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Introduction

Pneumococcal disease remains a major public health prob-
lem worldwide,1 although its epidemiology has dramatically 
changed, particularly among young children, in the US and in a 
number of EU countries after the introduction of pneumococcal 
conjugate vaccines into national childhood immunization pro-
grammes.2,3 Since its introduction in 2000, the 7-valent pneumo-
coccal conjugate vaccine (PCV7) has been effective in reducing 
invasive pneumococcal disease (IPD) and non-invasive infec-
tions (pneumonia and otitis media, especially complicated cases) 
in all age groups.4-7 Recently, many countries have introduced 
higher valence conjugate vaccines (PCV10 or PCV13) following 

an increase of non-vaccine-serotype IPD cases due to serotype 
replacement.8-12 Both new vaccines have been licensed based on a 
putative correlate of protection.13 The recently published results 
of a clinical trial evaluating safety, immunogenicity, and impact 
of PCV13 provide evidence that PCV13 is effective in preventing 
vaccine-type IPD in Alaska Native children.14 In Europe, PCV13 
effectiveness has been estimated to be 78% (95% CI: -18% to 
96%) and 73% (95% CI: 29–90%) for two priming doses and 
for one dose over a year respectively.15 Moreover, PCV13 has 
shown an impact on overall pneumococcal nasopharyngeal car-
riage in young children <2 y with acute otitis media (AOM).16

In Italy, between 2006 and 2010, all 21 regions had recom-
mended or introduced PCV7 in their childhood immunization 
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Pneumococcal disease epidemiology has changed after introduction of pneumococcal conjugate vaccines. Seven-
valent vaccine (PCV7) has been effective in reducing invasive pneumococcal disease (IPD). In Europe, PCV13 effective-
ness was estimated at 78% (95% CI: -18–96%) for 2-priming doses. In Italy, PCV7 was introduced in 2006 in the childhood 
immunization schedule and replaced with PCV13 in 2010. In Apulia, vaccination coverage has reached 95.1% (birth-cohort 
2010). We estimated PCV program effectiveness and its impact on S.pneumoniae diseases.

PCV Effectiveness: We used the screening method. We calculated the Proportion of Population Vaccinated from 
immunization registries and detected cases through a laboratory-confirmed surveillance among hospitalized children 
≤60 months. A confirmed IPD case was a child with PCR positive for S.pneumoniae. Differences among children were 
assessed with the Chi-square or the Fisher exact test (P value < 0.05). 

PCV Impact: We constructed time series using outcome-specific Poisson regression models: hospitalization rate in 
pre-PCV era and hospitalization Risk Ratios (RRs) with 95% CIs for both PCV7 and PCV7/PCV13 shifting era. We calculated 
hospitalization RR with 95% CIs comparing pre-PCV years with vaccination period. The PCV effectiveness was 84.3% 
(95% CI: 84.0–84.6%). In May 2010-January 2013, we enrolled 159 suspected IPD of whom 4 were confirmed. Two (fully 
vaccinated) were caused by serotype 9V, 1 (not vaccinated) by serotype 3, 1 (vaccinated with 2 PCV13 doses) by 15B/C. 
The most important reduction was for pneumococcal pneumonia (RR: 0.43, 95% CI: 0.21–0.90). The PCV program show 
promising results in terms of both PCV13 effectiveness and its impact in reducing IPD in children < 5 years.
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schedules.17 In May 2010, a national recommendation by the 
Ministry of Health replaced PCV7 with PCV13.18 Since February 
2012, PCV13 has been included in the list of Essential Health 
Interventions. The vaccine is actively offered, free of charge, to 
all newborns with 3 doses at 3, 5–6, and 11–13 mo of age (the 
2p + 1 schedule: 3, 5, and booster at 12 mo).19,20 In addition, (1) 
children who had received 1 or more doses of PCV7 should com-
plete immunization with PCV13 (sequential schedule: 1 PCV7 
dose + 2 PCV13 doses; 2 PCV7 doses + 1 PCV13 dose); (2) chil-
dren aged 16–24 mo who had received 3 doses of PCV7 before 
age 12 mo are recommended to receive 1 PCV13 catch up dose. 
Children who had never been vaccinated with PCV7 should 
receive (1) 2 doses of PCV13 with an interval of at least two 
months if aged between 12 and 23 mo; (2) 1 dose if aged between 
2 and 5 y; (3) 3 doses (at least two months apart from each other) 
plus a booster between 12 and 15 mo, if preterm infants. For 
children <60 mo of age with underlying medical conditions (1) 
those who had received 3 doses of PCV7 within 12 mo of age 
should receive two additional doses of PCV13 at 12–15 and at 
16–24 mo; (2) those who had received any incomplete schedule 
of less than 3 doses of PCV7 should complete with the PCV13 
sequential schedule (1 PCV7 dose + 3 PCV13 doses; 2 PCV7 
doses + 2 PCV13 doses) by their 15 mo; (3) children between 24 
and 60 mo of age, who had completed vaccination with PCV7 
by the age of 12 mo should receive two doses with an interval of 
two months (Table 1).18

