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Abstract: Pneumococcal community-acquired pneumonia (CAP) is a leading cause of mortality. 

Following the introduction of pneumococcal conjugate vaccines (PCVs) in children, a decrease in 

the burden of the disease was reported. In parallel, an increase in non-vaccine serotypes was also 

noted. The objective of this study was to assess the current serotype-specific epidemiology of 

pneumococci among Italian older adults hospitalized for CAP. A prospective study was conducted 

between 2017 and 2020 in four Italian regions. Subjects aged ≥ 65 years hospitalized with confirmed 

CAP were tested for pneumococci using both pneumococcal urinary antigen and serotype-specific 

urine antigen tests able to identify all 24 serotypes included in the available vaccines. Of the 1155 

CAP cases, 13.1% were positive for pneumococci. The most prevalent serotypes were 3 (2.0%), 8 

(1.7%), 22F (0.8 %) and 11A (0.7%). These serotypes are all included in the newly licensed PCV20. 

The serotypes included in PCV13, PCV15 and PCV20 contributed to 3.3%, 4.4% and 7.5% of the CAP 

cases, respectively. In the context of a low PCV13 coverage among older adults and a high PCV 

coverage in children, a substantial proportion of CAP is caused by PCV13 serotypes. Higher valency 

PCV15 and PCV20 may provide additional benefits for the prevention of CAP in vaccinated older 

adults. 

Keywords: community-acquired pneumonia (CAP); Streptococcus pneumoniae; pneumococcal  

pneumonia; pneumococcal conjugate vaccines; older adults 

 

1. Introduction 

Community-acquired pneumonia (CAP) is a commonly diagnosed disease with a 

high clinical and economic burden. Together with young children, older adults are the 

most affected population group [1]. For instance, in Italian adults, the rate of 

hospitalization following an episode of CAP has been estimated to be 31.8% [2]. 

Streptococcus (S.) pneumoniae (pneumococci) remains the leading cause of CAP [3]. It has 

been estimated that about a quarter of all CAP in adults is attributable to pneumococci, 
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although the true fraction is difficult to determine because of the limited sensitivity of the 

diagnostic tests for non-bacteremic pneumococcal CAP (reviewed in [4]). 

On the basis of their polysaccharide capsule, which is considered to be the main 

determinant of virulence, pneumococci are classified into more than 100 serotypes and all 

licensed vaccines are based on the capsule antigen [5]. Vaccination is one of the most 

important public health interventions able to reduce the burden of pneumococcal disease 

and is recommended for young children, older adults and individuals with underlying 

chronic conditions. Until recently, two pneumococcal vaccines were available for adults: 

a 13-valent pneumococcal conjugate (PCV; serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 

19F and 23F) and 23-valent polysaccharide (PPV23). Although the former induces a T cell-

dependent immune response associated with the induction of B cell memory, the latter 

does not induce a long-lasting immunological memory [6]. Recently, a few studies [7,8] 

reported a rise in non-PCV13 serotypes detected in invasive pneumococcal disease (IPD) 

and CAP cases such as 8, 12F and 22F. To address this increase in serotypes not included 

in PCV13, the higher valency PCV15 (PCV13 serotypes plus serotypes 22F and 33F) and 

PCV20 (PCV15 serotypes plus serotypes 8, 10A, 11A, 12F and 15B) were developed and 

recently licensed in the United States (US) and Europe for the immunization of adults 

aged ≥ 18 years [9,10]. 

Studies on the distribution of pneumococcal serotypes have focused mainly on IPD, 

especially in young children (reviewed in [8,11]). By contrast, data on the serotype 

distribution in adults with CAP after the introduction of childhood PCV13 immunization 

are less common. Although IPD surveillance has been in place in Italy since 1994 [12], data 

regarding the serotype distribution for non-IPD outcomes are collected ad hoc and only a 

few studies are available. To date, only one study [13] has investigated the role of S. 

pneumoniae in CAP diagnosed among Italian adults. In this small (n = 193 older adults) 

study conducted between October 2011 and October 2012 in Milan, the most frequently 

detected serotypes in CAP patients were 35F, 3, 24, 6 and 7A and S. pneumoniae was 

detected in 18% of cases. 

In Italy, by 2007, most regions issued recommendations on the use of 7-valent PCV 

(PCV7) in children and in 2010, PCV7 was replaced by PCV13 with a 2 + 1 schedule [14]. 

In 2017, the Italian Immunization Plan 2017–2019 recommended pneumococcal 

vaccinations for individuals aged ≥ 65 years with a single dose of PCV13 followed by 

PPV23 [15]. Despite these recommendations, the vaccination uptake remains low in both 

at-risk and older adults [16]. 

