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Article 
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Abstract: Pneumococcus is a significant pathogen due to its high morbidity and mortality rates, 

especially among vulnerable populations. This study investigates the epidemiology of Streptococcus 

pneumoniae serotypes causing invasive pneumococcal disease in the Region of Comunidad 

Valenciana, analyzing data from 1587 isolates collected between 2014 and 2023. Serotyping and 

antimicrobial sensitivity were assessed, and whole genome sequencing was conducted on 104 isolates 

to examine clonal relationships. The study found that serotype 8 was the most common (17.5%), 

followed by serotype 3 (14.7%). There were significant variations in serotype distribution over the 

years, with serotype 8 increasing notably from 2019 onwards, while serotype 19A has decreased. Age 

was a significant factor, with serotype 8 being more prevalent in individuals older than 10 years. The 

overall patient recovery rate was 72%, with the higher mortality observed in serotypes 3 and 15A. 

Vaccination rates were higher among children under five, and the study highlighted the necessity for 

continuous monitoring of vaccine efficacy. Antimicrobial resistance was most significant for 

erythromycin (20%) and clindamycin (16%), with serotypes 19A and 6C showing the highest 

resistance rates. Whole genome sequencing revealed that ST53 and ST180 were the predominant 

sequence types for serotypes 8 and 3, respectively, reflecting global trend. The study underscores the 

importance of ongoing surveillance to adapt vaccination strategies and antimicrobial treatments, 

given the dynamic nature of pneumococcal epidemiology and resistance patterns. The findings also 

emphasize the need for targeted interventions to manage high-risk serotypes and improve patient 

outcomes. 
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1. Introduction 

Pneumococcus is an important pathogen for its high morbidity and mortality, especially in 

patients of extreme ages or with underlying diseases that compromise their immunity. This can lead 

to invasive pneumococcal disease (IPD) [1,2]. IPD is defined as any isolation of S. pneumoniae in sterile 

fluids, such as blood, cerebrospinal fluid, synovial fluid, pleural exudate, or pericardial fluid. The 

risk of developing IPD in a previously colonized patient is related to the serotype [2]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
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Polysaccharide and conjugate vaccines have been developed based on the most prevalent 

capsular serotypes in IPD, demonstrating high efficacy in preventing and reducing infection. The 

introduction of these vaccines has modified the epidemiology of the bacterial population, making 

continuous surveillance studies necessary [3]. The pneumococcal serotypes causing invasive disease 

vary between geographical areas, and their distribution depends on the period studied [4]. This is 

important as current vaccines are based on a selected number of serotypes. 

Another aspect that highlights the importance of studying this microorganism is the relationship 

between serotype and antimicrobial resistance. Certain serotypes show a higher frequency of 

resistance to penicillin and/or other antibiotics, underscoring the need for resistance surveillance. For 

many years, penicillin has been the treatment of choice for S. pneumoniae due to its great bactericidal 

activity and low minimum inhibitory concentrations (MICs). However, the prevalence of penicillin-

resistant strains has increased worldwide, with Spain being one of the countries with the highest 

percentage of resistance, for example, in a study of pneumococcal disease in the Community of 

Madrid between 2007 and 2022, the percentage of penicillin resistance was 32.3% [5]. Approximately 

6% of isolates show resistance to cephalosporins in Europe [6]. With respect to macrolides, the 

frequency of resistant strains in Spain has increased over the last two decades, reaching 33.2%-46.8% 

in non-invasive strains and 20-30% in invasive strains [7,8], mainly due to high consumption. 

Quinolones, despite being among the treatments of choice for non-severe pneumonia in adults, 

maintain very low resistance rates, around 3% of isolates in our geographical area [9], probably 

because their use is not recommended in children, who are the major reservoir of pneumococcus. It 

is noteworthy that there is a lack of recent studies on pneumococcal antimicrobial susceptibility in 

our area. 

The objective of this study has been to establish the epidemiology of the distribution of different 

Streptococcus pneumoniae serotypes causing IPD and their prevalence in the Region of Comunidad 

Valenciana (CV). Additionally, the relationship among serotypes and clinical factors of the patients 

has been analyzed, differentiating between those with 0 or 1 comorbidity and those with more than 

1. The study also examined serotypes that were more or less frequently associated with resistances. 

Moreover, next-generation sequencing of a representative group of pneumococcal isolates was 

performed to analyze clonal relationships. 

2. Material and Methods 

This is a retrospective longitudinal study analyzing 1587 isolates of Streptococcus pneumoniae 

causing IPD from various hospitals in the CV during the years 2014-2023. 

2.1. Sociodemographic and Clinical Factors Associated with Patients 

All the cases data come from IPD records reported to an epidemiological surveillance system 

(called AVE) from three sources: outpatient information systems, hospital preventive medicine 

services, and the RedMIVA network [10], which incorporates real-time microbiological test results 

from hospitals in the CV into the AVE system. The following information was collected and analyzed: 

age, sex, serotype, infection focus, comorbidities, vaccine coverage, antimicrobial resistance and 

evolution. 

2.2. Serotyping and Study of Antimicrobial Sensitivity 

Although each laboratory linked to RedMIVA decides the bacteriological procedure to use for 

detecting the microorganism, the methods used are generally subjected to the same interpretation 

standards. 

