease in Hib 
disease occurred in Minnesota and a 35% decline 
was noted in Dallas. From 1987 to 1990, when the 
Hib conjugates were approved only for children 
~18 months old, the incidence ofHib disease among 
children 18 to 59 months old decreased by 91 and 
86% in Minnesota and Dallas, respectively. At the 
same time, the incidence in children <18 months 
old also decreased by 33 and 45% in Minnesota and 
Dallas, respectively, suggesting herd immunity. 

The Northern California Kaiser Permanente health 
maintenance organisation achieved high levels of 
Hib vaccine (PRP-CRM) coverage in their infant 
population starting in 1991.l50] As a consequence, 
Hib disease was essentially eliminated in this pop
ulation. However, cases continued to occur in chil
dren who received less than the recommended 3 
doses of PRP-CRM. Some cases of Hib disease are 
reported to the US Food and Drug Administration 
(FDA) through the Vaccine Adverse Event Report
ing System (VAERS) as vaccine failures.£51] On 
investigation, we found that most cases were in 
young children who had not completed their pri
mary immunisation series of 2 or 3 doses of Hib 
vaccine. 

In a retrospective study of the impact of Hib 
vaccines on the incidence of Hib meningitis at the 
Arkansas Children's Hospital in Little Rock, a 
graduated decline correlated with the stepwise 
decrease in the age of Hib immunisation.[481 From 
1985 to 1987,27.3 (standard deviation ± 4) cases 
of Hib meningitis were treated at the hospital each 
year, compared with 19.0 ± 2 per year from 1988 
to 1990, and 1.7 ±2.9 per year from 1991 to August 
1992. 

Studies by Michaels and Ali[491 showed that the 
incidence of Hib meningitis in Pittsburgh, Penn-
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sylvania, was decreasing several years before rou
tine Hib vaccination began. However, this trend 
was not seen in California nor by investigators 
from the Centers for Disease Control (CDC) in At
lanta, Georgia, in their survey of 20 states in the 
National Bacterial Meningitis Reporting system 
for 1980 to 1991.l46,50] The CDC study did report 
a direct correlation between the decrease in the in
cidence of Hib disease and increased conjugate 
vaccine distribution. They also observed a marked 
decline in Hib disease in children <1 year old prior 
to approval of the vaccine for use in that age group. 
This is most likely to be related to reduced acqui
sition rates and transmission of Hib in populations 
in which Hib conjugate vaccines are usedJ471 

6.2 Decline in Disease in Other Countries 

In the Netherlands PRP-T is administered along 
with other paediatric vaccines at 3, 4 and 5 months 
of age with a booster at 11 months.[52] Their pro
gramme started with children born in April 1993. 
The incidence of Hib meningitis was compared for 
1 year before and after introduction of the vaccine. 
There were 14 cases (22/100000) in the year be
fore introduction, compared with no cases in chil
dren who had received at least 2 injections of PRP
T. A similar decline (95%) was seen in England, 
where children receive either PRP-Tor PRP-CRM 
at 2, 3 and 4 months of age with no booster.£42] 

In Germany, a less marked decline was observed 
than in The Netherlands.£53] In Germany, children 
receive 2 doses during the first 6 months and a 
booster at 15 months of age with any of the 4 vac
cines shown in table I. The incidence in children 
<5 years old declined from 23/100 000 to approx
imately 2/100 000 per year. Unlike other countries, 
PRP-D is commonly used in Germany and most of 
the cases of vaccine failure were in children who 
had received PRP-D. This suggests a lower overall 
effectiveness of PRP-D. 

A marked reduction in Hib disease was found in 
Lucerne, Switzerland, following introduction of 
PRP-D for infants at about the same time as in Ger
many.[541 A further reduction was noted after more 
immunogenic vaccines were introduced, providing 
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additional evidence that vaccines able to induce 
higher initial antibody levels provide better long 
term protection. 