Here, we aimed to analyze the distribution of pneumococcal serotypes among 

patients aged ≥ 65 years hospitalized with radiologically confirmed CAP in four 

geographically dispersed regions of Italy between 2017 and 2020. 

2. Materials and Methods 

2.1. Study Design, Participants and Setting 

A prospective cohort study was conducted in eight hospitals located in four different 

Italian regions—namely, Liguria (macro-area of the north-west), Veneto (macro-area of 

the north-east), Apulia (macro-area of the south) and Sicily (macro-area of islands)—

between 2017 and 2020. The secondary objectives of the study are reported here, including 

the analysis of the burden of pneumococcal CAP (pCAP) and CAP due to pneumococcal 

vaccine serotypes (VTs). Adults aged ≥ 65 years residing in the study catchment areas and 

admitted to the study hospitals for CAP diagnosed both clinically and radiographically 

were screened for eligibility. CAP was defined as pneumonia acquired outside the 

hospital or within 48 hours following hospital admission with typical chest radiographical 

patterns (new onset or progressive segmental or multifocal infiltrates) and at least two of 

the following symptoms: (i) a cough; (ii) purulent sputum or changes in sputum 

volume/viscosity; (iii) a body temperature of > 38.0 °C or < 36.1 °C; (iv) typical auscultation 

and/or percussion findings; (v) leukocytosis (white blood cell count > 10,000/mm3 or 
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immature neutrophil count > 15%) or leukopenia (white blood cell count < 4,500/mm3); 

(vi) a concentration of C-reactive protein > 3 times higher than the upper normal limit; 

and (vii) hypoxemia with a partial oxygen pressure < 60 mmHg. The exclusion criteria 

were: (i) onset of CAP symptoms following a hospital admission for at least 48 hours in 

the preceding two weeks; (ii) a diagnosis of CAP ≤ 30 days prior to the assessment; or (iii) 

a diagnosis of active pulmonary tuberculosis. 

The study was conducted in accordance with the Declaration of Helsinki and was 

approved by the Ethics Committee of the Liguria Region (Genoa, Italy) (resolution P.R. 

356REG2016 of 20 September 2016). 

2.2. Study Procedures and Assessments 

Following the informed consent, information on the principal socio-demographics, 

medical history and standard-of-care laboratory and imaging investigations related to the 

CAP diagnosis were collected. As a study procedure, a urine sample (30 mL) was obtained 

from participants and stored at −70 °C until shipment to the central laboratory of the 

study. Each urine sample was tested with a pneumococcal urinary antigen (PUAT; 

BinaxNOW S. pneumoniae™, Abbott Diagnostics, Scarborough, ME, US) and Pfizer’s 

proprietary serotype-specific Luminex-based multiplex urinary antigen detection 

(SSUAD) assays [17,18]. 

2.3. Definitions 

pCAP was defined as CAP with the detection of S. pneumoniae by the PUAT and/or 

SSUAD assays. Considering the high diagnostic performance of the SSUAD assays [17,18], 

samples negative for 24 vaccine serotypes covered by SSUAD but positive in PUAT were 

assumed to be positive for non-vaccine serotypes (NVTs). Finally, serotypes 1, 5, 7F and 8 

were defined as highly invasive whereas the rest were considered to be less invasive [19]. 

To investigate the short-term changes in the distribution of the serotypes, the study 

period was divided into three equal periods; namely, 2017–2018 (from June 1st, 2017 to 

May 31, 2018), 2018–2019 (from June 1st, 2018 to May 31th, 2019) and 2019–2020 (from 

June 1st, 2019 to May 31th, 2020). 

2.4. Data Analysis 

Proportions were reported with their 95% confidence intervals (CIs) calculated using 

Clopper–Pearson’s exact method and the continuous variables were reported as means ± 

standard deviations (SDs). Additional serotype coverage of the newly available PCV15 

and PCV20 (compared with PCV13) was expressed as mean differences with 95% CIs for 

the dependent proportions. Fisher’s exact test was used to compare the serotype 

distributions. The Cochran–Armitage test was used to identify the significant short-term 

trends in the serotype distributions. All analyses were performed in R Stats Package v. 

4.1.0 (R Foundation, Vienna, Austria). 

3. Results 

A total of 1,155 older adults with clinically and radiologically confirmed CAP and 

non-missing PUAT and SSUAD results were included in the analysis. The mean age was 

79.4 ± 7.6 years, 59.2% were male and 92.2% had at least one underlying medical condition 

predisposing to pneumococcal disease. Most cases occurred in the fall and winter months 

and 50.0% were enrolled during the 2018–2019 period (Table 1). 