The serotyping of each pneumococcal isolate was performed using the Neufeld capsule test at 

the Microbiology Service of Hospital La Fe in Valencia or the National Microbiology Center from 

2014 to 2021. From 2022 onwards, it was performed using PCR followed by reverse hybridization 
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(S.PneumoStrip, Operon, Immuno & Molecular Diagnostics) by the current reference center for 

pneumococcal serotyping in the CV, the Consorcio Hospital General Universitario de Valencia. 

Information on susceptibility to the following antimicrobials was obtained: penicillin, 

ceftriaxone, vancomycin, linezolid, levofloxacin, erythromycin, and clindamycin. Susceptibility 

determination followed the values established by the International Clinical and Laboratory 

Standards Institute (CLSI) and The European Committee on Antimicrobial Susceptibility Testing 

(EUCAST). 

2.3. Whole Genome Sequencing Applied to Clinical Microbiology 

Whole genome sequencing was performed on 104 representative pneumococcal isolates. DNA 

from all strains was purified using the MagCoreR Automated Extraction System DNA extraction kit 

(RBC Bioscience, New Taipei City, Taipei). DNA libraries were prepared using Nextera XT and 

sequenced using the NextSeq instrument (Illumina, San Diego, California, United States). 

2.4. Bioinformatics Analysis: MLST, Serotype, and Antimicrobial Resistance 

INNUca was used for quality assessment of reads, and de novo assembly was performed with 

SPAdes. The obtained genome sequences were uploaded to Pathogenwatch 

(https://pathogen.watch/) in FASTA format. This platform was used to obtain the MLST. 

2.7. Statistical Analysis 

For categorical variables, frequencies and percentages are shown. Differences in parameters 

between groups were evaluated with Pearson's non-parametric Chi2 test, and only in the case of 2x2 

tables, Fisher's exact test was applied. All multiple comparisons were adjusted using Bonferroni 

correction. All contrasts were accompanied by the effect size estimator to complete the interpretation 

of the results. For categorical variables, it was Cramer's V. The criteria for the classification of the 

magnitude of the effect was as follows: 

• Cramer's V1: 0.00-0.09 as negligible, 0.10-0.29 as low, 0.30-0.49 as medium, and 0.50 and above 

as high. The significance level used in the analyses was 5% (α=0.05)2. 

 

1Diehl, J. M. / Kohr, H.U. (1999). Descriptive Statistics. 12th edition. Klotz Eschborn, p. 161. 2The p-value is, assuming there are 

no differences between groups, the probability that the obtained results could be due to chance. The smaller the p-value, the 

lower the probability that the obtained results are due to chance, and the greater the evidence against the null hypothesis 

(absence of differences). Any p-value less than 0.05 is indicative of a statistically significant relationship. Conversely, a p-value 

greater than or equal to 0.05 indicates the absence of a relationship. 

3. Results 

Of all the studied IPD cases, 39.7% were in female, and 60.3% in male. The mean age was 60.63 

years (±23.41 years), ranging from 1 to 100 years. When regrouped by age into 5 arms, we observed 

that 4.03% of IPD cases occurred between 0-4 years, 1.7% between 5-9 years, 14.9% between 10-44 

years, 26.4% between 45-64 years, and the majority in the >64 age group, accounting for 52.9%. 

3.1. Serotypes 

There were 100 different serotypes in the sample. The most common was serotype 8 with 17.5% 

of cases, followed by serotype 3 (14.7%), and serotypes 22F, 9N, and 19A with percentages between 

4-5%; serotypes 14, 6C, and 23A with percentages between 3-4%, and the rest with percentages below 
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3% (Figure 1). In relation to the distribution of IPD cases by year depicted in Figure 2, it is to notice 

that in 2020, 2021, and 2022, a decrease in the number of cases was observed, likely related to the 

COVID-19 pandemic. 

 

Figure 1. Incidence of different pneumococcal serotypes causing IPD in the CV (Spain). 

 

Figure 2. Distribution of IPD cases by year. 
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The five most represented serotypes in the sample are shown in Figure 3. There was a significant 

evolution in the incidence of serotypes 8 and 19A (Chi2 (1270.905,909) p<0.001) so that: 

• From 2019 onwards, the presence of serotype 8 increased significantly, with a peak in 2020 at 

32%. 

• Serotype 19A has a higher incidence in 2014 compared to 2023 (8% vs. 1%). 

 

Figure 3. Yearly evolution of the most frequent serotypes found in the study. Each serotype is represented as 

a percentage (y-axis) of the total annual isolates (x-axis). 

Table 1. Distribution of serotypes causing IPD per year. 