McIntyre et aU55] found a direct correlation 
with the increase in use of Rib conjugate vaccine 
in the Sydney region of Australia and the decline 
in all forms of Rib disease. Prior to introduction of 
the vaccine, the incidence was approximately 
50/100000 per year in non-Aboriginal children <5 
years old, and 4601100000 in Aboriginal chil
dren.[56] The PRP-OMPC vaccine, the first of 3 
now available, became available for infants at 2 
months of age in January 1993. By mid-1994, sig
nificant declines (p < 0.001) were seen in children 
6 to 59 months of age compared with levels in 1991 
and 1992. 

Some data exist on effectiveness of Rib vacci
nation for specific diseases. Takala et a1P7] exam
ined the impact of Rib conjugate vaccines on the 
incidence of epiglottitis in Finland. Since 1990, all 
Finnish children have been offered PRP-T at 4, 6 
and 14 to 18 months of age. Prior to initiation of 
vaccination, the incidence of epiglottitis was ap
proximately 13/1 00 000 per year in children <5 years 
old, and by 1992 it had decreased very significantly 
to 0.3/100 000. 

Thus, in all countries where Rib conjugate vac
cines have been introduced and administered to a 
major portion of their infant population, and where 
prevalence studies have been done before and after 
introduction of the vaccine, marked declines in Rib 
disease have been documented. 

6.3 Effect on Carriage 

Unlike the Rib polysaccharide vaccine, conju
gate vaccines reduce rates of disease in unimmunised 
children, and studies in a number of countries show 
a direct correlation between vaccination and de
creased carriageJ44.47,58] Between 1987 and 1989, 
Murphy et aU45] conducted a prospective study 
among children attending day care centres in Dal
las, Texas, to evaluate the effect of vaccination on 
prevalence of Rib carriage. They found that unvac
cinated, Rib polysaccharide-vaccinated and PRP
D-vaccinated children had asymptomatic carriage 
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rates of 18, 21 and 7% respectively. Thus, while the 
polysaccharide vaccine had no effect upon carriage, 
PRP-D reduced carriage by 64%. 

Barbour et aU47] studied Rib colonisation in 2 
neighbouring counties in England, in one of which 
infants had received PRP-T. At 12 months of age, 
vaccinated children were significantly (0.5 versus 
5.6%) less likely to be carriers, a 90% reduction. 
Vaccination also resulted in lower carriage rates in 
siblings of vaccinated children, correlating with 
the observation that the siblings also had lower 
rates of Rib disease. Approximately 4 years later, 
carriage rates in vaccine recipients and controls 
were not significantly different (6.7 versus 5.0%). 
At that point, 49 and 20% of vaccine recipients and 
controls, respectively, had anti-Rib polysaccharide 
antibody levels of ~1 mg/L.[25] 

7. Combination Vaccines 

Rib conjugate vaccines are now recommended 
in many industrialised countries for routine im
munisation of infants, adding yet further injections 
to the child's schedule of immunisation. It is thus 
advantageous to combine Rib conjugate vaccines 
with other vaccines, such as DTP, that are routinely 
administered to infants. The smaller number of in
jections would potentially improve both parental 
and physician acceptance. 

There are now 2 different combination vaccines 
available in many industrialised countries: Tetra
mune® (Lederle Praxis Biologicals) and freeze-dried 
PRP-T (Pasteur Merieux). Tetramune® is a combi
nation of DTP (whole cell pertussis) and PRP
CRM. Freeze-dried PRP-T may be reconstituted 
either with DTP or with DTP containing inactivated 
polio vaccine (lPV). In each case the safety and 
immunogenicity of the combined vaccines has 
been shown to be equivalent to those of the DTP 
and Rib components administered separately.[IS] 
Studies in Beer-Sheva, Israel, by Dagen et aU59] 
demonstrated that administration of PRP-T recon
stituted with DTP plus IPV was both safe and im
munogenic. Compared with DTP plus IPV alone, 
the antibody responses to each of the vaccine com
ponents were not different, except for minor de-
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creases in tetanus antitoxin levels and pertussis ag
glutinin titres. 