Table 1. Characteristics of the study participants. 

Characteristic 
All-Cause CAP 

(N = 1155), n (%) 

pCAP 

(N = 151), n (%) 

pCAP to All-

Cause CAP, % 

Sex 
Female 471 (40.8) 69 (45.7) 14.6 

Male 684 (59.2) 82 (54.3) 12.0 
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Age, years 

65–74 332 (28.7) 50 (33.2) 15.1 

75–79 502 (43.5) 61 (40.3) 12.2 

≥ 85 321 (27.8) 40 (26.5) 12.5 

Mean (SD) 79.4 (7.6) 79.0 (7.9) – 

Region 

Liguria 410 (35.5) 61 (40.3) 14.9 

Veneto 211 (18.3) 33 (21.9) 15.6 

Apulia 193 (16.7) 17 (11.3) 8.8 

Sicily 341 (29.5) 40 (26.5) 11.7 

Year 

2017–2018 239 (20.7) 30 (19.9) 12.6 

2018–2019 577 (50.0) 81 (53.6) 14.0 

2019–2020 339 (29.3) 40 (26.5) 11.8 

Underlying chronic condi-

tions 

None 90 (7.8) 16 (10.6) 17.8 

≥ 1 1065 (92.2) 135 (89.4) 12.7 

CAP: community-acquired pneumonia; pCAP: pneumococcal community-acquired pneumonia; SD: standard deviation. 

 

Pneumococcus was detected in 151 (13.1%; 95% CI: 11.2–15.2%) patients with CAP 

by PUAT or SSUAD. Of these, 35.8% (n = 54) tested positive by both PUAT and SSUAD, 

27.8% (n = 42) by SSUAD only and 36.4% (55) by PUAT only, with the latter category likely 

reflecting NVT CAP. Among the 96 patients positive by SSUAD, a total of 97 serotype 

detections occurred as one patient was identified with two serotypes (7F and 15B). Among 

all CAP cases, the most frequently detected serotypes were 3 (2.0%; 95% CI: 1.3–3.0%), 8 

(1.7%; 95% CI: 1.1–2.7%), 22F (0.8%; 95% CI: 0.4–1.5%), 11A (0.7%; 95% CI: 0.3–1.4%) and 

9N (0.6%; 95% CI: 0.2–1.2%). The highly invasive serotypes 1, 5, 7F and 8 accounted for a 

total of 2.1% (95% CI: 1.3–3.1%) of the CAP cases. The serotypes included in PCV15 and 

PCV20 were identified in 4.4% (95% CI: 3.3–5.8%) and 7.5% (95% CI: 6.1–9.2%) of the CAP 

cases, respectively (Table 2). 

The serotype distributions by age group were similar. Although no statistically sig-

nificant between-age differences emerged, subjects in the youngest age group of 65–74 

years of age (who were also the most prevalent age class in the total pCAP cohort) showed 

a relatively high prevalence of cases positive only by PUAT (Table 2). 

Across the three years, there was a significant (p = 0.016) increase in cases positive 

only by PUAT (2017–2018: 2.9%; 2018–2019: 4.2%; 2019–2020: 7.1%). By contrast, the prev-

alence of highly invasive VTs significantly decreased (p = 0.008) over the study period 

(2017–2018: 4.6%; 2018–2019: 1.6%; 2019–2020: 1.2%). No significant change (p = 0.21) oc-

curred in the proportion of CAP due to the PCV13 serotypes, although the proportion was 

the lowest during the last study year (2017–2018: 2.9%; 2018–2019: 4.5%; 2019–2020: 1.5%). 
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Table 2. Percent of all community-acquired pneumonia cases due to individual serotypes and 

grouped by pneumococcal conjugate vaccine (PCV) composition. 

Serotype 
Age Class (Years), n (%) 

≥ 65 (N = 1155) 65–74 (N = 332) 75–84 (N = 502) ≥ 85 (N = 321) 

PCV13 serotypes 1 38 (3.3) 8 (2.4) 18 (3.6) 12 (3.7) 

3 23 (2.0) 5 (1.5) 11 (2.2) 7 (2.2) 

19A 3 (0.3) 0 (0) 1 (0.2) 2 (0.6) 

5 2 (0.2) 1 (0.3) 1 (0.2) 0 (0) 

6A 2 (0.2) 0 (0) 1 (0.2) 1 (0.3) 

7F 2 (0.2) 1 (0.3) 1 (0.2) 0 (0) 