In Apulia region, PCV7 was introduced in January 
2006 and it has been replaced by PCV13 in May 
2010. According to the “National Immunization Plan 
2012–2014,” the objective for pneumococcal conju-
gate vaccination is to achieve and maintain a vaccina-
tion coverage of at least 95% among children under 24 
mo of age.21,22 Vaccination coverage is routinely com-
puted from the regional Computerised Immunisation 
Registry. PCV vaccination coverage in children under 
24 mo of age has progressively increased from 75.3% 
in birth cohort 2006 (PCV7 only) to 95.1% in birth 
cohort 2010 (PCV7/PCV13). Preliminary data for 
the 2011 birth cohort show a PCV13 vaccination cov-
erage of 90%.

In light of the National Immunization Plan objec-
tive and eight years after the introduction of PCV 
Universal Mass Vaccination, we estimated the overall 
effectiveness of the pneumococcal immunization pro-
gram (VE) in preventing IPD during and after the 
PCV7/PCV13 shifting in the immunization sched-
ule. Moreover, we assessed the impact of the vacci-
nation program on the morbidity of S. pneumoniae 
related disease and infections.

Results

Vaccination program effectiveness
The overall PCV (PCV7/PCV13) vaccination 

program effectiveness was 84.3% (95% CI: 84.0–
84.6%) for a proportion of cases vaccinated of 50% (two labora-
tory confirmed cases caused by vaccine serotypes and adequately 
vaccinated over a total of four laboratory confirmed cases) and a 
proportion of the population vaccinated of 86.4% (average cover-
age for PCV7 or PCV13 in birth cohorts 2006–2011). Between 
May 2010 and January 2013, we enrolled 159 patients (median 
age: 25 mo; range: 0–60 mo; 52.2% male) as suspected IPD 
cases. The most frequent clinical presentation was pneumonia 
(47.2%) and the main reported risk factor was “attending a com-
munity” (41.5%). No deaths were reported. Of the enrolled 
patients, 124 (78%) were fully vaccinated with either PCV7 
(73; 45.9%) or PCV13 (51; 32.1%); 12 (7.5%) were partially 
vaccinated with either PCV7 or PCV13 and 23 (14.5%) were 
not vaccinated. Patients’ demographic characteristics, risks fac-
tors, clinical pictures, and disease outcome were similar among 
the enrolled children regardless their vaccination status, with the 
only exception of “age ≤24 months” and “attending a commu-
nity” (Table 2).

We identified 4 (4/159; 2.5%) confirmed IPD cases; 153 
suspected cases were negative for S. pneumoniae and 2 (1.2%) 
samples were not suitable for testing. Of the 4 confirmed IPD 
cases, 2 were caused by serotype 9V and were fully vaccinated, 1 
with 3 PCV7 doses and 1 with 3 PCV7 doses + 1 dose of PCV13 
respectively. The remaining 2 were caused 1 by serotype 3 (not 
vaccinated) and 1 by 15 B/C (vaccinated with 2 PCV13 doses 
—Table 3).

Table 1. Italian national recommendations for PCV13 immunization schedule in new-
borns and in children <60 mo of age

3 mo 5 mo 12 mo
12–15 

mo
16–24 

mo
24–60 mo

Children never vaccinated with PCV7

Newborns PCV13 PCV13 PCV13

Children 
between 12 and 

23 mo of age

2 PCV13 doses 
with an interval 
of at least two 

months

Children 
between 2 and 

5 y of age
1 PCV13 dose

Children ≤24 mo of age who had received ≥1 PCV7 
dose (sequential and catch up schedule)