Additional combination vaccines formulated 
around DT plus acellular pertussis vaccines, as well 
as vaccines containing hepatitis B antigens, are 
under investigation.l 18] 

8. Conclusions 

The striking success and safety record of Hib con
jugate vaccines in preventing the various forms of 
Hib disease represents an application of immunol
ogy discovered over 60 years earlier. Conversion of 
the Hib polysaccharide from a T cell-independent 
antigen to a T cell-dependent antigen allows an 
otherwise very poor immunogen to induce high 
levels of protective antibodies in infants. This tech
nology, proven with Hib, has now been applied to 
the prevention of other invasive bacterial diseases 
of young children caused by encapsulated patho
gens, including Neisseria meningitidis and the 
pneumococcus. 

References 
I. Shapiro ED, Ward n. The epidemiology and prevention of dis

ease caused by Haemophilus influenzae type b. Epidemiol 
Rev 1991; 13: 113-42 

2. Sell SH. Haemophilus influenzae type b meningitis: manifesta
tions and long term sequelae. Pediatr Infect Dis J 1987; 6: 
775-8 

3. Bijlmer HA. Epidemiology of Haemophilus influenzae inva
sive disease in developing countries and intervention strate
gies. In: Ellis RW, Granoff DM, editors. Development and 
clinical uses of Haemophilus b conjugate vaccines. New 
York: Marcel Dekker, 1994: 247-64 

4. Ward n, Lum MKW, Hall DB, et al. Invasive Haemophilus 
influenzae type b disease in Alaska: background epidemiol
ogy for a vaccine efficacy trial. J Infect Dis 1986; 153: 17-26 

5. Losonsky GA, Santosham M, Sehgal VM, et al. Haemophilus 
influenzae disease in the White Mountain Apaches: molecular 
epidemiology of a high risk population. Pediatr Infect Dis J 
1984; 3: 539-47 

6. Deveikis A, Ward J, Kim KS. Functional activities of human 
antibody induced by the capsular polysaccharide or poly
saccharide-protein conjugate vaccines against Haemophilus 
influenzae type b. Vaccine 1988; 6: 14-8 

7. Peltola H, Kayhty H, Virtanen M, et al. Prevention of Haemo
philus influenzae type b bacteremic infections with the cap
sular polysaccharide vaccine. N Engl J Med 1984; 310: 
1561-6 

8. Robbins JB, Parke JC, Schneerson R, et al. Quantitative meas
urement of 'natural' and immunization-induced Haemophilus 
influenzae type b capsular polysaccharide antibodies. Pediatr 
Res 1973; 7: 103-10 

9. Ambrosino D, Schreiber JR, Daum RS, et al. Efficacy of human 
hyperimmune globulin in prevention of Haemophilus influenzae 
type b disease in infant rats. Infect Immun 1983; 39: 709-14 

© Adis International Limited. All rights reserved. 

385 

10. Santosham M, Reid R, Ambrosino DM, et al. Prevention of 
Haemophilus influenzae type b infections in high-risk infants 
treated with bacterial polysaccharide immune globulin. N 
Engl J Med 1987; 317: 923-9 

II. Frasch CEo Regulatory perspectives in vaccine licensure. In: 
Ellis RW, Granoff OM, editors. Development and clinical uses 
of Haemophilus b conjugate vaccines. New York: Marcel 
Dekker, 1994: 435-53 

12. Immunization Practices Advisory Committee (ACIP). Poly
saccharide vaccine for prevention of Haemophilus influenzae 
type b disease. MMWR Morb Mortal Wkly Rep 1985; 34: 
201-5 

13. Shapiro ED, Berg AT. Protective efficacy of Haemophilus in
fluenzae type b polysaccharide vaccine. Pediatrics 1990; 85 
Suppl.: 643-7 

