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background

 

Acute respiratory tract infections caused by 

 

Streptococcus pneumoniae

 

 are a leading cause
of morbidity and mortality in young children. We evaluated the efficacy of a 9-valent
pneumococcal conjugate vaccine in a randomized, double-blind study in Soweto, South
Africa.

 

methods

 

At 6, 10, and 14 weeks of age, 19,922 children received the 9-valent pneumococcal
polysaccharide vaccine conjugated to a noncatalytic cross-reacting mutant of diphthe-
ria toxin (CRM197), and 19,914 received placebo. All children received 

 

Haemophilus in-
fluenzae

 

 type b conjugate vaccine. Efficacy and safety were analyzed according to the in-
tention-to-treat principle.

 

results

 

Among children without human immunodeficiency virus (HIV) infection, the vaccine
reduced the incidence of a first episode of invasive pneumococcal disease due to sero-
types included in the vaccine by 83 percent (95 percent confidence interval, 39 to 97; 17
cases among controls and 3 among vaccine recipients). Among HIV-infected children,
the efficacy was 65 percent (95 percent confidence interval, 24 to 86; 26 and 9 cases, re-
spectively). Among children without HIV infection, the vaccine reduced the incidence of
first episodes of radiologically confirmed alveolar consolidation by 20 percent (95 per-
cent confidence interval, 2 to 35; 212 cases in the control group and 169 in the vaccinated
group) in the intention-to-treat analysis and by 25 percent (95 percent confidence inter-
val, 4 to 41; 158 and 119 cases, respectively) in the per-protocol analysis (i.e., among fully
vaccinated children). The incidence of invasive pneumococcal disease caused by penicil-
lin-resistant strains was reduced by 67 percent (95 percent confidence interval, 19 to 88;
21 cases in the control group and 7 in the vaccinated group), and that caused by strains
resistant to trimethoprim–sulfamethoxazole was reduced by 56 percent (95 percent con-
fidence interval, 16 to 78; 32 and 14 cases, respectively).

 

conclusions

 

Vaccination with a 9-valent pneumococcal conjugate vaccine reduced the incidence of
radiologically confirmed pneumonia. The vaccine also reduced the incidence of vaccine-
serotype and antibiotic-resistant invasive pneumococcal disease among children with
and those without HIV infection.

abstract
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cute respiratory tract infections

 

are a major cause of death in children un-
der the age of five years.

 

1

 

 

 

Streptococcus pneu-
moniae,

 

 the leading bacterial pathogen,

 

2

 

 has become
increasingly resistant to antibiotics.

 

3,4

 

 Administra-
tion of a 7-valent vaccine conjugated to a noncata-
lytic cross-reacting mutant of diphtheria toxin
(CRM197) reduced the incidence of invasive pneu-
mococcal disease in children.

 

5

 

 The formulation
lacks serotypes 1 and 5, which are important causes
of invasive pneumococcal disease throughout the
world.

 

6

 

 The efficacy of conjugate vaccine in the pre-
vention of invasive pneumococcal disease among
children infected with human immunodeficiency
virus (HIV) is unknown. Therefore, we conducted
a prospective, randomized, double-blind trial of a
9-valent pneumococcal conjugate vaccine that in-
cluded serotypes 1 and 5 in Soweto, South Africa, a
community where antibiotic-resistant strains of
pneumococci are common and HIV infection has
increased the burden of invasive pneumococcal dis-
ease and pneumonia among children.

 

7

 

study design

 

Children were enrolled in a double-blind random-
ized trial and assigned to receive the 9-valent pneu-
mococcal vaccine or a placebo at approximately 6,
10, and 14 weeks of age. Children who were 28 to
84 days old were eligible for inclusion if they were
unvaccinated or had received only bacille Calmette–
Guérin and oral poliovirus vaccine at birth. Infants
were excluded if they had a progressive underlying
neurologic disorder, a history of seizures or infan-
tile spasms, or a low likelihood of receiving three
doses of vaccine because they were apt to move
from Soweto.

The vaccine comprised 2 µg of capsular polysac-
charide (serotypes 1, 4, 5, 9V, 14, 19F, and 23F), 4 µg
of serotype 6B, and 2 µg of oligosaccharide 18C.
Doses of vaccine and placebo were made up in a
blinded fashion, appeared identical, and were color-
coded with the use of 10 colors at 21 vaccination
centers in Soweto in randomized blocks of 10. No
booster dose was given. For the benefit of the con-
trols, all children received 

 

Haemophilus influenzae

 

 type
b conjugate vaccine (HibTITER, Wyeth), which was
not part of the expanded program of immunization
in South Africa at the start of the trial. Concurrently
administered vaccines were diphtheria, tetanus, and
whole-cell pertussis (DTwP, Aventis Pasteur); hepa-

titis B (Hepaccine-B, Cheil Sugar Organization); and
oral live, trivalent poliovirus types 1, 2, and 3 (Poli-
oral, Biovac).

Children included in the per-protocol analysis
received three doses, with an interval of at least 21
days between doses, and received their last dose be-
fore 270 days of age. The analysis of safety and effi-
cacy conducted according to the intention-to-treat
principle included all randomized children. Follow-
up continued until 15 children without HIV infec-
tion who were included in the per-protocol analysis
met the primary end point of invasive pneumococcal
disease caused by a serotype included in the vaccine.
HIV status was confirmed when a child was hospi-
talized for any reason. Twenty-four–hour surveil-
lance was conducted at the admission ward of Chris
Hani Baragwanath Hospital, a secondary and terti-
ary hospital that serves more than 90 percent of the
children in Soweto. Data for all children born after
December 1997 were compared at the time of ad-
mission with the data base of all children enrolled in
the trial. Hospitalized children were examined by
one of four study doctors within 24 hours after ad-
mission to determine the clinical diagnosis, but the
study doctors were not involved in the children’s
care. Secondary end points were invasive pneumo-
coccal disease and pneumonia in HIV-infected chil-
dren and antibiotic-resistant strains in the entire
study group.

The study was approved by the Committee for
the Study of Human Subjects at the University of the
Witwatersrand, and permission for the trial was ob-
tained from the Medicines Control Council of South
Africa. All participants were enrolled after written
informed consent had been obtained from a parent
or legal guardian.

 

microbiologic analysis

 

Pneumococci were isolated from blood samples
with the use of an automated blood-culture sys-
tem (BacT-Alert, Organon Teknika). Species were
identified with the use of routine microbiologic
methods, including sensitivity to ethylhydrocu-
preine (optochin) and bile solubility. Antimicrobial
susceptibility was determined with the use of the
Kirby–Bauer disk-diffusion test, and minimal inhib-
itory concentrations were confirmed by the broth-
microdilution method or the E test (AB Biodisk).
Susceptibility criteria were those of the National
Committee for Clinical Laboratory Standards.

 

8

 

Viral pneumonia was diagnosed on the basis of
either clinical or radiologic evidence of pneumonia

a

methods
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plus a positive immunofluorescence assay for a res-
piratory virus from a nasopharyngeal aspirate.

 

9

 

 Ra-
diographs were archived by digital scanning with
the use of a film digitizer (VXR-12, Vidar Systems)
and were read independently by a pediatrician and
a radiologist. When the results were discordant for
alveolar consolidation, the radiographs were re-
viewed by a pediatrician and a radiologist who were
members of a World Health Organization expert
panel, and their decision was considered final.

 

10

 

HIV-negative status was confirmed by a negative
enzyme-linked immunosorbent assay (ELISA) for
HIV antibody (Axsym system, HIV 1/2, Abbott) or by
a negative HIV DNA polymerase-chain-reaction
(PCR) assay (Amplicor version 1.5, Roche) in chil-
dren who were younger than 18 months of age and
whose ELISA was reactive for HIV antibodies. In the
secondary analysis of HIV-infected children, HIV in-
fection was confirmed by a positive PCR assay in
children younger than 18 months old or by two pos-
itive ELISAs for HIV antibody (Axsym and Murex
HIV 1+2, Murex Diagnostic) in those who were 18
months of age or older. Children with a nonreactive
ELISA in whom HIV infection was suspected on the
basis of clinical signs of the acquired immunodefi-
ciency syndrome (Centers for Disease Control and
Prevention criteria B or C)

 

11

 

 were also evaluated with
use of the HIV DNA PCR assay.

 

statistical analysis

 

Before the trial began, the incidence of vaccine-ser-
otype–specific invasive pneumococcal disease was
estimated to be 112 cases per 100,000 children. Our
study was designed to include 19,231 children in
each group who were followed for two years and
thus to have a power of 80 percent to detect a 70
percent reduction in the incidence with a two-sided
type I error of 5 percent. Since children may be seen
at other hospitals in the same city or in other cities,
any estimation of the absolute incidence but not of
the relative incidence may be subject to ascertain-
ment bias. The randomized double-blind design of
the study ensured that any ascertainment bias would
affect the two groups equally. The investigators,
who were independent of the sponsor, collected all
the data and had full access to the analyses and pri-
mary data. Relative risk and vaccine efficacy, based
on the occurrence of a first event in each child, were
estimated and confidence limits were calculated
with the use of the exact conditional binomial distri-
bution,

 

12

 

 with a follow-up ratio between treatment
groups of 0.5. The results presented are for analyses

conducted according to the intention-to-treat prin-
ciple and include all cases of invasive pneumococcal
disease and pneumonia. Qualitatively similar results
were obtained with the use of per-protocol analyses.
Any qualitative differences that occurred are de-
scribed. No interim analyses were planned or per-
formed. The predefined primary end points were a
first episode of invasive pneumococcal disease and
an episode of radiologically confirmed pneumonia
that occurred at least 14 days after the third dose in
children without HIV infection who were included
in the per-protocol analyses. Invasive pneumococcal
disease was defined on the basis of the isolation
from blood, cerebrospinal fluid, or both of a pneu-
mococcal serotype included in the vaccine (con-
firmed by the Statens Serum Institut, Copenhagen,
Denmark). All reported P values are two sided.

A total of 39,836 children were included in the in-
tention-to-treat analysis: 19,922 were randomly as-
signed to receive the 9-valent conjugate pneumococ-
cal vaccine, and 19,914 to receive placebo (Table 1).
Enrollment was begun on March 2, 1998, and end-
ed on October 30, 2000. Follow-up continued until
November 15, 2001.

 

invasive pneumococcal disease

 

The incidence of first episodes of invasive pneumo-
coccal disease is presented in Table 2. Among chil-

results

 

* Plus–minus values are means ±SD.

 

Table 1. Characteristics of the Participants.

Characteristic
Vaccinated Group

(N=19,922)
Control Group

(N=19,914)

 

Sex (%)
Male
Female

50.3
49.7

49.9
50.1

Follow-up
Average (days)
Range (days)
Total (person-yr)

847.5
60–1354
46,258

847.0
63–1354
46,213

Age (wk)*
Dose 1
Dose 2
Dose 3

6.6±1.2
11.2±2.6
15.9±4.0

6.6±1.2
11.2±2.4
15.8±3.7

No. of doses received (no. of children)
0 Doses
1 Dose
2 Doses
3 Doses

0
595
770

18,557

0
595
769

18,550
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dren without HIV infection, there were 17 first epi-
sodes caused by serotypes included in the vaccine in
the control group (3 children had bacteremia with-
out a focus, 1 of whom had a febrile convulsion;
7 had bacteremic pneumonia; 6 had meningitis;
and 1 had a mesenteric presentation of pneumococ-
cal sepsis) and 3 in the vaccinated group (2 had bac-
teremic pneumonia and 1 had meningitis). The
efficacy of the vaccine was 83 percent (95 percent
confidence interval, 39 to 97; P=0.003). There were
no underlying conditions predisposing these chil-
dren to invasive pneumococcal disease. Three chil-
dren (two vaccine recipients and one child in the
control group) had been exposed to HIV but were
not infected, and one child in the control group had
pneumococcal meningitis and an underlying con-
dition listed as spastic cerebral palsy.

In the per-protocol analysis, the efficacy of the
vaccine was 85 percent (95 percent confidence inter-
val, 32 to 98) for the predefined primary end point of
invasive pneumococcal disease in fully immunized
children without HIV infection (13 cases in the con-
trol group vs. 2 in the vaccinated group). For HIV-
infected children, the efficacy against vaccine sero-
types was 65 percent (95 percent confidence interval,
24 to 86; P=0.006). Since the analysis included only
the first episode of invasive pneumococcal disease
for each category, among HIV-infected children, the

same child may have been included in both the vac-
cine-serotype and non–vaccine-serotype categories
if the child had multiple episodes, but the child was
included only once in the category of all first epi-
sodes of invasive pneumococcal disease. The pro-
tective efficacy of the vaccine against all serotypes of
invasive pneumococcal disease in all children was
50 percent. The serotypes isolated during 99 first ep-
isodes of invasive pneumococcal disease are shown
in Table 3. Among vaccine-related serotypes, there
was evidence of a trend toward protection from ser-
otype 6A but not 19A.

 

pneumonia

 

The rates of vaccine efficacy against radiologically
confirmed first episodes of pneumonia are present-
ed in Table 4. Among children without HIV infec-
tion, there were 169 first episodes among vaccine
recipients and 212 among controls (vaccine efficacy,
20 percent; 95 percent confidence interval, 2 to 35;
P=0.03); the efficacy of the vaccine in the entire co-
hort was 17 percent (P=0.01). In the per-protocol
analysis, the efficacy of the vaccine for the primary
end point of radiologically confirmed pneumonia
among fully immunized children without HIV in-
fection was 25 percent (95 percent confidence in-
terval, 4 to 41; 158 first episodes among controls
and 119 among vaccine recipients).

 

* Vaccine-serotype pneumococci were serotypes 1, 4, 5, 6B, 9V, 14, 18C, 19F, and 23F. Vaccine-related pneumococci were 
serotypes 6A, 19A, and 19B. CI denotes confidence interval, and HIV human immunodeficiency virus. For HIV-positive 
children and for all children, the sum of episodes involving vaccine, nonvaccine, and vaccine-related serotypes exceeds 

 

the number of episodes of invasive pneumococcal disease because only the first episode of invasive disease was counted.

 

Table 2. First Episodes of Invasive Pneumococcal Disease.*

Variable Vaccinated Group Control Group P Value Vaccine Efficacy (95% CI)

 

no. of episodes percent

 

HIV-negative children
Invasive pneumococcal disease
Vaccine-serotype pneumococci
Non–vaccine-serotype pneumococci
Vaccine-related–serotype pneumococci

11
3
4
4

19
17
1
1

0.2
0.003
0.38
0.38

42 (¡28 to 75)
83 (39 to 97)

¡300 (¡19,599 to 60)
¡300 (¡19,599 to 60)

HIV-positive children
Invasive pneumococcal disease
Vaccine-serotype pneumococci
Non–vaccine-serotype pneumococci
Vaccine-related–serotype pneumococci

22
9
9
6

47
26
8

16

0.004
0.006
1
0.05

53 (21 to 73)
65 (24 to 86)

¡13 (¡235 to 62)
63 (¡1 to 88)

All children
Invasive pneumococcal disease
Vaccine-serotype pneumococci
Non–vaccine-serotype pneumococci
Vaccine-related–serotype pneumococci

33
12
13
10

66
43
9

17

0.001
<0.001

0.52
0.25

50 (23 to 68)
72 (46 to 87)

¡44 (¡283 to 43)
41 (¡36 to 75)
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antibiotic resistance

 

Antibiotic-resistant strains were more commonly
isolated from HIV-infected children than from chil-
dren without HIV infection (Table 5). In the entire
group of children, the vaccine reduced the incidence
of first episodes of invasive pneumococcal disease
caused by penicillin-resistant pneumococci by 67
percent (95 percent confidence interval, 19 to 88;
P=0.01). Episodes caused by pneumococci resistant
to trimethoprim–sulfamethoxazole were reduced
by 56 percent (95 percent confidence interval, 16 to
78; P=0.01), and episodes caused by pneumococ-
ci resistant to one or more selected antibiotics
(penicillin, tetracycline, erythromycin, clindamycin,
chloramphenicol, rifampin, or trimethoprim–sul-
famethoxazole) by 56 percent (95 percent confi-
dence interval, 21 to 77; P=0.005) (Table 5).

 

mortality

 

The mortality rate was reduced by 5 percent among
all children (229 deaths among vaccine recipients
and 242 among controls, P=0.58) and by 6 percent
among HIV-infected children (166 and 176 deaths,
respectively; P=0.63). Among children without HIV
infection, there were 36 deaths in each group. HIV
status was not available for 27 vaccine recipients and
30 controls. Half the HIV-infected children who
died (86 vaccine recipients and 85 controls) were not
eligible for the per-protocol analysis; most were
less than 18 weeks old at the time of death. Pneumo-
nia and bronchiolitis were associated with 66 per-
cent of deaths. There were 153 deaths attributable to
pneumonia in the vaccinated group and 160 in the
control group, for a reduction in mortality attribut-
able to pneumonia of 4 percent (P=0.73). Nine per-
cent of all deaths (21 in each group) were due to
gastroenteritis.

 

safety

 

A previous trial of the immunogenicity and safety
of this vaccine in children in Soweto showed no ma-
jor adverse effects.

 

13

 

 An analysis of the primary diag-
noses during hospitalization of children without
HIV infection in the present study revealed more
viral pneumonias among vaccinated children 1 to
4 days after vaccination than among such children
who were not vaccinated (18 vs. 6 cases, P=0.02),
and this difference persisted from 1 to 8 days after
vaccination (30 vs. 15 cases, P=0.03) but not from
1 to 31 days (83 vs. 71 cases, P=0.37). These cases
were due primarily to respiratory syncytial virus,

 

* Seven subsequent episodes of invasive pneumococcal disease among chil-
dren infected with human immunodeficiency virus (HIV) were excluded. In 
the vaccinated group there were three additional episodes due to serotype 19F 
after a first episode caused by 6A and one additional episode due to 6A after a 
first episode caused by 9V. In the control group there was one additional epi-
sode due to serotype 6A after a first episode caused by 19A, one episode due 
to 9V after a first episode caused by 15A, and one episode due to 19A after a 

 

first episode caused by 14.

 

Table 3. Number and Serotype of First Episodes of Invasive Pneumococcal 
Disease.*

Isolate Vaccinated Group Control Group

 

HIV-
Negative

HIV-
Positive

HIV-
Negative

HIV-
Positive

 

number of episodes

 

Vaccine serotype

1 1 3 1

4 1 2 1

5 1 1

6B 1 1 2 7

9V 1 3 1

14 1 2 7

18C 2

19F 2 1 3

23F 3 1 4

Total 3 8 17 25

Vaccine-related serotype

6A 1 3 10

19A 3 2 1 3

19B 1

Total 4 5 1 14

Non-vaccine serotype

3 1 1

8 2

10A 1

12F 2

13 1

15A 1 4

15B 1

15C 1 1

15F 1

16F 1

17F 1

29 1

34 1

38 1

Total 4 9 1 8

Total 11 22 19 47
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which caused 83 percent of viral pneumonias in the
vaccinated group and 80 percent in the control
group, and therefore showed winter seasonality. No
other potentially vaccine-associated adverse reac-
tions were noted in the 31 days after vaccination.

During the remaining follow-up period, the vac-
cinated group had a higher incidence of generalized
seizures (35 vs. 19 cases, P=0.04) but a lower inci-
dence of “unspecified” seizures (9 vs. 21 cases, P=
0.04). The overall rate of seizure diagnoses did not
differ significantly between vaccine recipients and
controls. Hyperactive-airway disease and asthma
treated with bronchodilator agents were diagnosed
in 59 vaccine recipients and 33 controls (relative risk,
1.79; P=0.009); no temporal relation to vaccination
was apparent. The risk remained elevated for multi-
ple episodes of asthma (22 cases among vaccine re-
cipients, as compared with 12 among controls; rel-
ative risk, 1.83; 95 percent confidence interval,
0.9 to 4.1; P=0.12), as well as when the analysis was
restricted to children who were at least 12 months
of age (42 vs. 22 cases; relative risk, 1.91; 95 per-
cent confidence interval, 1.1 to 3.4; P=0.02). The
absolute risk of asthma was 1.66 cases per 1000
among controls and 2.96 per 1000 among vaccine
recipients.