18C 2 (0.2) 0 (0) 1 (0.2) 1 (0.3) 

23F 2 (0.2) 0 (0) 2 (0.4) 0 (0) 

4 1 (0.1) 0 (0) 0 (0) 1 (0.3) 

19F 1 (0.1) 1 (0.3) 0 (0) 0 (0) 

PCV15 serotypes 2 51 (4.4) 10 (3.0) 27 (5.4) 14 (4.4) 

Additional PCV15 sero-

types 3 
13 (1.1) 2 (0.6) 9 (1.8) 2 (0.6) 

22F 9 (0.8) 2 (0.6) 7 (1.4) 0 (0) 

33F 4 (0.3) 0 (0) 2 (0.4) 2 (0.6) 

PCV20 serotypes 4 87 (7.5) 26 (7.8) 40 (8.0) 21 (6.5) 

Additional PCV20 sero-

types 5 
36 (3.1) 16 (4.8) 13 (2.6) 7 (2.2) 

8 20 (1.7) 8 (2.4) 8 (1.6) 4 (1.2) 

11A 8 (0.7) 5 (1.5) 2 (0.4) 1 (0.3) 

15B 5 (0.4) 2 (0.6) 1 (0.2) 2 (0.6) 

10A 2 (0.2) 0 (0) 2 (0.4) 0 (0) 

12F 1 (0.1) 1 (0.3) 0 (0) 0 (0) 

Non-PCV serotypes 6 10 (0.9) 3 (0.9) 4 (0.8) 3 (0.9) 

9N 7 (0.6) 3 (0.9) 2 (0.4) 2 (0.6) 

20 2 (0.2) 0 (0) 2 (0.4) 0 (0) 

17F 1 (0.1) 0 (0) 0 (0) 1 (0.3) 

Non-vaccine type 7 55 (4.8) 21 (6.3) 18 (3.6) 16 (5.0) 
1 Includes serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F and the cross-reactive serotype 

6C; 2 includes serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F, 33F and the cross-

reactive serotype 6C; 3 includes serotypes 22F and 33F; 4 includes serotypes 1, 3, 4, 5, 6A, 6B, 7F, 8, 

9V, 10A, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 33F and the cross-reactive serotypes 6C and 15C; 
5 includes serotypes 8, 10A, 11A, 12F, 15B and the cross-reactive serotype 15C; 6 includes serotypes 

2, 9N, 17F and 20; 7 samples tested positive in the pneumococcal urinary antigen test but negative in 

the serotype-specific Luminex-based multiplex urinary antigen detection to all 24 vaccine serotypes. 

PCV: pneumococcal conjugate vaccine. 

4. Discussion 

To our knowledge, this is the first study describing the contemporary pneumococcal 

serotype distribution in a large sample of Italian older adults hospitalized for radiologi-

cally confirmed CAP. Using urinary antigen testing, 13% of CAP was due to pneumococ-

cus. The most commonly detected serotypes were 3, 8, 22F, 11A, 9N and 15B. Except for 

serotype 9N, these serotypes are all included in the recently licensed PCV20. Serotypes 

included in PCV20 represented 7.5% of the radiologically confirmed CAP cases compared 

with 4.4% and 3.3% for PCV15 and PCV13, respectively. About one-third of the pCAP 

cases were only diagnosed by PUAT; these likely represented serotypes not included in 

any available pneumococcal vaccine. The proportion of pCAP due to NVTs increased over 

the 3-year study period. 



Microorganisms 2023, 11, 70 6 of 9 
 

 

Our study highlighted that the serotype distribution between adults and children 

and between pCAP and IPD may be different. In our study, the most common serotype 

was serotype 3; during the same time period, serotype 8 was the most common serotype 

among Italian older adults with IPD [12]. Conversely, in young Italian children, the most 

frequent serotypes in IPD were 10A and 24F [12]. In this regard, serotype 3 has been 

shown to be associated with the clinical presentation of pneumonia and pneumonia com-

plications [20] whereas serotype 8 is associated with an invasive disease [21]. The invasive 

disease potential for serotypes also differs by age and a few serotypes may be more inva-

sive in older adults than in children [22]. 

