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INtRoDUCtIoN

The encapsulated Gram-positive bacterium Streptococcus pneumoniae is a major pathogen that 
causes pneumonia, meningitis, and acute otitis media in children, elderly people, and immuno-
compromised population, with high morbidity and mortality (1). In many developed countries, 
pneumococcal infections interest an increasing number of patients affected by chronic disease, 
such as diabetes, asthma, chronic obstructive pulmonary disease, cardiovascular disease, chronic 
renal failure, and sickle-cell disease (1). Approximately 30% of adult pneumonia cases are caused 
by S. pneumoniae with a mortality rate between 11 and 40%, and 70–100 million of children aged 
under 5 years die for pneumococcal disease annually (2). For this reason, over the past 30 years, 
many efforts have been made to reduce the rate of pneumococcal infection by vaccination. Three 
multivalent pneumococcal conjugate vaccines have been developed to reduce the disease caused 
by specific pneumococcal serotypes in numerous countries (3–5). The first 7-valent pneumococcal 
polysaccharide conjugate vaccine (PCV7) developed in 2000 contains capsular polysaccharides 
from seven serotypes (4, 6B, 9V, 14, 18C, 19F, and 23F) and it significantly reduced the rate of infec-
tions in children under 2 years (1). The second and third conjugate vaccines 10-valent (PCV10) 
and 13-valent (PCV13) were developed in 2009 and in 2010, respectively. They contain the seven 
serotypes of PCV7 (4, 6B, 9V, 14, 18C, 19F, and 23F) and three serotypes (1, 5, and 7F) for PCV10, 
five serotypes (1, 3, 5, 7F, and 19A) and 6A for PCV13. Protective benefit against pneumococcal 
infection was increased (1, 6). The polysaccharide non-conjugate vaccine PPV23, developed in 
1983, contains purified capsular polysaccharides from 23 serotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 
10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F), and it is recommended for adults 
aged 65 years and older. However, it is not used for children younger than 2 years old (1). In Italy, 
PCV7 was used until 2010, and then it was substituted by PCV13. PCV vaccination is offered to all 
infants younger than 3 years, while no specific suggestion has been given to adults.

Prospective, multicentre, and observational studies are desirable to help the health Authorities in 
the development of efficient immunization strategies. The World Health Organization recommends 
countries to carry out appropriate surveillance of pneumococcal infections in order to estimate 
the vaccine coverage rate and to observe the effect of vaccination (7, 8). In Italy, few studies have 
been conducted to estimate the status of pneumococcal disease among children and adults (9–11). 
Recently, a prospective study has been conducted in children younger than 5 years in North-West 
Lombardy, including the city of Milan (12).
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The increase of the presence of multi-drug resistant (MDR) 
S. pneumoniae has been observed in many countries and it is 
becoming a main problem worldwide (13, 14). The national 
immunization programs and the clinical importance of vaccines 
can substantially decrease the infection rate of S. pneumoniae and 
the emergence of antibiotic-resistant pneumococci (13, 14).

The main goal of this study was to describe the serotype dis-
tribution, antimicrobial susceptibility, and resistance of invasive 
S. pneumoniae strains isolated from pediatric and older patients 
admitted to the hospital of Desio (MB), Italy. These data allow 
monitoring the status of vaccination, guiding the use of different 
vaccines both in children and the elderly, and suggesting the 
development of a new generation of conjugate vaccines.

MetHoDS

Clinical Isolates and Culture Conditions
This study was conducted at the Desio Hospital, situated in 
the Italian region of Lombardy with around 9,000,000 resident 
people. Starting from the large computerized database of the 
hospital, 60 non-duplicated patients with a confirmed diagnosis 
of invasive pneumococcal disease in the period June 2008–March 
2016 were included in this work (Data Sheet S1 in Supplementary 
Material). In accordance with the Centers for Disease Control and 
Prevention (Atlanta, GA, USA), a case of invasive pneumococcal 
disease was defined as the isolation of a S. pneumoniae strain from 
clinical specimens of normally sterile body sites, such as blood or 
cerebral spinal fluid (CSF). Samples were inoculated on 5% sheep 
blood agar plates (bioMerieux, La Balme-les-Grottes, France), 
and incubated at 37°C in the presence of 5% CO2 for 18–24 h 
prior the identification.