    
YEA
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    Total   2014   2015   2016   2017   2018   
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Coun
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Colum
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Coun
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Colum
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Coun

t 

Colum

n N % 

SEROTYP

E 

Tota

l 
1587 100.0% 159 100.0% 162 100.0% 180 100.0% 193 100.0% 283 100.0% 

  8 277 17.5% 12 7.5% 14 8.6% 26 14.4% 31 16.1% 50 17.7% 

  3 233 14.7% 20 12.6% 29 17.9% 22 12.2% 32 16.6% 40 14.1% 

  22F 76 4.8% 11 6.9% 10 6.2% 12 6.7% 12 6.2% 9 3.2% 

  9N 68 4.3% 7 4.4% 5 3.1% 15 8.3% 9 4.7% 13 4.6% 

  19A 64 4.0% 13 8.2% 7 4.3% 11 6.1% 9 4.7% 7 2.5% 

  14 55 3.5% 10 6.3% 10 6.2% 5 2.8% 7 3.6% 8 2.8% 

  6C 50 3.2% 5 3.1% 8 4.9% 7 3.9% 3 1.6% 11 3.9% 

  23A 47 3.0% 5 3.1% 3 1.9% 6 3.3% 4 2.1% 8 2.8% 
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N % 
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N % 

207 100.0% 34 100.0% 34 100.0% 106 100.0% 229 100.0% 

52 25.1% 11 32.4% 9 2.5% 23 21.7% 49 21.4% 

21 10.1% 3 8.8% 4 11.8% 21 19.8% 41 17.9% 
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6 2.9% 2 5.9% 1 2.9% 6 5.7% 2 0.9% 

6 2.9% 1 2.9% 0 0.0% 0 0.0% 8 3.5% 

9 4.3% 0 0.0% 0 0.0% 1 0.9% 6 2.6% 

4 1.9% 0 0.0% 1 2.9% 4 3.8% 12 5.2% 

There were no significant differences between the serotypes found in men and women 

(Chi2(97.103,101) p 0.594).  

However, there were differences by age (Chi2(518.460,404) p<0.001), with serotype 8 being more 

frequent in people older than 10 years, especially between 10-64 years, and serotype 10A in children 

aged 5-9 years (Cramer's V=0.286, low effect size). The cross-tabulation with serotypes up to 24B/F 

(incidences >2%) is shown in Table 2. 

Table 2. Age-related distribution of serotypes causing ENI. 

    AGE 

    Total 0-4 years 5-9 years 10-44 years 45-64 years >64 years 

    

Cou

nt % 

Cou

nt % 

Cou

nt  % 

Cou

nt % 

Cou

nt  % 

Cou

nt % 

SEROTY

PE 

Tot

al 

1587 100.0

% 

64 100.0

% 

27 100.0

% 

237 100.0

% 

419 100.0

% 

840 100.0

% 

  8 277 17.5

% 

3 4.7% 1 3.7% 53 22.4

% 

96 22.9

% 

124 14.8

% 

  3 233 14.7

% 

5 7.8% 6 22.2

% 

24 10.1

% 

55 13.1

% 

143 17.0

% 

  22F 76 4.8% 3 4.7% 2 7.4% 10 4.2% 20 4.8% 41 4.9% 

  9N 68 4.3% 0 0.0% 0 0.0% 9 3.8% 23 5.5% 36 4.3% 

  19A 64 4.0% 4 6.3% 1 3.7% 10 4.2% 11 2.6% 38 4.5% 

  14 55 3.5% 3 4.7% 2 7.4% 5 2.1% 10 2.4% 35 4.2% 

  6C 50 3.2% 1 1.6% 0 0.0% 2 0.8% 14 3.3% 33 3.9% 

  23A 47 3.0% 3 4.7% 0 0.0% 6 2.5% 7 1.7% 31 3.7% 

  15A 43 2.7% 2 3.1% 1 3.7% 8 3.4% 10 2.4% 22 2.6% 

  10A 41 2.6% 2 3.1% 4 14.8

% 

10 4.2% 12 2.9% 13 1.5% 

  31 40 2.5% 0 0.0% 0 0.0% 3 1.3% 11 2.6% 26 3.1% 

  11A 39 2.5% 1 1.6% 1 3.7% 4 1.7% 9 2.1% 24 2.9% 

  12 36 2.3% 0 0.0% 0 0.0% 7 3.0% 13 3.1% 16 1.9% 

  23B 34 2.1% 4 6.3% 1 3.7% 5 2.1% 10 2.4% 14 1.7% 

  35B 32 2.0% 2 3.1% 1 3.7% 3 1.3% 8 1.9% 18 2.1% 

  24B/

F 

31 2.0% 4 6.3% 0 0.0% 8 3.4% 3 0.7% 16 1.9% 

3.2. IPD Outcome of the Patients  
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72.0% of the patients recovered from the IPD episode, 16.6% died, 1.0% had sequelae, and 9.8% 

had unknown outcomes. There were no differences by sex (Chi2(9.410,4) p 0.052), but differences were 

found by age (Chi2(70.563,16) p<0.001). People aged 10 to 44 had higher recovery rates than those 

over 44, and those over 64 had higher mortality rates compared to the rest (23% vs. 5-13%) (Figure 4). 

 

Figure 4. Age-related with final state of the patient. 

Mortality rates were statistically different among serotypes (Chi2(543.586,404) p<0.001), with 

higher recovery rates for serotype 8 and higher death rates for serotypes 3 and 15A. For serotypes 

22F/A and 7C/40, higher percentage of sequelae (but based on a very small number of cases (n<10)) 

were observed (Figure 5). 

