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a  b  s  t  r  a  c  t

Background  and  aim  of the  work:  Since  the introduction  of  the  7-valent  vaccine,  invasive  pneumococcal
disease  have  greatly  decreased;  however,  changes  in  the  distribution  of  pneumococcal  serotypes  have
recently  highlighted  the  need  for vaccines  with  wider  coverage.  The  aim  of  the  work  was  to  assess  the
potential  serotype  coverage  of  three  pneumococcal  conjugate  vaccines  (7-, 10-  and  13-valent)  against
bacteremic  pneumococcal  pneumonia  and  meningitis/sepsis  in Italian  children.
Patients  and  methods:  We  determined  pneumococcal  serotypes  in  immunocompetent  patients  who  had
been admitted  to hospital  with  suspicion  of invasive  bacterial  disease  and  had  confirmed  bacteremic
pneumococcal  pneumonia  or meningitis/sepsis  determined  by  molecular  detection  of  Streptococcus  pneu-
moniae in  a  normally  sterile  site.  Positive  samples  were  serotyped  using  Realtime-PCR.
Results:  Between  April  2008  and  March  2011,  a total  of  144  patients  (age  median  4.1  years;  Interquartile
range  1.8–5.6)  with  pneumococcal  meningitis/sepsis  (n = 43)  or  pneumonia  (n = 101)  from  83  participat-
ing  centers  located  in  19 of  20 Italian  regions  were  serotyped.  The  10 most  prevalent  serotypes  were  1
(29.9%),  3 (16.0%),  19A  (13.2%),  7F  (8.3%),  5 (4.2%),  14  (4.2%),  6A  (3.5%),  6B  (3.5%),  18C  (3.5%),  19F  (3.5%).
Overall,  serotype  coverage  for  PCV-7,  -10  and  -13  were  respectively  19.4%,  61.8%  and  94.4%  with  no  sta-
tistical  difference  between  pneumonia  and  meningitis/sepsis.  Potential  coverage  was  similar  for  children
0–2 or  2–5 years  of age.  Cultures  resulted  positive  in  35/99  (35.4%)  samples  simultaneously  obtained  for

both  culture  and  RT-PCR.
Conclusion:  These  findings  indicate  that  increasing  the  potential  serotype  coverage  by  introducing  PCV13
in the  vaccination  schedule  for  infancy  could  provide  substantial  added  benefit  for  protection  from  pneu-
mococcal  pneumonia  or  meningitis/sepsis  in  Italy  in  children  below  2  years  as  well  in older  children.  The
importance  of  molecular  methods  for diagnosis  and  serotyping  of invasive  pneumococcal  disease  was

confirmed.

. Introduction
Streptococcus pneumoniae is the leading cause of community
cquired invasive bacterial infections in young children and also

Abbreviations: IPD, Invasive pneumococcal disease; PCV, Pneumococcal conju-
ate vaccine; IQR, Interquartile range; RT-PCR, Realtime PCR.
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causes substantial morbidity and mortality in elderly patients [1].
More than 90 serotypes exist, but only a subset is associated with
invasive disease [2].

Vaccines based on pneumococcal capsule polysaccharides alone
are not effective for infants under 2 years of age [3] and their effi-
cacy on older people is under debate [4].  Several pneumococcal
conjugate vaccines (PCVs) were developed over the last decade to
provide effective vaccine protection especially in young children.
The conjugate vaccines have proven effective for reducing carriage
and protecting against invasive disease [5,6]. However, there is evi-
dence that serotypes not covered by the vaccine are increasing in
incidence [7,8], either for serotype shift facilitated by vaccination

or for the well known secular trend of serotypes [9,10].

In 2000 a PCV formulated with polysaccharide antigens from the
seven serotypes isolated most frequently in north America (PCV7)
was initially used for routine immunization of children in the USA.

dx.doi.org/10.1016/j.vaccine.2011.12.008
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Fig. 1. Vaccination (PCV7) coverage in different Italian regions. Black: high cover-
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ge (>60% vaccinated children); dark grey: medium coverage (30–60% vaccinated
hildren), light grey: low coverage (<30% vaccinated children); white: unknown
overage.

o date more than 100 million doses have been distributed world-
ide. The European Medicines Agency (EMEA) granted a license

or PCV7 in 2001. The Italian Ministry of Health initially recom-
ended PCV7 for children at high risk, subsequently including it in

he National Vaccination Plan for 2005–2007.
However PCV7 had been progressively introduced, since 2003,

n some Italian regions, with different strategies according to epi-
emiological, organizational, and financial criteria.