In the group of children without HIV infection, the
9-valent pneumococcal conjugate vaccine prevented
83 percent of episodes of invasive pneumococcal
disease due to serotypes included in the vaccine. The
results of the per-protocol and intention-to-treat
analyses were similar and were in keeping with the
high levels of antibody found in immunized chil-
dren in Soweto after only one or two doses of vac-
cine.

 

14

 

 The immunogenicity of the vaccine, evaluat-
ed in a nested study in this trial (data not shown),

was not significantly different from that previously
reported

 

13

 

 among vaccinated children in this com-
munity. The efficacy was similar to that obtained in
an intention-to-treat analysis of a 7-valent pneumo-
coccal conjugate vaccine in Navajo children (86 per-
cent efficacy)

 

15

 

 and in children from northern Cal-
ifornia (94 percent efficacy).

 

5

 

 In the California study,
a minority of children with bacteremia had evidence
of pneumonia or meningitis, whereas the majori-
ty of children in our study had such evidence. The
duration of the protective effect of the vaccine re-
mains unknown. The level of protection observed
in our study over a mean follow-up of 2.3 years was
achieved without a booster dose.

Our findings extend previous observations and
therefore provide evidence in support of the current
U.S. recommendation to provide conjugate pneu-
mococcal vaccine to HIV-infected children as well
as children without HIV infection.

 

16

 

 This finding is
important, given the increased incidence of invasive
pneumococcal disease among HIV-infected chil-
dren

 

17

 

 and the failure of 23-valent vaccine to pre-
vent invasive pneumococcal disease in HIV-infected
adults.

 

18

 

 Our data suggest that conjugate vaccine
may remain useful in countries where HIV infection
is the leading risk factor for invasive pneumococcal
disease. We speculate that the vaccine could be fur-
ther investigated in HIV-infected adults. Our study
did not have sufficient statistical power to determine
whether there was a significant increase in the inci-
dence of invasive pneumococcal disease caused by
serotypes that were not included in the vaccine (ser-
otype replacement), although there was a small,
nonsignificant increase in the incidence of non–
vaccine-type pneumococcal infections among vac-
cinated children.

We found that the 9-valent conjugate vaccine of-
fered significant protection against pneumonia. An
analysis of radiologically evident pneumonia among
children enrolled in the northern California trial re-
vealed a similar level of protection against pneumo-
nia.

 

19

 

 The true percentage of cases of pneumococ-
cal pneumonia prevented by the vaccine probably
exceeds 25 percent, since the specificity of alveolar
consolidation as a diagnostic test of pneumococcal
pneumonia is suboptimal, and thus, the use of a ra-
diologic end point underestimates the true efficacy
of a vaccine. The prevention of 25 percent of first
episodes of pneumonia among children was in ad-
dition to the protection against pneumonia afforded
by the 

 

H. influenzae

 

 type b conjugate vaccine

 

20

 

 given
to both vaccine recipients and controls.

discussion

 

* CI denotes confidence interval, and HIV human immunodeficiency virus.

 

Table 4. Efficacy of the Vaccine against First Episodes of Radiologically 
Confirmed Pneumonia.*

Variable
Vaccinated

Group
Control
Group P Value

Vaccine Efficacy
(95% CI)

 

no. of episodes %

 

HIV-negative children 169 212 0.03 20 (2 to 35)

HIV-positive children 182 209 0.19 13 (¡7 to 29)

All children 356 428 0.01 17 (4 to 28)
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Data from the Centers for Disease Control and
Prevention

 

21

 

 suggest that antibiotic-resistant inva-
sive pneumococcal disease has been decreasing
among children since the introduction of conjugate
vaccine. Our randomized study lends support to the
existence of a causal relation between vaccination
and a reduction in antibiotic-resistant invasive pneu-
mococcal disease. Previous studies have shown a
reduction in the carriage of antibiotic-resistant
strains

 

13,22

 

 among vaccinated children. Reports that
the incidence of invasive pneumococcal disease due
to serotypes usually confined to disease in children
is increasing among adults

 

23

 

 and that adults who
live with children attending day care are at increased
risk for invasive pneumococcal disease

 

24

 

 support
the idea that vaccination of children may prevent
transmission to adults.

Our finding of a transient increase in the inci-
dence of respiratory syncytial virus pneumonia one
to eight days after vaccination may represent in-
creased susceptibility to pneumococcal pneumonia
as a coinfection in children who were already colo-
nized with pneumococci and infected with the res-
piratory virus. The mechanism of enhanced sus-
ceptibility may be the depletion of pneumococcal
capsular-antibody–specific B cells by the vaccine
before opsonophagocytic antibodies can develop.

The overall incidence of seizures in the two
groups was similar, with an apparent increase in
generalized seizures in the vaccinated group and a
decrease in “unspecified seizures,” which included

generalized seizures before admission that were not
witnessed by a physician, as well as witnessed focal
seizures. There is no evidence from post-marketing
studies of the 7-valent vaccine to suggest that there
are late increases in the incidence of seizures among
vaccine recipients.

An association between vaccination and a single
episode of asthma was found in some centers where
children received 

 

H. influenzae

 

 type b conjugate vac-
cine, but not in others.

 

25

 

 We did find an increase in
asthma among vaccine recipients, which has not
been reported to date in previous studies of the
7-valent formulation in the United States.

 

5,15

 

 An
increase in asthma may be expected, given the hy-
giene hypothesis of decreased childhood infec-
tions.

 

26

 

 The increased incidence of asthma among
vaccinated children in our study (2.96 cases per 1000
children, vs. 1.66 per 1000 among controls) should
be seen in the context of a reduction in the risk of
radiologically confirmed pneumonia among vacci-
nated children (17.9 cases per 1000, vs. 21.5 per
1000 among controls). These data suggest that fur-
ther surveillance is needed to define the risk of asth-
ma in recipients of this vaccine. The safety analysis
involved more than 1000 comparisons. Significant
differences in the safety analysis at the 5 percent
level are hypothesis-generating but may be due to
chance.

The 9-valent pneumococcal conjugate vaccine is
currently under development for licensure in both
developed and developing countries but has not yet

 

* Penicillin-resistant strains include strains with intermediate resistance (minimal inhibitory concentration, ≥0.1 µg per 
milliliter). Strains with any resistance include strains with full or intermediate resistance, according to National Commit-
tee for Clinical Laboratory Standards criteria,

 

10

 

 to one or more of the following antibiotics: penicillin, tetracycline, eryth-
romycin, clindamycin, chloramphenicol, rifampin, or trimethoprim–sulfamethoxazole. CI denotes confidence interval, 

 

and HIV human immunodeficiency virus.

 

Table 5. Efficacy of the Vaccine against Antibiotic-Resistant First Episodes of Invasive Pneumococcal Disease.*

Group of Children and Type 
of Antibiotic Resistance Vaccinated Group Control Group Vaccine Efficacy (95% CI) P Value

 

no. of episodes percent

 

HIV-negative children
Penicillin
Trimethoprim–sulfamethoxazole
Any

0
1
2

4
3
6

100 (¡52 to 100)
67 (¡315 to 99)
67 (¡86 to 97)

0.13
0.13
0.29

HIV-positive children
Penicillin
Trimethoprim–sulfamethoxazole
Any

7
13
15

17
29
33

59 (¡5 to 86)
55 (11 to 79)
55 (14 to 77)

0.06
0.02
0.01

All children
Penicillin
Trimethoprim–sulfamethoxazole
Any

7
14
17

21
32
39

67 (19 to 88)
56 (16 to 78)
56 (21 to 77)

0.01
0.01
0.005

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on September 29, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

349;14

 

www.nejm.org october 

 

2

 

, 

 

2003

 

1348

 

a 9-valent pneumococcal conjugate vaccine in children

 

been licensed for use. Our study provides evidence
to support the wider development and use of this
vaccine to prevent invasive pneumococcal disease,
reduce antibiotic resistance among pneumococcal
strains, and diminish the incidence of pneumonia
in children.
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Safety and Immunogenicity of Heptavalent Pneumococcal Vaccine
Conjugated to CRM197 in United States Infants

Margaret B. Rennels, MD*; Kathryn M. Edwards, MD‡; Harry L. Keyserling, MD§, Keith S. Reisinger, MDi;
Deborah A. Hogerman, BS¶; Dace V. Madore, PhD#; Ih Chang, PhD¶; Peter R. Paradiso, PhD¶;

Frank J. Malinoski, MD, PhD#; and Alan Kimura, MD, PhD¶

ABSTRACT. Objective. To determine the safety and
immunogenicity of heptavalent pneumococcal saccha-
ride vaccine (serotypes 4, 6B, 9V, 14, 18C, 19F, 23F) indi-
vidually conjugated to CRM197 (PNCRM7), administered
at 2, 4, 6, and 12 to 15 months of age.

Design. Two hundred twelve healthy 2-month-old in-
fants were equally randomized to receive four consecu-
tive doses of PNCRM7 or an investigational meningococ-
cal group C conjugate vaccine, which served as a control.
Concomitantly administered routine vaccines were oral
polio vaccine and combined diphtheria toxoid, tetanus
toxoid, and whole cell pertussis vaccine/Haemophilus in-
fluenzae type b vaccine consisting of capsular oligosac-
charides conjugated to CRM197 (DTP/HbOC) at 2, 4, and 6
months, and either measles-mumps-rubella vaccine or
HbOC at 12 to 15 months. Active safety surveillance was
conducted for 3 days after each dose. Antibody concen-
trations to each of the 7 pneumococcal serotypes were
measured by enzyme-linked immunosorbent assay pre-
vaccination, after doses two and three, prebooster, and
postbooster.

Results. Significantly fewer children experienced lo-
cal reactions at the PNCRM7 injection site than at the
DTP/HbOC site. There was no increase in the incidence
or severity of local reactions at the PNCRM7 site with
increasing doses of vaccine. Mild to moderate postvacci-
nation fever was common in both the PNCRM7 and
control vaccine groups, however DTP/HbOC was admin-
istered concurrently. All 7 vaccine serotypes were immu-
nogenic. The kinetics of the immune responses were
serotype-specific. After three doses of PNCRM7, be-
tween 92% to 100% of children had >0.15 mg/mL of
antibody, and 51% to 90% achieved a level of >1 mg/mL
against specific serotypes. A booster dose of PNCRM7
resulted in a brisk anamnestic response to all 7 vaccine
serotypes, demonstrating effective stimulation of T-cell
memory by the primary series of vaccinations.

Conclusion. Primary immunization followed by a
booster dose of PNCRM7 seemed to be acceptably safe
and resulted in significant rises in antibody to all 7
serotypes.

Implications. Studies to assess vaccine efficacy of
PNCRM7 for prevention of systemic disease, nasopha-
ryngeal colonization, and acute otitis media are in
progress. If PNCRM7 proves to be protective, there is the
potential to prevent up to 85% of invasive pneumococcal
disease occurring in US children. Pediatrics 1998;101:
604–611; vaccine, pediatric, pneumococcal.

ABBREVIATIONS. Hib, Haemophilus influenzae type b conjugate
vaccine; CRM197, cross-reactive material 197; PNCRM5, pentava-
lent pneumococcal saccharide vaccine conjugated to CRM197;
menC, conjugate meningococcal group C vaccine; PNCRM7, hep-
tavalent pneumococcal saccharide vaccine conjugated to CRM197;
DTP, combined diphtheria toxoid, tetanus toxoid, and whole cell
pertussis vaccine; HbOC, Haemophilus influenzae type b vaccine
consisting of capsular oligosaccharides conjugated to CRM197;
MMR, measles-mumps-rubella vaccine; IgG, immunoglobulin G;
ELISA, enzyme-linked immunosorbent assay; GMC, geometric
mean concentration of antibody.

After the remarkable success of Haemophilus
influenzae type b conjugate vaccines (Hib) in
virtually eliminating disease among immu-

nized populations of children,1,2 the same conjugate
vaccine technology has been utilized to develop
more effective vaccines against Streptococcus pneu-
moniae. Coincidentally, the alarmingly rapid emer-
gence of strains of pneumococci resistant to both
penicillin and cephalosporins3–5 has created an ur-
gent need for pneumococcal vaccines that are effec-
tive in infants. Because there are more than 80 sero-
types of S pneumoniae, development of pneumococcal
conjugate vaccines is considerably more difficult and
expensive than creation of the conjugate Hib vac-
cines. Fortunately, a vaccine that protects against the
7 most common serotypes isolated in the United
States and much of the developed world has the
potential to prevent up to 85% of invasive pneumo-
coccal infections in children.6,7
Pneumococcal vaccine containing capsular po-

lysaccharides of 5 serotypes of S pneumoniae (6B, 14,
19F, 18C, 23F) conjugated to cross-reacting molecule
197 (CRM197) is immunogenic and safe when given as
a three dose series at 2, 4, and 6 months of age.8–10
Administration of a booster dose of licensed pneu-
mococcal polysaccharide vaccine to toddlers who
have received a primary series of the pentavalent
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CRM197 conjugate pneumococcal vaccine (PNCRM5)
also has been demonstrated to stimulate a boosting
in titers of antibodies to serotypes contained in the
primary series vaccine.11,12 However, the addition of
serotypes 4 and 19F would increase the percentage of
infections prevented from approximately 65% to
85%.6,7 For practical purposes, it may be optimal to
give a toddler a booster vaccination with the same
conjugate vaccine administered as the primary se-
ries, as is done with Hib vaccination.
There may be safety limitations and/or immuno-

logic limitations on the number of serotypes of po-
lysaccharide-protein conjugated vaccine that can be
combined into a single dose of vaccine. It must be
demonstrated that the addition of 2 more serotypes
does not result either in decreased immunogenicity,
or in an unacceptable increase in reactions. Severe
local reactions have occurred after revaccination
with the polysaccharide pneumococcal vaccine
within a few years of the first immunization.13 There-
fore, it is important to establish not only that a tod-
dler dose of the heptavalent conjugate vaccine given
to previously primed children will result in anam-
nestic antibody responses, but also that it will not
cause serious side effects. Herein is the first report of
the safety and immunogenicity of four consecutive
doses of the heptavalent pneumococcal vaccine, con-
taining serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F,
each independently conjugated to CRM197.

METHODS

Population
Healthy 2-month-old infants (610 days) were enrolled into the

trial through four centers located in Atlanta, GA; Baltimore, MD;
Nashville, TN; and Pittsburgh, PA. The study was approved by
institutional review boards at each center and written informed
consent was obtained from a parent or guardian before enroll-
ment.

Vaccine and Vaccine Administration
Infants were randomized equally to receive either the heptava-

lent conjugate pneumococcal vaccine or a meningococcal group C
conjugate vaccine (menC), which served as a control. The pneu-
mococcal vaccine is composed of polysaccharides of serotypes 4,
6B, 9V, 14, 19F, 23F, and oligosaccharides of 18C. Each serotype is
independently coupled to CRM197 via reductive amination and
combined into the 7-valent formulation (PNCRM7). This pneumo-
coccal vaccine is formulated at 2 mg of serotype 4, 9V, 14, 18C, 19F,
and 23F, and 4 mg of serotype 6B. It contains approximately 20 mg
CRM197 per dose. Vaccine was administered at 2, 4, and 6 months
of age (62 weeks) in a double-blind manner. Study vaccines
(PNCRM7 or menC) were administered intramuscularly into the
left anterolateral thigh in a volume of 0.5 mL. At the primary series
visits, children were given oral polio vaccine, and the Wyeth-
Lederle combined whole cell pertussis-tetanus-diphtheria, and
Hib vaccine (DTP/HbOC, Tetramune) was administered in the
right thigh. After completion of the primary trial, parents were
invited to have their child receive, at 12 to 15 months of age, a
booster dose of the same vaccine they received as infants (menC,
or PNCRM7). Toddlers were randomized to receive simulta-
neously with the experimental vaccine either HbOC or measles-
mumps-rubella vaccine (MMR) in the opposite thigh at 12 to 15
months of age. No other vaccines were given within 4 weeks of the
study vaccines.

Safety Surveillance
At the first vaccination, parents were given a digital thermom-

eter and a diary card on which to record possible reactions for 3
days after each dose of vaccine. Information collected about sys-

temic symptoms included evening rectal temperature, the pres-
ence or absence of abnormal fussiness, sleepiness, anorexia, vom-
iting, high-pitched cry, prolonged crying (.3 hours), difficulty
breathing, convulsions, or hives. Parents were instructed to exam-
ine the injection sites on both thighs and to record: 1) the presence
or absence of tenderness and whether it interfered with movement
of the leg; and 2) the presence or absence of erythema and indu-
ration, and whether it was larger than a US quarter-dollar coin
(.2.4 cm).

Serology
Blood for antibody assays was drawn immediately predose one

(age 2 months), predose three (age 6 months), postdose three (age
7 to 8 months), and before and 1 month after the booster dose.
Standard enzyme-linked immunosorbent assay (ELISA) was used
to quantitate serum quantities of immunoglobulin G (IgG) to each
of the 7 serotypes contained in the PNCRM7 vaccine.14 Antibodies
to C-polysaccharide were blocked by preincubation with a pneu-
mococcal absorbent prepared by Wyeth-Lederle. ELISA units
were converted to mg/mL of IgG by use of standard reference
serum 89SF. Serologic assays were performed in the laboratories
of Wyeth-Lederle Vaccines and Pediatrics.

Statistical Analyses
The analyses of serum antibody titers was based on logarithms

of the antibody concentrations. Geometric mean concentrations of
antibody (GMC) and 95% confidence intervals were determined
for antibody to each pneumococcal serotype in both vaccine
groups. The confidence intervals of GMCs were determined based
on normal distributions on the logarithmic scale. Comparisons of
the GMCs between the two study vaccine groups were made
using analysis of covariance, with study vaccine and study site as
the classification variables and the prevaccination titers as the
covariate. Reverse cumulative distribution plots15 were used to
display the percentage of children achieving different concentra-
tions of antibody to each of the 7 pneumococcal serotypes. Com-
parisons of local reactions between the injection sites of DTP/
HbOC and PNCRM7 within subjects were made using the sign
test. Comparisons of the systemic reaction rates and fever rates
between the two treatment groups were made using the x2 test. All
statistical tests were performed based on two-sided P values with
type 1 error rate a , .05.

The sample sizes were chosen to have at least 80% power to
detect a $1.88-fold difference between the two treatment groups
in postdose three GMC of antibody against any of the 7 pneumo-
coccal serotypes, and a 14% to 21% difference in the rates of
common reactions. The statistical power in the booster portion of
the study was lower because of the smaller sample sizes. At 80%
power, the smallest detectable difference after dose four in GMCs
was 2.2 fold, and the difference in reactions rates that could be
demonstrated ranged from 18% to 25%.

RESULTS

Children
A total of 212 infants were enrolled; 106 received

PNCRM7 and 106 were given menC. There were no
demographic differences between the PNCRM7 and
menC recipients. In both groups, 90.6% were Cauca-
sian and 7.6% were black. The percentage of boys in
the PNCRM7 and menC groups was 55.7% and
53.8%, respectively. Ninety-five (89.6%) of the
PNCRM7 recipients and 99 (93.3%) of those given
menC completed the primary series study. The rea-
sons for withdrawal were: adverse experiences (n 5
5), lost to follow-up (n 5 4), parent request (n 5 3),
and protocol violations (n 5 6). Fifty-eight percent
(122) of the original cohort received the booster; 58 of
the boosted children were in the PNCRM7 group and
64 children were in the menC group.