 

Figure 5. Serotype-related with final IPD outcome of the patient. 
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empyema, meningitis, pneumonia, and peritonitis. Mortality rates were statistically similar among 

clinical forms (ranging from 5% for arthritis to 18% for pneumonia) as well as recovery rates (from 

63% for meningitis to 83% for peritonitis). The percentage of patients with sequelae was 7% in 

meningitis compared to 0.4% in pneumonia and 0% in the rest of the clinical forms (Chi2(74.132,20) 

p<0.001) (Figure 6).  
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Figure 6. Outcome of patients by clinical form of IPD. 

11.4% of the patients were on prior antibiotic treatment, 81.4% did not, and it was unknown for 

6.9% of the cohort. There were no differences by sex (Chi2(1.095,3) p 0.778) or by age (Chi2(15.713,12) 

p 0.205). 

3.3. Vaccination Coverage  

22.7% of the patients have been vaccinated, whereas 72.9% were not, and in 4.4% it was 

unknown. There were significant differences by age (Chi2(219.207,8) p<0.001), with vaccination rates 

being 3-4 times higher in children under 5 years old compared to the 10-44 and >64 age groups, and 

8-9 times higher compared to the 45-64 age group (Cramer ś V=0.263) (Table 3). 

Table 3. Percentage of known vaccination according to age range. 

 

AGE 

Total <=4 years 5-9 years 10-44 years 45-64 years >64 years 

N % N % N % N % N % N % 

Pneumococcal 

vaccination 

Total 1587 100.0% 64 100.0% 27 100.0% 237 100.0% 419 100.0% 840 100.0% 

Unknown  70 4.4% 2 3.1% 0 0.0% 7 3.0% 28 6.7% 33 3.9% 

No 1157 72.9% 11 17.2% 6 22.2% 162 68.4% 353 84.2% 625 74.4% 

Yes 360 22.7% 51 79.7% 21 77.8% 68 28.7% 38 9.1% 182 21.7% 

Among the different vaccination schedules, 55.3% of those vaccinated, received PPV23 (12.5% 

of the total). The vaccination rate (with any pneumococcal vaccine) was 22% in patients with 

pneumonia who developed an IPD, with no significant differences compared to other clinical forms 

(Chi2(8.601,10) p 0.570). The percentage of patients with pneumonia who developed an IPD was 

79.1% in the unvaccinated group and 75.4% in the vaccinated group (with no significant differences 

- Chi2(9.277,14) p 0.813) (Table 4). 

Table 4. Percentage of known vaccination according to the clinical form. 
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Meningitis 169 10.7% 6 8.6% 122 10.5% 41 11.5% 

Occult 

bacteraemia 

114 7.2% 4 5.7% 75 6.5% 35 9.8% 

Pleural 

empyema 

25 1.6% 2 2.9% 18 1.6% 5 1.4% 

Arthritis 19 1.2% 1 1.4% 13 1.1% 5 1.4% 

Peritonitis 12 0.8% 0 0.0% 11 1.0% 1 0.3% 

Endocarditis 3 0.2% 0 0.0% 2 0.2% 1 0.3% 

Pericarditis 1 0.1% 0 0.0% 1 0.1% 0 0.0% 

The most common serotypes by age group for vaccinated individuals are shown/depicted in 

Table 5. 

Table 5. Serotypes found by vaccinated age group. 
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% 

Total 21 100.0

% 

Tota

l 

68 100.0

% 

Tot

al 

38 100.0

% 

Tot

al 

182 100.0

% 

  33F 4 7.8% 3 5 23.8% 24B/

F 

7 10.3% 8 4 10.5% 3 24 13.2% 

  24B/

F 

4 7.8% 10A 4 19.0% 10A 6 8.8% 3 4 10.5% 8 23 12.6% 

  3 3 5.9%  

24B/F 

2 9.5% 15A 6 8.8% 15A 3 7.9% 11A 12 6.6% 

  19F 3 5.9% 22F 1 4.8% 3 4 5.9% 22F 2 5.3% 35F 9 4.9% 

  19A 3 5.9% 14 1 4.8% 19A 4 5.9% 10A 2 5.3% 9N 8 4.4% 

  8 3 5.9% 8 1 4.8% 8 3 4.4% 31 2 5.3% 6C 8 4.4% 

  22F 3 5.9% 35B 1 4.8% 23A 3 4.4% 19F 2 5.3% 23A 8 4.4% 

  23A 2 3.9% 33F 1 4.8% 15C 3 4.4% 9N/

L 

2 5.3% 19A 7 3.8% 

  14 2 3.9% 24A/B

/F 

1 4.8% 33F 3 4.4% 6C 1 2.6% 14 7 3.8% 

  35B 2 3.9% 23B 1 4.8% 16 3 4.4% 23B 1 2.6% 35B 6 3.3% 

  22F/

A 

2 3.9% 19A 1 4.8% 38 3 4.4% 35B 1 2.6% 24B/

F 

6 3.3% 
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  15B/

C 

2 3.9% 17F 1 4.8% 24 3 4.4% 16 1 2.6% 22F 5 2.7% 

  15A 2 3.9% 15A 1 4.8% 23B 2 2.9% 7F 1 2.6% 31 5 2.7% 

  10A 2 3.9% 23F 0 0.0% 31 2 2.9% 35F 1 2.6% 15A 4 2.2% 

  23B 1 2.0% 11A 0 0.0% 15B/

C 

2 2.9% 33F 1 2.6% 16 4 2.2% 

  15B 1 2.0% 1 0 0.0% 22F 1 1.5% 24B/

F 

1 2.6% 23B 4 2.2% 

3.1. Relationship Between Serotype and Comorbidities 

Patients are grouped based on the number of comorbidities (0-1: 74.7% / >1: 25.3%). There is 

indeed a relationship with the serotype (Chi2(140.589,101) p 0.006) such that serotypes 3 and 6C are 

more present in patients with more than 1 comorbidity, and serotype 19A is more present in patients 

with one or no comorbidities (Table 6). The comorbidities analyzed are: cardiovascular disease, 

chronic respiratory disease, traumatic brain injury, chronic otitis, diabetes, HIV. 