In adults, the proportion of CAP due to S. pneumoniae in high-income countries var-

ies, with higher values reported in Spain [23] and the United Kingdom (UK) [24] and 

lower values in the US [25] and Greece [26]. A prospective cohort study on the etiology of 

CAP in older adults in four Spanish regions reported that 35.0% of CAP cases were due 

to S. pneumoniae and serotypes 3 and 8 were the most commonly detected [23]. Similarly, 

a CAP surveillance study conducted in the UK between 2013 and 2018 reported that 36.6% 

of hospitalized CAP cases among adults aged ≥ 18 years were associated with pneumo-

coccus; serotypes 3 and 8 were more common. In the UK study, no serotype could be 

determined in a large proportion of pCAP cases [24]. In the US, pneumococcus was iden-

tified in 8.8% of adults ≥ 65 years hospitalized for CAP [25] and a Greek study identified 

pneumococcus in 12.2% of CAP patients [26]. The results of these two studies [25,26] were 

more similar to our findings. The reasons for the differences between the studies may 

reflect the true epidemiologic differences in the countries (e.g., based on PCV coverage in 

children and adults, the use of the influenza vaccine, differences in the waves of co-infect-

ing viral illnesses, the prevalence of underlying diseases or other factors) or methodologic 

differences such as the patient enrollment criteria, different criteria for defining CAP or 

differences in the criteria for hospitalizing patients with CAP. 

In line with previous reports [23–26], PCV13 serotype 3 was the most frequent sero-

type detected in CAP in our study. The disease caused by serotype 3 is often more severe 

and may evade antibody-mediated clearance. In vitro studies have suggested that sero-

type 3 may escape the deposition of capsule-specific antibodies and complement this by 

shedding the capsule antigen into the environment [27]. Although vaccine effectiveness 

may be lower against serotype 3, a systematic review and meta-analysis by McLaughlin 

et al. [28] reported a significant pooled PCV13 effectiveness of 52.5% (95% CI: 6.2–75.9%) 

against serotype 3-hospitalized CAP among directly vaccinated older persons. The au-

thors hypothesized that despite the substantial direct protection, PCV13 may have had a 

limited impact on the carriage of this serotype [28]. 

The main limitation of the present study was that the culture-based microbiological 

investigations were not recorded in the study database and a limited degree of pneumo-

coccal disease misclassification might have occurred. The isolation of S. pneumoniae from 

normally sterile sites is considered to be the gold standard for the diagnosis of bacteremic 

pCAP. Given the high specificity of SSUAD compared to this gold standard [17,18], false-

positive detections for the 24 serotypes included in the SSUAD assay were unlikely. In 

contrast, the culture of lower respiratory tract secretions has been associated with an ac-

ceptable specificity (93–97%) but a limited sensitivity (57–82%), even if the sample is of a 

high quality [29]. A further limitation of the PUAT is its inability to identify specific sero-

types. Furthermore, it has been suggested [30] that the sensitivity of the PUAT for pneu-

mococcal pneumonia is highly variable (from 33.3% to 100%) according to single sero-

types. One of the most plausible reasons for this variability is the serotype-specific com-

position of the C polysaccharide (teichoic acid), which is the PUAT target [30]. In the pre-

sent study, all specimens were tested in parallel (as opposed to testing in series) using 

both PUAT and the highly sensitive SSUAD. The parallel testing further increased the 

overall combined sensitivity [31]. Although the exact distribution of the serotypes among 

the group positive by PUAT only remains unknown, many (or most) were likely to be 

NVTs not included in the SSUAD assays. Moreover, the SSUAD assays were validated 
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using samples from patients with bacteremic CAP and its sensitivity for non-bacteremic 

CAP remains unknown; vaccine-probe studies have suggested that the test likely under-

estimates the true proportion of PCV-preventable CAP [17,18]. Another shortcoming of 

our study was the relatively short study period, which limited our ability to evaluate the 

long-term trends in the serotype evolution following the introduction of PCV13 in Italy. 

Lastly, the COVID-19 pandemic during the last study year may have impacted the gener-

alizability of the study results, although 94% of the subjects were enrolled before February 

2020. 

In conclusion, a significant proportion of CAP in older adults in Italy is caused by S. 

pneumoniae and a substantial proportion of this remaining burden is due to serotypes in-

cluded in the recently licensed PCV20, with serotype 3 and 8 being the most notable sero-

types. Our results support the potential of the newly registered PCV15 and PCV20 to 

broaden PCV coverage in adults as they contain serotypes that are highly prevalent in 

adult pCAP in Italy and not included in PCV13. For example, serotype 22F is included in 

both PCV15 and PCV20, and PCV20 also contains serotypes 8 and 11A. Continued efforts 

are needed to improve pneumococcal vaccine formulations, as indicated by a relatively 

high proportion of pCAP that was not associated with the serotypes included in currently 

available PCV formulations. 