Safety
The incidence of any local reaction (erythema, in-

duration, and/or tenderness combined) at the injec-
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tion site of PNCRM7 was significantly lower than
that at the DTP/HbOC injection site for all three
primary doses: dose one, 35.9% versus 56.3% (P ,
.001); dose two, 42.9% versus 58.2% (P , .001); dose
three, 34.7% versus 45.8% (P 5 .019). After the
booster, or fourth dose, the incidence of any local
reactions at the PNCRM7 site was 32.8%; it was
24.1% at the Hib or MMR site (P 5 .302). Moderate
local reactions, defined as greater than the size of a
quarter (.2.4 cm) area of erythema or induration, or
pain that interfered with leg movement, occurred
after doses one, two, and three in 4.9%, 6.1%, and
5.3% of children at the PNCRM7 injection site, as
compared with 11.7% 11.2%, and 5.2% of children at
the DTP/HbOC injection site. After the booster dose,
a moderate local reaction was observed in 2 children
(3.4%) at the PNCRM7 site and in 2 children (3.4%) at
the control (MMR or HbOC) injection site (Fig 1).
Local reactions did not increase in frequency or se-
verity with repeated doses of the conjugate pneumo-
coccal vaccine, and there were no local reactions
severe enough to require medical attention. The rates
of febrile responses (.38°C) were somewhat higher
in the PNCRM7 than in the menC group: 25% versus
17% after dose one, 28% versus 24% after dose two,
38% and 32% postdose three, and 22% versus 19%
postdose four (Fig 1). Fevers occurred during the 48
hours after the primary series of vaccinations and
resolved by day 3. Children with temperature $38°C
had higher rates of fussiness and drowsiness in both

groups; no other systemic or local symptoms were
associated with fevers. There were no significant dif-
ferences between these fever rates between the two
vaccine groups, nor were there significant differ-
ences in rates of lethargy, irritability, anorexia, or
vomiting. Three children experienced fever higher
than 39.6°C; 1 child was in the PNCRM7 group and
2 children were in the menC group.
Five children were withdrawn from the study be-

cause of adverse events, all of which resolved with-
out consequences. One child had a febrile seizure 32
days after receipt of the menC vaccine. Prolonged or
unusual crying was the reason for withdrawal of the
other 4 children; 3 infants had received PNCRM7
and DTP/HbOC and 1 had been given menC and
DTP/HbOC. Five other infants were hospitalized
during the study period for reasons judged to be
unrelated to study vaccine (bronchiolitis, pneumo-
nia, cleft palate repair, rule out bacteremia, and gas-
troenteritis in 2 children). There were four transient
adverse events that were thought by the investigator
to be possibly, or probably, related to a study vac-
cine: fever in 1 PNCRM7 recipient and in 1 menC
vaccinee on the day of vaccination; irritability, de-
creased appetite, and vomiting 1 day after vaccina-
tion in a menC recipient; and a hypotonic-hypore-
sponsive episode on the day of the third vaccination
was reported to have occurred in 1 PCRM7 child.
These adverse events could not be definitively attrib-
uted to the PNCRM7 or menC because routine vac-
cines were administered concurrently.

Immunogenicity

Primary Series (Doses One, Two, and Three of Vaccine)
There were no significant differences in immu-

nogenicity results among study sites; therefore, the
results were pooled. GMCs attained by the pneu-
mococcal vaccine recipients to each of the 7 pneumo-
coccal serotypes contained in PNCRM7 are shown in
the Table and Fig 2. After three doses of vaccine, the
GMCs in the PNCRM7 groups were significantly
higher (P , .001) for each serotype than in the menC
vaccine group. The GMC of antibody in the PN-
CRM7 recipients ranged from 0.98 to 3.48 mg/mL,
with the highest against serotypes 14 and 19F, and
the lowest against serotype 9V. Kinetics of the anti-
body responses to the pneumococcal capsular po-
lysaccharides were serotype specific. After two vac-
cine doses, GMCs were .1 mg/mL to serotypes 4, 14,
and 19F, whereas three doses were required for any
response to serotype 6B. The third vaccination in-
duced a further rise in GMC greater than the post-
dose two level (1.6-fold to 5.5-fold) to all serotypes
except 4. Children vaccinated with PNCRM7 showed
a 4-fold to 27-fold rise in GMC, depending upon the
serotype, from prevaccination to after dose three of
vaccine.
In the menC control group, 61% to 79% of children

experienced a 2-fold or greater decrease in antibodies
to the 7 pneumococcal serotypes from age 2 to 7
months. In contrast, the percentages of PNCRM7
recipients with at least a 2-fold rise in antibody con-
centration to each serotype from prevaccination to 1

Fig 1. Top graph shows the percentage of children experiencing
moderate local reactions at the PNCRM7 and at the control site
after each dose. Control site vaccine was DTP/HbOC for dose one,
two, and three; it was either MMR or HbOC with dose four. The
bottom graph displays the percentage of children experiencing
fever (.38°C) after each dose of PNCRM7 and the menC control
vaccine. Parenteral vaccines administered concurrently with study
vaccines were DTP/HbOC at dose one, two, and three, and either
MMR or HbOC with dose four.
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month postdose three was: 97% to serotype 4, 69% to
serotype 6B, 83% to serotype 9V, 83% to serotype 14,
86% to serotype 18C, 86% to serotype 19F, and 87% to
serotype 23F. Contained in Fig 3 are reverse distri-
bution curves demonstrating the percentage of pneu-
mococcal vaccinees achieving varying levels of anti-
body to each vaccine serotype. After three PNCRM7
vaccinations, between 92% (6B, 23F) to 100% (4) of
children had $0.15 mg/mL of postvaccination anti-
body, and 51% (9V) to 90% (19F) achieved a level of
$1 mg/mL.

Booster Dose
Antibody concentrations declined substantially

from 1 month after the third dose of vaccine (0.98 to
3.48 mg/mL) to the prebooster dose (0.20 to 1.81
mg/mL) at age 12 to 15 months of age (Table 1, Fig 2).
However, these prebooster antibody levels were sig-
nificantly higher (P , .001) than the baseline concen-
trations for each serotype at 2 months of age (0.05 to

0.31 mg/mL), and were also significantly higher (P ,
.001) than those of the prebooster titers of the control
menC group (Table 1, Fig 2). One month after the
fourth or booster dose of the PNCRM7 vaccine, a
rapid rise in antibody was noted, demonstrating a
brisk anamnestic response to each of the 7 capsular
serotypes contained in the vaccine. The GMC of an-
tibody against every serotype was significantly
higher (P , .001) after the booster dose (2.39 to 9.74
mg/mL) than after dose three (0.98 to 3.45 mg/mL).
The fold rises of GMC per serotype from prebooster
to postbooster dose varied from 5.4 (type 14) to 15.0
(type 23F). As was the case after the first three doses,
antibody concentration to serotype 14 was the high-
est after the booster dose. The second highest anti-
body concentration after the booster dose was to
serotype 6B (8.36 mg/mL). Displayed in Fig 4 are the
reverse cumulative distribution curves demonstrat-
ing that after the booster dose, 100% of children have
at least 0.15 mg/mL of antibody to 6 of the vaccine

TABLE. Geometric Mean Concentrations in mg/mL (95% CI) of Pneumococcal Antibody in Recipients of Pneumococcal (PNCRM7) and
Control Vaccines

Serotype Prevaccination Postdose 2 Postdose 3 Mean Fold
Rise

Prebooster Postbooster Mean Fold
Rise

PNCRM7 Control PNCRM7 PNCRM7 Control PNCRM7 PNCRM7 Control PNCRM7 Control PNCRM7

N 90 96 90 90 96 90 57 64 57 64 57
4 0.05 0.05 1.48 1.36 0.02 27.1 0.20 0.03 2.39 0.03 11.74

(0.04–0.07) (0.04–0.07) (1.2–1.8) (1.2–1.6) (0.02–0.03) (20–37) (0.17–0.24) (0.02–0.03) (1.9–3.1) (0.02–0.04) (9–15.3)
6B 0.31 0.33 0.26 1.37 0.07 4.4 0.66 0.11 8.36 0.15 12.61

(0.25–0.38) (0.26–0.42) (0.20–0.32) (0.97–1.9) (0.06–0.09) (3.0–6.5) (0.49–0.89) (0.09–0.15) (6–11.6) (0.11–0.20) (9–17.6)
9V 0.12 0.13 0.44 0.98 0.03 8.3 0.36 0.04 3.78 0.06 10.35

(0.09–0.15) (0.10–0.18) (36–0.55) (0.83–1.2) (0.03–0.04) (6.1–11) (0.29–0.45) (0.03–0.06) (3.1–4.6) (0.03–0.04) (7.8–14)
14 0.18 0.18 1.97 3.48 0.05 19.5 1.81 0.04 9.74 0.05 5.38

(0.13–0.25) (0.13–0.25) (1.5–2.6) (2.7–4.5) (0.04–0.06) (12–33) (1.4–2.4) (0.03–0.06) (7.5–13) (0.04–0.06) (4.3–6.8)
18C 0.09 0.10 0.74 1.24 0.03 13.4 0.22 0.04 3.09 0.04 14.04

(0.07–0.12) (0.08–0.13) (0.57–0.95) (1.0–1.5) (0.02–0.03) (9–19) (0.18–0.27) (0.03–0.05) (2.5–3.9) (0.03–0.05) (11–19)
19F 0.28 0.28 2.20 3.45 0.06 12.4 0.74 0.09 4.57 0.09 6.13

(0.12–0.37) (0.21–0.37) (1.8–2.7) (2.7–4.4) (0.05–0.08) (8.5–15) (0.56–1.0) (0.07–0.11) (3.5–6.1) (0.07–0.13) (4.6–8.2)
23F 0.11 0.12 0.32 1.8 0.03 15.7 0.35 0.04 5.24 0.05 15.01

(0.09–0.15) (0.09–0.15) (0.24–0.44) (1.3–2.5) (0.03–0.04) (9.9–25) (0.26–0.47) (0.03–0.05) (3.5–7.8) (0.04–0.07) (11–20)

Fig 2. GMC to each vaccine serotype at different
time points in recipients of PNCRM7.
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serotypes; 96% children had $0.15 mg/mL to 23F.
Depending upon the serotype, 84% (type 4) to 100%
(type 14) children attain antibody concentrations $1
mg/mL. The percentages of PNCRM7 vaccinees ex-
periencing at least a 2-fold rise in antibody concen-
tration from prebooster dose to 1 month after the
booster were: serotype 4, 95%; serotype 6B, 93%;
serotype 9V, 93%; serotype 14, 89%; serotype 18C,
96%; serotype 19F, 81%; and serotype 23F, 95%.

DISCUSSION
Results from this study indicate that four consec-

utive doses of this heptavalent conjugate pneumo-
coccal vaccine, containing serotypes 4, 6B, 9V, 14,
18C, 19F, and 23F, can be safely administered to
children at 2, 4, 6, and 12 to 15 months of age. Local
reactions to PNCRM7 were generally mild and oc-
curred at a significantly lower rate than after vacci-
nation with the licensed DTP/HbOC vaccine in the
primary series. The percentage of children experienc-
ing local reactions was similar to that seen in previ-
ous studies with the pentavalent pneumococcal
vaccine conjugated to CRM197, PNCRM5.8–10 An im-
portant observation is that there was not an increas-
ing rate, or severity, of local reactions with subse-
quent doses of vaccine. This has been a concern
because administration of a second dose of licensed
polysaccharide vaccines within a few years of the
first immunization occasionally has been associated
with clinically significant local erythema, swelling,
and pain,13 which is thought to be attributable to a

combination of circulating antibody with antigen at
the injection site.16 A possible explanation for the
different local reactogenicity profiles is that the li-
censed polysaccharide vaccines contain 573 mg of
total polysaccharide per dose versus only 16 mg of
total polysaccharide in each dose of PNCRM7.
Mild to moderate febrile reactions occurred, de-

pending upon the dose, in 25% to 38% of PNCRM7
recipients and in 16% to 30% of recipients of the
conjugate meningococcal control vaccine. Only 1
child experienced a temperature greater than 39.6°C.
These fever rates are higher than have been observed
after vaccination with concurrent PNCRM5 and or
DTP/HbOC vaccines.8–10 Children in this study re-
ceived DTP/HbOC simultaneously with the first
three doses of the study vaccines. Because there was
not a group of infants in this evaluation who were
given only DTP/HbOC, it is not possible to deter-
mine whether these fevers were attributable to the
study vaccine, the DTP/HbOC vaccine, or concur-
rent viral infections at the time the study was con-
ducted. The percentage of children perceived by
their parents to have experienced fever after vacci-
nation with DTP/HbOC in prelicensure studies was
similar to the rate of febrile reactions in children
receiving concurrent PNCRM7 and DTP/HbOC in
this evaluation.17
Every serotype contained in this 7-valent conju-

gate pneumococcal vaccine was immunogenic after
three doses. Depending upon the serotype, there was
a 4-fold to 27-fold rise in GMC of antibody from age

Fig 3. Reverse cumulative distribution curves demonstrating the percentage of children achieving varying serum antibody concentra-
tions to each vaccine serotype after three doses of PNCRM7.
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2 months to postdose three (Table 1). At 7 months of
age, the GMC of antibody to the various serotypes
ranged from 0.98 to 3.48 mg/mL; the highest was
against serotypes 14 and 19F, and the lowest against
serotype 9V. The percentage of children who had
$0.15 mg/mL of antibody to each serotype was 92%
(6B) to 100%,4 and a level of $1 mg/mL was achieved
by 51% (9V) to 90% (19F) of vaccinees at age 7
months (Fig 2). As previously demonstrated,10 the
kinetics of the antibody responses to the pneumococ-
cal capsular polysaccharides are serotype specific.
GMCs were $1 mg/mL to serotypes 4, 14, and 19F
after two doses of PNCRM7, whereas three doses
were required for any response to 6B.
Five of the 7 serotypes in this heptavalent PN-

CRM7 vaccine were also included in the previously
studied PNCRM5 vaccine. It is not possible to accu-
rately compare immune responses to these 5 sero-
types between studies, because there were differ-
ences in the population evaluated and in the dosage
and/or chain length of the pneumococcal saccharide
given. Also, the serologic assays were performed in
three different laboratories. There is general consis-
tency in the immunogenicity of the shared 5 sero-
types among studies, however. Serotype 14 was the
most immunogenic serotype and serotype 6B was
the least immunogenic in the majority of studies.8–10
Comparison of the GMCs achieved after the three-
dose primary series in this study with those observed
after the most comparable PNCRM5 previously eval-

uated10 suggests that the addition of 2 more sero-
types (4 and 9V) to the pentavalent vaccine did not
result in a biologically meaningful decrease in im-
munogenicity. A direct comparison study of immune
responses to the pentavalent and heptavalent vac-
cines has not been conducted, however.
Antibody concentrations to each serotype waned

substantially from age 7 months to 12 to 15 months.
The administration of a booster dose of the PNCRM7
vaccine resulted in an increase in GMC of antibody
to each serotype to greater than that achieved after
the primary three-dose series. The fold rises in GMCs
from prebooster to postbooster dose varied from 5.4
(type 14) to 15 (type 23F). After the booster dose, 96%
of PNCRM7 recipients had $0.15 mg/mL of anti-
body and 84% to 100% of children attained $1
mg/mL against different vaccine serotypes. Interest-
ingly, there was not always a correlation between the
relative immunogenicity of each serotype in the pri-
mary series with the strength of the booster re-
sponses. Most notably, serotype 6B has consistently
been one of the least immunogenic serotypes after a
primary series of vaccinations, but the GMC of anti-
body to 6B postbooster was the second highest of the
7 types. One can conclude that PNCRM7 effectively
stimulates T cell memory and thus primes for an
anamnestic response to all 7 vaccine serotypes. To
our knowledge, this is the first published study to
demonstrate the immunologic effectiveness of using
the same PNCRM7 vaccine for the booster dose.

Fig 4. Reverse cumulative distribution curves demonstrating the percentage of children achieving varying serum antibody concentra-
tions to each vaccine serotype after a booster dose of PNCRM7.
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These results have important practical implications.
It will be logistically easier to use the conjugate vac-
cine for all doses, rather than to maintain stocks of
both the conjugate and polysaccharide vaccines.
One should exercise caution in assuming that

antibody concentrations of $0.15 mg and $1.0
mg/mL are those required for short-term and long-
term protection, respectively, against serotypes of
pneumococci. These antibody levels were extrapo-
lated from studies of protection against H influen-
zae type b.18–20 It is not known if the same levels are
associated with protection against pneumococcal
serotypes. Also, it is quite feasible that immune
priming for an anamnestic response, and not any
particular antibody level, is the most important
determinate of protection. The anamnestic re-
sponse is characterized by a rapid and vigorous
increase in antibody concentrations upon reexpo-
sure to the organism, resulting in long-term immu-
nity. Stimulation of a T-cell-dependent antibody
response has been proposed as the mechanism for
the apparent prolonged protection after immuni-
zation with the conjugate Hib vaccines. It is rea-
sonable to presume that this is also an important
mechanism for immunity against S pneumoniae.
The ultimate test of vaccine protection is a pro-

spective, controlled trial in which children are ran-
domized to receive either the PNCRM7 vaccine or
a control vaccine and are then followed to compare
the incidence of pneumococcal disease caused by
the vaccine serotypes. Two such studies are under-
way in Finland and in northern California to de-
termine the efficacy of this PNCRM7 vaccine
against otitis media and against invasive disease,
respectively. It is hoped that serologic correlates of
protection will be defined to aid in the evaluation
of possible future-generation conjugate pneumo-
coccal vaccines. There is preliminary evidence that
conjugate pneumococcal vaccines, like the Hib vac-
cines, will reduce carriage of vaccine serotypes;21
larger trials are underway to further evaluate this
finding. Thus, there is reason to believe that wide-
spread use of pneumococcal conjugate vaccine
may result in some degree of herd immunity by
reducing spread of the organisms. Postvaccination
epidemiologic studies of serotypes causing both
colonization and invasion will be important, how-
ever, to determine if serotypes not covered in the
vaccine become more prevalent. Conceivably, this
could occur either by the reduction of competition
by vaccine serotypes22 or by antibody selection for
different capsular types through the process of in
vivo capsular transformation.23 If PNCRM7 conju-
gate pneumococcal vaccine proves to be as protec-
tive as the conjugate Hib vaccines, there may be
the potential to prevent the approximately 85% of
invasive pneumococcal disease and 65% of pneu-
mococcal otitis media currently caused by these 7
vaccine serotypes in the United States.7 This is
particularly important because of the rapid emer-
gence of antibiotic resistance among S pneumoniae
strains.
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18. Käyhty H, Peltola H, Karanko V, Mäkelä PH. The protective level of
serum antibodies to the capsular polysaccharide of H influenzae type b.
J Infect Dis. 1983;147:1100

19. Ambrosino DM, Landesman SH, Gorham CG, Siber GR. Passive immu-

610 HEPTAVALENT CONJUGATE PNEUMOCOCCAL VACCINE
 at Indonesia:AAP Sponsored on November 9, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


nization against disease due to Haemophilus influenzae type b: concen-
tration of antibody to capsular polysaccharide in high-risk children.
J Infect Dis. 1986;153:1–7

20. Siber GR, Thompson C, Reid GR, et al. Evaluation of bacterial polysac-
charide immune globulin for the treatment or prevention of Haemophilus
influenzae type b and pneumococcal disease. J Infect Dis. 1992;165(suppl
1):S129-S133

21. Dagan R, Melamed R, Muallem M, et al. Reduction of nasopharyngeal

carriage of pneumococci during the second year of life by a heptavalent
conjugate pneumococcal vaccine. J Infect Dis. 1996;174:1271–1278

22. Lipsitch M. Vaccination against colonizing bacteria with multiple sero-
types. Proc Natl Acad Sci USA. 1997;94:6571–6576

23. Barnes DM, Whittier S, Gilligan PH, Soares S, Tomaz A, Henderson FW.
Transmission of multidrug-resistant serotype 23F Streptococcus pneu-
moniae in group day care: evidence suggesting capsular transformation
of the resistant strain in vivo. J Infect Dis. 1995;171:890–896

THE CENTRAL ROLE OF CRITICISM IN SCIENCE

There is a continual turnover of theories [in science] as they are altered or
replaced by new ones. So all theories are being subjected to variation and selection
according to criteria that are themselves subject to variation and selection . . .
“Success” is the ability to survive under the selective pressures—criticism—
brought to bear [to dislodge the theory].