Identification of Isolates
Streptococcus pneumoniae isolates were analyzed and identified 
using standardized laboratory procedures, including colony 
morphology on blood agar, the presence of alpha-hemolysis, 
the optochin sensitivity test (Oxoid, Basingstoke, UK), and the 
catalase test, as described by UK Standards for Microbiology 
Investigations. Conventional microbiological methods were 
performed in combination with the Matrix Assisted Laser 
Desorption Ionization Time-of-Flight VITEK® MS and the 
VITEK® 2 microbial analysis systems, in accordance with the 
manufacturer’s instructions (bioMerieux, La Balme-les-Grottes, 
France).

Susceptibility testing
The antimicrobial susceptibility of each strain was performed 
using the VITEK® 2 S. pneumoniae susceptibility card (AST-P576, 
bioMerieux), and the interpretation of the results complied with 
the accordance to the European Committee on Antimicrobial 
Susceptibility Testing breakpoints tables (15).

Serotyping of Isolates
All isolates were subcultured and then they were sent in two 
Amies medium swab to the Pneumococcal Reference Laboratory 
in Lombardy (Milan, Italy) for analysis. At reference laboratory, 

each isolate was initially confirmed as S. pneumoniae, and then 
serotyped. Serogrouping was carried out using a commercial 
kit based on latex agglutination (Pneumotest-Latex kit, Statens 
Serum Institut, Copenhagen, Denmark). Briefly, pneumococcal 
serogroups were identified using latex particles coated with rabbit 
antibodies raised against capsular polysaccharide of pneumococci 
after agglutination in 14 pool sera and 21 group sera.

After group identification, S. pneumoniae serotypes was 
performed using Omni serum (Statens Serum Institut) that 
includes antibodies to all known pneumococci. Briefly, a sus-
pension of pure cultures of capsulated pneumococci was mixed 
with one drop of type antiserum and one drop of methylene 
blue on a glass slide. After an incubation at room temperature 
for 10  min, the samples were observed at microscope, and if 
the capsule was visible, the reaction was considered positive 
(Quellung reaction).

ReSULtS

Sixty S. pneumoniae strains were collected from patients with 
diagnosis of invasive pneumococcal infection at Desio Hospital, 
Lombardy (Italy), from January 2008 to March 2016. Our patient’s 
age ranged from 5 to 96 years, with an average of 59 ± 28 years. The 
male-to-female ratio was 1.31:1 (males = 56.7%; females = 43.3%). 
The most prevalent source was blood (n =  40, 67%), and then 
CSF (n = 9; 15%). Eleven patients (18%) showed pneumococcal 
infection in both blood and CSF samples. Sixty-eight percent of 
pneumococcal infections collected in this study are sepsis, while 
32% are meningitis. Our data agreed to the incidence in Italy (16). 
Among the 60 strains isolated, nine (15%) were isolated from 
patients aged between 5 and 12  years old (n  =  3 preschooler; 
n = 6 schooler), none in patients aged between 13 and 27 years, 
16 (26.7%) were isolated from patients between 28 and 64 years, 
35 (58.3%) were isolated from patients ≥65 years. It is important 
to note that no S. pneumoniae strains were isolated from children 
younger than 5 years.

All pneumococci isolated were identifiable by capsular 
serotyping. Figure  1 showed the serotype distribution of  
S. pneumoniae strains. The most common isolated serotypes were 
3 (n  =  10, 16.7%), 19A (n  =  9, 15%), and 12F (n  =  4, 6.7%), 
accounting for 38.3% among the isolates. In patients aged 5–12, 
serotypes 1, 12F, 19A, 23B, and 38 accounted 100% of serotyped 
isolates (Table 1). All the serotypes caused sepsis, and only in two 
cases, serotypes 19A and 23B caused both sepsis and meningitis. 
Sixteen serotypes were isolated in patients aged 13–64  years: 
eight caused sepsis, five caused meningitis, and three caused both 
sepsis and meningitis. The most observed serotypes were 19A and 
19F, which accounted 25% of isolates in this group (Table 1). In 
individuals older than 65 years, 17 serotypes were isolated and 
serotyped. The most prevalent strains were 3 (n =  9) and 19A 
(n = 5), which represented the 40% (Table 1).

