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Background: Streptococcus pneumoniae is a major cause of Invasive pneumococcal disease (IPD), including bacteremic pneumonia, septicemia, and meningitis. The introduction of pneumococcal conjugate vaccines (PCVs) has significantly reduced the incidence of IPD caused by vaccine-covered serotypes. However, serotype replacement and antimicrobial resistance remain concerns. In Latvia, vaccination against pneumococcal disease was introduced into the NIP in 2010 with PCV7, later transitioning to PCV10 in 2012 and to PCV15 in 2024. This study aims is to determine the changes in S. pneumoniae antimicrobial resistance and its association with PCV10 serotypes in Latvia.

Materials and methods: We conducted a population-based cross-sectional study using IPD surveillance data from Latvia over an 11-year period (2012–2022). IPD cases were defined according to the European Union case definition. Serotyping and antimicrobial susceptibility testing were performed on isolates from normally sterile sites. We analyzed the differences in IPD incidence, serotype distribution, and antimicrobial resistance using chi-square tests and multivariable logistic regression was used to determine associations between antimicrobial resistance and risk factors.

Results: A total of 811 IPD cases were reported, with significant differences observed across the study period (p < 0.001). The most common serotypes were 3 and 19A. The proportion of IPD cases caused by PCV10 serotypes significantly decreased over the years, while cases caused by PCV13, PCV15, and PPPV23 serotypes increased. Antimicrobial susceptibility testing revealed resistance rates of 3.8% to penicillin, 5.4% to erythromycin, and 1.2% to cefotaxime/ceftriaxone. Erythromycin resistance showed significant variation over time (p = 0.016), decreasing from 7.1% in 2012 to 4.8% in 2022. Multivariable logistic regression indicated that IPD cases with S. pneumoniae PCV10 serotypes and meningitis were significantly associated with an increased likelihood of penicillin and erythromycin resistance.

Conclusion: The study highlights a decrease in erythromycin resistance in IPD cases over time and significant associations between PCV10 serotypes and meningitis in IPD cases and penicillin and erythromycin resistance. The findings underscore the importance of continuous surveillance of S. pneumoniae serotypes and antimicrobial resistance patterns to inform treatment guidelines and vaccination policies. Further research is needed to assess the long-term impact of the PCV15 vaccine on S. pneumoniae serotype distribution and resistance.
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Introduction

Streptococcus pneumoniae is a bacterium responsible for Invasive pneumococcal disease (IPD), with bacteremic pneumonia, septicemia, and meningitis as the most common clinical presentations (1, 2). In Europe, the mean annual incidence of IPD in children under 2 years of age before the introduction of PCV7 was 44.4 per 100,000 population (3). In Latvia, the highest annual IPD incidence recorded during the PCV10 vaccination era (2012–2018) was 4.4 per 100,000 population in 2015, with infants and the older adult being the most affected groups (4).

The highest IPD burden is in infants, older adults, and those with certain comorbidities (5). Considering the IPD burden is important because pneumococcal conjugate vaccines are currently in almost all European countries’ national immunization programs (1).

The introduction of pneumococcal conjugate vaccines (PCV) into the National Immunization Programs (NIPs) across Europe, including Latvia, has significantly reduced the incidence of IPD caused by vaccine-included serotypes. However, the phenomenon of serotype replacement has been observed, with non-vaccine serotypes, such as 15B, 12F, 3, 17F, and 19A, becoming more prevalent (6–9). This serotype replacement presents a challenge to the continued effectiveness of current vaccination strategies.

Additionally, the introduction of PCVs has influenced S. pneumoniae antimicrobial resistance patterns (10). For instance, in Taiwan, following the introduction of PCV13, a significant reduction in penicillin resistance was observed among IPD patients, from 82% in 2010 to 47% in 2020 (8). However, in New Zealand, reverting from PCV13 to PCV10 in 2017 led to an increase in serotype 19A resistance to 65% (6). High resistance rates are most frequently observed against penicillin and erythromycin (8, 11–14). Globally, the highest resistance rates to penicillin and erythromycin have been reported in serotypes 6B, 6A, 9V, 14, 15A, 19F, 19A, and 23F (13). The early and rapid administration of antibiotics is crucial to increase survival in IPD cases and the choice should be based on the local epidemiology of antibiotic susceptibility, among other factors (10). These trends underscore the importance of local epidemiology in guiding antibiotic therapy for IPD cases.

