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ABSTRACT

ARTICLE HISTORY

Pneumococcal infection is a major cause of pneumonia, bacteremia, and meningitis. Incidence of
pneumococcal disease (PD) varies worldwide. The 23-valent pneumococcal polysaccharide vaccine
(PPV23) displays an acceptable safety profile and has been demonstrated cost-effective in reducing
burden of PD.

Methods: Approximately 100 subjects from the Russian Federation who were either 2 to 49 y of age
with increased risk for PD or >50 years of age were enrolled into the study (NCT01734239) to receive a
single dose of PPV23 administered intramuscularly. Each subject was followed for local and systemic
adverse events (AEs) for 5 and 14 days, respectively. Serious AEs were collected for 28 d postvaccination.
Blood samples were collected immediately prior to vaccination and 28 d postvaccination for the
measurement of IgG to serotypes 1, 6B, 14, 19F, and 23F.

Results: High proportion of subjects had >2 -fold increase in IgG following receipt of PPV23. Rates were
92.0%, 83.0%, 89.0%, 81%, 84% for serotypes 1, 6B, 14, 19F, and 23F, respectively. Similar rates of
responders and increases in the magnitude of immune responses were observed in both age groups (2-
49, >50 ). PPV23 was generally safe and well tolerated. Injection site and systemic AEs were reported by
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14.7% and 18.6% of study subjects, respectively.

Conclusions: PPV23 is generally safe, well tolerated, and highly immunogenic when given as a single
dose to Russian individuals 50 y of age and older, as well as Russian individuals 2 to 49 y of age who are at

high risk for PD.

Introduction

Streptococcus pneumoniae is a leading cause of pneumonia,
bacteremia without focus, and meningitis, and is associated
with significant morbidity and mortality among children and
adults worldwide.'* Individuals living in crowded, closed set-
tings (i.e., military camps, shelters, long-term care facilities)
and patients with certain chronic conditions are at increased
risk of developing pneumococcal infection and severe pneumo-
coccal disease (PD). Children 2 y of age and young adults with
sickle cell anemia, Hodgkin disease, congenital or acquired
immunodeficiency including Human Immunodeficiency Virus
(HIV) infection, diabetes mellitus, nephrotic syndrome, as well
as those with functional or anatomic asplenia, are at increased
risk of developing invasive pneumococcal disease (IPD) in
comparison to healthy individuals without these conditions.”*°

The most common PD syndromes include pneumonia
(approximately 75%), bacteremia without focus (approximately
20%), and meningitis (approximately 5%). Generally, these syn-
dromes are classified as IPD and pneumococcal pneumonia.
The burden of pneumococcal disease in Russian Federation has
not been fully analyzed in recent years and available studies
have mostly focused on bacterial meningitis as it is the only
IPD syndrome that is reportable in Russia. Because of the