Deutsch D. The Fabric of Reality. New York, NY: Allen Lane; 1997.
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background

 

In early 2000, a protein–polysaccharide conjugate vaccine targeting seven pneumococ-
cal serotypes was licensed in the United States for use in young children.

 

methods

 

We examined population-based data from the Active Bacterial Core Surveillance of the
Centers for Disease Control and Prevention to evaluate changes in the burden of invasive
disease, defined by isolation of 

 

Streptococcus pneumoniae

 

 from a normally sterile site. Sero-
typing and susceptibility testing of isolates were performed. We assessed trends using
data from seven geographic areas with continuous participation from 1998 through
2001 (population, 16 million).

 

results

 

The rate of invasive disease dropped from an average of 24.3 cases per 100,000 persons
in 1998 and 1999 to 17.3 per 100,000 in 2001. The largest decline was in children under
two years of age. In this group, the rate of disease was 69 percent lower in 2001 than the
base-line rate (59.0 cases per 100,000 vs. 188.0 per 100,000, P<0.001); the rate of dis-
ease caused by vaccine and vaccine-related serotypes declined by 78 percent (P<0.001)
and 50 percent (P<0.001), respectively. Disease rates also fell for adults; as compared
with base line, the rate of disease in 2001 was 32 percent lower for adults 20 to 39 years of
age (7.6 cases per 100,000 vs. 11.2 per 100,000, P<0.001), 8 percent lower for those 40
to 64 years of age (19.7 per 100,000 vs. 21.5 per 100,000, P=0.03), and 18 percent low-
er for those 65 years of age or more (49.5 per 100,000 vs. 60.1 per 100,000, P<0.001).
The rate of disease caused by strains that were not susceptible to penicillin was 35 per-
cent lower in 2001 than in 1999 (4.1 cases per 100,000 vs. 6.3 per 100,000, P<0.001).

 

conclusions

 

The use of the pneumococcal conjugate vaccine is preventing disease in young children,
for whom the vaccine is indicated, and may be reducing the rate of disease in adults. The
vaccine provides an effective new tool for reducing disease caused by drug-resistant
strains.
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n early 2000, a 7-valent protein–

 

polysaccharide pneumococcal conjugate vac-
cine (Prevnar, Wyeth Lederle Vaccines) was

licensed for use in infants and young children in the
United States. This was the first vaccine that prom-
ised efficacy against pneumococcal disease for this
high-risk group. In the second half of 2000, recom-
mendations for routine use of the vaccine in all in-
fants and children under two years of age and in
high-risk children two through four years of age
were published,

 

1,2

 

 and distribution of the vaccine
through public programs began. By August 2001, a
shortage was reported.

 

3

 

Controlled clinical trials have shown that the vac-
cine, when given as a four-dose regimen to infants,
is highly efficacious against invasive disease

 

4

 

 and
somewhat efficacious against otitis media

 

4,5

 

 and
pneumonia.

 

6

 

 Conjugate vaccines reduce nasopha-
ryngeal carriage of vaccine-type strains but often in-
crease the frequency of carriage of non–vaccine-type
strains.

 

7-12

 

The efficacy of the vaccine in infants given fewer
than four doses or in older children is unknown.
Because the vaccine does not include most of the 90
pneumococcal serotypes, an increase in disease
caused by serotypes not included in the vaccine or
not related to those in the vaccine is possible; this
effect was seen during a clinical trial evaluating its
efficacy against otitis media.

 

5

 

 Whether vaccina-
tion of young children will reduce carriage and
subsequently affect disease in other age groups is
unclear. To evaluate these questions, we examined
data from the Active Bacterial Core Surveillance of
the Centers for Disease Control and Prevention
(CDC).

The Active Bacterial Core Surveillance, which is part
of the Emerging Infections Program Network of
the CDC, is an active, population-based, laboratory-
based surveillance system. Between January 1, 1996,
and December 31, 2001, the Active Bacterial Core
Surveillance continuously monitored invasive pneu-
mococcal infections in Portland, Oregon (three
counties); San Francisco County, California; Min-
neapolis and St. Paul, Minnesota (seven counties);
the Baltimore metropolitan area in Maryland (six
counties); the state of Connecticut; and the Atlan-
ta, Georgia, metropolitan area (eight counties). In
1998, the Atlanta site was expanded to include 12
additional counties, and surveillance began in Roch-

ester, New York (7 counties). The total population
under surveillance in 2000 was 16.0 million per-
sons, including 433,591 children under two years
of age and 652,551 children from two through four
years of age.

A case of invasive pneumococcal disease was
defined by the isolation of 

 

Streptococcus pneumoniae

 

from a sample of normally sterile body fluid taken
from a surveillance-area resident. To identify cases,
surveillance personnel periodically contacted all
clinical microbiology laboratories in their areas and
conducted audits of laboratory records at least every
six months to ensure complete reporting. Data on
patients were collected with the use of a standard-
ized questionnaire that elicited information on dem-
ographic features, clinical syndromes, and disease
outcomes. Data on human immunodeficiency virus
(HIV) infection and the acquired immunodeficiency
syndrome (AIDS) were collected in five sites (all ex-
cept Georgia and New York State). The addition of
the New York site and the expansion of the Georgia
site, both beginning in January 1998, were the only
changes made to the Active Bacterial Core Surveil-
lance between 1996 and 2001; no changes were
made in methods of data collection.

Pneumococcal isolates were sent to reference
laboratories for serotyping by the quellung reaction.
Isolates from Minnesota were tested at the Minne-
sota Department of Health, and all others were test-
ed at the CDC. Vaccine-type strains included sero-
types 4, 6B, 9V, 14, 18C, 19F, and 23F. We defined
vaccine-related strains as pneumococci with sero-
types within the same serogroup as the vaccine types
(6A, 9A, 9L, 9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A,
and 23B). All other serotypes were considered non-
vaccine types. Serotypes in the 23-valent polysac-
charide vaccine but not in the conjugate vaccine in-
cluded 1, 2, 3, 5, 7F, 8, 10A, 11A, 12F, 15B, 20, 22F,
and 33F.

Susceptibility testing of isolates was performed
with the use of broth microdilution

 

13

 

 at the CDC,
the Minnesota Department of Health, or the Uni-
versity of Texas Health Science Center at San Anto-
nio. Isolates were defined as susceptible, of inter-
mediate susceptibility, or resistant according to the
2002 definitions of the National Committee for
Clinical Laboratory Standards.

 

13

 

 Isolates with inter-
mediate susceptibility and resistant isolates were
classified as nonsusceptible. Strains that were non-
susceptible to three or more drug classes were con-
sidered to be multiply resistant.

Annual cumulative incidence rates were calculat-

i

methods
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ed for 1996 through 1999 on the basis of popu-
lation estimates from the U.S. Census Bureau for
those years; the rates for 2000 and 2001 were calcu-
lated from 2000 Census data. To calculate serotype-
specific disease rates, we assumed that the distribu-
tion of serotypes for cases with missing serotype
data (11.7 percent of cases) was the same as the dis-
tribution for cases with serotype information avail-
able. The same method was used to impute missing
data on race (11.0 percent) and hospitalization (0.2
percent). To verify the results, the analyses of rates
were repeated with only cases with complete data in-
cluded. The rates are reported as cases per 100,000
population.

To assess changes in disease rates after the in-
troduction of vaccination, we calculated the num-
bers of cases and noncases in the surveillance pop-
ulation, using Active Bacterial Core Surveillance
data and U.S. Census figures. We then used the chi-
square test or Fisher’s exact test to compare the pro-
portion of the population who had invasive disease
in the years following the introduction of vaccina-
tion (2000 or 2001) with a base-line rate (either the
average rate for 1998 and 1999 combined or the rate
for 1999 alone). We calculated Pearson’s correla-
tion coefficients to match the changes in disease
rates among adults to those among children. Sta-
tistical analyses were conducted with SAS, version
8.0, and Epi Info, version 6.0,

 

14

 

 software. We calcu-
lated 95 percent confidence intervals, and two-sided
P values that were less than 0.05 were considered to
indicate statistical significance.

During the period from 1998 through 2001, a total
of 13,568 cases of invasive pneumococcal disease
were identified; isolates were available for 11,992
(88 percent). The rates of invasive disease in 1998,
1999, 2000, and 2001 were 24.2, 24.4, 21.2, and
17.3 cases per 100,000 persons, respectively. The
average for the base-line period of 1998 and 1999
was 24.3 per 100,000.

 

children under five years of age

 

From 1998 through 2001, 3285 cases of invasive
pneumococcal disease were identified in children
under five years of age. The rate declined by 59 per-
cent (95 percent confidence interval, 54 to 63 per-
cent), from an average of 96.4 cases per 100,000 in
1998 and 1999 to 39.7 per 100,000 in 2001. Signif-

icant declines in disease rates occurred among chil-
dren two years old or less (59.0 cases per 100,000 in
2001, as compared with 188.0 per 100,000 in 1998
and 1999) (Fig. 1). As compared with the base-line
values for 1998 and 1999 combined, the rates of dis-
ease in 2000 were 17 percent lower among children
under 12 months old (139.3 cases per 100,000 vs.
168.1; 95 percent confidence interval, 5 to 28 per-
cent) and 27 percent lower among children 12 to 23
months old (152.7 cases per 100,000 vs. 208.2; 95
percent confidence interval, 17 to 35 percent); by
2001, the disease rates were 69 percent lower (52.3
cases per 100,000 vs. 168.1; 95 percent confidence
interval, 62 to 75 percent) and 68 percent lower
(65.8 vs. 208.2; 95 percent confidence interval, 62 to
74 percent), respectively, in these age groups (P<
0.001 for all comparisons). In children 24 to 35
months old, the rate was 44 percent lower in 2001
than in 1998 and 1999 (35.6 cases per 100,000 vs.
63.3; 95 percent confidence interval, 27 to 56 per-
cent). For children who were three or four years of
age, the rates in 2001 were not significantly differ-
ent from the base-line values.

Among children under two years of age, the
magnitude of the decline from 1998 and 1999 to
2001 was substantially larger for black children

results

 

Figure 1. Rates of Invasive Pneumococcal Disease among Children 
under Five Years Old, According to Age and Year.

 

Data are from the Active Bacterial Core Surveillance from 1996 through 2001. 
The 1996 and 1997 rates do not include data from New York State. Asterisks 
indicate P<0.05 for comparisons of the rate in 2000 or 2001 with the combined 
rate for 1998 and 1999.
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(from 437.6 cases per 100,000 to 119.6) than for
white children (from 132.7 to 50.6). However, the
percent changes were similar: a 73 percent decline
among blacks (95 percent confidence interval, 66 to
78 percent) and a 62 percent decline among whites
(95 percent confidence interval, 55 to 68 percent).
The percent change in the rate of disease requiring
hospitalization (from 56.8 cases per 100,000 to
21.2, a decline of 63 percent) among children un-
der two years of age was not significantly different
from the percent change in the rate of disease treat-
ed without hospitalization (from 132.7 to 38.1, a
decline of 71 percent). Likewise, the percent change
in the rate of pneumococcal meningitis (from 10.3
cases per 100,000 to 4.2, a decline of 59 percent)
was similar to that for the rate of other syndromes
(from 179.4 to 55.8, a decline of 69 percent). The
percent change in the rate of disease was largest in
California, with a decline of 85 percent (95 percent

confidence interval, 37 to 96 percent), and New York
State, with a decline of 83 percent (95 percent con-
fidence interval, 67 to 92 percent), and smallest in
Oregon, with a decline of 38 percent (95 percent
confidence interval, 2 to 61 percent) (Fig. 2).

For children under two years of age, the rate of
disease due to vaccine serotypes declined by 78 per-
cent overall; significant declines in disease were
seen for all individual serotypes included in the vac-
cine (Table 1). As compared with base line, the rate
of disease due to vaccine-related strains as a group
was 50 percent lower in 2001. The rate of disease
due to nonvaccine serotypes was 27 percent higher
in 2001, but this change was not statistically signif-
icant.

 

persons five years of age or older

 

Disease rates also fell among persons for whom
the vaccine is not recommended (Fig. 3). Although

 

Figure 2. Percent Changes in the Rates of Invasive Pneumococcal Disease, According to Age Group and the State 
in Which the Active Bacterial Core Surveillance Site Was Located.

 

The percent decline was calculated by comparing the incidence in 2001 with the average incidence in 1998 and 1999. 
Within states, the decline among children under 2 years old correlated significantly with the decline among persons 
20 to 39 years of age (r=0.89, P=0.008), but not with the decline among persons 40 to 64 years of age (r=–0.09, P=0.85) 
or 65 years or older (r=0.36, P=0.42).
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no significant change was observed among persons
5 through 19 years of age, the rate of disease
among persons 20 through 39 years of age was 21
percent lower in 2000 than at base line in 1998 and
1999 (8.9 cases per 100,000 vs. 11.2; 95 percent
confidence interval, 11 to 29 percent) and 32 per-
cent lower in 2001 (7.6 vs. 11.2; 95 percent confi-
dence interval, 23 to 39 percent; P<0.001). The rates
were significantly lower both for disease caused by

vaccine serotypes and for disease caused by nonvac-
cine serotypes, although the decline was larger for
the former (Table 2). Significant declines were not-
ed in disease caused by some individual serotypes
included in the vaccine, particularly 4, 9V, 14, and
19F. Within surveillance sites, the size of the de-
cline among persons 20 to 39 years of age corre-
lated with the size of the decline among children
under 2 years old (r=0.89, P=0.008) (Fig. 2). In sites

 

* The data are from the Active Bacterial Core Surveillance.
† The estimated rates were calculated on the assumption that the serotype distribution for cases with missing serotype 

data (12 percent of all cases) was the same as the distribution for cases with serotype data available.
‡ CI denotes confidence interval.
§ The P value was calculated by a chi-square test or Fisher’s exact test that compared the estimated number of cases and 

noncases (the total surveillance population minus the number of estimated cases) in 2001 with the same figures for 
1998 and 1999 combined. The estimated number of cases and totals were calculated on the assumption that the sero-
type distribution for cases with missing serotype data was the same as the distribution for cases with serotype data avail-
able. Repeated analysis with only cases with known serotypes included rather than the estimated number of cases did 
not change the results.

 

¶Types 6A, 9A, 9L, 9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A, and 23B are included.

 

Table 1. Changes in Estimated Rates of Invasive Pneumococcal Disease among Children under Two Years of Age, 
According to Year and Serotype, from 1998 through 2001.*

Serotype Average for 1998 and 1999 2001

% Change in 
Estimated Rate 

(95% CI)‡ P Value§

 

No. of
Cases Estimated Rate†

No. of
Cases Estimated Rate†

 

cases/100,000 cases/100,000

 

All vaccine serotypes 563.5 156.1 124 33.6 –78 (–82 to –74) <0.001

4 52 14.4 9 2.4 –83 (–91 to –67) <0.001

6B 75 20.8 27 7.3 –65 (–76 to –48) <0.001

9V 31.5 8.7 12 3.3 –63 (–79 to –35) <0.001

14 228.5 63.3 39 10.6 –83 (–88 to –77) <0.001

18C 51.5 14.3 12 3.3 –77 (–87 to –61) <0.001

19F 78.5 21.8 14 3.8 –83 (–90 to –72) <0.001

23F 46.5 12.9 11 3.0 –77 (–87 to –59) <0.001

All vaccine-related serotypes¶ 70.5 19.6 36 9.8 –50 (–65 to –31) <0.001

6A 32 8.9 18 4.9 –45 (–66 to –12) 0.02

9A 10.5 2.9 3 0.8 –72 (–89 to –11) 0.04

19A 20 5.5 12 3.3 –40 (–68 to +5) 0.09

All nonvaccine serotypes 44.5 12.4 58 15.7 +27 (–6 to +73) 0.14

1 2.5 0.7 1 0.3 –57 (–96 to +169) 0.43

3 2.5 0.7 4 1.1 +57 (–51 to +431) 0.53

5 0 0 1 0.3 Not defined 0.34

7F 5.5 1.5 6 1.6 +7 (–58 to +163) 0.89

12F 6.5 1.8 7 1.9 +6 (–56 to +145) 0.89
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where information on HIV infection and AIDS was
recorded, the number of cases in persons without
known HIV infection or AIDS dropped by 38 per-
cent, from 270.5 in 1998 and 1999 to 168.0 in
2001; there was no significant change in the num-
ber of cases in persons with HIV or AIDS (an aver-
age of 81 cases in 1998 and 1999 and 82 cases in
2001).

Among persons 40 to 64 years of age, the overall
rate of disease was 8 percent lower in 2001 than in
1998 and 1999 (19.7 cases per 100,000 vs. 21.5;
95 percent confidence interval, 1 to 15 percent;
P=0.03) (Fig. 3). The change in the overall rate of
disease in this age group was primarily due to a de-
cline in the rate of disease caused by serotypes in-
cluded in the vaccine (Table 2). Among the indi-
vidual serotypes included in the vaccine, only the
change in the rate of disease due to serotype 14 was
statistically significant.

Among persons 65 years of age or older, the rate
of disease was 18 percent lower in 2001 than at
base line (49.5 cases per 100,000 vs. 60.1; 95 per-
cent confidence interval, 11 to 24 percent; P<0.001)
(Fig. 3). The rates were lower for disease caused by

vaccine serotypes and vaccine-related serotypes; sig-
nificant declines were seen for disease caused by
vaccine serotypes 4, 9V, 14, and 23F (Table 2). The
rate of disease caused by serotypes included in the
23-valent polysaccharide vaccine and not in the con-
jugate vaccine was the same in 2001 as in 1998 and
1999 (11.9 cases per 100,000).

Among nonvaccine serotypes, the rate of sero-
type 1 disease was lower in some adult age groups
in 2001 than in 1998 and 1999: for those between
40 and 64 years old, the rate declined from 0.5 to
0.1 case per 100,000 (P<0.001), and for those 65
years of age or older, the rate declined from 0.7 to
0.3 (P=0.05). The rate of serotype 5 disease was
higher in 2001 than in 1998 and 1999 among per-
sons 20 to 39 years old and those 40 to 64 years old,
but this change was attributable to an increase in
the number of cases caused by serotype 5 in one
surveillance site (California), which had 1 isolate in
1998 and 1999 and 14 isolates in 2001.

 

drug-resistant invasive disease

 

The proportion of isolates that were not suscep-
tible to penicillin decreased slightly between 1999
(861 of 3355, 26 percent) and 2001 (589 of 2495,
24 percent; P=0.08). In 1999, 11 percent of isolates
were of intermediate susceptibility to penicillin and
15 percent were resistant; in 2001, 10 percent were
of intermediate susceptibility and 14 percent were
resistant. Between 1999 and 2001, the change in
the rate of disease caused by strains that were not
susceptible to penicillin (from 6.3 to 4.1, a decline
of 35 percent; 95 percent confidence interval, 28 to
41 percent; P<0.001) did not differ significantly
from the change in the rate of disease caused by
penicillin-susceptible strains (from 18.1 to 13.1, a
decline of 28 percent; 95 percent confidence inter-
val, 23 to 31 percent).

Among children under two years of age, the pro-
portion of isolates not susceptible to penicillin was
38 percent in 1999 (258 of 684) and 35 percent in
2001 (77 of 218) (P=0.58); the rate of disease
caused by penicillin-nonsusceptible and penicillin-
susceptible strains fell by 70 percent (from 70.0 to
20.9; 95 percent confidence interval, 62 to 77 per-
cent) and 67 percent (from 115.5 to 38.5; 95
percent confidence interval, 60 to 72 percent), re-
spectively. The rate of disease due to penicillin-
nonsusceptible strains also declined significantly
among persons 65 years of age or older (from 16.7
to 12.6, a decline of 25 percent; 95 percent con-

 

Figure 3. Rates of Invasive Pneumococcal Disease among Persons at Least 
Five Years Old, According to Age Group and Year.

 

Data are from the Active Bacterial Core Surveillance from 1996 through 2001. 
The 1996 and 1997 rates do not include data from New York State. Asterisks 
indicate P<0.05 for comparisons of the rate in 2000 or 2001 with the combined 
rate for 1998 and 1999.
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fidence interval, 9 to 36 percent). The percent
changes in the rate of disease caused by erythromy-
cin-resistant and multidrug-resistant strains were
similar to those in the rate of disease caused by
penicillin-resistant strains.