In Liguria, for instance, PCV7 was recommended free-of-charge
o all children in the first year of life already in 2003, and vac-
ine coverage rapidly increased to over 80% in 2004 [11]. On the
ontrary, other Administrative Regions, such as Lombardia did
ot recommend mass vaccination till July 2010. This scenario has
ndoubtedly contributed to jeopardize vaccination coverage rates
f the different Italian geographical areas [12] which would be
xpected to influence the number of the vaccine-preventable cases
nd cost effectiveness. PCV7 uptake in Italy was 50–60% over the
eriod 2005–2007 based on international reports and reports from
he National Department of Health (ICONA 2008) [13,14]; how-
ver, according to the ICONA 2008 survey, a great difference in
VC7 coverage was present among different Italian regions, ranging
etween 20 and 27% respectively for Campania (South) and Lom-
ardia (North) up to 94.3–95.2% respectively for Basilicata (South)
nd Emilia-Romagna (North) [14] (Fig. 1).

Two new PCVs containing additional serotypes have been devel-
ped: the 10-valent PCV conjugated to Haemophilus influenzae
lycoprotein-d, which adds serotypes 1, 5, and 7F (PCV10); and a
RM197-conjugated 13-valent PCV, which adds serotypes 1, 3, 5,
A, 7F, and 19A (PCV13). In Italy, PCV13 will be deployed in many
egions in substitution of PCV7 [15,16].
The planning of a successful vaccination program requires infor-
ation about potential coverage. The limited coverage provided

y available PCVs with respect to the total number of serotypes
mphasizes the importance of monitoring for emergence of
 (2012) 2701– 2705

non-vaccine serotypes. Differences in the pathologic potential of
various serotypes should also be considered [2].

The aim of the present work was  to assess the potential serotype
coverage of three pneumococcal conjugate vaccines (PCV7, PCV10
and PCV13) against pneumococcal pneumonia and meningitis in
Italian children.

2. Patients and methods

2.1. Patients

The study was designed to include, within an active surveil-
lance program, all children 0–16 years with a confirmed diagnosis
of meningitis/sepsis (the most severe IPD) or bacteremic pneumo-
nia (the most common IPD). Only patients admitted to Paediatric
Hospitals or Paediatric wards of general hospitals in Italy from
April 2008 through March 2011 were considered. Hospitals from
all Italian regions were invited to participate.

IPD was defined as clinical suspicion of bacterial disease (pneu-
monia, meningitis/sepsis) [17–21] and laboratory-confirmation of
the presence of S. pneumoniae in a normally sterile site (blood,
cerebrospinal fluid or pleural fluid) as previously described [20].

Patients with severe concomitant disease (neoplasia,
immunodepression) or nosocomial acquired infections were
excluded. In order to select for community acquired disease,
children who  had been admitted to hospital, had been outpatients
or had attended an emergency room in the previous 14 days were
excluded from the study. Informed written consent was  obtained
from all parents or guardians before initiation of the study. The
study was  approved by the local ethics committee.

We  recorded data on anti-pneumococcal vaccine status, includ-
ing the number of doses received. Children were considered fully
vaccinated if they had completed the national vaccination sched-
ule, including 3 doses of the 7-valent conjugate anti-pneumococcal
vaccine (PCV7) at 3,5 and 12 months of age, or two  doses between
the first and the second year of life, or a single dose after the sec-
ond year of life. Children were considered incompletely vaccinated
if they had started but not completed the vaccine schedule.

Accordingly to the coverage rate for PCV7 reported in ICONA
2008 surveillance report [14] Italian regions were divided in:
low-coverage regions (0–33% coverage), medium coverage regions
(31–60% coverage) and high coverage regions (61–100% coverage).
The distribution over the country is shown in Fig. 1.

2.2. Sample handling

Whole blood was  obtained from all children as soon as possi-
ble after hospital admission. Samples for molecular tests were sent
at room temperature to the central Laboratory (Immunology Labo-
ratory, Anna Meyer Children’s University Hospital, Florence, Italy)
using an overnight freepost carrier and molecular tests were per-
formed within 2 h of delivery; 200 �l of whole blood were used for
both diagnosis and serotyping by Realtime-PCR (RT-PCR). Clinicians
were allowed to choose when to also request cultures from blood or
cerebrospinal fluid (CSF). For culture purposes, blood or CSF sam-
ples were immediately sent to the local laboratory and procedures
established by each hospital for these tests were used.