Table 6. Relationship with the number of comorbidities and serotype. 

 

COMORBIDITIES 

Total 0-1 >1 

Count % Count % Count % 

SEROTYPE Total 1587 100.0% 1185 100.0% 402 100.0% 

8 277 17.5% 211 17.8% 66 16.4% 

3 233 14.7% 160 13.5% 73 18.2% 

22F 76 4.8% 55 4.6% 21 5.2% 

9N 68 4.3% 53 4.5% 15 3.7% 

19A 64 4.0% 57 4.8% 7 1.7% 

14 55 3.5% 45 3.8% 10 2.5% 

6C 50 3.2% 31 2.6% 19 4.7% 

23A 47 3.0% 32 2.7% 15 3.7% 

15A 43 2.7% 32 2.7% 11 2.7% 

10A 41 2.6% 32 2.7% 9 2.2% 

31 40 2.5% 30 2.5% 10 2.5% 

11A 39 2.5% 24 2.0% 15 3.7% 

12 36 2.3% 30 2.5% 6 1.5% 

23B 34 2.1% 28 2.4% 6 1.5% 

35B 32 2.0% 25 2.1% 7 1.7% 

24B/F 31 2.0% 22 1.9% 9 2.2% 
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3.5. Antibiotic Resistance 

The highest percentages of resistance were for erythromycin (20%) and clindamycin (16%); while 

the rest of antimicrobials displayed resistance percentages below 5% (Figure 7). 

 

Figure 7. Shows the percentage of antimicrobial resistance of the IPD-producing isolates. 

Table 7 relates the number of resistant antimicrobials to the serotype: serotype 8 was the most 

frequent among the 100%-susceptible isolates, serotype 19A was most present among isolates with 

any resistance (>=1), serotype 6C was most present among isolates with more than one resistance 

(>=2), serotype 15A was most frequently associated with pneumococcal strains showing one or two 

antibiotic resistances, while serotype 11A was predominantly found in isolates with single resistance. 

There were only two serotypes resistant to 3 antibiotics: 19A and 6C. 

Table 7. Relationship between serotype and number of antimicrobial resistances. 

 

ANTIMICROBIAL RESISTANCE 

Total 0 antibotics 1 antibiotics 2 antibiotics 3 antibotics 

Count 

Column 

N % Count 

Column 

N % Count 

Column 

N % Count 

Column 

N % Count 

Column 

N % 

SEROTYPES Total 338 100.0% 266 100.0% 18 100.0% 52 100.0% 2 100.0% 

8 79 23.4% 77 28.9% 0 0.0% 2 3.8% 0 0.0% 

3 49 14.5% 44 16.5% 2 11.1% 3 5.8% 0 0.0% 

19A 16 4.7% 4 1.5% 3 16.7% 8 15.4% 1 50.0% 

9N 15 4.4% 15 5.6% 0 0.0% 0 0.0% 0 0.0% 

22F 14 4.1% 14 5.3% 0 0.0% 0 0.0% 0 0.0% 

14 13 3.8% 8 3.0% 2 11.1% 3 5.8% 0 0.0% 

6C 10 3.0% 1 0.4% 1 5.6% 7 13.5% 1 50.0% 

9N/9L 8 2.4% 6 2.3% 0 0.0% 2 3.8% 0 0.0% 

31 8 2.4% 8 3.0% 0 0.0% 0 0.0% 0 0.0% 

23B 8 2.4% 8 3.0% 0 0.0% 0 0.0% 0 0.0% 

15A 8 2.4% 1 0.4% 2 11.1% 5 9.6% 0 0.0% 

16 7 2.1% 6 2.3% 0 0.0% 1 1.9% 0 0.0% 

97.0%

99.4%
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11A 7 2.1% 3 1.1% 3 16.7% 1 1.9% 0 0.0% 

