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Immunogenicity of a 23-Valent Pneumococcal Polysaccharide Vaccine
in Elderly Residents of a Long-Term Care Facility
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S. pneumoniae isa significant cause of community-acquired pneumoniain the elderly, and accountsfor the majority
of the pneumonia deaths among the elderly. We conducted this randomized double-blind study to evaluate the
immune response to a 23-valent pneumococcal polysaccharide vaccine and the persistence of antibodies two years
after the vaccination in an elderly population in Santiago, Chile. A total of 118 elderly nursing home residents
received either the pneumococcal or a tetanus control vaccine. Serum samples were taken at enrolment, at two
months, and at two years post-vaccination. Pre-vaccination anti-pneumococcal antibody geometric mean
concentrations (GMC) were similar in both study groups, with increased levels of antibodies found only against
serotype 14. The pneumococcal vaccine was highly immunogenic at 2 months, and titers remained high two years
after the vaccination for the 10 serotypes studied in this elderly population. The results thus support the benefits of
this pneumococcal vaccine in this elderly population who are at increased risk of invasive pneumococcal disease.
Key-Words: Sreptococcus pneumoniae, vaccine, elderly, immunogenicity, antibodies.

Streptococcus pneumoniae can result in conditions ranging
from nasopharyngedl colonization to otitis media, and invasive
diseases such as meningitis, sepsis, bacteremia, or pneumonia. S
pneumoniaemay account for 30% to 50% of al adult community-
acquired pneumonias (CAP) requiring hospital admissionand may
also be the most frequent cause of pneumoniain long term care
ingtitutions[1,2]. A meta-anaysis of 122 reports of CAP between
1966 and 1995 showed that S pneumoni ae caused 66% of nearly
7,000 cases having an established etiology [3].

Thereported annual incidence of pneumococcal infections
worldwide is between 130 and 210 cases for every 100,000
inhabitants, but the rate is higher in elderly persons and in
patientswith acompromised immune system [4]. Recent data
suggest that therate of CAPinthe USis 18.2 cases per 1,000
person-years in persons aged 65 to 69 years, rises to 52.3
cases per 1,000 person-yearsin those aged 85 yearsand ol der,
and in nursing homeresidents, theratesof CAP are estimated
to be more than 300 cases per 1,000 person-years [5-7]. The
annual incidence of invasive infections due to Sreptococcus
pneumoniaein adultsolder than 64 yearsin Chile, in afollow-
up period of five years, has been reported to be 234/100,000
[8]. Themortality ratefor pneumoniain 1998in Chilewas 83/
100,000 inhabitants[9].

Pneumonia in elderly patients is often caused by
microaspiration of upper respiratory tract secretions colonized
by S. pneumoniae, especially in those with an ateration in
local defense mechanisms. Elderly individuals often have
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medical histories, underlying conditions, or chronic diseases
that increasetheir risk of pneumonia, such as chronic cardiac
and pulmonary conditions, diabetes mellitus, alcoholismwith
liver failure, dementia, cerebrovascular diseases, and asmoking
habit [10,11]. Pneumococcal diseases are traditionally
community-acquired pathologies. Long-term carefacilities, or
nursing homes, are unigue among community settings,
providing an environment rich in susceptible hostsand ideally
suited for spread of respiratory diseases.

Whether the infection is acquired in the community or in
long-term care, more than 80% of invasive pneumococcal
isolates from older adults are serotypes included in the 23-
valent pneumococcal vaccine (Pneumo 23™, Sanofi Pasteur,
Lyon France) currently available in Chile [8]. This finding
highlights the potential benefits expected from immunizing
this high-risk population. Our primary objective was to
determine theimmunogenicity of this23-valent pneumococcal
polysaccharidevaccinein elderly inalong-term careinstitution
at 2 months and at 2 years post-vaccination.