In Latvia, vaccination against pneumococcal disease was introduced into the NIP in 2010 with PCV7, later transitioning to PCV10 in 2012 and to PCV15 in 2024. The current immunization schedule includes 2 + 1 doses administered at 2, 4, and 12–15 months, and the vaccine is provided free of charge for all children. Recommendations for adult vaccination against pneumococcal infection only began in 2019, with vaccination being self-funded, even for those in high-risk groups.

The objective of our study is to determine the changes in S. pneumoniae antimicrobial resistance and its association with PCV10 serotypes in Latvia during the period from 2012 to 2022 based on surveillance data and to describe the changes in invasive S. pneumoniae isolates detected during the period from 2012 to 2022.



Materials and methods


Study population and design

We conducted a population-based cross-sectional study based on national IPD surveillance data over 11 years (2012–2022).



Case definitions

IPD case in the study was defined according to the EU case definition, which was established in 2018 (15). All IPD diagnoses for surveillance data were coded according to ICD10 5-th version: B95.3, A40.3 for septicemia, G00.1, G00.2 for meningitis, and J14 for Invasive pneumococcal pneumonia.



IPD surveillance in Latvia

All physicians should report IPD cases and all Laboratories should report all positive S. pneumoniae isolates from normally sterile sites to the Centre for Disease Prevention and Control (CDPC) of Latvia (4).

According to cabinet regulation No 7 “Procedures for Registration of Infectious Diseases,” laboratories, using the urgent reporting form provide information about S. pneumoniae antimicrobial susceptibility to the CDPC (16).



Laboratory methods


Microbiological isolation and identification

The isolation of S. pneumoniae isolates was performed on onto tryptic soy agar plates supplemented with 5% sheep blood and incubated aerobically at 36 ± 1°C 24–48 h in 5% CO2-enriched air. Suspected α-haemolytic colonies were chosen for identification, colored by Gram, and tested for inhibition by optochin. Identification was performed in the VITEK-2 Compact analyzer.



Serotyping

Two methods were used to determine serotypes: latex agglutination and capsular sequence typing Latex agglutination was performed using Diagnostica ImmuLex™ Pneumotest Kit (Statens Serum Institut, Denmark). The mentioned Kit was intended for visual qualitative serogrouping and serotyping of Streptococcus pneumoniae by use of a rapid agglutination.

The rapid agglutination test is performed by mixing a drop of ImmuLex™ solution and a drop of pneumococcus culture solution on a reaction card. If the test is positive, agglutination will show within 10 s resulting in large visible aggregates. The aggregates consist of pneumococcal bacteria and latex particles from the ImmuLex™ solution. These aggregates are formed as a result of an antigen–antibody reaction between the pneumococcal capsule (antigen) and its homolog antibodies coated on the latex particles. No agglutination and no aggregation will show if the test is negative. The ImmuLex™ Pneumotest Kit identifies 92 pneumococcal serotypes using a Chessboard method.

Serotypes that were not possible to identify by latex agglutination were detected by the protocol for Streptococcus pneumoniae capsular sequence typing. The materials used for testing are DNA isolated from S. pneumoniae cultures or primary clinical material positive for S. pneumoniae DNA (e.g., cerebrospinal fluid). DNA isolation from cultures is performed using the boiling method or the commercial DNeasy Blood & Tissue Kit (QIAGEN). For DNA isolation from cerebrospinal fluid, we use the NUCLISENS EasyMAG system by bioMérieux (principle: DNA binding to magnetic particles coated with silica). The testing steps are: DNA isolation, amplification of the wzh Gene, PCR products are detected using electrophoresis in a 2% agarose gel with TAE buffer, the PCR products are purified using the ExoSap enzyme mixture, sequencing reaction [performed using the sanger method with two primers (forward and reverse) and BigDye v.3.1], purification of the sequencing reaction (carried out using an ethanol/sodium acetate mixture), capillary electrophoresis (the purified sequencing products are analyzed using the Applied Biosystems 3500 Series Genetic Analyzer), sequence Assembly (raw sequencing data are processed and assembled using SeqScape v.2.5 software), data analysis [the capsular type (and corresponding serotype) is determined using the Streptococcus pneumoniae CST Typing Tool, Version 0.0] (17).