It is worth noting that there were some association between 
S. pneumoniae strains and the type of invasive infection. We 
observed that the 90% of isolates belonging to serotype 3 and 
100% of isolates belonging to serotype 8 caused sepsis in patients 
older than 65 years, while the only serotype 3 isolated in a patient 
aged 40 years caused meningitis. One hundred percent of isolates 
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FIgURe 1 | Serotype distribution of Streptococcus pneumoniae isolates.

tabLe 1 | Serotype distribution among clinical specimens and age groups.

pneumococcal serotypes Years

5–12 13–64 >65

1 2
3 1 9
5 1
6C 1
7A 1
7F 1 1
8 3
10A 1
11A 1 1
12 1
12B 3
12F 2 2
14 1
15A 1
15B 1
16A 1
18A 1 1
19A 2 2 5
19F 2
20 1
22F 1
23A 1
23B 2 1
23F 1 1
24A 1 2
38 1
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belonging to serotype 1 caused sepsis only in children. Moreover, 
all the clinical cases of pneumococcal infections due to serotype 
24A caused meningitis in patients older than 12 years.

Evaluating the antimicrobial susceptibility, we noted that all 
strains were susceptible to cefotaxime, ceftriaxone, imipenem, 
levofloxacin, moxifloxacin, ofloxacin, linezolid, vancomycin, 
chloramphenicol, rifampicin, and trimethoprim/sulfameth-
oxazole. Pneumococcal serotypes identified in patients younger 
than 12 years were susceptible to all the tested antibiotics. On the 
contrary, five serotypes (14, 15A, 19A, 19F, and 24A) identified in 
patients aged 13–64 years showed antimicrobial resistance to eryth-
romycin [minimum inhibitory concentration (MIC) ≥ 1 µg/ml] 
and tetracycline (MIC ≥ 16 µg/ml) and two serotypes (15A and 
24A) were also resistant to penicillin (MIC ≥ 2 µg/ml). In indi-
viduals older than 65 years, seven serotypes (3, 6C, 15B, 19A, 20, 
23F, and 24A) were resistant to erythromycin (MIC ≥ 1 µg/ml) 
and tetracycline (MIC ≥ 16 µg/ml) and the strain 24A was also 
resistant to penicillin (MIC ≥ 2 µg/ml).

Importantly, we found that potential immunization coverage 
rates of PCV13, estimated on typified pneumococcal serotypes 
across all the period of this study, were 44.4% for children between 
5 and 12 years, 56% for patients between aged 13 and 64 years, 
and 46% for patients older than 65  years. On the other hand, 
potential coverage rates were higher using the non-conjugate 
23-valent pneumococcal polysaccharide vaccine: 67, 68.7, and 
71.4%, respectively.
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DISCUSSIoN

In 2014, in Italy, the overall incidence of confirmed invasive 
pneumococcal disease was 1.57/100,000 (16). Incidence was 
3.34/100,000 in infants (0  years), 1.44/100,000 in preschooler 
(1–4  years), 0.28–0.84/100,000 in schooler (5–14  years),  
0.15–1.03/100,000 in patients aged 15–64 years, and 3.99/100,000 
in patients aged >64  years (16). In 2014, in the regions of 
northern Italy (including Lombardy) annual incidence grew to 
5.86/100,000 in infants and 8.31/100,000 in individuals older 
than 64 years, while it was similar to national data in patients 
aged 5–64 years (16). Our study provides data for a continuous 
surveillance of S. pneumoniae strains causing invasive pneumo-
coccal diseases, and antibiotic resistance patterns in order to 
evaluate the constant effect of vaccines and their possible useful 
development (1).

More than 90 serotypes of S. pneumoniae exist, but only a 
subset causes invasive disease. S. pneumoniae isolates collected 
worldwide from 2004 to 2009 showed different geographical 
distribution (17). In this study, we identified 26 serotypes caus-
ing infections. The serotypes 3 and 19A are the most found, 
in agreement with the findings from recent Italian pooled 
data obtained by the National Institute of Health (2013) (16). 
In particular, the serotype 19A, which accounted 15% of our 
serotyped isolates, was indicated as an emerging strain. In fact, 
although it is included in PCV13 vaccine and not in PCV7, its 
increasing frequency has been recently demonstrated in Italy 
and worldwide (12, 18–21).