1 PCV7 dose PCV7 PCV13 PCV13

2 PCV7 doses PCV7 PCV7 PCV13

3 PCV7 doses PCV7 PCV7 PCV7 PCV13

Children <60 mo of age with underlying medical 
conditions who had received ≥1 PCV7 dose

1 PCV7 dose PCV7 PCV13 PCV13 PCV13

2 PCV7 doses PCV7 PCV7 PCV13 PCV13

3 PCV7 doses PCV7 PCV7 PCV7 PCV13 PCV13

Children 
between 2 and 

5 y of age
PCV7 PCV7 PCV7

2 PCV13 doses 
with an inter-
val of at least 
two months
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Impact of the vaccination program
We observed a pattern in reduction 

for all examined outcomes (Fig. 1). The 
most important reduction was recorded 
for pneumococcal pneumonia (RR: 
0.43, 95% CI: 0.21–0.90), followed by 
IPD (RR: 0.72, 95% CI: 0.21–2.43), 
AOM (RR: 0.75, 95% CI: 0.65–0.88), 
and all-cause pneumonia (RR: 0.92, 
95% CI: 0.86–0.99 - Table 4).

Discussion

To our knowledge, this is the first 
study conducted in Italy assessing vac-
cine effectiveness of PCV vaccination 
program. It also provided early evidence 
of the vaccination impact in the transi-
tion period between the use of PCV7 
and the sequential introduction of 
PCV13.

Our findings show a good overall 
vaccination effectiveness (84.3%) for 
the PCV7/PCV13 program against 
vaccine-type IPD and an overall reduc-
tion in the number of pneumococcal 
disease related hospitalizations in chil-
dren under 5 y of age used as indica-
tor of disease reduction—impact of 
the vaccination program. In a similar 
study in the US, the screening method 
produces vaccine effectiveness estimates 
for the ≥1-dose schedule that are consis-
tently lower, by approximately 5%, than 
those using the case-control method 
for PCV7-serotype IPD.23 In England 
and Wales, using the indirect cohort design the adjusted vaccine 
effectiveness for two routine doses is 79% (95% CI: 24–94%).24 
Another study in the same countries reports different vaccine 
effectiveness for PCV13 according to the schedule—one prim-
ing dose: 38% (95% CI: -218 to 89%); two priming doses: 78% 
(95% CI: -18–96%); single dose in the second year of life: 73% 
(95% CI: 29–90%) and 77% (95% CI: 38–91%) when includ-
ing in the estimation also those who had received one or more 
PCV13 doses in the first year.15

The high coverage for the PCV program may lead to a possible 
underestimation of the vaccine effectiveness as herd immunity 
and reduction of vaccine-type nasopharyngeal carriage, induced 
by the widespread PCV use, may contribute to lower attack 
rates in the unvaccinated population.23 In our region, vaccina-
tion coverage has reached 95.1% (birth cohort 2010). Most of 
the children enrolled in the prospective surveillance system were 
fully vaccinated with either vaccine. In England and Wales the 
rapid achievement of 94.2% coverage in the national program 
for the two-dose schedule allowed the halving of IPD cases in 
children under 2 y due to one of the additional serotypes covered 

by PCV13.15 Similarly, our findings show an evident effect of the 
PCV7/PCV13 vaccination program with halving of hospitaliza-
tions for pneumococcal pneumonia, followed by one-third reduc-
tion of IPD. This result is consistent with the greater reduction 
in the incidence rate of pediatric invasive pneumococcal disease 
requiring hospitalization observed in the Madrid region, Spain, 
following the change from PCV7 to PCV13 in the childhood 
vaccination calendar. This reduction might not be exclusively 
attributable to the additional serotypes in multi-valent conju-
gate vaccines, but probably to the overall vaccination strategy.25 
Among Alaska native children, the introduction of PCV13 with 
catch-up vaccination to age 5 y is temporally associated with a 
73% decrease in overall IPD, a 65% decrease in PCV13-type 
IPD and a 91% decrease in non-PCV13 IPD. However, the 
main future concern is whether replacement IPD with non-
PCV13 serotypes could affect what is the early PCV13 success, 
as occurred after PCV7 introduction. Although it is difficult to 
predict how the characteristics of the serotypes will change after 
the introduction of PCV13, projections based on the invasive-
ness of the serotypes suggest that this new vaccine will result in 

Table 2. Description of enrolled patients (n = 159) by demographics, clinical picture, outcome, and risk 
factors, according to vaccination history, Apulia region, Italy, May 2010–January 2013

Adequately 
PCV7 

Vaccinated

Adequately 
PCV13 

Vaccinated

Partially PCV7 
or PCV13 

Vaccinated

Not 
Vaccinated

Total P
n = 73 n = 51 n = 12 n = 23

N (%) N (%) N (%) N (%)

Demographics

Sex (Male) 36 (49.32) 25 (49.02) 7 (58.33) 15 (65.22)
83 

(52.20)
n.s.