Author Contributions: Conceptualization, A.O. and G.I.; methodology, A.O., L.S., E.B., C.T., R.B. 

and G.I.; software, S.M.; validation, A.O., A.D. and S.M.; formal analysis, A.D. and E.B.; investiga-

tion, A.O., S.M., M.O., R.P., F.F., D.M., C.C., V.R., F.T., V.B. and T.B.; data curation, A.D., M.O., F.F., 

F.T. and T.B.; writing—original draft preparation, A.O. and A.D.; writing—review and editing, L.S., 

R.P., F.F., D.M., C.C., V.R., F.T., V.B., T.B., E.B., C.T., E.A.M., R.B., B.G. and G.I.; supervision, A.O. 

and G.I.; project administration, A.O., S.M., E.A.M., R.B. and G.I.; funding acquisition, E.A.M. and 

G.I. All authors have read and agreed to the published version of the manuscript. 

Funding: This study was conducted under a clinical research collaboration agreement between the 

Department of Health Sciences of the University of Genoa and Pfizer. The University of Genoa was 

the study sponsor. The funders of the study did not play any part in the data collection; they collab-

orated in the design of the study, data analysis and manuscript preparation. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki and was approved by the Ethics Committee of the Liguria Region (Genoa, Italy) 

(resolution P.R. 356REG2016 of 20 September 2016. 

Informed Consent Statement: All subjects provided their informed consent. 

Data Availability Statement: All relevant data are within the manuscript. 

Conflicts of Interest: The authors declare the following financial interests/personal relationships, 

which may be regarded as potential competing interests: E.B., C.T., B.G., R.B. and E.A.M. were em-

ployees of Pfizer at the time of this study and may hold Pfizer stock or stock options; A.O., A.D., 

S.M., M.O., L.S., R.P., D.M., F.F., F.V., F.T., V.B. and T.B. have no conflicts of interests to declare. 

References 

1. Musher, D.M.; Thorner, A.R. Community-acquired pneumonia. N. Engl. J. Med. 2014, 371, 1619–1628. 

2. Viegi, G.; Pistelli, R.; Cazzola, M.; Falcone, F.; Cerveri, I.; Rossi, A.; Di Maria, G.U. Epidemiological survey on incidence and 

treatment of community acquired pneumonia in Italy. Respir. Med. 2006, 100, 46–55, https://doi.org/10.1016/j.rmed.2005.04.013. 

3. Shoar, S.; Musher, D.M. Etiology of community-acquired pneumonia in adults: A systematic review. Pneumonia 2020, 12, 11, 

https://doi.org/10.1186/s41479-020-00074-3. 

4. Said, M.A.; Johnson, H.L.; Nonyane, B.; Knoll, M.D.; O'Brien, K.; for the AGEDD Adult Pneumococcal Burden Study Team 

Estimating the Burden of Pneumococcal Pneumonia among Adults: A Systematic Review and Meta-Analysis of Diagnostic 

Techniques. PLoS ONE 2013, 8, e60273, https://doi.org/10.1371/journal.pone.0060273. 

5. Gladstone, R.A.; Lo, S.W.; Lees, J.A.; Croucher, N.J.; van Tonder, A.J.; Corander, J.; Page, A.J.; Marttinen, P.; Bentley, L.J.; Ochoa, 

T.J.; et al. International genomic definition of pneumococcal lineages, to contextualise disease, antibiotic resistance and vaccine 

impact. Ebiomedicine 2019, 43, 338–346, https://doi.org/10.1016/j.ebiom.2019.04.021. 

6. Croucher, N.J.; Løchen, A.; Bentley, S.D. Pneumococcal Vaccines: Host Interactions, Population Dynamics, and Design Princi-

ples. Annu. Rev. Microbiol. 2018, 72, 521–549, https://doi.org/10.1146/annurev-micro-090817-062338. 



Microorganisms 2023, 11, 70 8 of 9 
 

 

7. González-Díaz, A.; Càmara, J.; Ercibengoa, M.; Cercenado, E.; Larrosa, N.; Quesada, M.; Fontanals, D.; Cubero, M.; Marimón, 

J.; Yuste, J.; et al. Emerging non-13-valent pneumococcal conjugate vaccine (PCV13) serotypes causing adult invasive pneumo-

coccal disease in the late-PCV13 period in Spain. Clin. Microbiol. Infect. 2020, 26, 753–759, 

https://doi.org/10.1016/j.cmi.2019.10.034. 

8. Balsells, E.; Guillot, L.; Nair, H.; Kyaw, M.H. Serotype distribution of Streptococcus pneumoniae causing invasive disease in 

children in the post-PCV era: A systematic review and meta-analysis. PLoS ONE 2017, 12, e0177113, https://doi.org/10.1371/jour-

nal.pone.0177113. 