The distribution and antimicrobial resistances of S. pneumoniae 
serotypes were reported in different studies (17, 21–26). Recently, 
in Italy, it has been presented a work on a large population of 
two regions (Friuli-Venezia Giulia and Tuscany), evaluating the 
serotype distribution of S. pneumoniae isolates in children and 
adults. This study demonstrated a low correspondence between 
pneumococcal serotypes found in children and serotypes found 
in adults (11). In agreement with these data, in our study, we 
observed that 100% of infections caused by serotypes 3, 7F, 8, 
19F, 23F, 24A and 78% of infections caused by serotype 19A are 
associated with invasive pneumococcal infections in adults, in 
particular in patients older than 65 years. Conversely, 100% of 
invasive infections caused by serotype 1 were detected in children. 
This phenomenon is unexpected, since it has been demonstrated 
that some serotypes are frequently invasive, while others are com-
monly found in carriers (11).

In this study, we observed that invasive pneumococcal infec-
tions in children younger than 5 years of age were not detected 
and only five S. pneumoniae serotypes were isolated from 
patients aged 5–12 years, demonstrating that current regional 
vaccination programs effectively reduce invasive infections. In 
fact, among the nine cases identified, only a 5-year-old patient 
contracted an invasive pneumococcal infection by serotype 1, 
which is included in PCV13 vaccine. Moreover, three patients, 
who contracted infection by serotypes 1 and 19 A, were born 
before the introduction of PCV13 vaccine and they received 
PCV7. These data confirmed the substantial benefits and 
improvements after the introduction of PCV13 (1). Considering 
invasive pneumococcal infection in adults, we observed a 

progressive advance of incidence with increasing age. PCV vac-
cine is included in the Italian national program of vaccination 
in infants, while no definite suggestion has been specified to 
adults. Each Italian region follows different strategies. In this 
case, in Lombardy, only patients with particular pathologies, 
such as defects of the immune system, chronic illnesses, and 
diabetes, are recommended to receive PCV vaccination. As 
recently demonstrated, PCV13 vaccination of children seems 
to produce a small impact in the reduction of pneumococcal 
infections in adults (11, 27). In fact, in our study, the most 
common serotypes found, e.g., 3 and 19A, although they are 
included in PCV13, caused diseases in adults. Moreover, more 
recently, it has been shown that revaccination of adults older 
than 50 years with PCV13 after a first vaccination administered 
5  years earlier stimulates a memory response, maintaining 
higher antibody titers (28). According to our data, we suggest 
that a specific vaccination program might be offered to adults in 
order to decrease invasive pneumococcal disease. In fact, PPV23 
seems to be a good solution since about 70% of adults might be 
covered. However, further works and active surveillance studies 
are necessary in order to reveal the potential beneficial effects 
of PPV23 in immunization programs of children older than 
5 years and adults to decrease disease burden in the population, 
as also suggested by World Health Organization (29).

Over the past years, inadequate prescription and con-
sumption of antibiotics caused an increasing incidence of 
antimicrobial-resistant pneumococci, leading to a global 
problem (13, 14). In this study, not very low representation 
of antibiotic resistance was observed. Resistance to inhibitors 
of protein synthesis was observed in the highest percentage 
(26.7%), while the lowest percentage was observed for cell wall 
synthesis inhibitors, in particular penicillin (5%). Moreover, 
the serotype 24A isolated from three adults is multiresistant 
(MDR) with combined non-susceptibility to penicillin and 
erythromycin, most probably carried by transposons of the 
Tn916 family, as recently described (30). Similar results to our 
data were recently observed in a study performed in Italy (31). 
Complex relationships between prevalence of resistance and 
incautious antibiotic use suggest that serotypes distribution 
also depends on the timing of antimicrobial administration. 
Vaccination programs not only lead to a very high reduction 
of invasive pneumococcal disease but also reduce an incorrect 
use of antibiotics.

Finally, a limitation of this study is the restricted numbers of 
strains isolated in one hospital. Therefore, multicentre studies, 
including isolates from more hospitals, should be carried out.

Streptococcus pneumoniae is an important cause of invasive 
diseases, in particular in children and elderly. The results obtained 
in this study provided important data on serotypes distribution 
and antibiotic resistances. Continued surveillance of pneumo-
coccal epidemiology is strongly suggested, making available 
information on the emergence of multi-drug-resistant strains. In 
conclusion, this work could be an aid to monitor the dynamic 
changing of serotypes and antimicrobial resistances, suggesting a 
clinical guidance for the development of appropriate antimicro-
bial therapies and for the inclusion of emergent serotypes in a new 
generation of vaccines.
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