Age (≤ 24 mo) 21 (28.77) 34 (66.67) 4 (33.33) 18 (78.26)
77 

(48.43)
<0.001

Clinical picture

Sepsis 29 (39.73) 21 (41.18) 2 (16.67) 10 (43.48)
62 

(38.99)
n.s.

Meningitis 2 (2.74) 1 (1.96) 1 (8.33) 1 (4.35) 5 (3.14) n.s.

Pneumonia 37 (50.68) 21 (41.18) 9 (75.00) 8 (34.78)
75 

(47.17)
n.s.

Outcome

Healing with 
sequelae

2 (2.74) 0 1 (8.33) 0 3 (1.88) n.s.

Risk factors

Co-morbiditis* 8 (10.96) 6 (11.76) 3 (25.00) 1 (4.35)
18 

(11.32)
n.s.

Contact with 
other invasive 
disease cases 15 (20.55) 5 (9.80) 0 3 (13.04)

23 
(14.47)

Recent trips 4 (5.48) 1 (1.96) 1 (8.33) 2 (8.70) 8 (5.03) n.s.

Attending a 
community** 43 (58.90) 12 (23.53) 6 (50.00) 5 (21.74)

66 
(41.51) 0.003

Notes: *(i.e.: Pulmonary, cardiovascular, neurological, gastrointestinal, endocrinal disease, etc.); **(i.e.: 
Kindergarten); n.s.: P > 0.05
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additional reductions in disease incidence, therefore the global 
effectiveness of the current vaccination strategy should not result 
affected.11 Nevertheless, theoretical models on disease reduction 
are no substitute for careful ongoing and continuous surveillance 
of circulating serotypes to monitoring and confirm whether vac-
cines are having the desired effect of reducing the incidence of 
disease over the long-term.14

In Italy, data of IPD cases in children <5 y old are available 
from the national laboratory-based strain-surveillance system for 
invasive bacterial diseases. Two aspects affect the official national 
pooled data: first, failure to report is common in Italy and varies 
in time and by geographical area; second, surveillance of pneumo-
coccal and meningococcal diseases has been recently enhanced. 
Due to the lack of longitudinal data, some Italian Regions have 
implemented regional IPD surveillance systems.

The ad hoc implementation, in the shifting period between 
PCV7 and PCV13, of a laboratory based prospective surveillance 
system, together with standardized serotyping identification of 
vaccine-contained strains, allowed the confirmation of IPD cases 
and the ascertainment of their vaccination status. In another 
Italian region, Lombardy, data from a similar surveillance system 
suggests that the 7- and the 13-valent pneumococcal conjugate 
vaccines covered respectively 30.8 and 84.6% of typified IPD 
cases.26 Our study allowed also to value a reference laboratory for 
IPD and other invasive bacterial diseases in our region.

Our study could have some limitations due to the selected 
methodology to assess vaccine effectiveness, the small number 
of IPD cases occurred in the study period, and the use of the 
hospital discharge diagnoses as source of information on hospi-
talized children. The screening method has advantages and dis-
advantages compared with other methods for estimating vaccine 
effectiveness post licensure such as case-control or cohort design 
methods. In this method, instead of choosing one or more con-
trols per case, the entire population is used as a reference group. 
We used the screening method as the 3 data points needed from 
our population were available, e.g., (1) the number of IPD cases 
from the ad hoc pneumococcal surveillance, (2) the number of 
cases vaccinated also from the ad hoc pneumococcal surveillance, 
and (3) the proportion of the population vaccinated computed 
from the regional vaccination registry. Moreover, it is a rapid 
method for the preliminary assessment of vaccine effectiveness 
that can be used for monitoring purposes both during the first 
years after the introduction of a vaccination program and when 
high coverage levels are reached. Such a high vaccine coverage as 
in Puglia among infants and children (95.1%), explains the small 
number of IPD confirmed cases occurred in the study population; 

consequently, the solidity of our estimate of vaccine effectiveness 
might be affected. The use of hospital discharge diagnoses might 
either under or over estimate the number of pneumococcal out-
comes as it relies on the review of the discharge forms (where i.e., 
laboratory confirmation, risk factors, vaccination status, etc are 
not reported) and not on the review of the medical records of 
the children hospitalized for diseases caused by or related to S. 
pneumoniae.