9. US Food & Drug Administration. BLA Approval and BLA Accelerated Approval Letter. 2021. Available online: 

https://www.fda.gov/media/150021/download (accessed on 30 November 2022). 

10. European Medicines Agency. CHMP Summary of Positive Opinion for Appexxnar. 2021. Available online: 

https://www.ema.europa.eu/en/documents/smop-initial/chmp-summary-positive-opinion-apexxnar_en.pdf (accessed on 30 

November 2022). 

11. Izurieta, P.; Bahety, P.; Adegbola, R.; Clarke, C.; Hoet, B. Public health impact of pneumococcal conjugate vaccine infant im-

munization programs: Assessment of invasive pneumococcal disease burden and serotype distribution. Expert Rev. Vaccines 

2018, 17, 479–493, https://doi.org/10.1080/14760584.2018.1413354. 

12. Italian National Institute of Health. National Surveillance System of Invasive Bacterial Diseases, 2020. Available online: 

https://www.iss.it/documents/20126/0/Rapporto+MaBI+2020.pdf/a2d63000-2b68-56d9-bdf2-b471bd77417d?t=1644488786938 

(accessed on 30 November 2022). 

13. Di Pasquale, M.; Aliberti, S.; Azzari, C.; Moriondo, M.; Nieddu, F.; Blasi, F.; Mantero, M. Serotypes and antibiotic susceptibility 

of Streptococcus pneumoniae isolated from hospitalized patients with community-acquired pneumonia in Italy. SAGE Open Med. 

2017, 5, 2050312117720058. https://doi.org/10.1177/2050312117720058. 

14. Alfonsi, V.; D'Ancona, F.; Giambi, C.; Nacca, G.; Rota, M.C.; Regional Coordinators for Infectious Diseases and Vaccinations. 

Current immunization policies for pneumococcal, meningococcal C, varicella and rotavirus vaccinations in Italy. Health Policy 

2011, 103, 176–183. 

15. Italian Ministry of Health. National Vaccination Plan 2017–2019. 2017. Available online: http://www.sa-

lute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf (accessed on 30 November 2022). 

16. Ansaldi, F.; Pugh, S.; Amicizia, D.; Di Virgilio, R.; Trucchi, C.; Orsi, A.; Zollo, A.; Icardi, G. Estimating the Clinical and Economic 

Impact of Switching from the 13-Valent Pneumococcal Conjugate Vaccine (PCV13) to the 10-Valent Pneumococcal Conjugate 

Vaccine (PCV10) in Italy. Pathogens 2020, 9, 76, https://doi.org/10.3390/pathogens9020076. 

17. Pride, M.W.; Huijts, S.M.; Wu, K.; Souza, V.; Passador, S.; Tinder, C.; Song, E.; Elfassy, A.; McNeil, L.; Menton, R.; et al. Valida-

tion of an Immunodiagnostic Assay for Detection of 13 Streptococcus pneumoniae Serotype-Specific Polysaccharides in Human 

Urine. Clin. Vaccine Immunol. 2012, 19, 1131–1141, https://doi.org/10.1128/cvi.00064-12. 

18. Kalina, W.V.; Souza, V.; Wu, K.; Giardina, P.; McKeen, A.; Jiang, Q.; Tan, C.; French, R.; Ren, Y.; Belanger, K.; et al. Qualification 

and Clinical Validation of an Immunodiagnostic Assay for Detecting 11 Additional Streptococcus pneumoniae Serotype–spe-

cific Polysaccharides in Human Urine. Clin. Infect. Dis. 2020, 71, e430–e438, https://doi.org/10.1093/cid/ciaa158. 

19. Bewick, T.; Sheppard, C.; Greenwood, S.; Slack, M.; Trotter, C.; George, R.; Lim, W.S. Serotype prevalence in adults hospitalised 

with pneumococcal non-invasive community-acquired pneumonia. Thorax 2012, 67, 540–545, https://doi.org/10.1136/thoraxjnl-

2011-201092. 

20. Grabenstein, J.D.; Musey, L.K. Differences in serious clinical outcomes of infection caused by specific pneumococcal serotypes 

among adults. Vaccine 2014, 32, 2399–2405, https://doi.org/10.1016/j.vaccine.2014.02.096. 

21. Cohen, R.; Levy, C.; Ouldali, N.; Goldrey, M.; Béchet, S.; Bonacorsi, S.; Varon, E. Invasive Disease Potential of Pneumococcal 

Serotypes in Children After PCV13 Implementation. Clin. Infect. Dis. 2020, 72, 1453–1456, https://doi.org/10.1093/cid/ciaa917. 