limited epidemiological studies and often lack of laboratory
identification of the microbial agent causing disease, the various
forms of invasive and non-invasive pneumococcal disease in
the Russian Federation have a low rate of etiological verifica-
tion. The estimated annual incidence of bacteremic pneumonia
and pneumococcal meningitis in children <5 y of age was 100
per 100,000 and 8 per 100,000 population, respectively.'' There
are limited data on serotype distribution for IPD among chil-
dren and adult subjects in the Russian Federation. The most
prevalent serotypes/serogroups associated with IPD in Moscow
were 1 (22%), 6 (18%), 19 (16%), 3 (10%) and 23 (6%) while
serotypes 14, 6B, and 23 were more prevalent in Vladivostok.'*
'* Although the incidence of pneumococcal meningitis in Rus-
sia varies by region (0.15 to 8 per 100,000 population), the
overall mortality associated with pneumococcal meningitis in
the Russian Federation is ~18%, with case-fatality rates being
highest among adults 45 to 64 y (24%) and those 65 y and older
(60%).'1% A recent study showed that the most frequent sero-
types of S. pneumoniae associated with pneumococcal meningi-
tis in children up to 18 y in Russia are types 1 (21.2%), 6
(18.2%), 19 (16.2%), and 3 (10.3%), and about 30% of them are
resistant to antibiotics (7F, 19F, 23F, 6B).'> Pneumonia mortal-
ity in 2013 in Russia was 26.7 per 100,000 population. It caused
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51.7% of all deaths due to respiratory diseases.'” Pneumonia
accounts for approximately 3% of all deaths in children <5 y of
age in the Russian Federation.'®'” Annual incidence of pneu-
mococcal pneumonia in Russian children up to 15 y is 490 per
100,000 population while incidence in children 1 month to 4 y
of age was estimated at 1,060 per 100,000 population.'” In Rus-
sia among 500,000 annual cases of pneumonia, S. pneumoniae
is a causative agent in 76% and 90% of cases in adults and chil-
dren <5 vy, respectively."” Other studies demonstrated, that in
different Russian regions pneumococcal etiology of pneumonia
was confirmed in 10.6-25.9% of hospitalized adult patients.'®
The annual incidence of community acquired pneumonia
(CAP) was evaluated in new Russian Army recruits confined in
training centers, a group with higher (5-fold) incidence of
pneumococcal disease than the general adult population in
Russia; the annual incidence of CAP in military camps was
4.2% and reached 20% during outbreaks.'” Among Russian
individuals, the most common serotypes/serogroups associated
with CAP were 14 (21.9%), 6B (17.1%), and 23 (17.1%). In one
study among armed forces personnel during a 2-year survey of
serotypes/serogroups associated with pneumococcal pneumo-
nia in healthy young adults, serotypes 1, 14, 23, 18C and 19F
were more prevalent during the first year and serotypes 23, 9,
14, 15, 19F and 6B were more commonly identified during the
second year."* In Russia, vaccination against pneumococcal
infection was included in the National Immunization Schedule
in 2014.

PNEUMOVAX™ 23 (PPV23; Merck & Co., Inc., Kenil-
worth, NJ) is a polyvalent pneumococcal polysaccharide (PnPs)
vaccine comprised of 23 of the most important serotypes caus-
ing disease in adults and children (1, 2, 3, 4, 5, 6B, 7F, 8, 9N,
9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F,
and 33F). The vaccine was first approved in the US in 1983 and
is currently licensed in >75 countries worldwide. To date,
more than 220 million doses of PPV23 have been distributed
worldwide. Effectiveness against IPD in the population for
which PPV23 is recommended in the United States has gener-
ally ranged from 56 to 81%; estimates are considerably lower in
immunocompromised individuals, although a decline has been
observed over time following vaccination, especially in the
elderly.®® Effectiveness of PPV23 against all pneumococcal
pneumonia varies between studies possibly due to differences
in study design, case definition of the clinical endpoint used in
the trial, and characteristics of the population evaluated (outpa-
tient, nursing home residents, or high-risk individuals with co-
morbidities).”' *” The current study (NCT01734239) evaluated
the safety and immunogenicity of PPV23 in Russian adults
50 y of age and older, as well as in individuals 2 to 49 y of age
with increased risk for PD.

Results
Participant accounting and demographics

There were 50 subjects randomized to Group 1 (>50 years) and 52
subjects randomized to Group 2 (2 to 49 years) (Table 1). There
were slightly more males (63.7%) than females (36.3%) enrolled.
All 102 subjects were vaccinated. No subjects discontinued from
the study due to a clinical adverse experience (AE). Two subjects
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Table 1. Demographics (All subjects as treated population).

PPV23
(N=102)
n (%)
Gender
Male 65 (63.7)
Female 37 (36.3)
Age (years)
2t06 12 (11.8)
7t013 9 (8.8)
141017 4 (3.9)
18 to 49 27 (26.5)
>50 50 (49.0)
Mean (SD) 40.4 (23.1)
Median 49
Range 2t0 79
Race
White 101 (99.0)
Other 1 (1.0)

N = Number of subjects randomized in the vaccination group.
n = Number of subjects in each category.

incurred protocol deviations (blood sample collected outside the
visit window), and were excluded from immunogenicity analysis.
All subjects were included in the safety analysis.

Immunogenicity

Baseline IgG geometric mean concentrations (GMCs) varied
between serotypes and were generally low for all 5 serotypes (1,
6B, 14, 19F, and 23F) evaluated in the study. Across the 5 tested
serotypes, IgG GMCs consistently increased from prevaccina-
tion to postvaccination, and similar increases in magnitude of
the immune responses were also observed in both age groups
(Table 2). Percentages of subjects with >2-fold increase in sero-
type-specific IgG GMC from prevaccination to postvaccination
were >79.2% and >76.9 for subjects >50 years of age and 2-
49 y of age, respectively (Table 3).