Antimicrobial susceptibility testing

Agar disk diffusion method and E-test method were used for antibiotic susceptibility testing. According to the IPD surveillance framework and the European Centre for Disease Prevention and Control (ECDC) European Surveillance System (TESSy) reporting requirements, susceptibility testing results were available for the following antibiotics: penicillin, erythromycin, and cefotaxime/ceftriaxone. Antimicrobial susceptibility was determined based on the minimum inhibitory concentration (MIC) and results were interpreted according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines for S. pneumoniae.1




Statistical analysis

We calculated age (grouped into four age groups: <1, 1–17, 18–64, ≥65) and sex specific IPD average incidence. Population estimation was provided by the Central Statistical Bureau of Latvia.

We calculated S. pneumoniae total resistance and separate resistance for penicillin, erythromycin, and cefotaxime/ceftriaxone. Resistance differences between penicillin, erythromycin, and cefotaxime/ceftriaxone were assessed by Cohran’s Q test.

For calculating S. pneumoniae resistance associations IPD clinical presentation, we divided cases into two groups: (1) meningitis – IPD cases clinically presented as septicemia with meningitis and meningitis itself, (2) septicemia – IPD cases clinically presented like pneumonia with septicemia and septicemia itself.

We conducted univariable analysis to identify risk factors associated with penicillin, erythromycin, and cefotaxime/ceftriaxone resistance in IPD cases using odds ratio (OR), 95% confidence interval (95%CI) and p-value for risk factors [S. pneumoniae serotype groups, age groups (0–17, 18–64, 65+), sex, clinical presentation (meningitis, septicemia)]. We looked also into individual serotype profiles and calculated OR, 95%CI and p-value for those with a 10% resistance proportion to penicillin, erythromycin and cefotaxime/ceftriaxone. We conducted logistic regression to develop multivariable model, using risk factors that had p-value <0.05 in univariable analysis, and the Akaike Information Criterion (AIC) to compare different models.

Streptococcus pneumoniae serotypes detected in IPD cases were grouped by vaccine constituent serotypes (PCV10, PCV13, PCV15, PCV20, and PPPV23) (Table 1) and analyzed only for serotyped cases (752/811).



TABLE 1 Streptococcus pneumoniae serotypes grouped by vaccine constituent serotypes.
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Data analysis was performed using IBM SPSS Statistics (29.0.0.0) and Jamovi (2.3.28). A two-sided p-value of less than 0.05 was considered statistically significant result.




Results


Invasive pneumococcal disease cases, clinical presentation and Streptococcus pneumoniae serotypes

811 IPD cases were reported to CDPC during the study period (males, 60.2%). There were significant differences in IPD cases over the study period (chi2 = 56.6, p < 0.001).

During the study period IPD incidence fluctuated from 2.7 cases per 100,000 inhabitants in 2012 to 6.7 cases per 100,000 inhabitants in 2022. Of the patients 1.6% (13/811) were infants (aged less than 1 year), 3.4% (28/811) were aged 1–17 years, 55.6% (451/811) were aged 18–64 years and 39.3% (319/811) were aged 65 or more. The highest mean annual incidence during the study period was reported in infants and those aged 65 or more (Figure 1).

[image: Figure 1]

FIGURE 1
 Average period incidence of Invasive pneumococcal disease by age and sex.


Among all Invasive pneumococcal disease cases, clinical presentations with septicemia 84.4% (685/811) were the most common during the study period following those with meningitis 19% (158/811) and pneumonia 28.1% (228/811) (Table 2).