2.3. Diagnosis and serotyping of IPD

Diagnosis of laboratory-confirmed IPD was based on RT-PCR
results for the lytA gene as previously described [20,22]. A sam-

ple was  considered negative if there was  no increase in fluorescent
signal before RT-PCR cycle 45. We  had previously confirmed the
specificity of PCR using whole blood samples drawn from carrier or
non-carrier healthy controls [20,23].
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Table  1
Primer and probe sets for pneumococcal serotyping by Realtime PCR.

Serotype Forward primer Reverse primer Probe

2 TTATGGACTGGCTGATGGTTCTC AAATCCTGACCCAATAATAGCCTTT AGGTCAACGTATTGGAACTCTTAGAAATTGGGAAA
11  AD AGCTATCCTTTAGGCATTCCGTTA TCCCGTTGGCTTAGATATGTGTT TTGAAACACTAGATGAACTGGCAAACCT
16F CAGGCGAAAAGCGAGCAT TGGGTTCCCCTCATCTACGTT TGCTTTGGTAGCTTGTATGAGTGC
17F  CTTAGCGTACGTTCTTCGTATGCTA CCCGTACTCGGAAGCAAAAC TCTAAGAGAGCTACTGAAACACTTTGTGC
21 GGTTTAAATATCGCTCCGGGTAT CAAAAAAAGGGCTTGTAGACGAA TGTGAATTGGACACGTTATGGAGC

AATGTTGAAACCA TTGGCGGTAAACAATTAAGGCGT
CTAGCCTCAACCACTAA TAGAGCTATTTATCTTTCGTGGTTTT
CACCTCTAAAATTTT AGGAGTACGCAGAGAAAAGACTAGGATTCAA
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23A  GGGAATTGGCACTCTTCTGAAT GATCGGCA
23B  TTGAAGAAATTGCTCCAGAAACAT CCAAAAGA
29  TTCGAGTTGTGCCGTTTTTACA GGCGTACC

All samples were serotyped using RT-PCR as previously
escribed [20,22].  Twenty-nine primer/probe sets targeting dif-
erent regions of the CpsA gene were used, each specific for 29
ifferent serotypes. Twenty-one primer-probe sets were previ-
usly published [20,22]; the sequences of the 8 additional primer
robe sets are shown in Table 1. If no increase in fluorescent sig-
al was observed after 45 cycles for any of the serotype-specific
rimer/probe sets in spite of a positive result with both RT-PCR (lytA
ene) and end-point PCR (CpsA gene) [22], the sample was consid-
red non-typeable with the serotype-specific primers in Real-time
CR. Pneumococcal serotypes were classified as covered by PCV-7,
CV-10 or PCV-13 vaccines if they were included in the 7-valent (4,
B, 9V, 14, 18C, 19F, 23F), 10-valent (7-valent with the addition of
, 5 and 7F) or 13-valent (10-valent with further addition of 3, 6A
nd 19A) conjugate vaccines, respectively. The potential coverage
f the 3 available conjugate vaccines has been evaluated according
o the disease; moreover, since a campaign for vaccination of chil-
ren 2–5 years old has been proposed in some Italian regions, the
otential coverage has been evaluated according to different age.

.4. Statistical analysis

Two tailed p values were used and p values <0.05 were con-
idered statistically significant. Results were expressed as means
nd standard deviations (SD) or as median and interquartile range
IQR) as appropriate. Data were processed with the SPSSX statistical
ackage (SPSS 11.0, SPSS Inc, Chicago, IL).

. Results

.1. Diagnosis of IPD

We identified a total of 153 patients with bacteremic pneumo-
occal pneumonia (n = 104) or meningitis/sepsis (n = 49) from 83
articipating centers located among 19 of the 20 Italian regions,
epresenting 99.8% of the Italian population below the age of 16
ears.