Safety

A total of 25/102 (24.5%) subjects reported one or more AEs
following vaccination, including 15/102 (14.7%) who reported
at least one injection-site AE, and 19/102 (18.6%) who reported
at least one systemic AE (Table 4). One subject experienced a
fever of 37.8°C (axillary). The majority of the adverse experien-
ces were transient and mild to moderate in intensity. No sub-
jects reported a serious AE or were discontinued from the
study due to an AE.

Discussion

In the present study, we have demonstrated that PPV23 dis-
plays an acceptable safety profile and is highly immunogenic
when given as a single dose in Russian subjects. The safety pro-
file was comparable to that demonstrated in previous studies as
the majority of adverse events were those solicited in these tri-
als, namely injection site reactions (pain/tenderness, erythema,
and swelling) as well as headache and fatigue.”®>' Although
vaccine-induced immune responses evaluated in the study only
focused on IgG GMCs to a subset of 5 serotypes causing most
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Table 2. Serotype-specific IgG GMCs at prevaccination and 28 d postvaccination.

Table 4. Summary of Subjects with Adverse Experiences Following Vaccination.

Serotype Timing to Vaccination 19G GMC 95% CIf n (%) 95% Cl
Group 1 (>50y of age; N = 48) Subjects with follow-up 102

1 Prevaccination 0.2 (0.2,0.3) With one or more AE 25 (24.5) (16.5, 34.0)
Postvaccination 25 (1.7,3.8) Injection-site AEs' 15 (14.7) (8.5,23.1)

6B Prevaccination 0.6 (0.5,0.8) Systemic AEs 19 (18.6) (11.6, 27.6)
Postvaccination 53 (34, 8.5) With vaccine-related AEs' 21 (20.6) (13.2,29.7)

14 Prevaccination 36 (2.5,5.1) Injection-site AEs 14 (13.7) (7.7, 22.0)
Postvaccination 327 (22.7,47.3) Erythema 13 (12.7)

19F Prevaccination 1.5 (1.1,2.7) Pain 1 (1.0)
Postvaccination 9.9 (7.0, 14.1) Swelling 1 (1.0)

23F Prevaccination 1.1 (0.7, 1.5) Systemic AEs 12 (11.8) (6.2,19.7)
Postvaccination 8.1 (5.3,12.4) With serious AEs 0 0.0 (0.0, 3.5)

Group 2 (2to 49y of age; N = 52) Serious vaccine-related AEs 0 0.0 (0.0, 3.5)

1 Prevaccination 0.2 (0.2,0.3) Who died 0 0.0 (0.0, 3.5)
Postvaccination 4.1 (3.0, 5.4) Discontinued due to AE 0 0.0 (0.0, 3.5)

6B Prevaccination 0.5 (0.4, 0.8) Discontinued due to vaccine-related AE 0 0.0 (0.0, 3.5)
Postvaccination 2.7 (1.8,3.9)

14 Prevaccination 1.3 (0.8, 2.0) AE = Adverse experience
Postvaccination 13.2 (8.7,20.1) n = Number of subjects in each category

19F Prevaccination 15 (1.1,2.2) TDetermined by the investigator to be possibly, probably, or definitely related to
Postvaccination 12.6 (9.0,17.8) the vaccine

23F Prevaccination 0.6 (04, 1.0 The same subject may appear in different categories, but counted only once in
Postvaccination 53 (3.6,7.7) each category

*Based on the natural-log transformed serotype-specific antibody concentrations
and back transformed values, and the t-distribution.

N = number of subjects with measurement.

Cl = confidence interval

pneumococcal disease in Russia, PPV23 has been shown to
elicit both IgG and OPA antibodies to all 23 serotypes included
in the vaccine.”®' In addition, a previous study has demon-
strated a good correlation between IgG and OPA responses fol-
lowing vaccination with PPV23.%> Although the concentration
of anti-capsular antibody required to protect against pneumo-
coccal infection caused by any specific capsular type has not
been established in adults, a >2-fold increase in antibody level
following vaccination was associated with efficacy in clinical tri-
als of polyvalent pneumococcal polysaccharide vaccines.”*** In
our study, more than 75% of Russian subjects in both age
cohorts (>50 y of age and 2-49 y of age) had >2-fold increase
in serotype-specific antibodies following vaccination with a