TABLE 2 Invasive pneumococcal disease clinical presentations in Latvia, 2012–2022.
[image: Table2]

92.7% (752/811) of isolates were serotyped. The most common serotypes were 3 and 19A, 17.4% (131/752) and 10.9% (82/752) respectively.

PCV10 serotypes in IPD cases significantly decreased during the years, from 32% (18/56) in 2012 to 12% (16/125) in 2022 (χ2 = 59.898, p < 0.001). However, PCV13 (χ2 = 37.618, p < 0.001), PCV15 (χ2 = 25.097, p = 0.005), and PPPV23 (χ2 = 24.84, p = 0.006) serotypes were significantly increased over the study period (Figure 2).
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FIGURE 2
 Streptococcus pneumoniae serotypes detected in IPD patients and grouped by vaccine constituent serotypes, 2012–2022.




Streptococcus pneumoniae antimicrobial susceptibility in Invasive pneumococcal disease cases

Antimicrobial susceptibility testing for at least one of the three antibiotics (penicillin, erythromycin, or cefotaxime/ceftriaxone) was performed in 89.9% (729/811) of all reported IPD cases. Among these, susceptibility testing for erythromycin was conducted in 89.0% (722/811) of cases, for penicillin in 88.9% (721/811), and for cefotaxime/ceftriaxone in 82.6% (670/811). Overall, 7.5% (55/729) of tested IPD cases were classified as resistant to at least one of the three antibiotics. The specific proportions of non-susceptibility were: penicillin resistance was detected in 3.8% (28/721) of cases tested for this antibiotic, erythromycin resistance in 5.4% (39/722) of cases tested for erythromycin, and cefotaxime/ceftriaxone resistance in 1.2% (8/670) of cases tested for this antibiotic. Cefotaxime/Ceftriaxone demonstrates significantly lower resistance in comparison to penicillin (p = 0.001), and erythromycin (p < 0.001). There were no significant differences in penicillin and erythromycin resistance (p > 0.999).

There were no significant differences over the years in total resistance in IPD cases (χ2 = 17.615, p-value = 0.062). However, erythromycin resistance demonstrated significant differences over the years (χ2 = 21.786, p = 0.016), decreasing from 8.5% (4/47) in 2012 to 5.3% (6/114) in 2022. Penicillin resistance also decreased from 8.5% (4/47) in 2012 to 4.4% (5/114) but does not demonstrate any significant differences during the study period (χ2 = 10.597, p = 0.390). Cefotaxime/Ceftriaxone resistance does not demonstrate any significant differences over the years (χ2 = 7.237, p = 0.703). There were no cefotaxime/ceftriaxone resistant IPD cases in 2012, although in 2022 2.7% (3/114) IPD cases were resistant.

In univariable analysis, factors significantly associated with penicillin resistance were meningitis (OR = 2.94, p = 0.008, 95%CI 1.32–6.55), S. pneumoniae serotypes: 14 (OR = 16.91, p < 0.001, 95%CI 5.73–49.87), 23F (OR = 4.77, p = 0.018, 95%CI 1.31–17.35), 19F (OR = 3.95, p = 0.016, 95%CI 1.29–12.18) and PCV10 serotype group (OR = 3.91, p < 0.001, 95%CI 1.82–8.44). Factors significantly associated with erythromycin resistance in IPD cases were meningitis (OR = 2.11, p = 0.044, 95%CI 1.02–4.38), S. pneumoniae serotypes: 19A (OR = 4.61, p < 0.001, 95%CI 2.22–9.57), 14 (OR = 5.89, p = 0.003, 95%CI 1.83–18.99), 19F (OR = 4.59, p = 0.002, 95%CI 1.77–11.93), 15A (OR = 5.61, p = 0.011, 95%CI 1.48–21.27). Factors significantly associated with cefotaxime/ceftriaxone resistance were S. pneumoniae serotypes: 19A (OR = 5.32, p < 0.024, 95%CI 1.24–22.79), 19F (OR = 16.67, p < 0.001, 95%CI 3.75–74) (Table 3).