22. Weinberger, D.M.; Grant, L.R.; Weatherholtz, R.C.; Warren, J.L.; O'Brien, K.L.; Hammitt, L.L. Relating Pneumococcal Carriage 

Among Children to Disease Rates Among Adults Before and After the Introduction of Conjugate Vaccines. Am. J. Epidemiol. 

2016, 183, 1055–1062, https://doi.org/10.1093/aje/kwv283. 

23. Torres, A.; Menéndez, R.; España, P.P.; Fernández-Villar, J.A.; Marimón, J.M.; Cilloniz, C.; Méndez, R.; Egurrola, M.; Botana-

Rial, M.; Ercibengoa, M.; et al. The Evolution and Distribution of Pneumococcal Serotypes in Adults Hospitalized with Com-

munity-Acquired Pneumonia in Spain Using a Serotype-Specific Urinary Antigen Detection Test: The CAPA Study, 2011–2018. 

Clin. Infect. Dis. 2021, 73, 1075–1085, https://doi.org/10.1093/cid/ciab307. 

24. Pick, H.; Daniel, P.; Rodrigo, C.; Bewick, T.; Ashton, D.; Lawrence, H.; Baskaran, V.; Edwards-Pritchard, R.C.; Sheppard, C.; 

Eletu, S.D.; et al. Pneumococcal serotype trends, surveillance and risk factors in UK adult pneumonia, 2013–18. Thorax 2020, 75, 

38–49, https://doi.org/10.1136/thoraxjnl-2019-213725. 

25. Isturiz, R.; Grant, L.; Gray, S.; Alexander-Parrish, R.; Jiang, Q.; Jodar, L.; Peyrani, P.; Ford, K.D.; Pride, M.W.; Self, W.H.; et al. 

Expanded Analysis of 20 Pneumococcal Serotypes Associated with Radiographically Confirmed Community-acquired Pneu-

monia in Hospitalized US Adults. Clin. Infect. Dis. 2021, 73, 1216–1222, https://doi.org/10.1093/cid/ciab375. 

26. Liapikou, A.; Konstantinidis, A.; Kossyvaki, V.; Skiadas, J.; Menegas, D.; Méndez, C.; Beavon, R.; Begier, E.; Gessner, B.D.; 

Milionis, H.; et al. Pneumococcal serotypes in adults hospitalized with community-acquired pneumonia in Greece using urinary 



Microorganisms 2023, 11, 70 9 of 9 
 

 

antigen detection tests: The EGNATIA study, November 2017–April 2019. Hum. Vaccines Immunother. 2022, 18, 2079923. 

https://doi.org/10.1080/21645515.2022.2079923. 

27. Luck, J.N.; Tettelin, H.; Orihuela, C.J. Sugar-Coated Killer: Serotype 3 Pneumococcal Disease. Front. Cell. Infect. Microbiol. 2020, 

10, 613287. https://doi.org/10.3389/fcimb.2020.613287. 

28. McLaughlin, J.M.; Jiang, Q.; Gessner, B.D.; Swerdlow, D.L.; Sings, H.L.; Isturiz, R.E.; Jodar, L. Pneumococcal conjugate vaccine 

against serotype 3 pneumococcal pneumonia in adults: A systematic review and pooled analysis. Vaccine 2019, 37, 6310–6316, 

https://doi.org/10.1016/j.vaccine.2019.08.059. 

29. Song, J.Y.; Eun, B.W.; Nahm, M.H. Diagnosis of Pneumococcal Pneumonia: Current Pitfalls and the Way Forward. Infect. 

Chemother. 2013, 45, 351–366, https://doi.org/10.3947/ic.2013.45.4.351. 

30. Shoji, H.; Domenech, A.; Simonetti, A.F.; González, A.; García-Somoza, D.; Cubero, M.; Martí, S.; Maeda, M.; Tubau, F.; Liñares, 

J.; et al. The Alere BinaxNOW Pneumococcal Urinary Antigen Test: Diagnostic Sensitivity for Adult Pneumococcal Pneumonia 

and Relationship to Specific Serotypes. J. Clin. Microbiol. 2018, 56, e00787-17. https://doi.org/10.1128/jcm.00787-17. 

31. Cebul, R.D.; Hershey, J.C.; Williams, S.V. Using Multiple Tests: Series and Parallel Approaches. Clin. Lab. Med. 1982, 2, 871–890, 

https://doi.org/10.1016/s0272-2712(18)31018-7. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim re-

sponsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred 

to in the content. 

 