33F 6 1.8% 0 0.0% 0 0.0% 6 11.5% 0 0.0% 

22F/A 6 1.8% 6 2.3% 0 0.0% 0 0.0% 0 0.0% 

12F 6 1.8% 4 1.5% 0 0.0% 2 3.8% 0 0.0% 

10A 6 1.8% 6 2.3% 0 0.0% 0 0.0% 0 0.0% 

35F 5 1.5% 5 1.9% 0 0.0% 0 0.0% 0 0.0% 

35B 5 1.5% 4 1.5% 1 5.6% 0 0.0% 0 0.0% 

23A 5 1.5% 5 1.9% 0 0.0% 0 0.0% 0 0.0% 

9A/V 4 1.2% 4 1.5% 0 0.0% 0 0.0% 0 0.0% 

24B/F 4 1.2% 0 0.0% 0 0.0% 4 7.7% 0 0.0% 

15B/C 4 1.2% 4 1.5% 0 0.0% 0 0.0% 0 0.0% 

7F 3 0.9% 3 1.1% 0 0.0% 0 0.0% 0 0.0% 

7C/40 3 0.9% 3 1.1% 0 0.0% 0 0.0% 0 0.0% 

4 3 0.9% 2 0.8% 1 5.6% 0 0.0% 0 0.0% 

24F 3 0.9% 0 0.0% 0 0.0% 3 5.8% 0 0.0% 

19F 3 0.9% 2 0.8% 0 0.0% 1 1.9% 0 0.0% 

16F 3 0.9% 3 1.1% 0 0.0% 0 0.0% 0 0.0% 

38 2 0.6% 2 0.8% 0 0.0% 0 0.0% 0 0.0% 

33F/33A 2 0.6% 0 0.0% 0 0.0% 2 3.8% 0 0.0% 

24A/B/F 2 0.6% 1 0.4% 0 0.0% 1 1.9% 0 0.0% 

18C 2 0.6% 1 0.4% 1 5.6% 0 0.0% 0 0.0% 

17F 2 0.6% 2 0.8% 0 0.0% 0 0.0% 0 0.0% 

15B 2 0.6% 2 0.8% 0 0.0% 0 0.0% 0 0.0% 

12 2 0.6% 2 0.8% 0 0.0% 0 0.0% 0 0.0% 

11A/11D 2 0.6% 2 0.8% 0 0.0% 0 0.0% 0 0.0% 

1 2 0.6% 2 0.8% 0 0.0% 0 0.0% 0 0.0% 

6A/C 1 0.3% 0 0.0% 1 5.6% 0 0.0% 0 0.0% 

35A 1 0.3% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 

27 1 0.3% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 

24A 1 0.3% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 

21 1 0.3% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 

18B/C 1 0.3% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 

17 1 0.3% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 

15C 1 0.3% 0 0.0% 1 5.6% 0 0.0% 0 0.0% 
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10A/10D 1 0.3% 0 0.0% 0 0.0% 1 1.9% 0 0.0% 

78.7% of the isolates were susceptible to all 6 studied antimicrobials; while 5.33% presented 

resistance to 1 antibiotic, 15.4% were resistant to 2 antibiotics, and 0.6% were resistant to 3 antibiotics 

(Figure 9). 

 

Figure 9. Graphical representation of resistance to none, 1 or 2 or more antimicrobials. 

There were no significant differences in resistance percentages over the years for either 

erythromycin or clindamycin (Chi²(9.886,8) p 0.273, Chi²(9.390,8)  0.310) (Figure 8). 

 

Figure 8. Evolution of erythromycin and clindamycin resistance of IPD-producing isolates from 2014 to 2023. 

Only the serotypes for the resistant phenotype involving the two antibiotics with a significant 

resistance rate were analyzed (the rest of the antibiotics had fewer than 5 resistant cases). The 

serotypes found in the isolates with resistance to macrolides/lincosamides were primarily 19A, 6C, 

15A, 33F, 3, 24B/F (percentages between 5-18%). The incidence of the first three serotypes (19A, 6C, 

15A) was significantly higher if the isolate was resistant than if it was susceptible to both 

erythromycin (chi²(205.711,46) p<0.001) and clindamycin (Chi²(185.079,46) p<0.001). Serotypes 3 and 

8 were more frequent in patients susceptible to both antibiotics (Table 8). 
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Table 8. Relation serotype-resistance to erythromycin and clindamycin. 

% of RESISTANT 

serotypes out of the 

total number of 

resistant cases 

ERITHROMYCIN_RESISTANCE CLINDAMYCIN_RESISTANCE 

Count Column N % Count Column N % 

SEROTYPE Total 68 100.0% 53 100.0% 

  19A 12 17.6% 8 15.1% 

  6C 9 13.2% 8 15.1% 

  15A 7 10.3% 5 9.4% 

  33F 6 8.8% 6 11.3% 

  3 5 7.4% 3 5.7% 

  24B/F 4 5.9% 4 7.5% 

  11A 3 4.4% 2 3.8% 

  14 3 4.4% 2 3.8% 

  24F 3 4.4% 3 5.7% 

  12F 2 2.9% 2 3.8% 

  33F/33A 2 2.9% 2 3.8% 

  8 2 2.9% 2 3.8% 

  9N/9L 2 2.9% 2 3.8% 

  10A/10D 1 1.5% 1 1.9% 

  15C 1 1.5% 0 0.0% 

  16 1 1.5% 1 1.9% 

  18C 1 1.5% 0 0.0% 

  19F 1 1.5% 1 1.9% 

  24A/B/F 1 1.5% 1 1.9% 

  4 1 1.5% 0 0.0% 

  6A/C 1 1.5% 0 0.0% 

3.6. Whole Genome Sequencing 

The whole genome sequencing of the IPD isolates showed that the predominant MLST in the 

VC was ST53, followed by ST180 and ST6521. The two most frequently found STs in serotype 8 were 

ST53 > ST1110, while in serotype 3 they were first ST180 and, secondly, ST15069. The 4 isolates 

belonging to serotype 12F presented ST3377, while all 17F isolates were ST392 (Table 9 and Figure 

10). 