14. Immunization Practices Advisory Committee (ACIP). Update: 
prevention of Haemophilus influenzae type b disease. MMWR 
Morb Mortal Wkly Rep 1988; 37: 13-6 

15. GranoffDM, Chacko A, Lottenbach KR, etal. Immunogenicity 
of Haemophilus influenzae type b polysaccharide-outer mem
brane protein conjugate vaccine in patients who acquired 
Haemophilus disease despite previous vaccination with type 
b polysaccharide vaccine. J Pediatr 1989; 114: 925-33 

16. Goebel WF, Avery OT. Chemo-immunological studies on con
jugated carbohydrate-protein. V. The immunological speci
ficity of an antigen prepared by combining one capsular 
polysaccharide of type 3 pneumococcus with foreign protein. 
J Exp Med 1931; 54: 437 

17. Schneerson R, Barrera 0 , Sutton A, et al. Preparation, charac
terization, and immunogenicity of Haemophilus influenzae 
type b polysaccharide protein conjugates. J Exp Med 1980; 
152: 361-76 

18. Immunization Practices Advisory Committee (ACIP). Recom
mendations for use of Haemophilus b conjugate vaccines and 
a combined diphtheria, tetanus, pertussis, and Haemophilus 
b vaccine. MMWR Morb Mortal Wkly Rep 1993; 42 RR-I3: 
1-15 

19. Kniskern PJ, Marburg S. Conjugation: design, chemistry, and 
analysis. In: Ellis RW, Granoff DM, editors. Development 
and clinical uses of Haemophilus b conjugate vaccines. New 
York: Marcel Dekker, 1994: 37-69 

20. Chu C, Schneerson R, Robbins JB, et at. Further studies on the 
immunogenicity of Haemophilus influenzae type b and pneu
mococcal type 6B polysaccharide-protein conjugates. Infect 
Immun 1983; 40: 245-56 

21. Anderson PW, Pichichero ME, Stein EC, et al. Effect of oligo
saccharide chain length, exposed terminal group, and hapten 
loading on the antibody response of human adults and infants 
to vaccines consisting of Haemophilus influenzae type b cap
sular antigen uniterminally coupled to the diphtheria protein 
CRM197. J Immunol 1989; 142: 2464-8 

22. Stein KE. Thymus-independent and thymus-dependent responses 
to polysaccharide antigens. J Infect Dis 1992; 165 Suppl.: 
49-52 

23. Dintzis RZ. Structure/function relationships in vaccines. In: 
Ellis RW, Granoff DM, editors. Development and clinical 
uses of Haemophilus b conjugate vaccines. New York: Marcel 
Dekker, 1994: 111-27 

24. Granoff DM, Holmes SJ, Osterholm MT, et al. Induction of 
immunologic memory in infants primed with Haemophilus 
influenzae type b conjugate vaccines. J Infect Dis 1993; 168: 
663-71 

25. Barbour ML, Booy R, Crook DWM, et at. Haemophilus in
fluenzae type b carriage and immunity four years after receiv
ing the Haemophilus influenzae oligosaccharide-CRM 197 

Clin. Immunother. 4 (5) 1995 



386 

(HbOC) conjugate vaccine. Pediatr Infect Dis J 1993; 12: 
478-84 

26. Schlesinger Y, GranoffDM, for the Vaccine Study Group. Avid
ity and bactericidal activity of antibody elicited by different 
Haemophilus inf/uenzae type b conjugate vaccines. JAMA 
1992; 267: 1489-94 

27. Hetherington SV, Lepow ML. Correlation between antibody af
finity and serum bactericidal activity in infants. J Infect Dis 
1992; 165: 753-6 

28. Decker MD, Edwards KM, Bradley R, et al. Comparative trial 
in infants of four conjugate Haemophilus inf/uenzae type b 
vaccines. J Pediatr 1992; 120 (2 Pt I) : 184-9 