TABLE 3 Univariable factors associated with Streptococcus pneumoniae resistance in Invasive pneumococcal disease cases.
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Conducting multivariable analysis with logistic regression we found that S. pneumoniae serotypes 14 (adjusted(a)OR = 25.68, p < 0.001, 95%CI 8.05–84.96), 23F (aOR = 6.92, p = 0.005, 95%CI 1.78–27.01), 19F (aOR = 7.63, p < 0.001, 95%CI 2.29–25.35), and meningitis (aOR = 3.54, p = 0.005, 95%CI 1.48–8.49) were significantly associated with an increased likelihood of penicillin resistance. With an increased likelihood of erythromycin resistance were significantly associated with S. pneumoniae serotypes 19A (aOR = 9.63, p < 0.001, 95%CI 4.15–22.34), 14 (aOR = 13.26, p < 0.001, 95%CI 3.75–46.96), 19F (aOR = 11.47, p < 0.001, 95%CI 3.96–33.19), 15A (aOR = 10.03, p = 0.002, 95%CI 2.39–42.03), and meningitis (aOR = 2.91, p = 0.01, 95%CI 1.29–6.55). S. pneumoniae serotypes 19A (aOR = 12.81, p = 0.006, 95%CI 2.1–78.01) and 19F (aOR = 37.3, p < 0.001, 95%CI 5.94–234.21) were significantly associated with an increased likelihood of cefotaxime/ceftriaxone resistance.




Discussion

The objective of the study was to determine the changes in S. pneumoniae antimicrobial resistance and its association with PCV10 serotypes in Latvia during the period from 2012 to 2022 using national surveillance data. Additionally, this study aims to describe the temporal trends in invasive S. pneumoniae isolates detected during the same period. Our findings demonstrate several key trends in antimicrobial resistance and provide important information about S. pneumoniae serotypes in Invasive pneumococcal disease cases.

Vaccination against pneumococcal infection was first introduced into the Latvian National Immunization Program in 2010 with the PCV7 vaccine. In 2012, PCV7 was replaced by PCV10, which remained in use until the end of 2023. Starting in early 2024, the vaccination program transitioned to the PCV15 vaccine. The introduction of PCV7, PCV10, and more recently PCV15 into the Latvian National Immunization Program has significantly influenced the S. pneumoniae serotype distribution in IPD cases. Our results indicate a decrease in the proportion of IPD cases caused by serotypes included in the PCV10 vaccine. However, our results show an increase in IPD cases caused by S. pneumoniae serotypes covered by PCV13, PCV15, and PPPV23 over the study period, suggesting possible serotype replacement. This is consistent with observations in other regions. In Canada where non-vaccine serotypes statistically significantly increased during the post-vaccination period (from 42% before vaccination to 73.3% during the PCV13 implementation period, p = 0.002) confirms that the introduction of PCV reduced the number of IPD cases caused by vaccine constituent S. pneumoniae serotypes. However, the increase in non-vaccine serotypes suggests serotype replacement (18). The same observations have been made in Spain after PCV13 introduction into the childhood immunization program. The number of IPD cases caused by PCV13 serotypes decreased by 88% (in children) and by 59% (in adults). However, the number of IPD cases caused by non-vaccine serotypes significantly increased (19). Austria also reports serotype 19A increasing from 3% to 6–7% in 2 years following PCV introduction (20) as well as Finland study indicates serotypes 19A (30%) and 3 (19%) as the most prevalent in IPD cases after PCV10 introduction (34). We observed in our study that introduction of PCV10 has reduced IPD cases caused by PCV10 vaccine serotypes, but PCV13nonPCV10 serotypes such as 3 and 19A become prevalent. This replacement has potential long-term implications such as severe IPD clinical presentation associated with 3 and 19A S. pneumoniae serotypes as well as serotype replacement possibly increasing the healthcare burden due to more severe clinical presentations and higher treatment costs for resistant infections. Latvia introduced PCV15 into the Latvian National Immunization Program which includes additional to PCV10 S. pneumoniae serotypes 3, 19A, 6A, 22F, 33F and could mitigate serotype replacement. To achieve this it is important to improve vaccine uptake rates in children and to prioritize for PCV vaccination high-risk groups, such as seniors and individuals with comorbidities.