Materialsand M ethods
Study Design and Population

Thisdouble-blind, randomized, controlled, study enrolled
subjects who were residents of Hogar de Ancianos Rosita
Renard residence for the elderly, between August 1998 and
September 2000. The study protocol and consent form were
approved by the study center Ethical Review Committee of
Universidad de Los Andes, and all subjects gave written
informed consent before study entry. Before entering the
study, aphysician examined each patient and obtained aclinical
history. Subjects were randomly assigned in equal numbers
to receive a 23-valent pneumococcal polysaccharide (Group
B), or amonovalent tetanustoxoid control vaccine (GroupA).
Maleand femaleresidents, 60 yearsof ageor older weredligible
if they had anormal immune system, were self sufficient in
carrying out daily activities, and were receiving adequate
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treatment for any chronic disease or condition if present.
Patientswith an acutefebrileillness 7 days prior the study, or
immunocompromised subjects with a high risk of
pneumococcal disease or complications, spleen dysfunction,
splenectomy, lymphoma, multiple myeloma, chronic kidney
failure or organ transplant candidates, HIV/AIDS, and
individual swith cerebrovascular disease, diabetesmellitusor
alcoholism were excluded. Subjects having a pneumococcal
vaccination within aperiod of 6 yearswere also excluded.

Vaccines

The studied vaccine was Pneumo 23™, a polyvalent
polysaccharide vaccine. Each 0.5 mL dose contains 25 ug of
each of thefollowing 23 polysaccharide serotype antigens: 1,
2,3,4,5,6B,7F,8,9N,9V, 10A, 11A, 12F, 14,15B, 17F, 18C, 19A,
19F, 20, 22F, 23F and 33F. Thecontrol vaccinewas Tetavax™
a monovalent tetanus toxoid vaccine. Both vaccines were
produced and supplied by Sanofi Pasteur, Lyon, France, and
a single dose was administered by intramuscular injection
into the delthoid region.

Immunology
A pre-vaccination blood sample was taken from each

subject. Two months after vaccination, asecond blood sample
was obtained to measure the antibody response to 10
pneumococcal serotypes. In order to evaluate antibody
persistence, athird blood sample was obtained approximately
2 years after vaccination.

The antibody concentration was determined by ELISA
using polysaccharide antigens obtained from the American
Type Culture Commission (ATCC, Manassas, Virginia, USA)
using a previously described method in which association
between the antibody concentration detected by ELISA and
opsonophagocytic activity (OPA) was improved [12].
Geometric Mean Concentrations (GM C) and 95% confidence
intervals (95% CI) were calculated for anti-pneumococcal
antibodies against the following 10 serotypes: 1, 3, 4, 5, 6B,
9V, 14, 18C, 19F and 23F. Descriptive comparisonswere made
of GMCs based on the calculated 95% CI. Pre-vaccination
GMCs>1.3 ug/mL of antibodies, (equivalent to 200 ng 1gG/
mL) were defined as the threshold seropositive level [13].
Vaccine response/seroconversion was defined a 2-fold
increase over pre-vaccination levels in GMCs at 2 months
and at 2 years after vaccination.

Reactogenicity and Safety
Reactogenicity and safety were evaluated by subject

reports one hour, 24 hours and 48 hours post-immunisation.
We recorded local and systemic reactions related to
vaccination.

Results
Subject Disposition

From 118 subjects, 55.1% were men and 44.9% women.
Chi-sguaretest was used to compare the two groups of study,

vaccinated and the control groups. Therewere no differences
in the coexisting diseases of the patients (p > 0.9). Nineteen
point five per cent had cardiac disease, 41.5% had
hypertension, 9.3% diabetes mellitus, and 10.2% chronic lung
disease. The demographic data for the study population is
summarizedin Table 1. Antibody level swere measured before
and 2 months after pneumococcal vaccination in 30 subjects,
and athird measurement was made at 2 yearsin 15 subjects.
In the control group, 41 subjects were evaluated before
vaccination and two months later; antibody levels were
measured in 22 subjects at 2 years. Decreasesin the numbers
of subjectsavailable between enrollment (n=118), at 2 months
(n=71), and at 2 years(n= 37) resulted from transfersto other
institutions and blood samples that were insufficient for the
laboratory analysis. For ethical reasons the investigators
decided not to obtain another sample.