Table 9. ST linked to serotypes. 

Serotypes N.º ST N.º ST N.º ST 

3 4 180 3 15069   

6C 1 386 1 1390 1 11793 

6E(B) 1 1624     

8 5 53 1 1012 3 1110 

10A 2 97     

11A 1 838 3 6521   

11D 1 6521     
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12F 1 3377     

15A 1 3188 2 5139   

16F 1 7438     

17F 1 392     

19A 1 416 1 NC   

19F 3 179     

23A 2 11791     

35B 1 2690 1 15170   

35F       

 

Figure 10. Image showing ST linked to serotypes. 

4. Discussion 

In this study, the incidence of IPD by gender followed the trend observed in previous studies 

[11], being more frequent in males (60%) compared to females (40%). Additionally, age was found to 

be a significant risk factor for the development of this disease, with a mean patient age of 60 years, 

similar to what has been reported in other studies [12], where more than 50% of cases occurred in 

individuals aged 65 years or older [13]. The correlation between age and the serotype of the disease 

had also been documented in previous research [14]. 

Regarding the incidence of IPD by year, despite the availability of pneumococcal vaccines, a 

slightly upward trend has been observed since 2014, with a peak in 2018 of 283 cases. During 2020 

and 2021, due to the reduction in the number of reported cases and prevention measures 

implemented by the COVID-19 pandemic, a notable decrease was recorded, with 34 cases per year, 

representing an 84% decline compared to 2019. Subsequently, an upward trend was observed from 

2022, reaching similar figures to those before the pandemic in 2023 (210 cases/year), coinciding with 

the relaxation of non-pharmacological measures to control the transmission of the virus. 

In respect of the distribution by serotypes, there are differences according to the study period 

and geographic region, underscoring the importance of close monitoring of IPD. Our data are 

consistent with the annual report of the ECDC [13], where serotype 8 has been the most frequent in 

the last six years, followed by serotypes 3, 22F, 9N, 19A, 14, 6C, and 23A. In contrast, in other regions 

like Serbia (2010-2018), the predominant serotypes were 3, 19F, 14, 6B, 6A, 19A, and 23F [15]. In the 

Canada report of 2021-2022, the most common S. pneumoniae serotypes in cases of invasive disease 

were varied: in 2021, the predominant serotypes were 22F, 3, 19A, 11A, 6C, and 35B, and in 2022, the 

distribution changed slightly, with serotypes 22F, 3, 19A, 11A, 6C, and 35B again being prominent, 

but with some changes in the order of prevalence [16]. Compared to our report, it can be observed 

that serotype 8 is not among the most prevalent serotypes in Canada in the period 2021-2022, 

suggesting geographic variability in the prevalence and response to treatment of different 

Streptococcus pneumoniae serotypes. 

SEROTYPES 
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Breaking down by years and analyzing the five most common serotypes in our sample (8, 3, 22F, 

9N, and 19A), our results support the phenomenon of indirect immunity following the introduction 

of the PCV13 vaccine in childhood vaccination in 2015 [17], especially for serotypes 3 and 19A. This 

explains the decrease in the incidence of serotype 19A from 2014 to 2023 (from 8% to 1%). Serotype 3 

was the most common in 2014, 2015, 2017, and 2018, but from that year onwards, serotype 8 became 

predominant, relegating serotype 3 to second place, reflecting the effect of PCV13. Over the past 10 

years, there has been an increase in the prevalence of serotypes 8 and 3, due both to the increase in 

IPD cases in adults and children and to the reduction of other serotypes such as 22F, 19A, 14, and 6C. 

Serotype 8, included in the PPSV23 vaccine, has shown a significant increase since 2019, peaking in 

2020 (32%). During the COVID-19 pandemic (2020-2021), the serotype distribution was similar to 

previous years, with an increase in the incidence of serotypes 16F, 20, and 4. Other studies have noted 

a higher prevalence of serotypes 19A, 3, and 6C in both children and adults during this period [18]. 

In our study, serotypes 3 and 6C were the most frequently isolated from patients with two or 

more comorbidities, while serotype 8 was predominant in patients with 0 or 1 comorbidity. When 

comparing these findings with a study conducted in CV during the period 2007-2012, the order of 

serotypes associated with the highest percentage of comorbidities was as follows: 22F, 3, 1, 8, 7F, 19A, 

and 14 [14]. This difference could likely be attributed to the decline in the prevalence of serotypes 

included in the PCV-13 vaccine, reflecting the impact of its introduction. Regarding mortality by 

serotype, the highest case-fatality rates in our study were observed for serotypes 3 and 15A. In 

contrast, the study conducted in the VC during the same period-maintained serotype 3 as one of the 

most lethal, while serotype 19A was also significant, likely as a secondary effect of the PCV-13 vaccine 

introduction. 

Meanwhile, serotype 8 showed the highest cure rates, consistent with other studies [19,20], 

attributable to its greater susceptibility to standard antibiotic treatments and a lower association with 

severe comorbidities. These results are particularly significant, as they indicate that, in addition to 

being associated with severe comorbidities, these serotypes may also be linked to poorer clinical 

outcomes. This information is crucial for guiding clinical management and prioritizing interventions 

in high-risk patients. 