The use of the pneumococcal conjugate vaccine
has reduced the burden of invasive disease in young
children, for whom the vaccine is indicated, and
may be preventing disease in adults. In 2001, the
rate of invasive disease among children under two
years of age was 69 percent lower than in 1998 and
1999. Declines in disease rates also were evident
among adults (a decline of 32 percent for those 20
to 39 years old, 8 percent for those 40 to 64 years
old, and 18 percent for those 65 years old or older).
Our data confirm that the change in disease rates
reported among children who were members of
Northern California Kaiser Permanente

 

15

 

 is occur-
ring in the United States as a whole and suggest
that unvaccinated adults are benefiting from the
use of the vaccine in children. In addition, the vac-
cine is preventing a substantial proportion of the
disease caused by drug-resistant strains and is pro-
viding some protection against disease caused by
vaccine-related serotypes, as was seen in a clinical
trial evaluating its efficacy against otitis media.

 

5

 

Although the largest drop in disease rates oc-
curred among children under two years of age, a
significant decline also occurred among two-year-
olds (43.8 percent). No significant change was seen
among older children. These findings are consis-
tent with recommendations for the use of vac-
cine

 

1,2

 

 and reported patterns of vaccine use

 

3

 

; data
on vaccine coverage are not yet available. The man-
ufacturer sold 9 million doses in 2000 and 15.5
million doses in 2001; less than 10 percent of pri-
vate-sector sales were for children two years old or
more (Paradiso P, Wyeth Lederle Vaccines: person-
al communication). Approximately 4 million chil-
dren are born in the United States annually; there-
fore, 32 million doses would have been required to
provide the 4-dose infant series for children born
in 2000 and 2001, and millions more would have
been needed for catch-up vaccination of children
under two years of age and those from two through
four years of age who had conditions that put them
at high risk for pneumococcal infection. Although
they are estimates, these figures suggest that chang-

es in disease rates are occurring even though chil-
dren are not fully vaccinated; the vaccine may pro-
vide protection with less than the full number of
recommended doses and through decreased trans-
mission of pneumococci between children.

The reduction in disease burden seen among
adults is noteworthy. Although young children have
the highest risk of invasive disease, most cases of
pneumococcal disease and nearly all deaths from
pneumococcal disease occur in adults.

 

16

 

 Much of
the change we observed in adults may be due to de-
creased transmission of pneumococci from chil-
dren. Children are a reservoir for pneumococci;
contact with young children in the household is a
risk factor for invasive disease in adults,

 

17,18

 

 and
the frequency of nasopharyngeal carriage is high-
er in adults with young children than in other
adults.

 

19

 

 Conjugate vaccines have been shown to
reduce the carriage of vaccine-type strains in vacci-
nated children,

 

7-12

 

 thus reducing opportunities for
transmission.

Multidrug-resistant pneumococci are a world-
wide problem. In response, programs have been
developed to reduce antimicrobial use.

 

20,21

 

 Our
data indicate that conjugate vaccine is another effec-
tive tool for preventing infections caused by drug-
resistant strains; 35 percent fewer infections due to
penicillin-nonsusceptible strains occurred in 2001
than in 1999. Resistance is closely linked to pneu-
mococcal serotype; in 1998, three fourths of peni-
cillin-nonsusceptible pneumococci were of sero-
types that were included in the vaccine, although
pneumococci of common serotypes that were in-
cluded in the vaccine, such as 4 and 18C, were rare-
ly drug-resistant.

 

22

 

 Because the vaccine prevented
a similar amount of disease caused by penicillin-
susceptible and penicillin-nonsusceptible strains,
the proportion of pneumococci with decreased sus-
ceptibility to penicillin did not change substantially.

We cannot determine to what extent the ob-
served changes are due to the introduction of vacci-
nation or to other factors. Certain findings, such as
the significant decline in non–vaccine-type disease
in adults 20 to 39 years of age, suggest that secular
trends may explain some of the observations. How-
ever, we found no change in the rate of disease
caused by pneumococci with serotypes unique to
the polysaccharide vaccine or in the number of cas-
es in persons with HIV infection, results suggest-
ing that the increasing use of polysaccharide vac-
cine and highly active antiretroviral therapy does

discussion
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not explain our findings. The percent change in the
rate of disease among children was similar for hos-
pitalized patients and outpatients and for pneu-
mococcal meningitis and other syndromes, sug-
gesting that changes in culturing practices did not
explain the observed decline.

Preventing pneumococcal disease is a priority for
the United States. The Healthy People 2010 objec-
tives include decreasing the incidence of invasive
pneumococcal infections to 46 cases per 100,000
persons under 5 years of age and to 42 per 100,000
persons 65 years of age or older.

 

23

 

 The target for

children has been met, and we are closer to the goal
for adults. More data are also needed to determine
how far disease rates will fall as vaccine coverage
increases and to assess the effect of the vaccine
on pneumonia and other noninvasive syndromes.
Whether vaccine use will slow the emergence of
resistant pneumococci and whether disease due to
pneumococci with nonvaccine serotypes will be-
come more common are questions that do not yet
have definitive answers. Although questions remain,
our data indicate that the pneumococcal conjugate
vaccine is working well in the U.S. population.

 

Table 2. Changes in Estimated Rates of Invasive Pneumococcal Disease among Adults, According to Age Group, Year, 
and Serotype, from 1998 through 2001.*

Age and Serotype Average for 1998 and 1999 2001

% Change in 
Estimated Rate 

(95% CI)‡
P

Value§

 

No. of 
Cases Estimated Rate†

No. of
Cases Estimated Rate†

 

cases/100,000 cases/100,000

 

20–39 Yr

 

All vaccine serotypes 285.5 6.60 176 3.97 –40 (–49 to –29) <0.001

4 86.5 2.00 50 1.13 –44 (–58 to –23) <0.001

6B 19 0.44 18 0.41 –8 (–46 to +56) 0.74

9V 51.5 1.19 27 0.61 –49 (–66 to –24) 0.001

14 62 1.43 38 0.86 –40 (–58 to –16) 0.003

18C 19 0.44 12 0.27 –39 (–68 to +11) 0.13

19F 18.5 0.43 9 0.20 –53 (–76 to –4) 0.05

23F 29 0.67 22 0.50 –25 (–54 to +17) 0.23

All vaccine-related serotypes¶ 60 1.39 48 1.08 –22 (–44 to +7) 0.14

All nonvaccine serotypes 138.5 3.21 114 2.57 –20 (–35 to –1) 0.04

 

40–64 Yr

 

All vaccine serotypes 481.5 11.58 431 9.95 –14 (–23 to –4) 0.006

4 113.5 2.73 118 2.72 –1 (–19 to +23) 0.99

6B 54 1.30 44 1.02 –22 (–44 to +9) 0.17

9V 74.5 1.79 64 1.48 –17 (–38 to +8) 0.18

14 108.5 2.61 76 1.75 –33 (–48 to –14) 0.002

18C 28.5 0.69 40 0.92 +33 (–8 to +97) 0.16

19F 38 0.91 32 0.74 –19 (–45 to +19) 0.32

23F 64.5 1.55 57 1.32 –15 (–36 to +15) 0.29

All vaccine-related serotypes¶ 103.5 2.49 103 2.38 –4 (–23 to +20) 0.74

All nonvaccine serotypes 310 7.46 321 7.41 –1 (–13 to +13) 0.93

The New England Journal of Medicine 
Downloaded from nejm.org on December 18, 2014. For personal use only. No other uses without permission. 

 Copyright © 2003 Massachusetts Medical Society. All rights reserved. 



 

n engl j med 

 

348;18

 

www.nejm.org may 

 

1, 2003

 

decline in invasive pneumococcal disease

 

1745

 

Supported by the Emerging Infections Program of the Centers for
Disease Control and Prevention.

Presented in part at the 41st Interscience Conference on Antimi-
crobial Agents and Chemotherapy, Chicago, December 16–19, 2001
(abstract G-2041); the 3rd International Symposium on Pneumo-
cocci and Pneumococcal Diseases, Anchorage, Alaska, May 5–8,
2002; and the 42nd Interscience Conference on Antimicrobial Agents
and Chemotherapy, San Diego, Calif., September 27–30, 2002 (ab-
stract G-1068).

We are indebted to Wendy Baughman, Pam Daily, Peggy Pass,
Nancy Barrett, Shelly Zansky, Karen Stefonek, Brenda Barnes, David
Stephens, Catherine Lexau, Rich Danila, Sue Johnson, John Besser,
Allen Craig, William Schaffner, Elizabeth Zell, Tami Hilger Skoff,
Chris Van Beneden, Katherine Deaver Robinson, Carolyn Wright,
M. Leticia McElmeel, Sharon A. Crawford, John Elliot, Ruth Frank-
lin, Andrea Hertz, LaShondra Shealey, and the personnel of the hos-
pitals and laboratories participating in the Active Bacterial Core Sur-
veillance for their contributions to this project.

 

references

 

1.

 

Preventing pneumococcal disease
among infants and young children: recom-
mendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR
Morb Mortal Wkly Rep 2000;49(RR-9):1-35.

 

2.

 

American Academy of Pediatrics, Com-
mittee on Infectious Diseases. Policy state-
ment: recommendations for the prevention
of pneumococcal infections, including the
use of pneumococcal conjugate vaccine
(Prevnar), pneumococcal polysaccharide vac-

cine, and antibiotic prophylaxis. Pediatrics
2000;106:362-6.

 

3.

 

Updated recommendations on the use
of pneumococcal conjugate vaccine in a set-
ting of vaccine shortage — Advisory Com-
mittee on Immunization Practices. MMWR
Morb Mortal Wkly Rep 2001;50:1140-2.

 

4.

 

Black S, Shinefield H, Fireman B, et al.
Efficacy, safety and immunogenicity of hep-
tavalent pneumococcal conjugate vaccine in
children. Pediatr Infect Dis J 2000;19:187-95.

 

5.

 

Eskola J, Kilpi T, Palmu A, et al. Efficacy
of a pneumococcal conjugate vaccine against
acute otitis media. N Engl J Med 2001;344:
403-9.

 

6.

 

Black SB, Shinefield HR, Ling S, et al.
Effectiveness of heptavalent pneumococcal
conjugate vaccine in children younger than
five years of age for prevention of pneumo-
nia. Pediatr Infect Dis J 2002;21:810-5.

 

7.

 

Mbelle N, Huebner RE, Wasas AD,
Kimura A, Chang I, Klugman KP. Immuno-

 

* The data are from the Active Bacterial Core Surveillance.
† The estimated rates were calculated on the assumption that the serotype distribution for cases with missing serotype 

data (12 percent of all cases) was the same as the distribution for cases with serotype data available.
‡ CI denotes confidence interval.
§ The P value was calculated by a chi-square test or Fisher’s exact test that compared the estimated number of cases and 

noncases (the total surveillance population minus the number of estimated cases) in 2001 with the same figures for 
1998 and 1999 combined. The estimated number of cases was calculated on the assumption that the serotype distribu-
tion for cases with missing serotype data was the same as the distribution for cases with serotype data available. Repeat-
ed analysis with only cases with known serotypes included rather than the estimated number of cases did not change the 
results.

 

¶Types 6A, 9A, 9L, 9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A, and 23B are included.

 

Table 2. (Continued.)

Age and Serotype Average for 1998 and 1999 2001

% Change in 
Estimated Rate 

(95% CI)‡
P 

Value§

 

No. of 
Cases Estimated Rate†

No. of
Cases Estimated Rate†

 

cases/100,000 cases/100,000

 

≥65 Yr

 

All vaccine serotypes 511.5 33.43 374 23.91 –29 (–36 to –20) <0.001

4 76.5 5.00 58 3.71 –26 (–44 to –1) 0.05

6B 66 4.31 57 3.64 –16 (–37 to +13) 0.28

9V 77.5 5.10 51 3.26 –36 (–52 to –13) 0.005

14 144 9.41 94 6.01 –36 (–48 to –20) <0.001

18C 27 1.76 19 1.21 –31 (–58 to +12) 0.17

19F 34.5 2.25 34 2.17 –4 (–34 to +43) 0.95

23F 86 5.62 61 3.90 –31 (–47 to –9) 0.01

All vaccine-related serotypes¶ 128.5 8.38 102 6.52 –22 (–38 to –4) 0.02

All nonvaccine serotypes 278 18.18 298 19.05 +5 (–8 to +20) 0.52

The New England Journal of Medicine 
Downloaded from nejm.org on December 18, 2014. For personal use only. No other uses without permission. 

 Copyright © 2003 Massachusetts Medical Society. All rights reserved. 



 

n engl j med 

 

348;18

 

www.nejm.org may 

 

1

 

, 

 

2003

 

1746

 

decline in invasive pneumococcal disease

 

genicity and impact on nasopharyngeal car-
riage of a nonavalent pneumococcal conju-
gate vaccine. J Infect Dis 1999;180:1171-6.

 

8.

 

Obaro SK, Adegbola RA, Banya WAS,
Greenwood BM. Carriage of pneumococci
after pneumococcal vaccination. Lancet
1996;348:271-2.

 

9.

 

Obaro SK, Adegbola RA, Chang I, et al.
Safety and immunogenicity of a nonavalent
pneumococcal vaccine conjugated to
CRM

 

197

 

 administered simultaneously but in
a separate syringe with diphtheria, tetanus
and pertussis vaccines in Gambian infants.
Pediatr Infect Dis J 2000;19:463-9.

 

10.

 

Dagan R, Melamed R, Muallem M, et al.
Reduction of nasopharyngeal carriage of
pneumococci during the second year of life
by a heptavalent conjugate pneumococcal
vaccine. J Infect Dis 1996;174:1271-8.

 

11.

 

Dagan R, Muallem M, Melamed R, Leroy
O, Yagupsky P. Reduction of pneumococcal
nasopharyngeal carriage in early infancy af-
ter immunization with tetravalent pneumo-
coccal vaccines conjugated to either tetanus
toxoid or diphtheria toxoid. Pediatr Infect
Dis J 1997;16:1060-4.

 

12.

 

Dagan R, Givon-Lavi N, Zamir O, et al.
Reduction of nasopharyngeal carriage of

 

Streptococcus pneumoniae

 

 after administration
of a 9-valent pneumococcal conjugate vac-

cine to toddlers attending day care centers.
J Infect Dis 2002;185:927-36.

 

13.

 

Performance standards for antimicrobi-
al susceptibility testing: twelfth infor-
mational supplement. NCCLS document
M100-S12. Vol. 22. Wayne, Pa.: National
Committee for Clinical Laboratory Stand-
ards, 2002.

 

14.

 

Dean AG, Dean JA, Coulombier D, et al.
Epi Info, version 6: a word processing, data-
base, and statistics program for epidemiol-
ogy on microcomputers. Atlanta: Centers
for Disease Control and Prevention, 1995.

 

15.

 

Black SB, Shinefield HR, Hansen J, Elvin
L, Laufer D, Malinoski F. Postlicensure eval-
uation of the effectiveness of seven valent
pneumococcal conjugate vaccine. Pediatr
Infect Dis J 2001;20:1105-7.

 

16.

 

Robinson KA, Baughman W, Rothrock
G, et al. Epidemiology of invasive 

 

Streptococ-
cus pneumoniae

 

 infections in the United States,
1995-1998: opportunities for prevention in
the conjugate vaccine era. JAMA 2001;285:
1729-35.

 

17.

 

Breiman RF, Keller DW, Phelan MA, et al.
Evaluation of effectiveness of the 23-valent
pneumococcal capsular polysaccharide vac-
cine for HIV-infected patients. Arch Intern
Med 2000;160:2633-8.

 

18.

 

Nuorti JP, Butler JC, Farley MM, et al.

Cigarette smoking and invasive pneumococ-
cal disease. N Engl J Med 2000;342:681-9.

 

19.

 

Hendley JO, Sande MA, Stewart PM,
Gwaltney JM Jr. Spread of 

 

Streptococcus pneu-
moniae

 

 in families. I. Carriage rates and distri-
bution of types. J Infect Dis 1975;132:55-61.

 

20.

 

Dowell SF, Marcy SM, Phillips WR, Ger-
ber MA, Schwartz B. Principles of judicious
use of antimicrobial agents for pediatric up-
per respiratory tract infections. Pediatrics
1998;101:Suppl:163-5.

 

21.

 

Gonzales R, Bartlett JG, Besser RE, et al.
Principles of appropriate antibiotic use for
treatment of acute respiratory tract infec-
tions in adults: background, specific aims,
and methods. Ann Intern Med 2001;134:
479-86.

 

22.

 

Whitney CG, Farley MM, Hadler J, et al.
Increasing prevalence of multidrug-resist-
ant 

 

Streptococcus pneumoniae

 

 in the United
States. N Engl J Med 2000;343:1917-24.

 

23.

 

Department of Health and Human Serv-
ices. Healthy People 2010: understanding
and improving health. 2nd ed. Washington,
D.C.: Government Printing Office, 2000.

 

Copyright © 2003 Massachusetts Medical Society.

 

electronic access to the 

 

journal

 

’s cumulative index

 

At the 

 

Journal’

 

s site on the World Wide Web 

 

(http://www.nejm.org)

 

 you can search 
an index of all articles published since January 1975 (abstracts 1975–1992, full-text 
1993–present). You can search by author, key word, title, type of article, and date. 
The results will include the citations for the articles plus links to the abstracts of 
articles published since 1993. For nonsubscribers, time-limited access to single 
articles and 24-hour site access can also be ordered for a fee through the Internet 
(http://www.nejm.org).

The New England Journal of Medicine 
Downloaded from nejm.org on December 18, 2014. For personal use only. No other uses without permission. 

 Copyright © 2003 Massachusetts Medical Society. All rights reserved. 





































































































































































































Pediatr Infect Dis J. 2004 Nov;23(11):1008-14. 

 

Immunogenicity and safety of the eleven valent pneumococcal polysaccharide-protein D conjugate 

vaccine in infants. 

 

Nurkka A1, Joensuu J, Henckaerts I, Peeters P, Poolman J, Kilpi T, Käyhty H.  

 

 

Author information 

 

 

 

 

Abstract 

 

 

BACKGROUND:  

 

Development is ongoing to increase the serotype coverage of pneumococcal conjugate vaccines. We 

report here the immunogenicity and safety of a new 11-valent pneumococcal conjugate vaccine (Pn-PD) 

in infants. 

 

METHODS:  

 

In a randomized, single blind study, 154 Finnish infants received 1 of 3 regimens: 4 doses of Pn -PD at 2, 

4, 6 and 12-15 months; 3 doses of the Pn-PD at 2, 4 and 6 months and 1 dose of 23-valent 

polysaccharide vaccine (PncPS) at 12-15 months; or 3 doses of the hepatitis B vaccine at 2, 4 and 6 

months and Pn-PD at 12-15 months. Serum IgG antibodies to vaccine serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 



18C, 19F and 23F were measured with an enzyme immunoassay at the ages of 2, 7 and 12-15 months 

and at 4 or 28 days after the last vaccination. Local and systemic reactions were recorded by parents 

during 8 days after each dose. Serious adverse reactions were recorded during the  entire study period. 

 

RESULTS:  

 

There was a significant increase in the IgG concentrations to vaccine serotypes after 3 doses of Pn -PD. 

Antibody concentrations after the primary series varied between 1.26 and 4.92 microg/ml depending on 

the serotype and study group. PncPS vaccine induced a better booster response than the Pn-PD, 

measured at 28 days after the fourth dose. IgG concentrations after the Pn-PD booster ranged between 

1.60 and 9.63 microg/ml and after the PncPS booster between 4.24 and 40.54 microg/ml, depending on 

the serotype. The antibody concentrations after the first dose of Pn-PD administered at 12-15 months 

increased significantly but were lower than after the fourth dose at the same age. No significant 

antibody increase was measured 4 days after the vaccinations at 12-15 months. The safety profile of the 

vaccine was acceptable. 