29. Granoff DM, Anderson EL, Osterholm MT, et al. Differences 
in the immunogenicity of three Haemophilus inf/uenzae type 
b conjugate vaccines in infants. J Pediatr 1992; 121: 187-94 

30. Committee on Infectious Diseases. Haemophilus inf/uenzae 
type b conjugate vaccines: recommendations for immuniza
tion with recently and previously licensed vaccines . Pediatrics 
1993; 92: 480-8 

31. Bulkow LR, Wainwright RB, Letson GW, et al. Comparative 
immunogenicity of four Haemophilus inf/uenzae type b con
jugate vaccines in Alaska Native infants. Pediatr Infect Dis J 
1993; 12: 484-92 

32. Kayhty H, Eskola J, Peltola H, et al. Antibody responses to four 
Haemophilus inf/uenzae type b conjugate vaccines. Am J Dis 
Child 1991; 145: 223-7 

33. Loughlin AM, Marchant CD, Lett S, et al. Efficacy of Haemo· 
philus inf/uenzae type b vaccines in Massachusetts children 
18 to 59 months of age. Pediatr Infect Dis J 1992; 11: 374-9 

34. Liu MA, Friedman A, Oliff AI, et al. A vaccine carrier derived 
from Neisseria meningitidis with mitogenic activity for lym
phocytes. Proc Natl Acad Sci USA 1992; 89: 4633-7 

35. GranoffDM, Rathore MH, Holmes SJ, et al. Effect of immunity 
to the carrier protein on antibody responses to Haemophilus 
inf/uenzae type b conjugate vaccines. Vaccine 1993; 11 Suppl. 
1: 46-51 

36. Anderson EL, Decker MD, Englund JA, et al. Interchangeabil
ity of conjugated Haemophilus inf/uenzae type b vaccines in 
infants. JAMA 1995; 273: 849-53 

37. Greenberg DP, Lieberman JM, Marcy SM, et al. Enhanced anti
body responses in infants given different sequences ofhetero
geneous Haemophilus inf/uenzae type b conjugate vaccines. 
J Pediatr 1995; 126: 206-11 

38. Decker MD, Edwards KM, Bradley R, et al. Responses of chil
dren to booster immunization with their primary conjugate 
Haemophilus inf/uenzae type b vaccine or with polyribosyl
ribitol phosphate conjugated with diphtheria toxoid. J Pediatr 
1993; 122: 410-3 

39. Black SB, Shinefield HR, Fireman B, et al. Efficacy in infancy 
of oligosaccharide conjugate Haemophilus inf/uenzae type b 
(HbOC) vaccine in a United States population of61 080chil
dren. Pediatr Infect Dis J 1991; 10: 97-104 

40. Santosham M, Wolff M, Reid R, et al. The efficacy in Navajo 
infants of a conjugate vaccine consisting of Haemophilus in· 
f/uenzae type b polysaccharide and Neisseria meningitidis 
outer-membrane protein complex. N Engl J Med 1991; 324: 
1767-72 

41. Ward J, Brenneman G, Letson GW, et al. Limited efficacy of a 
Haemophilus inf/uenzae type b conjugate vaccine in Alaska 
Native infants. N Engl J Med 1990; 323: 1393-401 

42. Booy R, Hodgson S, Carpenter L, et al. Efficacy of Haemo· 
philus inf/uenzae type b conjugate vaccine PRP-T. Lancet 
1994; 344: 362-6 

43. Cates KL, Marsh KH, Granoff DM. Serum opsonic activity 
after immunization of adults with Haemophilus inf/uenzae 

© Adis International Limited. All rights reserved. 