Data exploring overall PCV program show promising findings 
in terms of both PCV13 effectiveness and its impact in reducing 
the number of IPD in children under 5 y of age.

Materials and Methods

Vaccination program effectiveness
We estimated the overall PCV (PCV7/PCV13) vaccination 

program effectiveness with 95% confidence interval (CI) using 
the screening method27 as follows:

 

where, PPV (proportion of the population vaccinated) was the 
average coverage for PCV7 or PCV13 in children ≤60 mo (birth 
cohorts 2006–2011) and PCV was the proportion of cases vacci-
nated (the proportion of laboratory confirmed IPD cases caused 
by vaccine serotypes and adequately vaccinated).

IPD cases were detected through an ad hoc prospective labo-
ratory-confirmed surveillance of IPD cases among hospitalized 
children 0–60 mo conducted between May 2010 and January 
2013 in Apulia region (South-Italy; approximately 4 000 000 
inhabitants). The surveillance included 28 pediatric wards of all 
hospitals in the region (admitting about 60 000 children aged 
≤60 mo per year) and enrolled children residing in the monitored 
area with a suspected IPD. Children admitted to the participat-
ing pediatric wards and meeting the clinical case definition were 
enrolled as suspected cases. Clinical case definition included: 
meningitis, pneumonia with bacteraemia, sepsis, occult bacter-
aemia, and bacterial pneumonia defined as at least two of the 
following symptoms: fever or hypothermia, sweating, cough, 
appearance of dyspnoea, chest pain, or compatible radiological 
findings.

For each enrolled child, information on demographics, risk 
factors, co-morbidities, clinical symptoms and immunization his-
tory for PCV7 or PCV13 (number of doses, date of vaccination) 

Table 3. Confirmed IPD cases by enrolment date, sex, age, clinical picture, vaccination history, sample type, and isolated serotypes, Apulia region, Italy, 
May 2010–January 2013 

Enrolment date Sex Age (months) Clinical picture Vaccination history Sample type Isolated serotypes

Case 1 October 2010 Female 32 Pneumonia 3 PCV7 doses Blood 9V

Case 2 February 2011 Male 23 Pneumonia 3 PCV7 doses + 1 PCV13 dose Blood 9V

Case 3 December 2011 Female 1 Meningitis No CSF* 3

Case 4 January 2012 Male 12 Meningitis 2 PCV13 doses CSF 15 B/C

Note: *CSF = Cerebro Spinal Fluid.
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were collected by the physicians participating in the surveillance 
network using eCRF. Data were checked for completeness and 
quality, cleaned and managed by the Principal Investigator of 
the study and collaborators. Information on vaccination was 
validated with the regional immunization registry. According 
to vaccine received (PCV7 and/or PCV13), number of doses 
and age at enrolment, children were classified in 4 groups: (1) 
fully PCV7 vaccinated; (2) fully PCV13 vaccinated (complete 
schedule, sequential schedule PCV7/PCV13, catch up with one 
or more PCV13 doses); (3) partially PCV7 or PCV13 vaccinated 
(subjects who did not complete the schedule); (4) not vaccinated.

A confirmed IPD case was defined as a child with isolation 
of S. pneumoniae by PCR positive sample from a normally ster-
ile body site, such as blood, pleural or cerebrospinal fluid.28 In 
each of the participating hospitals, from all specimens taken for 
routine diagnostic ascertainment within 24 h from enrolment of 
a suspected case, an aliquot was stored at -20 °C and sent to the 
Regional Reference Laboratory for Invasive Bacterial Diseases for 
standardized testing of S. pneumoniae.