 

CONCLUSIONS:  

 

The Pn-PD we tested was immunogenic and safe in infants 
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OPPONENT PANACEA BIOTEC’s RESPONSE TO WYETH’S ARGUMENTS DATED 
17th JUNE 2014 AND 17th SEPTEMBER 2013 FOR THE OPPOSITION FILED BY 
PANACEA BIOTEC AGAINST PATENT APPLICATION NO. 8081/DELNP/2007, 

DATED 19.10.2007 

In their attempt to overcome the opposition and prior arts cited in the first examination report,  
applicant is majorly relying on the uniqueness of the 13-valent vaccine developed by them which 
has been repeatedly touted as  “the  commercialized  embodiment”  of the  IN'8081. While the 
entire response filed by Wyeth harps on the superiority of the 13-valent- CRM-187 vaccines, the 
independent claims 7 and 14 still are beyond the scope of Wyeth’s arguments presented in their 
June 2014 response and are covering the vaccines already known in prior art. In several instances 
Wyeth has clearly admitted that they consider only the 13 valent vaccines with CMR-197 
conjugation as unique, see for examples the excerpts from Wyeth’s response elaborated in 
Annexure I. In light of these admittances and arguments by Wyeth, broad claims 7 and 14 which 
do not recite the multivalent immunogenic composition to be 13 valent should be immediately 
cancelled and deemed void.  

Although Wyeth admits that “multivalent immunogenic composition” in claims 1-6, 9-15, 18-24 
should be construed to mean “ 13 valent” vaccine, claims 7 and 14 still do not carry the 
limitation and hence unduly broadens the scope of the matter which Wyeth claims to be its 
invention. See for example page 25 of Wyeth’s response 

 

Although Wyeth claims that the patent has been granted in some countries, Examiner may kindly 
note that the European equivalent EP1868645 has recently been revoked pursuant to 
opposition by many parties- See Annexure II. 

Further the claims are worded in an open language, i.e. covering embodiments with more 
than 13 serotypes. However as argued by Wyeth if  immune interference had been an issue at 
the priority date, then the patent certainly does not teach how to work embodiments with more 
than 13 serotypes. 

In response to Wyeth’s arguments, opponents submit the following new prior arts for examiner’s 
consideration; the numbering is in continuation of the prior arts already submitted in opposition. 

Reference  Reference 
number 

WO  00/56358 D4 
Overturf  et al, (2002) Seminars in Pediatric 
Infectious  Diseases; 13: 155-164 

D5 

Xinhong  Yu et al. (1999) The Journal Of Infectious  
Diseases; 180: 1569-1576 

D6 
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Hausdorff et al. (2000) Clinical Infectious  Diseases; 
30: 100-121 

D7 

Mbelle  et al. The Journal Of Infectious Diseases; 
180: 1171-1176 

D8 

Ada et al. (2003) Clin Microbial Infect; 9: 79-85 D9 
Rennels et al. (1998) Pediatrics; 101: 604-611 D10 
WO0062801 D11 
Declaration  by  Dr.  Talaga, Head  of an 
Analytical Research Unit for Sanofi Pasteur 

D12 

WO2002022167 D13 
WO0200249 D14 
De La pena D15 
O’Brien D16 
Obaro D17 
Whitney et al D18 
Daum    D19 
Cutts D20 
WO 00/56359 D21 
Nurkka   D22 
Wuorimaa D23 
Reinert D24 
Hausdorff (2002) D25 
Block et al D26 
Joloba et al D27 
 

The Opposed application relates to a multivalent pneumococcal polysaccharide-protein 
conjugate composition for use as a vaccine against Streptococcus pneumoniae, a bacterium 
which is a leading cause  of  meningitis,  pneumonia  and  severe  invasive  disease  in  
infants  and  young  children throughout  the  world.  The immunoprotective d e t e rm in an t s  
o f  S .  pneumoniae a r e   capsular polysaccharides and the properties of these 
polysaccharides permit classification of the bacterium into serotypes.  Over 90 distinct 
serotypes have been identified. Infants and children respond poorly to most pneumococcal 
polysaccharides which have necessitated chemically conjugating the polysaccharide moieties 
to detoxified bacterial toxin proteins which potentiate the desirable T-cell response to S. 
pneumonia. 
 
One example of a vaccine to S. pneumoniae [described in the patent] is a 7-valent conjugate 
vaccine referred to as 7vPnC or Prevenar®.  Prevenar® contains polysaccharides from 
serotypes 4, 68, 9V,14, 18C, 19F and 23F, each separately conjugated to a detoxified 
bacterial toxin known as CRM197. CRM197 is a non-toxic analogue of diphtheria toxin. 
Epidemiological studies had, by the priority date of the Opposed application, identified those 
serotypes prevalent in various regions of the world and the importance of including 
protection for the most relevant serotypes was well understood.  Perhaps of particular interest 
is the fact that Figure 1 of the Opposed  application  [shown  in  the  abstract]  is  nothing  
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more  than  a  representation of  the  known serotypical data in Whitney C.G, et al, New 
England Journal of Medicine [2003] 348(18) 1737-1746 (D18). 
 
The alleged invention relates to nothing more than the addition to the 7-valent vaccine of 
CRM197 polysaccharide conjugates to six further serotypes, namely 1, 3, 5, 6A, 7F and 19A all 
readily identifiable to provide an improvement in vaccination coverage, to produce a 13-
valent vaccine.  
 
The development of future vaccines based on surveillance data of existing PCVs was a major 
concern after marketing of "Prevnar". This becomes clear, e.g., from the publication by Block 
et al. 2002 (Pediatr.  Infect.  Dis. J. 21:859-65), D26 ,which states on page 860, left 
column, last paragraph: "With routine use of the new heptavalent pneumococcal protein-
conjugate vaccine (PCV) in the infant vaccine schedule, awareness of epidemiological trends 
among pneumococcal serotypes infecting children is critically important to maximize   the   
potential   protection   afforded   by vaccine reformulations." With respect to cross-protection 
for serotypes 6A and 19A, it is mentioned in D26 that"[a]lthough  modest      cross-
protection      within respective serogroups for serotypes 6A (57%) and 19A (34%) has been 
observed in young Finnish children with AOM [acute otitis media] who were vaccinated 
with the heptavalent PCV, others have observed marginal cross-protection between serotypes 
6A and 68". 
 
The 7-, 9-, and 11-valent PCVs were designed not only for coverage of serotypes that 
predominantly cause disease in children worldwide, but also to cover antibiotic-resistant 
strains. This has been confirmed in a publication, which is co- authored by the first inventor of 
the opposed patent application. The respective publication is Joloba et al. 2001 (Clin.  Infect. 
Diseases 33:1489-94), which is cited herein as document D27, and the relevant text passage 
from the paragraph spanning pages 1489-1490 reads as follows : "Therefore, 7-, 9-, and 11-
valent protein conjugate vaccines, which are immunogenic in children <2 years of age, have 
been developed, and a 7-valent vaccine (Prevnar; Wyeth-Lederle Vaccines) has recently been 
licensed in the United States. The pneumococcal  serotypes  included  in  these conjugate 
vaccines were designed to cover strains that predominantly cause disease in children 
worldwide, as well as to cover antibiotic-resistant strains." 
 

In response to Wyeth’s arguments, opponents submit that even the 13-valent pneumococcal 
conjugate composition   of   the   invention was disclosed in the p r io r  a r t , for instance 
see WO 00/56358, D4. D4 specifically teaches on pages 11-12 as follows: 
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Further on page 6 D4 discloses as follows: 

 

Claim 14 of D4 discloses  an      antigenic     composition     containing     the      same      
13     distinct polysaccharide-protein conjugates as presently claimed.  D4 also teaches 
that  the conjugated polysaccharides may be conjugated to a CRM197 protein carrier (see 
page 14, lines 14-18; page 20, lines 3-6; and claim 8). Examples of physiologically 
acceptable vehicles are  provided in paragraph [0048] of D4 an d  include, but are not 
limited to, water, buffered saline, polyols and dextrose solutions. D4 discloses that the 
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composition of claim 14 may be a vaccine composition (see claim 17).  Such a vaccine 
composition would necessarily contain a physiologically acceptable vehicle s u c h  
a s  water o r  saline in order t o  be administered.  D4 also describes specific examples of 
physiologically acceptable vehicles   which   may   be c o n t a i n e d  in i t s  v a c c i n e s .     
For example, page 16; lines 5-10 of D4 describe an  oil in water em u l s i o n  as a 
particularly preferred f o r m u l a t i o n  o f    the   disclosed    vaccines.      Page   22, 
l i n e s  3-6   describes reconstitution of the compositions and vaccines of D4 with saline 
solution.  Therefore, the compositions disclosed in D4 also include a physiologically 
acceptable vehicle.  

Further WO2002022167(D13) destroys the novelty of instant claims. On page 5, lines 10 to 29 
D13 teaches as follows 
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Further page 11 last two lines and page 12 first three lines explicitly teach CRM-197 as 
carrier protein 
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Also claim 3 of D13 teaches  

 

WO0200249(D14) destroys the novelty of the instant claims. On page 9, lines 16 to 
31 D14 teaches 

 

D14 relates to a combination vaccine  against H influenza  and  a further pathogen, e.g. S. 
pneumonia; see claims 1 and 6. It discloses an immunogenic composition comprising (i) a 
conjugate of a carrier protein and the  capsular polysaccharide of H influenza type B and 
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(ii) 2 or more further bacterial polysaccharides, e.g.   pneumococcal    capsular   
polysaccharides;    see   claims    1   and   3. The further pneumococcal  polysaccharides  may 
preferably be the  13 pneumococcal  polysaccharides of granted claim 1 of the patent; see 
page 9, lines 22 to 24 and lines 30 and 31. 
 
According to claim 7, the carrier protein(s) (singular and plural form, i.e. one or more 
carrier proteins) are selected from a short list of potential carriers, among them CRM197. 
Since claim 7 refers back to claim 6, which specifies that the further polysaccharides may 
be conjugated to a carrier, it is clear that in one embodiment all polysaccharides are 
conjugated to CRM197. 
 
In this context it must be noted that it is irrelevant for the assessment of novelty that 
WO02/00249 (D14)  also  discloses  embodiments  in  which  the  Hib  polysaccharides and 
the further polysaccharides (e.g. pneumococcal capsular  polysaccharides) are not 
conjugated to  the  same  carrier;  e.g.  see  claims  8  and  9.  What  matters  is  that  the 
conjugation   of  the pneumococcal  capsular  polysaccharides  to CRM 197 can clearly be 
taken from WO02/00249 as one embodiment.  Thus, WO02/00249 (D14) takes away 
novelty of claim 1. 
 
D11(WO00/62801) destroys the novelty of instant claims.  Page 7 of D11 discloses 

 
Further on page 8 of D11 the 13 valent vaccine is clearly highlighted as follows: 

 
Page 6 clearly teaches CRM197 as a suitable carrier. 
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De la Pena (D15) is also relevant for destroying the novelty of instant claims. D15 
reviews pneumonia vaccines and discloses, inter alia, 7-, 9-, 11- and 13-valent conjugated  
pneumococcal  vaccines. The 7-valent vaccine is the CRM l 97-conjugated Prevnar®; e.g. see 
page 50, left column, 1st paragraph (page 5, 4th full paragraph of the English translation. The 
serotypes included in the 9- and 11- valent vaccines correspond to those of the 9- and 11-
valent conjugated   pneumococcal   vaccines   of   O'Brien    (D16)   and   Overturf    (D5).   The   
13 serotypes of  the  13-valent  vaccine  disclosed  in  D15  correspond  to  the  serotypes  based 
on which Wyeth argues patentability. Moreover, De la Pena (D15) discloses the stepwise 
addition of two serotypes at a time to the 7-valent Prevnar® to arrive at 9-, 11- and  13-valent  
conjugated  vaccines, respectively; see page 52, right column, last section (paragraph bridging 
pages 10 and 11 of the English translation) and on page 53, right column, penultimate 
paragraph (page  1    penultimate  paragraph  of the  English  translation).  De   la  Pena   (D15) 
does not teach or require the use of a second carrier. From the reference to Mbelle  (D 8) and 
Obaro  (D17) it is even clear that  the  9-valent vaccine  is also completely  CRM l 97-coupled.  
Since De  la  Pena  (D15) does not teach to replace the carrier  used  but  instead  discloses  
that  the  additional serotypes are added to the existing 7- and 9-valent vaccines,  it is clear 
that  also the 11- and 13-valent vaccines that have been discussed are completely CRM197-
conjugated. Hence, De la Pena (D15) takes away novelty of instant claims. 
 
Yu et al (D6) is novelty destroying as far as the instant claims are concerned. This 
reference refers to the 5- and 7-valent vaccines  disclosed   in  Daum   (D19)  ([13]  in  
Yu   (D6))  and  Rennels  (D10)  ((10]  in Yu (D6)),  respectively;  see p.  1569, right 
column of  Yu  (D6) and suggests  adding 6 serotypes to the 7-valent CRM197-conjugated 
vaccine to arrive at a 13-valent vaccine. The 13 serotypes are the exact 13 serotypes 
argued upon by Wyeth.  Like for De la Pena (D15), it would not make sense for the authors 
of Yu (D6) to conjugate the additional serotypes to a carrier other than CRMl 97. Hence, the 
subject-matter of instant application can be directly and unambiguously taken from Yu (D6). 
 
The a l l eged  inven t ion  is directed to a multivalent immunogenic composition 
comprising 13 distinct polysaccharide-protein conjugates, wherein each of the conjugates 
contains a capsular polysaccharide from a different serotype of Streptoccocus pneumoniae 
conjugated to a carrier protein, together with a physiologically acceptable vehicle wherein 
the carrier protein is CRM l 97.  Conjugated  pneumococcal vaccines (i.e. vaccines in which 
the antigenic polysaccharides are conjugated to an immunogenic carrier protein) are used 
and have been used at the priority  date of the alleged invention in order to increase 
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immunogenicity relative to unconjugated vaccines, particularly in infants. The carrier 
proteins are large immunogenic proteins, which provide bystander T-cell help and which 
induce immunological memory against the polysaccharide antigen to which it is 
conjugated. Such carrier proteins known at the priority date of the patent include for 
instance protein D, tetanus toxoid (TT), diphtheria toxoid (DT) and CRM197 (a nontoxic 
mutant variant of DT). Prior art examples of  such  'conjugated'  vaccines include the 7-
valcnt pneumococcal conjugated vaccine 7vPnC (marketed as Prevnar®, licensed in the US 
in 2000, in Europe in 2001). Likewise, 9-, 11- and 13-valent CRMl 97- conjugatcd vaccines 
have - before the priority date - been developed in order to increase serotype coverage. 
 
In addition to the above- mentioned  anticipatory prior art documents, there are several 
prior art documents on file that only differ in a single feature from the claimed subject-
matter, e.g. in the number of polysaccharidc serotypes (9-valent or 11-valent vs. 13-valent) 
included  in  the composition. Mbelle (D 8), Obaro (D17), O'Brien (D16), Overturf (D5), 
Cutts (D20) disclose 9-valent CRM 197-coupled pneumococcal  vaccines,  whereas O'Brien 
(D16) and Overturf (D5) additionally disclose 11-valent CRM197-coupled pneumococcal 
vaccines. The 9- and 11-valent vaccines have been developed from the 7- valent vaccine ( 
7vPnC, Prevnar®; e.g. disclosed in Rennels (D10)) which itself is based on a previous 5-
valent vaccine (e.g. disclosed in Daum (D19)). Hence, the  13-valent vaccine of the instant 
application has been developed over the years by the step-wise addition of further 
polysaccharide serotypes. According to the instant application, the addition of further 
serotypes to existing vaccines increases the coverage, particularly for infants and small 
children, however this is not surprising. 
 
The existence of each polysaccharide protein conjugate as a distinct entity would also 
be obvious from D4. Further Ada et al. (2003) Clin Microbial Infect; 9: 79-85 (D9) also 
teaches teaches  that individual  conjugation  of   each   serotype  to   a  carrier   
protein  was   required  for multivalent pneumococcal polysaccharide conjugate 
vaccines  at the priority date. Individual conjugation is necessary to control the dose  of 
each serotype in the multivalent conjugate vaccine  compositions of the invention.  
There is nothing in D4 to suggest  that  anything other  than  individual conjugation  of   
each   different  polysaccharide  was   used    for   such   compositions. Therefore, the 
13-valent pneumococcal vaccine  compositions of D4 would also  have been 
conjugated in the manner as currently claimed. Further Rennels et al (D10) teaches 
heptavalent pneumococcal saccharide vaccine (serotypes 4, 6B, 9V, 14, 18C, 19F, 23F) 
individually conjugated to CRM197 (PNCRM7), administered at 2, 4, 6, and 12 to 15 months 
of age. 
 

Since applicant already had the 7, 9 and 11 valent vaccines ( which according to Wyeth’s 
own admission was known in prior art), providing the  13-valent  vaccine   composition  
of  the   invention  was   also   the obvious next  step  in  view  of the  applicants's earlier  
CRM197 conjugate 7-, 9- and 11-valent  pneumococcal  conjugate  vaccines. A  person of 
skill in the art would have  expected success  because  the claimed compositions merely  
added further known S. pneumoniae serotypes to a known multivalent  pneumococcal  
polysaccharide  conjugate  vaccine,   using   the   same carrier,  in order  to achieve  the  
known advantages of improved coverage against further disease-causing serotypes, 
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such incremental and known additions have never stood any ground in Indian Patent 
Office in the past. 

Streptococcus pneumoniae was discovered in the late 1800’s, a fairly simple lesson was learned 
by other vaccines and then applied to Streptococcus pneumoniae vaccine—joining or 
conjugating the polysaccharide with a protein to increase immunogenicity. By joining the 
polysaccharide capsule with diphtheria toxin [CRM197], the immunogenicity increased in 
children; and disease decreased, there definitely was no rocket science involved in making that 
assessment and reducing it to practice. As other serotypes appeared to emerge, they were added 
to the vaccine. The protein-conjugate vaccine now has 13 different [13-valent] serotypes [1, 3, 4, 
5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F]. This is just an obvious action in response to the 
emergence of strain mutation and emergence of other serotypes.  

The 7-, 9- and 11-valent  pneumococcal  conjugate  vaccines,   which   were   also  known 
e.g. see Overturf  et al, (2002) Seminars in Pediatric Infectious  Diseases; 13: 155-164 (D5), the  
prior  art  explicitly   taught the  skilled person to add  serotypes 6A and 19A to the 
known 11-valent compositions, e.g. see Xinhong  Yu et al. (1999) The Journal Of Infectious  
Diseases; 180: 1569-1576 (D6), Hausdorff et al. (2000) Clinical Infectious  Diseases; 30: 100-121 
(D7), Mbelle  et al. The Journal Of Infectious Diseases; 180: 1171-1176 (D8), WO 00/56358 (D4).   
The skilled  person would have  expected success  because  the claimed compositions 
merely  added further known S. pneumoniae serotypes to a known multivalent  
pneumococcal  polysaccharide  conjugate  vaccine,   using   the   same carrier,  in order  to 
achieve  the  known advantages of improved coverage against further disease-causing 
serotypes. Applicants contention that 1) the valency of a vaccine, 2) the types of serotype  
antigens  to be added, 3) the types   of  carrier   proteins   to  be  used,  are   important  
factors   in  designing   effective pneumococcal polysaccharide conjugate vaccines is merely 
capricious as these are known factors which merely needs to be brought together in an obvious 
manner.  Each and every element of the claims of IN'8081 is known in prior art.  

There is no inventive step in any of the amended claims , because the  opposed application as 
per applicants’s arguments presented in June 2014 seems to relate   to  a  vaccine  
which   is  known by  the  name   Prevnar13. Prevnar13 contains 13  pneumococcal 
polysaccharide-protein  conjugates with  CRM197. At the  priority  date,   the  13-valent  
vaccine composition of the application was an obvious and  routine development of the 
prior  art in the   field   of   multivalent   pneumococcal  vaccines    and   the   skilled   
person  would reasonably have  expected the  13-valent vaccine  to  be  immunogenic.   
Providing the 13-valent vaccine  composition of the a p p l i c a t i o n   was, for example, 
the obvious next step  in view   of  the  patentee's earlier   licensed   heptavalent vaccine  
Prevnar  (PCV7), which includes 7 pneumococcal polysaccharide antigens conjugated 
to CRM197, and  further 9-valent  and 11-valent pneumococcal conjugate vaccines  with  
CRM197 which  were  also known.    The  skilled   person  would  have   expected  
success   because   the   claimed compositions merely  added further known S. pneumoniae 
serotypes to a known multivalent  pneumococcal polysaccharide conjugate vaccine  in  
order   to  achieve  the known advantages of improved coverage against further disease-
causing serotypes. 