Table 3. Proportion of Subjects with >2 -fold Increase in IgG Antibody Concentra-
tion for Serotypes 1, 6B, 14, 19F, and 23F (Per-Protocol Immunogenicity

Population).
PPV23 (N = 100)
Proportion of Subjects with >2-Fold Increase
Serotype n % 95% CI';
Group 1 (>50 years; N = 48)
1 42 87.5 (74.8,98.3)
6B 43 89.6 (77.3,96.5)
14 43 89.6 (77.3, 96.5)
19F 38 79.2 (65.0, 89.5)
23F 42 87.5 (74.8,95.3)
Group 2 (2 to 49 years; N = 52)
1 50 96.2 (86.8, 99.5)
6B 40 76.9 (63.2, 87.5)
14 46 88.5 (76.6, 95.6)
19F 43 82.7 (69.7,91.8)
23F 42 80.8 (67.5, 90.4)

*Based on the 2-sided exact Cl method for a single binomial proportion.

N = Total number of subjects with evaluable serology at Prevaccination and
Postvaccination.

%n = Total number of subjects with IgG >2-fold increase.

Cl = confidence interval

single dose of PPV23. Such a finding implies that vaccine effec-
tiveness among Russians is likely to be comparable to that
observed in many countries worldwide. Further evidence for
the likely effectiveness of PPV23 in Russian individuals is sup-
ported by the significant reduction in incidence of outpatient
(not hospitalized) pneumonia in Russian military servicemen
who received a single dose of a similar 23-valent pneumococcal
polysaccharide vaccine (Pneumo 23™ " Sanofi-Pasteur, Lyon,
France). Military recruits in Russia have higher (5-fold) inci-
dence of pneumonia than the general adult population and vac-
cine effectiveness was ~74.2% in that population; moreover,
co-administration with influenza vaccine during the same
influenza season increased vaccine effectiveness to ~78.5%.>
Some limitations of our study include the small sample size in
the study overall but also within each age cohort. In addition,
only IgG antibodies were measured for 5 out of 23 vaccine sero-
types. Moreover, the clinical benefits of the observed increases
in antibody levels following vaccination with PPV23 cannot be
clearly established, as thresholds of serotype-specific antibody
concentrations that correlate with prevention of pneumococcal
disease in adults have not been established. Lastly, the long-
term clinical effectiveness of the single-dose vaccine was not
evaluated.

Conclusion

PPV23 is generally safe, well tolerated, and highly immuno-
genic when given as a single dose to Russian individuals 50 y of
age and older, as well as Russian individuals 2 to 49 y of age
who are at high risk for PD.

Methods
Study design

From June 2013 to October 2013, this open-label, multicen-
ter clinical trial was conducted across 7 sites in Russia (3 in
St. Petersburg, 2 in Moscow, 1 in Smolensk, and 1 in



Saratov). This study evaluated the immunogenicity, safety,
and tolerability of PPV23 in healthy Russian subjects. Sub-
jects were enrolled into one of 2 groups: subjects >50 years
of age (Group 1); subjects between 2 and 49 y of age at
increased risk for PD (Group 2). Because this was an open-
label, single-arm estimation study, no statistical hypothesis
testing was performed and no statistical assumptions or
Type I/Type II errors were used. Randomization numbers
were computer-generated and assigned sequentially as sub-
jects were enrolled in the study. The sample size was based
on the following assumptions: 1) an approximate 2% to 3%
overall dropout and protocol violation rate; and 2) the
underlying response rate based on recent studies conducted
with PPV23, the expected serotype-specific IgG GMCs mea-
sured following vaccination, and the percentage of subjects
with at least a 2-fold rise between pre- and postvaccination
for serotypes 1, 6B, 14, 19F, and 23F. Serum samples were
collected prior to vaccination (baseline) and 28 d postvacci-
nation. All subjects were followed for safety, including
injection site, systemic, and serious AEs for 5 days, 14 days,
and 28 days, respectively. For this study, serotypes 1, 6B,
14, 19F, and 23F were selected for antibody testing because
they represent the serotypes associated with the most cases
of IPD in Russia.

Study objectives

The study objectives were to describe the (1) safety and tolera-
bility and (2) immunogenicity profile of PPV23.