Among the 20 Italian regions, 4 regions had low-coverage for
CV7, 7 regions had medium coverage for PCV7, 6 regions and one
utonomous province had high coverage for PCV7. Data on PCV7
overage were not available for 2 regions and one autonomous
rovince. Geographical distribution was not uniform (Fig. 1) so
hat PCV7 high-coverage regions are present both in the north
nd in the south of Italy. Twenty-five samples were obtained from
ow-coverage regions, 80 samples from medium-coverage regions
nd 48 from high coverage regions. The only region which did
ot include any patient has 18,807 residents below 16 years of
ge that is 0.2% of Italian population (9,044,793) 0–16 years (Ital-
an National Institute of Statistic, ISTAT, 2010 http://demo.istat.it/;
ccessed 6.11.11).
Median (IQR) age was 3.3 (1.7–5.6) years. The gender ratio M/F
as 1.12. Vaccination records indicated that 40.5% (62/153) had

ompleted the vaccination schedule and were fully vaccinated;
mong them 1 child had completed the vaccination schedule with
Fig. 2. Incidence of various serotypes as a cumulative percentage according to type
of  invasive pneumococcal disease in Italian children.

one dose of PCV13; 7.2% (11/153) had received at least one dose but
not the full course (2 of them had received 1 dose of PCV13) and
43.8% (67/153) had not been vaccinated. Data regarding vaccination
was not available for 8.5% (13/153) patients.

In 99 samples simultaneously obtained for both culture and RT-
PCR and positive for S. pneumoniae by RT-PCR, cultures resulted
positive in 35/99 (35.4%) children. Molecular methods appeared
2.8 times more sensitive than cultural methods (p < 10−6; OR and
95% confidence limits not calculable). Pathogens different from S.
pneumoniae were never found, in any of the samples positive for S.
pneumoniae by RT-PCR with the exception of one sample, positive
for Staphilococcus epidermidis by culture and reported as contami-
nated by the laboratory microbiologist.

3.2. Serotype distribution

Individuation of pneumococcal serotype was obtained in
144/153 (94.1%) patients (101 pneumonia, 43 meningitis/sepsis;
median age 3.3, IQR 1.8–5.6). IPD remained non-typeable in 9/153
(5.9%) patients because of sample paucity (1 sample) or because
negativity to all available primer/probe sets (8/153, 5.2% samples).
The 10 most prevalent serotypes were 1 (43/144, 29.9%), 3 (23/144,
16.0%), 19A (19/144, 13.2%), 7F (12/144, 8.3%), 5 (6/144, 4.2%), 14
(6/144, 4.2%), 6A (5/144, 3.5%), 6B (5/144, 3.5%), 18C (5/144, 3.5%),
19F (5/144, 3.5%). The distribution of the serotypes identified in
these patients according to underlying disease is shown in Fig. 2.
Overall, serotype coverage for PCV-7, -10 and -13 were 19.4%, 61.8%
and 94.4%. In order to determine the impact of age on potential cov-
erage we have presented serotype distribution according to patient
age (Fig. 3): serotype distribution was similar in the two  groups of
patients.

The percentage of vaccinated (fully or partially vaccinated) chil-

dren decreased, as expected, with age, going from 59.1% in children
below 2 years of age, to 56.9% in children 2–5 years of age, to 12.5%
in children over 9 years of age.

http://demo.istat.it/
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ig. 3. Incidence of various serotypes as a cumulative percentage according to age
n  Italian children with invasive pneumococcal disease.

PCV7 serotypes were found in 7/25 (28.0%) serotyped samples
rom low-coverage regions, in 15/71 (21.1%) serotyped samples
rom medium-coverage regions and in 5/45 (11.1%) serotyped sam-
les from high coverage regions.

No case of IPD due to PCV7 serotypes was recorded in children
ho had been fully or partially vaccinated.

. Discussion

Knowing the present distribution of pneumococcal serotypes
s essential to plan and monitor mass vaccination. Our study, per-
ormed on a large population of children distributed throughout
taly shows that, at present, less than 20% IPD are due to serotypes
ncluded in PCV7, and the potential coverage obtainable by 10-
alent or 13-valent formulation is respectively 61.8% and 94.4%.

The comparison between Realtime PCR and culture sensitivity
as beyond the aim of the study; however the data obtained in this

tudy confirm [19,20] the higher sensitivity of molecular methods
ompared to culture methods and underline the essential role of
olecular methods in surveillance studies.
Our survey reveals a change in the distribution of pneumococcal

erotypes in Italy since the 7-valent vaccine was introduced. Sur-
eys conducted before PCV7 was introduced in Italy had revealed
igher potential coverage for that vaccine, both in children <2 years
nd <5 years [12,24–28].  Actually, prior to the introduction of PCV7,
ctive surveillance carried out in 10 hospitals demonstrated that
CV-7, PCV-10 and PCV-13 could have prevented, respectively, 70,
0 and 87% cases in children <2 years old [24]. Regarding children
5 years old, published results demonstrated that PCV-7, PCV-10
nd PCV-13 could have prevented respectively 67–80%, 78–88% and
7–100% cases in the period between 1997 and 2003 [12,24–27].
nfortunately, since in Italy surveillance of invasive bacterial dis-
ase was, up to 2008, only focused on meningitis, larger studies
ncluded only that disease, and few information on other IPD dif-
erent from meningitis were available.