Streptococcus pneumoniae serotype 3 was the most common serotype detected in IPD cases in Latvia during the study period. The same results were observed in the USA, where the most common S. pneumoniae serotypes identified in IPD patients were 3, 22F, 20, 35, 23A, 12.2%, 10.3%, 9.6, 9%, and 7.7%, respectively (21). Significant proportion of IPD cases (17.9%) were caused by serotypes not included in the vaccines. The emergence of non-vaccine serotypes (22F and 20) highlights the need for vaccines that cover a broader range of serotypes to reduce the burden of IPD (21, 33). As well Serbian study indicates serotype 3 (19.6%) as the most common in IPD cases (22).

The antibiotic consumption data in Latvia indicate one of the lowest reported in European Union (10.5 DDD per 1,000 inhabitants) (23) so our study results demonstrate relatively low antimicrobial resistance (7.5%) penicillin (3.8%), erythromycin (5.4%) and cefotaxime/ceftriaxone (1.2%) in IPD cases in comparison to other study results. Korean study results indicate that among IPD patients of all age groups, S. pneumoniae resistance to penicillin and ceftriaxone was 37.2% and 29.7%, respectively (24). Serbian study results shows high non-susceptibility percentage (40.4%) to erythromycin in IPD S. pneumoniae isolates (22). However World health organization reported penicillin resistance below 5% in 2020 in Austria, Czechia and the Netherlands while percentages equal to or above 25% were reported in Bosnia and Herzegovina, Cyprus, France, Iceland, Malta, Romania, Serbia and Turkey (25). In other countries, the rate of S. pneumoniae resistance to ceftriaxone among IPD patients was low: Japan (8.4%), South Africa (8.0%), and the USA (8.7%) (26, 27).

Our analysis shows that while penicillin and cefotaxime/ceftriaxone resistance trends did not demonstrate significant differences, there were significant differences in erythromycin resistance in IPD cases.

Multivariable logistic regression analysis revealed that S. pneumoniae PCV10 vaccine serotypes (particularly 14, 23F, 19F) detected in IPD patients and meningitis were strongly associated with an increased likelihood of penicillin resistance. Our findings indicate that patients with meningitis are over three times more likely to have penicillin resistant S. pneumoniae compared to other IPD cases. Other study results demonstrate that penicillin resistance in meningitis-causing S. pneumoniae strains has been noted as a critical concern due to the limited ability to achieve sufficient drug concentrations in the cerebrospinal fluid (28). Penicillin-resistant pneumococcal meningitis presents a significant clinical challenge. The study findings conducted in Spain demonstrate pneumococcal meningitis caused by penicillin-resistant strains significant association with mortality. Effective treatment is complicated by the blood–brain barrier, which limits antibiotic penetration into the cerebrospinal fluid. This is particularly problematic for resistant strains, requiring higher doses or combination therapies to achieve therapeutic levels. However, implementing high-dose cefotaxime requires careful monitoring for adverse effects, particularly in patients with comorbidities or in seniors (29). It is important to monitor not only meningitis caused by penicillin-resistant S. pneumoniae serotypes, but all reported IPD cases monitor for antimicrobial susceptibility and broader spectrum of antibiotics for susceptibility testing by enhancing IPD surveillance system. This surveillance helps in identifying emerging resistance trends, enabling timely updates to treatment guidelines. Meningitis and S. pneumoniae serotypes 19A (PCV13nonPCV10 vaccine constituent serotype), 14, 19F, and 15A (NonVacc serotype) also demonstrated a significant association with erythromycin resistance.

Further studies will cover comorbidities and other clinical factors for more comprehensive antimicrobial resistance analysis.

This indicates that vaccine serotype-specific resistance should be closely monitored to inform treatment guidelines and vaccine policy adjustments. Worldwide, the highest resistance rates to penicillin and erythromycin were found in serotypes 6B, 6A, 9V, 14, 15A, 19F, 19A, and 23F (12, 30), where 6B, 9V, 14, 19F, 23F are PCV10 vaccine serotypes.