Study population

Russian subjects 2 to 49 y of age with an increased risk of PD or
>50 years of age, and no prior vaccination with any pneumo-
coccal polysaccharide or conjugate vaccine were eligible for the
study. Risk factors for pneumococcal disease were determined
through clinical screening and participant’s medical history
prior to enrollment into the study. Subjects were excluded if
they had known or suspected immune dysfunction; received a
live vaccine within 3 months or an inactivated vaccine within
28 d of enrollment; participated in another interventional study
within 2 months of enrollment or at any time during the study;
received blood products or immunoglobulin within 6 months
of enrollment; were pregnant or nursing; had a history of pneu-
mococcal disease; received antibiotic therapy within 7 d of any
vaccination; or had a known hypersensitivity to any of the vac-
cine components. The study was conducted in accordance with
principles of Good Clinical Practice, approved by the Ethical
Review Committee of each participating site, and written
informed consent was obtained from each subject prior to
study entry.

Vaccine description

PPV23 (lots 0927AA and 1919AA) is a sterile, liquid vaccine
consisting of a mixture of purified capsular polysaccharides
from S. pneumoniae types (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 104,
11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F).
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PNEUMOVAX™23 is a clear, colorless solution. Fach 0.5-mL
dose of vaccine contains 25 g of each polysaccharide type in
isotonic saline solution containing 0.25% phenol as a preserva-
tive. The vaccine was used directly as supplied. No dilution or
reconstitution was necessary.

Immunogenicity and safety measurements

Immunogenicity

Serotype-specific pneumococcal IgG antibodies were quanti-
tated by a validated sandwich-type enzyme-linked immunosor-
bent assay (ELISA), using adsorption with pneumococcal cell
wall polysaccharide (CPs) and non-vaccine heterologous capsu-
lar polysaccharides (types 25 and 72) to reduce cross-reacting
antibody.”” The standard curve was prepared from the interna-
tional anti-pneumococcal calibrator serum, 89SF (Center for
Biologics Evaluation and Research, US Food & Drug Adminis-
tration). The serotype-specific IgG GMC for each serum sample
was calculated by comparing the optical density to that of the
reference standard. No formal immunogenicity hypothesis was
tested in this study. Baseline and postvaccination serotype-spe-
cific IgG GMCs as well as the proportion of subjects with >2-
fold rises in IgG antibody concentrations from baseline were
estimated for antibody responses to pneumococcal serotypes 1,
6B, 14, 19F, and 23F as measured by ELISA.

Safety

No formal safety hypothesis was tested in this study, but all
subjects were followed for safety. All systemic AEs occur-
ring within 14 d postvaccination were summarized. Body
temperatures and solicited injection-site AEs (redness, swell-
ing, pain/tenderness) were recorded Day 1 through Day 5
on a standardized Vaccination Report Card (VRC). No seri-
ous AEs were reported during the 28-day study follow-up
period. All AEs were assessed by the investigator as mild
(awareness of sign or symptom, but easily tolerated), mod-
erate (discomfort enough to cause interference with usual
activity), or severe (incapacitating with inability to work or
do usual activity).

Statistical analysis

Immunogenicity

IgG GMC was calculated by taking the natural-log transforma-
tion of the antibody titer, computing the arithmetic mean, and
back-transforming. The 95% confidence intervals (CIs) for the
GMCs were based on the natural-log transformed serotype-
specific antibody concentrations and the t-distribution. For the
proportion of subjects with >2-fold increase in IgG antibody
concentration from prevaccination to postvaccination for sero-
types 1, 6B, 14, 19F, and 23F, the one-sample 2-sided 95% Cls
for each serotype were computed using the exact CI method for
a single binomial proportion.’® The primary immunogenicity
analyses were based on the PP population. The PP population
excluded subjects with important protocol violations that may
have affected the results of the primary immunogenicity
endpoints.
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Safety

The analysis of safety results followed a tiered approach.
Clinical adverse experiences through Day 14 postvaccina-
tion, including the day of vaccination, were summarized.
Point estimates were provided for all safety parameters. All
reported clinical adverse experiences were tabulated for the
follow-up period through Day 28 postvaccination. The All
Subjects as Treated Population (ASaT) was used for the
analysis of safety data in this study. The ASaT population
consisted of all enrolled subjects who received one dose of
vaccine.
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