S. pneumoniae was isolated by PCR and multiplex sequen-
tial PCR. Bacterial genomic DNA was extracted from 200 μl 
of biological samples (blood or cerebrospinal fluid) using the 
QIAamp Dneasy Blood and Tissue kit (Qiagen), according to 
the manufacturer’s instructions. Detection of S. pneumoniae was 
performed using a commercial multiplex assay (Pneumobacter 
ACE Detection for blood and Meningitis ACE Detection 
for CSF, Seegene; Sensitivity: detection limit of the Seeplex 
Pneumobacter Ace Detection = 10 copy/reaction − 10 copy/3 
µl DNA). S. pneumoniae serotyping was performed on PCR posi-
tive samples through a sequential multiplex PCR.29 Twenty-nine 
primer pairs were designed to target serotypes 1, 3, 4, 5, 6 A/B, 

7F, 7C, 8, 9V, 10A, 11A, 12F, 14, 15A, 15 B/C, 16F, 17F, 18, 
19A, 19F, 20, 22F, 23F, 31, 33F, 34, 35B, 35F, and 38. A primer 
pair (primers cpsA-f and cpsA-r) was also included as an internal 
control targeting the cpsA (pneumococcal capsular polysaccha-
ride synthesis gene) locus found in all pneumococci.30 The ampli-
fied products, ranging from 250 bp to 988 bp, were analyzed by 
means of electrophoresis on a 2% agarose gel (Life Technologies) 
and visualization under UV light.

To assess for potential differences among enrolled children by 
vaccination status, chi-square or Fisher’s exact test were used as 
appropriate. P value was set at <0.05. Stata MP 10.1 (Stata Corp. 
LP) was used for the analysis.

Ethics Statement
The study was conducted in accordance with Guideline for 

Good Clinical Practice and the ethical principles that have their 
origins in the Declaration of Helsinki. The protocol was approved 
by the ethical committees of the Apulian Local Health Units. For 
each enrolled child involved in the study, written informed con-
sent was obtained from the parents or legal guardians. No incen-
tive was provided to encourage study participation.

Impact of the vaccination program
In order to assess the impact of the vaccination program, we 

monitored the disease burden on the population of children under 
5 years of age and we chose to follow the indicators “hospitaliza-
tion rates for pneumococcal diseases” before and after the intro-
duction of the vaccination program. We extracted the number of 
hospitalizations in children aged ≤60 mo for diseases caused by 
or related to S. pneumoniae from the Apulian regional discharge 
registry for the period 2001–2011. We defined IPD as ICD9-CM 
code 320.1 (pneumococcal meningitis) or 038.2 (pneumococ-
cal septicemia) or as each of the following codes: 320.8 (other 

Figure 1. Hospitalization Rate Ratio for IPD, Streptococcus pneumoniae pneumonia, all-cause pneumonia and AOM, by time period (baseline, PCV7 vac-
cination era, PCV7/PCV13 transition era), Apulia region, Italy, 2001–2011.
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specified meningitis), 790.7 (bacteremia), or 038.9 (unspecified 
septicemia) if associated with 041.2 (bacterial infection in con-
ditions classified elsewhere and of unspecified site—pneumo-
coccus); pneumonia with diagnosed S. pneumoniae infection as 
ICD9-CM code 481.xx (Streptococcus pneumoniae pneumonia); 
all-cause pneumonia as ICD9-CM codes 480.xx–486.xx with-
out mention of a diagnosis of IPD as defined above;5 unspecified 
AOM as ICD9-CM codes 382.xx. We scanned across discharge 
diagnoses in each child record for any mention of these disease 
codes.

For each outcome, we constructed time series using outcome-
specific Poisson regression models: the hospitalization rate in 
pre-PCV era (average of annual disease rates between 2001 and 
2005), and the hospitalization risk ratios (RRs) estimates with 
95% CIs for both the PCV7 vaccination (mean of annual hospi-
talization rates from 2006 to 2010) and PCV7/PCV13 transition 
era (hospitalization rate in 2011). Moreover, we calculated the 
hospitalization RR with 95% CIs comparing the pre-PCV years 
(2001–2005) with the whole vaccination period (2006–2011).
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Table 4. Hospitalization rates per 100 000, Rate Ratios (RRs) and 95% CIs for IPD, Streptococcus pneumoniae pneumonia, all-cause pneumonia, and AOM 
between the pre-PCV years and the whole vaccination period, Apulia region, Italy

2001–2005 2006–2011

N Rate per 100 000 N Rate per 100 000 RR CI 95%

IPD 6.4 3.1 4.3 2.2 0.72 0.21–2.43

Pneumococcal pneumonia 25.2 12.3 10.3 5.4 0.43 0.21–0.90

All-cause pneumonia 1680.4 820.8 1456 754.4 0.92 0.86–0.99

Suppurative and unspecified otitis media 419.6 204.8 298.5 154.7 0.75 0.65–0.88
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