Underreporting in a surveillance system and possible under diagnosis are likely to be study limitations. There are no clear guidelines for hospital laboratories regarding sample logistics. Some hospitals identify S. pneumoniae and test for antimicrobial susceptibility in their labs before sending the isolates to the National Reference Laboratory for further examination. There is a lack of information about the validation of identification and antimicrobial susceptibility tests in regional hospital laboratories. Moreover, PCR is not performed in these regional labs. Some hospitals directly send blood, CSF, or other sterile site samples to the NRL for S. pneumoniae identification, serotyping, and antimicrobial susceptibility detection, which prefers S. pneumoniae isolation over PCR. This approach may lead to an underestimation of cases.

Our study findings may have influenced by underreporting and under diagnosis described. This limitation possibly introduce bias, particularly in assessing the true burden of antimicrobial resistance. The selection of antibiotics for susceptibility testing reflects the limitations of the Latvian IPD surveillance system. Antimicrobial susceptibility data from Invasive pneumococcal disease patients reported to the surveillance system are collected in accordance with ECDC TESSy reporting requirements and submitted to the Centre for Disease Prevention and Control of Latvia (CDPC), which further disseminate surveillance data. TESSy mandates that countries report susceptibility to three antibiotics: penicillin, erythromycin, and cefotaxime/ceftriaxone. To mitigate these limitations in future studies we suggest following potential improvements to the IPD surveillance system: to incorporate routine PCR testing, standardize sample logistics, include all tested antimicrobial susceptibility notification in the case based surveillance and establish a centralized reporting platform to enhance case capture.

We suggest to conduct IPD surveillance system sensitivity analysis to detect possible underreporting rates and evaluate their potential effect on the IPD incidence and antimicrobial resistance findings. However our study reports an increase in IPD incidence in 2022. Similar increase in IPD incidence were observed in other countries following the easing of COVID-19 pandemic restrictions (31). It is important to continue monitor IPD incidence trends and describe potential factors contributing to these fluctuations.

Our findings are important for public health strategies, underlying the dynamic IPD and S. pneumoniae epidemiology. Surveillance of S. pneumoniae serotypes distribution and antimicrobial resistance patterns is important to vaccination programs. The introduction of the PCV15 into NIP in 2024 is an important step in the prevention of Invasive pneumococcal disease. PCV15 covers additional serotypes, including 22F and 33F, which are increasingly implicated in non-vaccine serotype replacements observed globally. A dynamic transmission model specific to Germany predicted that the introduction of PCV15 could lead to a reduction in IPD incidence by approximately 6% over 10 years compared to continued use of PCV13 (32). PCV15 introduction into NIP potentially will provide coverage against additional serotypes covered by this vaccine. Future studies should investigate the long-term PCV15 impact on S. pneumoniae serotype replacement dynamics and antimicrobial resistance. Additionally, compensation for vaccination against pneumococcal disease for high-risk group adults could further reduce the IPD burden and mitigate the spread of resistant S. pneumoniae.

This study provide national overview of S. pneumoniae serotypes identified in patients with IPD from 2012 to 2022, analyzing serotype replacement in relation to the pneumococcal vaccines available in the country, as well as antimicrobial resistance trends. Future studies will focus on analyzing changes in IPD incidence and regional stratification of IPD cases.



Conclusion

Overall, our study provides a comprehensive insight into the epidemiological diversity of S. pneumoniae isolates causing Invasive pneumococcal disease in Latvia in 11 year period. The most common serotypes were 3 and 19A. Our data demonstrate low S. pneumoniae antimicrobial resistance and resistance decreasing to erythromycin and penicillin in IPD cases over the years. Moreover, meningitis as IPD clinical presentation was significantly associated with penicillin and erythromycin resistance.

Further studies to monitor PCV15 impact on S. pneumoniae serotypes circulation are useful, as well as continuous S. pneumoniae serotypes antimicrobial resistance surveillance is needed to observe further trends in serotypes replacement.
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