Our data showed that 22.7% of the patients had received some form of pneumococcal vaccine, 

which is comparable to other studies, where vaccination rates generally range from 20-30%, 

depending on geographic location and health policies [21,22]. 

The incidence of pneumonia leading to IPD in our study was 79.1% among unvaccinated 

individuals and 75.4% among vaccinated individuals. In comparison, other studies reported 

incidences of 65% in unvaccinated individuals and 48% in vaccinated individuals [21]. The smaller 

difference in IPD incidence between vaccinated and unvaccinated individuals in our study (79.1% vs. 

75.4%) may be due to the high percentage of unvaccinated patients and those whose vaccination 

status is unknown. 

A study published by the American Academy of Pediatrics found that pneumococcal conjugate 

vaccines (PCV-10 and PCV-13) demonstrated high effectiveness against IPD in children under 5 years 

of age. However, the effectiveness varies depending on the specific serotype and the vaccination 

schedule, suggesting that the protection provided by these vaccines is not uniform across all 

serotypes or age groups. The study also emphasizes that significant differences in results can arise 

depending on the context and population studied, which may introduce potential bias when 

comparing vaccinated and unvaccinated groups [23].  

Additionally, an analysis of the epidemiology of invasive pneumococcal infections suggests that 

the incidence of IPD across different age groups may be influenced by factors such as comorbidities 

and vaccination coverage. In some studies, vaccine effectiveness may be overestimated due to 

serotype replacement, potentially creating a misleading impression of reduced IPD rates in 

vaccinated populations [43].  

Concerning antimicrobial susceptibility all tested antibiotics showed less than 5% resistance, 

except erythromycin (20%) and clindamycin (16%). Other studies report lower resistance percentages 
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in Morocco (2.5% for both antibiotics) [25], and higher percentages for erythromycin in Oman (28.1%) 

[26], Iran (71.4%) [27], and Taiwan (80%) [28]. Two of the serotypes with the highest resistance rates 

were 19A and 6C, possibly due to their less metabolic cost of their polysaccharide structure, allowing 

them to be more capsulated and evade the immune system, persisting as nasopharyngeal carriers 

[29]. This behavior could explain the higher prevalence of multidrug-resistant (MDR) lineages of 

serotypes 19A and 6C [18,30]. In our study, they are the only MDR serotypes detected. The serotypes 

most frequently isolated as susceptible to erythromycin and clindamycin were 3 and 8, with serotype 

8 being the most commonly isolated among isolates susceptible to all the tested antimicrobials. 

Regarding the whole genome sequencing (WGS) data, ST53 emerged as the predominant MLST 

in our study, mainly because it is the sequence type (ST) most commonly linked to serotype 8. This 

finding is in line with global data, as ST53 has consistently been associated with serotype 8, 

particularly across Europe. Known as the Netherlands8-33 clone, ST53 has been one of the dominant 

global pneumococcal clones. Additionally, ST1110, another frequent ST found in our serotype 8 

isolates, is less reported in the literature. However, emerging regional studies suggest that ST1110 

may be locally significant. 

As for serotype 3, our data revealed that ST180 was the most prevalent ST, which is consistent 

with global trends. ST180 is widely recognized as the primary sequence type for serotype 3 [32], and 

is also known as the Netherlands3-31 clone. 

Differences in the prevalence of these STs could be influenced by local factors such as vaccine 

use, changes in public health policies, and local genetic diversity. The consistency in the results 

suggests that the molecular epidemiology of Streptococcus pneumoniae, in terms of serotypes and 

sequence types, follows global patterns with specific regional variations. The findings underscore the 

importance of continuous surveillance to adapt vaccination strategies and disease control. 

It is important to note that, although our findings are preliminary and have not been previously 

corroborated by other studies, they provide a valuable starting point for future research. Additional 

studies examining these associations in different populations and contexts are needed to validate our 

results and better understand the dynamics between specific serotypes, comorbidities, and clinical 

outcomes.  

5. Conclusions 

The results obtained in this study have led to the following conclusions: age is a factor related to 

the serotype as well as to the evolution of the disease and the vaccination rate. Serotype 8 is the most 

frequent, predominant in people over 10 years old, is associated with higher cure rates, and is more 

susceptible to antibiotics. Serotype 3 has been the second most common in our study; despite being 

included in PCV13, it remains one of the most frequent, is associated with higher mortality rates, is 

mostly found in patients with more than one comorbidity, and is more susceptible to erythromycin 

and clindamycin. Of the 6 antibiotics, only erythromycin and clindamycin had resistance rates 

around 15-20%. Only two serotypes were resistant to 3 antibiotics: 19A and 6C. Sequencing showed 

that the isolates belonging to serotype 8 and 3 presented low clonal diversity, as the former mostly 

corresponded to ST180, while the latter to ST53, similarly to 12F and 17F, with only one ST each. 

Finally, from now on, further studies would be necessary to evaluate the percentage of 

vaccination in both the child and adult population, and the correlation with the prevalence of certain 

serotypes, without the bias caused by the COVID-19 pandemic.  
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