All claims of the instant application lack inventive step in view of WO 00/56358, D4. 
As mentioned above, D4 discloses a 13-valent pneumococcal conjugate vaccine  
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including all of the  features of claims.   Any  alleged  differences between the  vaccine  
compositions of D4 and  the claims  are  either  known or  provide no  particular 
technical  effect beyond the  existing teaching of D4. Further Rennels et al. (1998) 
Pediatrics; 101: 604-611(D10) discloses   that   the   applicants's own   heptavalent  
Prevnar/PCV7  vaccine,   which includes 7 pneumococcal polysaccharide antigens 
conjugated to 20 μg CRM197, is in a single  0.5 ml dose  formulation, which also contains 
0.5 mg aluminium phosphate as an adjuvant, merely scaling up this formulation for 
additional serotypes imparts no inventive feature to the current claims. 

All claims of the instant application lack inventive step over Overturf et al. (2002) 
Seminars in Pediatric Infectious  Diseases; 13: 155-164(D5). D5 discloses  a series of the    
patentee's   own    multivalent   pneumococcal   polysaccharide-protein   conjugate 
vaccines including: 

- the  7-valent  Prevnar/PCV7 vaccine  which  comprises polysaccharide 
antigens of serotypes 4, 6B, 9V, 14, 18C, 19F and  23F, each  of which  is 
conjugated to CRM197 (D 5, page 158, right col., final paragraph) 

- a  9-valent   vaccine  comprising the  same   polysaccharide antigens  as  
PCV7,  plus serotypes 1 and 5, again conjugated to CRM197 (D5, Table 4), 
and 

- an 11-valent vaccine  comprising the  same  polysaccharide antigens as 
the  9-valent vaccine, plus serotypes 3 and 7F, again conjugated to 
CRM197 (D5, Table 4). 

 

D5 states  that  9- and  11- valent  formulations had  been  tested  and  found to induce 
good  immune responses in human infants. For example, page 158, right col., under 
the heading "Polysaccharide-Protein Conjugate Pneumococcal Vaccines" states: 
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Hence D5 discloses a therapeutically effective and functional 11-valent  vaccine    
composition  compris ing conjugated polysaccharide antigens from  different S. 
pneumoniae serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F conjugated to CRM197.  
Maintaining each conjugate as distinct entities is also an obvious step as already discussed above. The   
only   difference  between   the   11-valent  vaccine    disclosed  in   D5   and   the 
composition of claim 1 is the  presence of two  additional serotypes: 6A and  19A.   The 
presence  of  serotypes 6A  and  19A  provides vaccine   compositions with   increased 
coverage against further disease-causing pneumococcal strains.  Starting from  D5, the 
objective  technical  problem may  therefore be  taken  as providing multivalent 
pneumococcal conjugate vaccine compositions with  increased coverage. D5 teaches  that  
serotypes causing invasive disease  in children are  not  constant from country to 
country or from  season to season. It also teaches  that serotypes 6A and 19A are   
significant  disease-causing  serotypes  in   infants  and   children  (see  page   157 
"Serotypes and Serogroups  Causing Pneumococcal   Disease  in  Children" and   Table  3). 
According to  Table  3, the  6A  and  19A  strains respectively cause  4.2% and  3.8%  of 
invasive disease  in developing countries.  The 6A strain also causes  5% of otitis  media 
cases in the  US.  Therefore, the skilled  person would have  understood that developing 
vaccines   which   also  provide  effective   protection  against  further  strains  would  be 
extremely valuable. This is emphasised further on page 162 of D5 which  states: 
 

"Development  of optimal pneumococcal vaccines  for global  use will require 
antigenic formulations that  include the  serotypes causing invasive disease in  
developing countries". 

 
Of those serotypes in Table 3 which  are not already included in the 11-valent vaccine  of 
Table  4, the  serotypes causing the  highest   percentages of invasive disease  and  otitis 
media  are  6A and  19A.   Therefore, in view of D5 alone,  6A and  19A  would be the 
obvious next serotypes to add  to the 11-valent vaccine. The skilled  person was  also 
taught by numerous other  prior  art  documents to include 6A  and  19A  in  further  
pneumococcal vaccine   compositions  to  provide  increased coverage. For instance, 
Xinhong  Yu et al. (1999) The Journal Of Infectious  Diseases; 180: 1569-1576 (D6) teaches the 
skilled  person to include 6A and 19A in further pneumococcal conjugate vaccine 
compositions. 
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D6 also  refers  to the  Prevnar/PCV7 vaccine  containing serotypes 4, 6B, 9V, 14, 18C, 
19F and  23F individually conjugated to CRM197 and  states  (page 1569, right  col., lines 
5-7): 
 

                           

Therefore starting  from   the  11-valent  CRM197  conjugate  composition  in  D5,  and 
considering the objective technical  problem of providing multivalent pneumococcal 
conjugate vaccine  compositions with   increased coverage, the  skilled   person would 
have  added 6A  and  19A  in  view  of D6.   The  skilled  person would therefore have 
provided the 13-valent vaccine  of current claims of the instant application under opposition. 

Hausdorff (2002)-D25, describes  a multinational serological analysis to identify the 
serotypes most responsible for acute otitis media and relates that to the serotypes in the 
homologous sequence of vaccines PCV-7, PCV-9 and PCV-11. This reference specifically 
recites “It appears that the serotypes represented in PCV-11, plus 6A and 19A, comprise all 
major serotypes in each age group studied” (page 1014, right-hand column, lines 13-15). 

 
Hausdorff et al. (2000) Clinical Infectious  Diseases; 30: 100-121(D7), also specifically taught 
the skilled  person to add  6A and 19A to future vaccines.   In D7, the authors analysed 
data  sets to compare the serogroups causing invasive pneumococcal disease (IPD) with  
those  represented in conjugate  vaccine   formulations.    In  line  with   D5,  D7  discloses   
a  PCV7  vaccine including serotypes 4, 6B, 9V, 14, 18C, 19F and  23F, as well  as 9-
valent  formulations further  including serotypes 1 and   5  and  11-valent 
formulations further  including serotypes 3 and  7F (see "Vaccine formulations" on page 
101, left col.).  D7 also points  out that 6A and 19A are important serotypes not covered 
by those vaccines: "it is apparent that nonvaccine serotypes 6A and 19A account  for a substantial   
portion of disease within their serogroups".  (p106, left col., 2nd paragraph). D7 teaches  that  the 
level of cross-protection provided by serotypes 6B and 19F (which were  already in the 
7-, 9- and 11-valent vaccines)  against similar serotypes 6A and 19A was not known 
(page 110, left col., 3rd paragraph).  Nonetheless, it goes on to state  the following (p117, 
right col., 6th paragraph): 
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Further it may be argued that all the claims lack inventive step over the documents disclosing 
an 11-valent, CRM197-conjugated vaccine (O'Brien (D16) and Overturf (D5)) and the 
document disclosing a 13-valent vaccine (De la Pena (D15)). Also all the claims are equally 
not inventive starting from the 9-valcnt, CRM 197-conjugated vaccines disclosed in Mbelle 
(D8), Obaro (D 17),  and Cutts (D20) . In addition the granted claims also lack an inventive 
step over   WO-A2 02/22167   (D l3),   WO-A2  00/56358    (D4),   WO-A2 00/56359   (D21), 
WO-A2 02/00249 (D14), WO-A2 00/62801 (D11) and Yu (D6). 
 
On page 13 of Wyeth’s response under point 1.2 Wyeth has argued that it is difficult to increase 
valency and select serotypes. However opponents disagree. The choice of valency and selection 
of serotypes was obvious. Already the background section of the alleged application provides 
a good explanation of the rationale for the inclusion of further serotypes into pre-existing 
vaccines;  see paragraphs  [0003] and [0004] of the patent and shows that no inventive effort 
was required. The patent application repeatedly refers to the surveillance of invasive 
pneumococcal disease (IPD) in the US, Europe, and other regions of the world before and 
after the 7-valent vaccine had been on the market. Hence, even Wyeth admits that the 
inclusion of further serotypes was based on the routine surveillance of diseased populations. 
Scientists and pharmaceutical companies were clearly looking for serotypes with a high 
disease burden and invasive potential in order to improve serotype coverage beyond 90 %; 
see [0004] of the patent application. Therefore, the skilled person seeking to improve 
coverage of the vaccine would have inevitably arrived at the 13 serotypes of the granted 
claims. 
 
From ca. 1997 to the priority date of the patent, there had been a stepwise addition of 
serotypes from 5 to 7, 9 and 11 to finally 13 serotypes in the CRM l 97-conjugated 
pneumococcal  vaccine. This historical development is illustrated in Table 1 of the 
opposition documents submitted in Europe. 
 

 
115-valent: e.g. see D19 (Daum) 
27-valent: Prevnar®; e.g. see D10 (Rennels) 

39-valent: e.g. see D l 7, D20 

411 -valent: e.g. see Dl 3, D4, D21, D14,D5 

513-valent e.g. see Dl 3, D4, D21, D14, D11, D15. 
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Hence, the development of the CRM 197-conjugated vaccines is characterized in the step- by-
step addition of further serotypcs while maintaining the CRM197-carrier. The CRM197-
conjugated 11-valent vaccine disclosed in O'Brien (D16) and Overturf (D5) reported to be in 
development by Wyeth Vaccines covers the exact same serotypes as the 1 1-valent products 
developed by Aventis Pasteur (now Sanoji Pasteur ) and GSK using alternative carrier(s); see 
Table 3 on page 638 of O'Brien  (D16); also see Nurkka  (D22) and Wuorimaa  (D 23). 
Hence, the three major competitors were in absolute agreement with respect to the selection 
of serotypes. 
 
Contrary to Wyeth’s arguments on page 14 and 15 of their response , the choice of the two 
additional serotypes 6A and l 9A was also obvious. In fact, several documents on file  disclose 
this exact 13-valent combination: WO-A2 02/22167 (D13), WO-A2  00/56358      (D4),      WO-
A2  00/56359       (D21),      WO-A2  02/00249     (D14), WO-A2 00/62801  (D11), De  la Pena  
(D15)  and  Yu  (D6).  Moreover,  Hausdorff  (D7)  and  Reinert  (D24)  teach  the  benefit  of  
serotypes  6A  and  19A for vaccinating  infants  and propose  the addition  of serotypes  6A 
and  19A. Therefore, the skilled person would have included these two serotypes in the vaccine 
in order to increase coverage. In Wyeth’s response page 15, they allege that the skilled person 
would not  have  considered  including  serotypes  6A  and   l 9A  because  of  a  possible  
"cross- protection" by serotypes 6B and 19F. These allegations are, however, unfounded. When  
increasing  serotype  coverage  of  a vaccine,  the  main consideration  is  the  serotype  
prevalence  in  all  relevant  populations.  6A  and  l 9A  are major  serotypes  in  each  age  
group  of  infants;  see  Hausdorff   (D 7), page   101 right column first full paragraph.  The mere 
presence of cross-reactive antibodies  between two serotypes and/or their structural similarity 
does not mean that a sufficient  protection is provided. For example, Mbelle (DI) teaches that 
serotypes 6A and 6B only differ in the linkage  of  a single  sugar. Although  cross-reactive  
antibodies  against  6A  are produced upon vaccination with 6B, little opsonic activity was 
observed against serotype 6A. From that  the  authors  of  Mbelle   (D8) conclude  that  serotype  
6A  should nevertheless be included. In addition, Yu (D6), which discloses the exact 
composition of the 13-valent CRM197- conjugated  vaccine,  in  fact  tested  whether  there  was  
a relevant  cross-protection  for the 6A/6B and 19A/19F serotype pairs in CRM 197-conjugated 
vaccines. They found only very low levels of opsonophagocytosis titers for 6A and 19A 
(which are a measure for cross-reactivity) in infants that had been immunized with 6B- and 
19F-containing vaccines;  see page  1571, section "Immune responses to cross-reactive  
serotypes 6A and 9A PS". Since infants are the prime targets of pneumococcal vaccines, the 
inclusion of 6A and 19A in addition to 6B and 19F as proposed by the authors of Yu (D6) 
(page 1569, right column, 1st paragraph) makes complete sense. 
At a minimum, the skilled  person would have  reached the invention by following 
the "try-and-see" approach or would have been motivated to try  because   a 13-valent 
composition in  which  6A  and  19A  are added to the existing  11-valent composition 
had  been  disclosed in theoretical terms  in each  of the references discussed above and  
there  would have  been  no  practical difficulty in  making it.  Based  on  those  
documents, and  several  other  prior  art  documents referred to herein, there was also 
clearly significant motivation to make it. Even taking  account of the alleged  doubt as 
to the level of cross-protection provided by 6B and 19F, D7 teaches  the skilled  person 
a clear course of action:   if insufficient cross- protection for  6A  and  19A  is  seen  
from   the  formulations  containing  6B  and  19F undergoing  efficacy   trials   at   the   
time   (for  example,  the   11-valent  compositions disclosed in  D4 and  D5), then  6A 
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and  19A  should be added to the  formulations to improve coverage.   The  ongoing 
efficacy  trials  would either   show   sufficient cross- protection or would not, and  in 
this binary  situation there  is no inventive step  merely in finding that  they  would 
not.   Following a finding that  they  would not,  the  skilled person would have  taken  
the obvious step  of adding 6A and 19A to the formulations. In  arriving  at  the   
claimed   invention,  the   inventors  have   therefore  followed  the approach which  
they publicly  endorsed in D7, without exercising any inventive skill. 
 
Furthermore, the  skilled   person would have  expected  that  6B and  19F  would  not 
provide sufficient cross-protection, for example, based  on Mbelle et al. (1999) The Journal 
Of Infectious Diseases; 180: 1171-1176 (D8) and D6. D8 discloses  a 9-valent  pneumococcal 
vaccine  where serotypes 1, 4, 5, 6B, 9V, 14, 18C, 19F and  23F are conjugated to 
CRM197 (p1171, left col., 2nd paragraph). The authors of D8 assessed the  impact  of the  
9-valent  vaccine  on  carriage of different S. pneumoniae strains.   Table  2 compares the  
number of children carrying particular serotypes in vaccinated and  control   groups 
and  shows that  vaccination with  6B and  19F  in  the 9-valent  vaccine  conferred little  
or  no  6A and  19A  cross-protection in  the  vaccinated children. D8 goes on to state: 
"The most common nonvaccine serotypes isolated from vaccinees were 15, 6A and 19A" (p1173, right 
col., 1st paragraph, lines 21-23). The authors of D8  then  highlighted the importance of 
including at least serotype 6A in future generations of vaccine  in view  of this lack of 
cross-reactivity (p1174, right  col., 2nd paragraph, lines 5-13): 
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As already discused above,  D6  teaches  the  skilled  person to  add  6A  and  19A  to  
further pneumococcal conjugate vaccine compositions.  Before D6,  it was thought that 
6B and 19F  conjugate  vaccines   might   elicit  antibodies which   cross-react  with   and   
protect against  serotypes  6A  and   19A.     The   authors  of  D6   studied  capacity  
of  three experimental  conjugate vaccines   containing  6B and  19F,  but   not  6A  
and  19A,  to opsonize S. pneumoniae 6A, 6B, 19A, and 19F serotypes and  the level of 
IgG antibody to the  4  serotypes (see  Abstract).   The  three   experimental vaccines   
were  PP  and  OP (containing  CRM197 conjugates  of   whole    polysaccharides   or   
oligosaccharide  of serotypes 6B, 14, 19F, 18C  and  23F), and  MK  (containing  
NMOMPC conjugates  of polysaccharides of serotypes 6B, 14, 19F, 18C, 23F, 4 and 9V). 
See Table 1.  
 
D6 found that  the CRM-conjugated PP vaccine  elicited 19F-specific  antibodies that did 
not   cross-react  with   19A   (see  paragraph  bridging  p1572  and   1573)  and   that   
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the CRM197-conjugated PP and OP vaccines induced opsonic titers  to 6A in only half 
of the infants tested  (p1572, left col., lines 2-5). 
 
Therefore, the skilled person would have  understood that  6B and 19F in 
pneumococcal CRM197 conjugate vaccines  were  not  sufficiently cross-protective.   
Furthermore,  D6 itself  proposes that  6A  and  19A  should be  included in  future 
vaccines  to  increase coverage (page 1569, right col., lines 5-7).  As indicated in the 
alleged application (paragraph [0031]), the   rationale  for  adding  serotype 6A  to  the   
multivalent  pneumococcal conjugate vaccine came from  the data  observed and 
reported in D6. 
 
Therefore, adding serotypes 6A and 19A to the 11-valent D5 vaccine composition 
did  not  involve   an  inventive step.    The claimed   vaccine compositions therefore lack 
inventive step  over D5 when taken  alone  or in combination with  any of D6, D7 and 
D8. 

 
 
Further evidence that the skilled person would have  added serotypes 6A and  19A to 
the 11-valent composition of D5 is provided in D4 and  D11(WO0062801).   Each of 
D4 and  D11 also discloses  an 11-valent conjugated S. pneumoniae vaccine containing 
the same polysaccharide serotypes as in the 11-valent vaccine disclosed in D5; namely 
serotypes 1, 3, 4, 5, 6B, 9V, 14, 18C, 19F and  23F (see D4 page 11, lines  26-29 and  
D11 page  7, lines 20-22). Immediately following those disclosures, D4 and D11 each 
state: 

 
"In  a  preferred  embodiment   of  the invention at least 13...   polysaccharide  
antigens 
(preferably conjugated) are included"  (D4 page 11, lines  29-30, D6 page  7, 
lines 
22-
24),  
and 

 
for infants or toddlers (where otitis media is or more concern) serotypes 6A and 
19A are advantageously  included  to form a 13 valent vaccine." (D4 page  12, 
lines  7-8, D6 page 7, final line to page 8, line 2) 

 
D4 also teaches  that  the polysaccharides may  be conjugated to CRM197 (D4 page 14, 
lines 14-18; page 20, lines 3-6; and claim 8, D11, page 6, lines 21-26). Thus, starting from 
D5, claim 1is also obvious in view of each of D4 and D11. 
 