Immunology
The immunologic data for each of the 10 pneumococcal

serotypes tested are listed in Table 2. The highest pre-
vaccination titers in both study groups were of antibodies
against serotype 14, with values of 3.1 pg/mL. (95% Cl:2.2;
4.6) and 3.9 ug/mL. (95% Cl:2.8; 5.5) respectively. Thelowest
pre-vaccination GM Cs were those against serotype 4 in both
groupswith valuesof 0.45 ug/mL (95% Cl: 0.3-0.7) and 0.49
pg/mL (95% CI:0-3-0.7). Before vaccination, the anti-
pneumococcal antibody GM Csfor theten serotypes evaluated
weresimilar. The highest GM Cstwo months after vaccination
wereagainst serotypes 14, 5, 19F and 18C inthegroup receiving
pneumococcal vaccine, with values of 10.27 pg/mL (95%
Cl:7.4-14.2),5.90 ug/mL (95% Cl:4.5-7.7), 4.15 ug/mL (95%
Cl:2.96-5.8), and 3.27 ng/mL (95% Cl:2.5-4.3) respectively. In
the subjects vaccinated with the pneumococcal vaccine, the
antibody levels for each serotype remained increased two
years after vaccination, and the GMCs in this group were
higher at 2 months and at 2 years for al the antibodies
evaluated than those in the group receiving the control
vaccine (Table 2). The pre- and post-vaccination GMCs are
shownin Figures 1to 4.

Reactogenicity and Safety
The most frequently reported local events within 1 hour

following pneumococcal vaccinationwerepain at theinjection
site (15.3%), and redness (3.4%); 81.3% of subjects did not
report any reaction. At 24 hours, 5.9% reported pain at the
injection site, 5.9% experienced redness and 0.8% swelling.
At 48 hours post-vaccination, only 5.9% of the subjects
experienced redness, 1.7% swelling and 1.7% pain. No
systemic adverse events were observed.

Discussion

Our objective was to measure the immediate immune
response to 10 of the serotypes contained in the vaccine 2
months after vaccination in an elderly population, aswell as
the persistence of antibodiestwo years after vaccination. Our
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Table 1. Characteristics of volunteersenrolled in the pneumo 23 vaccinetrial

Tetanusvaccine control Pneumococcal vaccine

n=59 n=59 Total Pvalue

S

Femde 2 5 53

Mae 3 A 6b 057
Age (years)

60-70 12 14 2% 080

70-80 23 21 vali\

>80 19 23 Vi)

No Information 2 4 6
No comorbidity 10 13 PA]
Pre-existing disease 46 49 A 090

Heart diseases 12 1 PA]

Diabetes 6 5 u

Hypertension PA] 2% 49

COPD* 5 7 12

*Chronic obstructive

pulmonary disease.

Table 2. Geometric mean concentrations and 95% confidence interval s of antibodies to pneumococcal serotypesin vaccinated

and control groups

Pre-vaccination
GMT (95% ClI)

2mo. Post-vaccination
GMT (95% ClI)

2yr. Post-vaccination
GMT (95% ClI)

Serotype Vaccinated Control Vaccinated Control Vaccinated Control
S1 .70 (.52,.95) .68 (.50,.93) 174 (1.30,2.34) .70 (.52,.95) 172 (104284 56 (.36,95)
3 .76 (.59,.99) .86 (.651.12) 159 (1.20,2.10) 86 (64116) 125 (.8L195) .71 (.49,.16)
A 49 (.33,.74) 45 (.31,.67 141 (.99,2.00) 50 (.35,.73) 105 (.67,1.63) A1 (25,73)
S 263 (207336) 209 (152287) 591(450,7.75) 224(168299) 491 (413584) 19 (129,299
5B 102 (.751.39) .75 (.51,1.09) 3.06 (2.15,4.36) 76 (52111) 250(148422) 65 (37,111)
NV 92 (.68,1.23) 52 (.37,.71) 311 (222,4.34) 56 (41,.78) 258 (167,398) 41 (.24,.79)
Sl4 394 (281552) 314 (216456) 1027 (74214200 334 (234477) 679 (487947) 289 (1.84477)
S18C 95 (.68,1.32) .78 (.53,1.16) 327 (2494.30) 85(57126) 265(1.94363) .67 (.381.26)
S19F 166 (123226) 126 (.89,1.77) 416 (296583) 129 (92181) 246 (176340) 116 (.71,1.81)
S23F 104 (.731.49) .70 (478,1.03 293 (2.16,3.96) 76 (531100 222 (150309) 46 (.27,1.10)