Frasch 

type b-diphtheria toxoid conjugate vaccine. Infect Immun 
1985; 48: 183·9 

44. Peltola H, Kilpi T, Anttila M. Rapid disappearance of Haemo
philus inf/uenzae type b meningitis after routine childhood 
immunisation with conjugate vaccines. Lancet 1992; 340: 
592-4 

45. Murphy TV, White KE, Pastor P, et al. Declining incidence of 
Haemophilus inf/uenzae type b disease since introduction of 
vaccination. JAMA 1993; 269: 246-8 

46. Adams WG, Deaver KA, Cochi SL, et al. Decline of childhood 
Haemophilus inf/uenzae type b (Hib) disease in the Hib vac
cine era. JAMA 1993; 269: 221-6 

47. Barbour ML, Mayon-White RT, Coles C, et al. The impact of 
conjugate vaccine on carriage of Haemophilus inf/uenzae 
type b. J Infect Dis 1995; 171: 93-8 

48. Buchanan GA, Darville T. Impact of immunization against 
Haemophilus inf/uenzae type b (HIB) on the incidence of HIB 
meningitis treated at Arkansas Children's Hospital. South 
Med J 1994; 87: 38-40 

49. Michaels RH, Ali O. A decline in Haemophilus inf/uenzae type 
b meningitis. J Pediatr 1993; 122: 407-9 

50. Black SB, Shinefield HR, for the Kaiser Permanente Ped Vac
cine Study Group. Immunization with oligosaccharide conju
gate Haemophilus inf/uenzae type b (HbOC) vaccine on a 
large health maintenance organization population: extended 
follow-up and impact on Haemophilus inf/uenzae disease epi
demiology. Pediatr Infect Dis J 1992; II: 610-3 

51. Chen RT, Rastogi SC, Mullen JR, et al. The Vaccine Adverse 
Event Reporting System (VAERS). Vaccine 1994; 12; 542-50 

52. Van Alphen L, Spanjaard L, Van der Ende A, et al. Predicted 
disappearance of Haemophilus inf/uenzae type b meningitis 
in Netherlands. Lancet 1994; 344: 195 

53. Von Kries R, Windfuhr A, LUcking A, et al. Preventing Haemo
philus infJuenzae meningitis: Germany's experience. Lancet 
1994;344:469 

54. Desgrandchamps D, Schmid R, Zimmermann HP, et al. Effect 
of conjugate PRP vaccines on the incidence of invasive infec
tions by Haemophilus inf/uenzae type b in children. Schweiz 
Med Wochenschr 1994; 124: 575-82 

55. Mcintyre PB, Chey T, Smith WT. The impact of vaccination 
against invasive Haemophilus inf/uenzae type b disease in the 
Sydney region. Med J Aust 1995; 162: 245-8 

56. Harris A, Hendrie D, Bower C, et al. The burden of Haemophilus 
influenzae type b disease in Australia and an economic appraisal 
of the vaccine PRP-OMP. Med J Aust 1994; 160: 483-8 

57. Takala AK, Peltola H, Eskola J. Disappearance of epiglottitis 
during large-scale vaccination with Haemophilus inf/uenzae 
type b conjugate vaccine among children in Finland. Laryngo
scope 1994; 104: 731-5 

58. Takala AK, Eskola J, Leinonen M, et al. Reduction of oropha
ryngeal carriage of Haemophilus inf/uenzae type b (Hib) in 
children immunized with an Hib conjugate vaccine. J Infect 
Dis 1991; 164: 982-6 

59. Dagan R, Botujansky C, Watemberg N, et al. Safety and immu
nogenicity in young infants of Haemophilus b-tetanus protein 
conjugate vaccine, mixed in the same syringe with diphthe
ria-tetanus-pertussis-enhanced inactivated poliovirus vac
cine. Pediatr Infect Dis J 1994; 13: 356-62 

Correspondence and reprints: Dr Carl E. Frasch, Division 
of Bacterial Products, Center for Biologics Evaluation and 
Research, 1401 Rockville Pike HFM-428, Rockville, MD 
20853, USA. 

Clin.lmmunother. 4 (5) 1995 



<<
  /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 1.4
  /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 0
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