In its response to opposition and examination Wyeth takes shelter in the position that  
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Further Wyeth has highlighted how the other companies used different conjugations 
strategies which were not successful as elaborated below: 

 

 
In a recent opposition to the European equivalent to this very same patent, which 
stands revoked as on today, it has been clearly established that Wyeth’s contentions 
drawing inferences from its competitor’s products is clearly erroneous. In a document 
dated August 25, 2014 submitted by opponents attorneys VOSSIUS & PARTNER it has 
been stated in 4.2 subsection that “ We have contacted Sanofi Pasteur to verity 
whether Patentee's statements were correct. It turns out that Patentee's allegations 
in this respect are entirely incorrect. In support,  we  herewith  enclose  a 
declaration  by  Dr.  Talaga, Head  of an Analytical Research Unit for Sanofi Pasteur, 
Marcy l'etoile, France (D12), who at around the priority date of the patent was a member of 
the team at Sano.ft Pasteur assigned to develop, study and characterize Streptococcus 
pneumonia polysaccharides and glycoconjugates and  to research and develop vaccines  
containing  such  glycoconjugates  (063). It is clear  from Dr. Talaga's declaration that 
Patentee's arguments are based on a hindsight approach to artificially construct a prejudice 
in the art that in fact did not exist” 
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While it seems to be correct that these pharmaceutical companies were, before the priority 
date of the patent, working on alternative   pneumococcal   vaccines  using  other  carriers,  it  
is  logically  flawed  and factually incorrect to deduce that this was because of "immune 
interference" effects. In a response submitted in corresponding European Patent Opposition, 
Dr. Talaga has reviewed Wyeth's arguments and confirms in his declaration (D12) that 
Sanofi Pasteur chose not to utilize a single carrier concept in 2005 because of historical 
reasons in its predecessor companies before their merger and not because of a fear of 
"carrier suppression"; see item 11 of Dr. Talaga's declaration  (D12). In fact, Dr. Talaga 
reports that in Sanofi Pasteur' s team there was no fear of "carrier-induced  suppression" 
with respect to diphtheria toxoid (DT) and its mutant CRM197. Dr.  Talaga correctly 
notes that the only reports before the priority date of the patent on "immune interference" and 
"carrier-induced suppression" relate to tetanus toxoid (TT)  and not to DT or its mutant 
CRM197; see item 5 of Dr. Talaga's declaration CD12).  Dr. Talaga further points out that 
the lack of immune interference observed for pneumococcal antigens conjugated to CRM-197 is 
also taught by the prior art  study reported in Obaro (D 17), in which no decrease in immune 
response was observed when a 9-valent CRM l 97-conjugated vaccine was co-administered  with  
a vaccine  containing DT, TT, whole cell pertussis and Hib-CRM197-conjugates; see item 7 of 
his declaration (D12). Furthermore, Dr. Talaga notes that Obaro (D17) shows that, given the 
amounts of CRM197 utilized in that study, no "immune interference" would have been 
expected by the addition of 4 additional CRM-197-conjugated serotypes to the 9-valent 
pneumococcal vaccine. 
 

Wyeth essentially argued that it was not obvious to obtain a optimal immune response 
against 13 capsular polysaccharide conjugates from 13 different serotypes of S. 
pneumoniae. and that their alleged invention surprisingly succeeded with this approach , using 
the carrier CRM191, obtaining  good responses to antigen where others have failed". However, this 
argument is not persuasive for several reasons: 

- First, the claims do not require a "optimal" response. Nor do the claims  
require that  the compositions provide   an    immunogenic   response   
to    each    different   serotype polysaccharide in the composition, or a 
particular level of immunogenicity.  Based on the  claim's wording, the  
relevant question is  whether it  was  obvious to  produce  a 13-valent 
composition according to claim 1 which  was, to some  degree, 
immunogenic. For  example, a  composition may  meet  the  
requirements of claim  1 even  if it  only induces an immunogenic 
response to a single  component (including only  the  CRM197 carrier).   
In view of the comments above, the claims must therefore be obvious. 

- Furthermore, none  of the documents cited  by the  patentee( Including 
Annexures 1 to III) in support of its arguments establish that  the  
skilled  person would have  had  concerns about  interference of the 
immune response when adding further serotypes to multivalent 
pneumococcal polysaccharide-CRM197  conjugate vaccines.   Instead, 
those  documents emphasise that interference is caused by the amount 
of carrier  protein in the formulation, rather  than the number of 
serotypes 

- Fattom  et al. (1999) Vaccine; 17: 126-133 included as Annexure I by Wyeth, 
investigated interference in multivalent conjugate vaccines  and  found 
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that   the   carrier   protein  concentration  had   a  significant  effect   on   
the   extent   of interference of the immune response: "The data suggest that 
the extent of interference  is related  to the concentration  of the carrier protein. Only 
a trend  of suppression  was observed when rEPA [recombinant, nontoxic  
exotoxin   A]  was added to the combined  vaccine at a  10 ug/dose. A 
significant suppression, however, was observed when the amount was increased to 
100 ,ug (p < 0.05)" (p131, left col., 3rd paragraph) 

- Dagan  et al. (1998) Infection and Immunity;  66: 2093-2098 enclosed by Wyeth 
as Annexure 2,  also  emphasised  that   the  content of  the  protein carrier   
in  conjugate  vaccines should be restricted: "Restriction  of the content of the 
protein carrier in conjugate vaccines is desirable, as is the development   of  other 
protein or nonprotein carriers for saccharide  conjugate vaccines." (p2097, right 
col., final 4 lines) 

- Wuorimaa et al. (2001) The Pediatric Infectious  Disease Journal; 20: 272-277 
enclosed as Annexure III by Wyeth used  a mixture of conjugates with  two  
or more  different carrier  proteins with  some  polysaccharide serotypes 
on one carrier  and  some  on another.   

 
 
While trying to overcome Anderson et al. (2003) Vaccine; 21: 1554-1559 cited in the 
examination report, applicant has stated as follows: 

 
 
However according to this reference, the amount of each  carrier  protein (tetanus toxoid  
(T) or CRM197 (C)) in the  mixture was halved  (25 mcg) compared to conjugates with  
only a single carrier  protein (50 mcg) and  no interference was  observed.  The authors 
suggested that  carrier overload and  immune interference would not occur until the 
dose of carrier  was greater than 50 mcg: "The mixture of half-doses  of our T and C conjugates 
was studied primarily to rule out negative interference. Indeed, with none of the PS serotypes was 
the mixture of halved doses less effective than  the  full  dose of  either conjugate given alone. 
Positive interference  (a response significantly  greater than of both conjugates  given alone) was also 
not observed; but, with the limitations  of this study, positive interference was not expected, for two 
reasons.  Halving the dosage  of  each carrier hypothetically  would improve the PS responses if 
carrier overload were operative; however, at carrier dosages of  only 50ug, overload  might not  be  
expected [4]"  
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According to D10,  the  7-valent  Prevnar formulation contains approximately 20 
mcg CRM197 (see D10, page 605, left col., "Vaccine and Vaccine Administration"), which  is 
less than  3 mcg per serotype. So, the skilled  person would expect to be able to add  at 
least 10 further serotypes using the same amount of carrier  per serotype before 
exceeding 50 mcg total  carrier  protein and  would expect  a 13-valent CRM197 
conjugate composition  to have  no more  than  about  40 !lg carrier  protein.  One  skilled  
in the art would therefore have  understood that,  in further pneumococcal CRM197 
conjugate vaccines,  there  was plenty  of  room   to  add   further  conjugates using   the  
same  carrier   protein without causing interference of the immune response.  The 
phenomenon of interference of the immune response would not therefore have  
dissuaded the skilled  person from  adding serotypes 6A  and  19A  to  known  
multivalent pneumococcal vaccines,  including the patentee's own 11-valent CRM197 
conjugate vaccine of D5. 
Based  on  Fattom  et al, Dagan et al and  Anderson et al ( cited as Annexures I to III in 
Wyeth’s response), therefore, the  skilled  person would not  expect  levels  of carrier  of 
about  50 mcg or less to lead  to interference.  However, claims 1-5, 7-12, 14 to 19 and 
21 permit the use  of much  higher  levels  of the  CRM197 carrier  protein and,  in view  
of the  prior  art, much   higher   levels   of  carrier   protein  might   be  expected  to  lead   
to  interference. Therefore,  if  the   patentee  argues  that   the   invention  overcomes  
the   problem  of interference of the  immune response then  c l a i m s  1-5, 7-12, 14 to 
19 and 21 are  not  inventive across  their entire    scope   because    they    encompass  
pneumococcal  CRM197 conjugate  vaccine compositions with  high levels of carrier  
protein which  would not solve the problem. 
 
Since Wyeth developed a series  of successful  conjugate vaccines  with CRM197, this would 
have most definitely  provided  a  high expectation of success  in producing an immunogenic 
13-valent CRM197 conjugate vaccine as well. For example D10 confirmed  the   safety   
and   immunogenicity  of  the  7-valent   CRM197  conjugate vaccine  (Prevnar/PCV7). 
This article  pointed out  that  there  was no interference of the immune response after 
two serotypes - 4 and 9V - had been added to a 5-valent  vaccine containing 6B, 14, 
19F, 18C,  and  23F conjugated to  CRM197  (PNCRM5)  in  order   to provide improved 
coverage (paragraph bridging pages 604 and 605): 

"Comparison   of the GMCs achieved  after the three-dose  primary  series in this study with those 
observed after the most comparable PNCRMS previously evaluated suggests that the addition  of 2 
more serotypes (4 and 9V) to the pentavalent  vaccine did not result in a biologically   meaningful 
decrease in immunogenicity."  (p609,  paragraph bridging left and right columns) 
 
D8 then  tested and confirmed the immunogenicity of a 9-valent  pneumococcal vaccine 
conjugated to CRM197 in which  two  more  serotypes - 1 and  5 - had  been  added to the 
7-valent  vaccine  (see paragraph bridging left and  right  columns of page  1171).   This 
article also  pointed out  that  there  was  no interference of the  immune response when 
these two further serotypes were  added: 
"Although our data are not directly comparable to studies using a 7-valent  vaccine in different 
populations  [9, 19], they do suggest that the addition  of 2 serotypes to the vaccine is not associated 
with evidence of hyporesponsiveness."   (page 1174, left col., 3rd paragraph) 
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Furthermore,  D5   shows  that   the   patentee  also   produced  an   11-valent  CRM197 
conjugate vaccine  (D5, Table 4) in which  further serotypes 3 and  7F were  added to the 
9-valent  vaccine  and  indicates that  5-, 7-, 9- and  11-valent formulations all induced 
good immune responses (see D5 p158, right col., 3rd paragraph). 
 
As set out above, the prior art provided strong and explicit motivation to add serotypes 
6A  and  19A  to  multivalent  pneumococcal vaccines,  particularly the  patentee's own 
11-valent CRM197 conjugate vaccine  disclosed in D5.  With the objective  of providing 
further improved coverage, the skilled  person would have  taken the obvious next step 
of adding those  serotypes to  the  11-valent conjugate and  would have  produced an 
immunogenic 13-valent composition as defined in the claims.   Furthermore, the series 
of successful multivalent CRM197 conjugates discussed above would have provided the 
skilled person with a strong expectation that  the 13-valent CRM197 conjugate vaccine 
would show  good immunogenicity. 
 
Wyeth has argued that  the  skilled  person would not  reasonably have expected  to  
be  able  to  add   further  conjugates to  the  existing   multivalent  CRM197 conjugate 
vaccines  and  achieve  a suitable immune response (for example due  to a fear of 
interference of the  immune response).  However, to  the  extent  that  the  patentee 
argues this,  the  claims  are  not  inventive across  their  entire  scope  for  a  number of 
reasons, as follows: 

- Claims      1-6     recite      compositions    comprising     13     distinct 
polysaccharide-protein conjugates which can therefore include many more  
conjugates. However, the   alleged invention  merely   shows that   a 
particular  composition  of  13  CRM197 conjugates of  S.  pneumoniae 
capsular  polysaccharides induces an  immune  response. The   Patent's  
data   does   not   make   it  any   more   credible   than   the   prior   art   that 
pneumococcal CRM197  conjugate vaccine  compositions including 
further  conjugates would also achieve  a suitable immune response. 

- Furthermore, the claims  relate  to vaccines  which  are suitable for 
protecting or treating humans. However, the alleged invention merely 
shows that a  13-valent  S.   pneumoniae capsular  polysaccharide  
CRM197 conjugate induces an immune response in rabbits. The 
application data does  not therefore make it credible that a technical  
problem has been solved  in respect  of the protection or treatment of 
humans using  the claimed 13-valent CRM197 conjugate vaccine 
compositions. Hence the alleged invention reveals no more than what 
has already been disclosed in prior art. 

- Further still, the application data  is limited to testing 13-valent 
compositions in which  the dose  of serotype 6B polysaccharide is double 
the amount of each of the other polysaccharides. Serotype 6B is  
generally considered to  be  a  poorly  immunogenic antigen and  the  
multivalent pneumococcal CRM197 conjugate vaccines  in the  prior  art 
including 6B (e.g. Prevnar) consistently used  double the amount of 6B 
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compared to the other serotypes. Claims of the opposed application ( 
specifically claims 1-6, 8-12, 14-19) permit any dose of 6B relative  to the 
other  polysaccharides. However, the alleged inventiob   does  not  make  it  
credible that  the  claimed  13-valent CRM197 vaccine  compositions 
would provide a suitably immunogenic response using  any dose of6B. 

- Additionally applicant has emphasized on addition of serotype 3 and has 
further retained claim 7 based on such broad recital. Further in the 
response applicant has argued that  

 

 
However Wyeth's arguments seems to be based  on the 9-valent  CRM197 
conjugate vaccine  of Mbelle et al. (1999) The Journal Of Infectious Diseases; 
180: 1171-1176 as a starting point  and  did  not take  account  of the 11-
valent CRM197 conjugate vaccine of D5, which  includes serotypes 3 and 
7F in addition to those of the 9-valent  vaccine. Therefore, Wyeth’s 
argument that  including serotype 3 was not  obvious is  a  moot  point.    
In  view  of D5, the  skilled  person would have  kept serotype 3 in  a  
multivalent  pneumococcal polysaccharide-CRM197  conjugate vaccine 
and would have expected it to induce an immunogenic response. 

Accordingly, the alleged invention  does  not show  that the claimed invention solves  an 
underlying technical  problem across its entire  scope. Accordingly, if  the  disclosure of  
the  Patent   makes  it  reasonable to  believe  that  the compositions of pending claims 
solve the underlying technical problem across  their scope then it must  also have been 
reasonable to have expected success from  the prior  art. 
 

Starting from O'Brien (D16) and Overturf (D5) it can be established that the claims lack 
inventive step. Both D16 and D5 vary in one aspect that they disclose an 11-valent 
immunogcnic composition in which the immunogenic polysaccharides are conjugated to 
CRM l 97 instead of a 13-valent immunogenic composition. Serotypes 6A and 19A are not 
included in the 11-valent compositions of these references. The effect of the addition of 
serotypes 6A and 19A to the 11-valant vaccine is a broader serotype coverage in infants; see 
opposed patent application at  [0003]  and [0004]. Hence, the technical problem to be solved 
by the subject-matter of instant claims can be seen in the provision of an immunogenic 
composition with broader coverage.  The solution, i.e. the provision of the 13-valent 
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composition would have been obvious  in  view  of:  e.g.,  Hausdorff  (D7) or  Reinert   
(D25)  which disclose the importance of adding serotypes 6A and 19A, particularly in the  
context of vaccines for very young children. 
 
In the alternative, the skilled person would also have learned from De la Pena (D15) that the 
coverage of the 11-valent vaccine could be increased by adding two further serotypes, 6A 
and  19A. There would also have been a reasonable expectation of success in view of the 
historic development  from 5- to 7- and 9-valent CRM-conjugated  vaccines. Consequently, 
the subject-matter of instant claims lacks inventive step over O'Brien (D16) or Overturf 
(D5) in view of any of De la Pena (D15), Hausdorff (D7) or  Reinert (D24). 
 
Starting from D5 the additional features of each  of 2- 21 are  also  obvious and provide 
no particular technical  effect beyond the existing  teaching of the prior  art. Use   of  the  
adjuvants  according  to  claims   2-6 in  multivalent  S. pneumoniae CRM197  conjugate  
vaccines   was   widely  known  in  the  art.     D5  itself discloses   that   an  aluminium  
phosphate  adjuvant  is  used   in  the  7-valent   Prevnar formulation (see page 158, 
page 158, right  col., final  three  lines).   D4, pages  3-4, D3, paragraph [0100] and  D11 
claim  12  and  page  12,  paragraph 4 also  teach  the  skilled person to  include  
aluminium  adjuvants  according to  claims  2  to  6  of  the  Patent. Therefore, the 
additional features of claims 2 to 21 would have been obvious. 
 
Further D10 discloses that Wyeth’s own heptavalent Prevnar/PCV7 vaccine,  which  
includes 7 pneumococcal polysaccharide antigens conjugated to 20 mcg CRM197 is in  
a single  0.5 ml  dose  formulation containing 2 mcg of each  S.  pneumoniae 
polysaccharide antigen, except  6B, for which  4 mcg is recommended, and  also 
contains 0.5 mg  aluminium phosphate as an  adjuvant.  No  technical  effect is 
attributed to the minor  differences between the formulation described in D10 and that 
defined in claims 13 and 20  (which  contains approximately 29 mcg CRM197, sodium 
chloride and  sodium succinate buffer as excipients). Therefore, starting from D5, claim 
13 and 20  would have been obvious in view of D10. 
 
Further Claim 1 is not  inventive  over Mbelle  (D8). Obaro  (D17), Cutts (D20) as the 
closest prior art. Mbelle  (D 8 ) &  Obaro   (Dl 7) which  also disclose  the  9-valent  CRM197- 
conjugated  vaccine. When looking for further serotypes to extend the coverage of the 9- 
valent vaccine, the skilled person would have combined the teaching  of these documents 
with  either  De   la  Pena   (D15),  Hausdorff  (D7) or Reinert  (D24)  and would inevitably 
have arrived at the subject·matter of claim 1. Further claim  1 is not inventive over De la 
Pena (D15) as the closest prior art. The difference  between  the  13-valent vaccine  of De  la 
Pena  (D15) and   claim 1 is that claim 1 explicitly requires that all serotypes are  
conjugated to CRM197. This, however, is obvious in view  of  any  of  Mbelle  (D8),  Obaro 
(017), O'Brien (D16), Overturf (D5) and Cutts (D20). There is no reason for the skilled 
person to deviate from the previous CRM197-coupled 7-, 9- or  11-valent vaccines by 
including a further carrier protein. As explained earlier, there was also no prejudice based on 
"immune interference" as claimed by Patentee against the use of a single carrier. 
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Further should Wyeth take  the  position that  the claims  do  not  lack an inventive step  
in view  of the prior  art because  more  than  mere  routine experimentation was  required 
to arrive  at the invention, the subject matter  of the claims is not sufficiently disclosed. 
Similarly, if Wyeth argues in some way that the claims of the Patent  are limited to 
conditions in which  some  unexpected technical  effect is occurring then  the  Patent  is 
insufficient as there  would be an undue burden on the skilled  person in achieving this 
alleged  effect across the scope of the claim. For  example, Wyeth takes the positon that  
the  claimed  invention unexpectedly overcomes an  alleged  problem of interference of 
the  immune response. The prior  art indicates that this phenomenon would not be 
expected at carrier doses  of 50 mcg or less (Anderson et al. (2003) Vaccine; 21: 1554-1559) 
in a multivalent pneumococcal capsular polysaccharide CRM197 conjugate vaccine.   
However, interference might  be expected at much  higher  doses  of carrier  protein and  
claims 1-5, 7-12, 14-19 and 21 are not limited to a particular amount of carrier  protein. 
Therefore, to the extent  that  the patentee argues that the invention was to overcome the 
alleged  problem of interference of the  immune response then  at  least  claims  1-5, 7-
12, 14-19 and 21 are insufficient as  they  encompass compositions with  a  high  
amount of carrier   protein which  would not overcome the problem of interference. 
Furthermore,  since  claims  1-6  recite  compositions comprising 13 distinct  
polysaccharide-protein conjugates, the claimed compositions can include many further 
conjugates. If  the  patentee  argues that   the  skilled   person adding further 
serotypes to the multivalent vaccine compositions disclosed in the prior  art would have 
expected them  to be non-immunogenic (for example due to potential interference of the 
immune   response),  then    the    claims    must    be   insufficient   as   they    encompass 
embodiments including further conjugates and  the  application  does  not  teach  the  
skilled person how  to  avoid  immunogenic interference when a composition 
includes more than 13 conjugates. 
 
In view of our submissions and additional prior arts, we request the learned examiner to revoke 
the patent in totality. In addition we draw the examiner’s attention to that fact that although 
Wyeth relies in 13 valent vaccines as their pivotal embodiment their current claim amendments 
read beyond 13 valencies and covers even lower valencies known in prior art. Further opponents 
would request learned examiner to kindly note that claims which were narrower than the claims 
submitted by Wyeth in their recent amendment to IPO,  have been revoked in totality in the 
corresponding European Patent Opposition (See 
https://register.epo.org/application?number=EP06740419&lng=en&tab=doclist).  

In case of any adverse decision, we request the learned examiner to kindly provide us an 
opportunity of being heard before final disposal of the matter. 

 

https://register.epo.org/application?number=EP06740419&lng=en&tab=doclist
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