Figure 1. Immunogenicity of pneumococca vaccine: GMC of
serotype 1 and 3 pre-vaccination, 2 months and 2 years post-

vaccination.
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Figure2. Immunogenicity of pneumococca vaccine: GMC of
serotype 4 and 5 pre-vaccination, 2 months and 2 years post-
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Figure 3. Immunogenicity of pneumococcal vaccine: GMC of serotype 6b and 9v pre-vaccination, 2 months and 2 years post-

vaccination.
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Figure4. Immunogenicity of pneumococcal vaccine: GMC of
serotype 14 and 18c pre-vaccination, 2 months and 2 years
post-vaccination.
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results confirmed the high immunogenicity of thisvaccineas
well asthe fact that the antibody levels against the serotypes
measured remained high throughout two years of follow-up.
High pre-vaccination level s of anti anti-serotype 14 antibodies
in the studied population can be explained by the high
prevalence of this serotype in colonization or invasive
infectionsin our environment [14,15].

We do not have clear information about the protective
antibody levelsin adults. However, in children who have not
received pneumococcal vaccine, aGMC of at least 1.3 ug/mL
for any of the ten serotypes studied appears protective [13].
Pre-vaccination titersin our study group had such increased
values only for three serotypes: 5, 14 and 19F. In a second
sample, two months after vaccination, there was 100%
seroconversion in the serotypes studied, defined as at least a

two fold increase in GMC, and all were above the presumed
protective concentration.

Itisasoimportant to know how long the antibodiesremain
above a protective level, especialy in elderly patients who
are at increased risk for pneumococcal diseases. Two years
after vaccination, the levels of antibodies were below the
presumed protectivelevelsonly for serotype4 (1.05pug/mL).
Inaprevious study conducted in anursing home population,
a decline in seroconversion rates following vaccination has
been seen for serotype 14, and serotypes 6B and 23F have
also been lessimmunogenic in relation to responses to other
pneumococcal capsular antigens [14]. In general, our
immunogenicity findings are similar to those previously
described, which found stronger responses to serotypes 9V
and 14 [16]. It isimportant to emphasize that it is difficult to
comparethe GMCsin our resultswith those of earlier studies,
sincethe method for determination of antibody concentration
changed in the year 2000 to one in which cross-reactivity
between pneumococcal serotypes in the test panels and the
subject samples were reduced [12]. We used the new
methodology in our study.

Pneumococcal polysaccharide vaccines have been
licensed by many countries worldwide since their
introduction in 1982, and have been included in programs
for prevention of seriousrespiratory diseasesin the elderly,
especially pneumonia in developed countries. The
recommendation for pneumococcal vaccinationinthe elderly
is often combined with that for influenza vaccination [17].
Data on the efficiency of thisvaccineislimited for various
reasons, among them, lack of a surveillance system with
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defined diagnostic and confirmation standards for
pneumococcal pneumoniain patients over 65 yearsold. The
available dataindicate effectiveness between 48% and 81%
for prevention of invasive disease, depending on the study
[18-20]. Health economics investigations data support the
cost-effectiveness of pneumococcal polysaccharide
vaccines in elderly populations [21,22]. The American
Advisory Committee on Immunization Practice (ACIP)
recommends vaccination of high-risk groups, who are two
years of age or older and healthy people 65 years of age or
older [23].

Thesocial, economic and medical burden of pneumococcal
disease, especially in the elderly, immunocompromised
patients, or those with chronic diseases, together with an
increase in antibiotic resistant S. pneumoniae, creates a
rationale for use of pneumococcal polysaccharide vaccinein
these groups. We conclude that the immune response and
persistence of antibody concentrations in response to the
pneumococcal vaccine observed in this studyprovide
important additional support for its routine use in elderly
populations, who, likethosein our study, are at increased risk
of pneumococcal infection.
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