The present work shows that, in the last 3 years, most frequent
erotypes are 1, 3 and 19A in IPD patients with pneumonia and
F, 3 and 6A in patients with meningitis (none of those serotypes

s included in the PCV7 formulation). Over 50% of meningitis and
ver 80% of all pneumonia cases are due to serotypes which are
ot included in the PCV7 but are included in the 13-valent for-
ulation. As expected, there is a trend to a lower rate of PCV7

erotypes in regions with high PCV coverage rate; even if data does

ot reach significant differences, the rate of infections due to PCV7
erotypes is almost double in regions with medium PCV7-coverage
nd almost three times in low coverage regions when compared to
igh PCV7-coverage regions.
 (2012) 2701– 2705

Similar findings have been reported across Europe. The most
common serotypes associated with IPD before the introduction of
PCV7 were 14, 6B, 19F, and 23F, which are all covered by PCV7.
At that time, the mean increases in potential coverage for PCV10
and PCV13 were 7% and 16%, respectively, for children <2 years of
age [29]. Currently, data from countries constituting approximately
60% of the European population reveal that the most common IPD
serotypes after the introduction of PCV7 are 1, 19A, 3, 6A, and
7F [29]. In particular in Portugal [30] and France [31] the 3 lead-
ing serotypes are 1, 19A and 7F, with similar percentages in the
two countries (24–26%, 20–25% and 12–14% respectively). Different
from those data, our results show a higher prevalence of serotype
3; this is maybe due to the fact that Portuguese and French data
were obtained between 2006 and 2009, while our data are more
recent. Actually, in our Italian patients, the prevalence of serotype
3 was  about 8% in 2008 but it increased up to 22.0% in the last year.

A mild increase of non-vaccine serotypes has been described
after mass vaccination [32] and is associated with a decrease in the
number of cases due to vaccine serotypes [5,11].

However this does not seem to be the case in Italy where vacci-
nation has been limited to some regions and only from July 2010 is
offered free of charge to all children below 1 year of age. Actually
the rate of vaccinated children seems to be less than 50% in the last
3 years and undoubtedly lower in the previous years. Therefore, the
high frequency of serotypes 1, 3 and 19A shown in the present work
and the increase of those serotypes compared to 5–10 years ago
[12,24–27], cannot be completely ascribed to the immunological
pressure caused by the PCV7 vaccination. A spontaneous increase
of some serotypes, as demonstrated in the recent pre-vaccination
era [33] and the secular trend demonstrated for different serotypes
in the last 50 years [9,10],  may  probably contribute to the trend
observed in Italy.

Our data indicates that a shift to vaccines that include more
serotypes is necessary in Italy. PCV10 would provide potential cov-
erage for about 62% of the serotypes identified, while PCV13 would
provide coverage of more than 94% (86% for meningitis/sepsis and
nearly 100% for pneumonia).

There is no doubt that mass vaccination of children below one
year of age is worthy; decision regarding vaccination of children
between 1 and 5 years will be taken at the regional level. Similarly,
catch-up of children previously vaccinated with PCV7 in order to
expand their protection needs to be evaluated. First of all, the eval-
uation of serotype distribution in this age class is mandatory, in
order to consider which coverage could be obtained with differ-
ent vaccine formulations. Our data demonstrate that pneumococcal
serotype distribution in children between 2 and 5 years does not
differ from epidemiology demonstrated in younger children and
that PCV13 could prevent over 90% IPD in that cohort as it does
in children below 2 years. Other studies [34] evaluating the cost
benefit analysis for that age are now in progress in our laboratory.

5. Conclusions

Our results strongly suggest that introduction of PCV13 could
have a significant added benefit in reducing the burden of pneu-
mococcal disease in Italy. Molecular methods are essential tools in
the monitoring of pneumococcal serotype distribution. Continuous
surveillance of pneumococcal serotype distribution is mandatory
to plan and monitor the effect of pneumococcal vaccination and
promptly catch serotype shift.
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irenze; Dollfus L., Terni; Domenici R., Lucca; Flacco V., Furbetta M.,
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