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Abstract

:

We studied changes in serotype distribution and antimicrobial susceptibility in adult pneumococcal pneumonia in Spain (2011–2019). Among 895 pneumococci collected (433 bacteremic [BPP] and 462 non-bacteremic [non-BPP]), serotypes 3 (17%), 19A (10%), 8 (6.7%) and 11A (6.7%) were the most frequent. Serotypes 16F, 19A and 24F were associated with old people (≥65) and serotypes 4, 7F, 8, 12F and 19F to young adults. Serotypes 12F, 24F and 1 were significantly more frequent in BPP and serotypes 11A, 23A and 19F in non-BPP. Amoxicillin resistance was higher in non-BPP (17% vs. 11%) while penicillin non-susceptibility (37% vs. 24%) and macrolide resistance (29% vs. 14%) were higher in older adults. In the period 2017–2019, the vaccine coverages were: 32% (PCV13), 39% (PCV15), 65% (PCV20) and 69% (PPV23). Differences were found in serotype composition and antimicrobial resistance by age and type of infection. The maintenance of serotype 3 as a leading cause of adult pneumococcal pneumonia and the increase in highly invasive (serotype 8) or antimicrobial-resistant (serotype 11A) serotypes is worrisome. Further studies will be required to analyse the impact of the upcoming broader conjugate vaccines.
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1. Introduction


Lower respiratory tract infections are an important cause of severe disease worldwide. In children, Streptococcus pneumoniae is an important cause of invasive and non-invasive diseases [1]. Furthermore, it is among the leading causes of pneumonia in adults [2] with a significant impact on hospital admissions, morbidity/mortality and medical costs [3].



The capsule is the main pneumococcal virulence factor and also the basis for vaccine development. Vaccines are useful to prevent pneumococcal diseases, but the diversity of the capsular polysaccharide (at least 100 pneumococcal capsular types described) limits its effectiveness. The introduction of pneumococcal conjugate vaccines (PCVs) in children changed the epidemiology of pneumococcal diseases worldwide. In Spain, the current PCVs have been available on voluntary basis since 2009 (PCV10) and 2010 (PCV13) for children, and since 2012 (PCV13) for adults. PCV13 was included in the Spanish paediatric official vaccination schedule in 2016. The introduction of PCV13 in 2010 caused a sharp decrease in the incidence of invasive pneumococcal disease (IPD) in adults due to herd protection [4]. PCV13 also showed to be effective in preventing pneumococcal pneumonia caused by vaccine types [5]. Despite this, the impact of PCVs on the incidence of the different vaccine serotypes has not been homogeneous. For instance, no significant decrease in pneumococcal diseases caused by serotype 3 has been observed after the introduction of PCV13 [6].



Besides PCVs, the 23-valent pneumococcal polysaccharide vaccine (PPV23) is also included in the Spanish systematic vaccination calendar (adults over 65 years old) since 2004, with a vaccine uptake of 68.9% in 2017 [7]. As PPV23 does not prevent colonization, its impact on the epidemiology of the pneumococcal serotypes is limited. PPV23 has been shown to be effective in preventing IPD [8] but its efficacy in preventing pneumococcal pneumonia is controversial [9,10].



In this scenario, the serotype distribution of pneumococci causing IPD has been extensively analysed, especially in the PCVs era. However, data on pneumococcal serotypes causing pneumonia in adults, including bacteremic and non-bacteremic episodes, have been less studied. In this study, we aimed to describe the serotype distribution and antimicrobial susceptibility of pneumococci causing pneumonia in adults in Spain in the PCVs era. The data on the coverage of serotypes of current and upcoming vaccines should be useful to anticipate the evolution of pneumococcal diseases in the coming years.




2. Materials and Methods


2.1. Hospital Setting, Study Period and Definitions


This study focuses on the analysis of Streptococcus pneumoniae isolates collected from patients attended at Hospital Universitari de Bellvitge (HUB), located in a Southern Barcelona Area (Spain) with a diagnosis of pneumonia during 2011–2019. At HUB, all pneumococcal strains are prospectively collected and recorded in a database. The clinical charts of patients with S. pneumoniae isolation from both blood and respiratory specimens were retrospectively reviewed.



Pneumococcal pneumonia was defined as the isolation of S. pneumoniae from blood or respiratory samples in a patient with a chest X-ray compatible with pneumonia and signs and symptoms of infection. The isolation of pneumococci in blood in a patient with pneumonia was defined as bacteremic pneumococcal pneumonia (BPP). The isolation of S. pneumoniae from respiratory tract specimens was defined as non-bacteremic pneumonia (non-BPP). For sputum samples, only good quality sputum specimens (<10 squamous cells and >25 leukocytes per low-power field) were included. Pneumococcal pneumonia episodes with strain isolation only in the pleural fluid were included in non-BPP.




2.2. Bacterial Identification, Antimicrobial Susceptibility Testing and Serotyping


S. pneumoniae isolates were identified by standard microbiological procedures (optochin susceptibility and/or bile solubility). Antimicrobial susceptibility was performed through microdilution following the EUCAST (European Committee on Antimicrobial Susceptibility Testing) recommendations and criteria [11]. Serotype detection was performed by either a multiplex PCR protocol provided by the CDC [12] or the Quellung reaction at the Spanish Reference Laboratory for Pneumococci in Majadahonda, Madrid. For analysis purposes serotypes were classified in different schemes: PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) and non-PCV13 (serotypes not included in PCV13); or PPV23 serotypes which includes serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F; PCV15 (PCV13 serotypes plus 22F and 33F) and PCV20 (PCV13 plus serotypes 8, 10A, 11A, 12F, 15B, 22F and 33F).



According to the introduction of PCV13 for children, three periods were established: 2011–13 (early-PCV13), 2014–16 (late-PCV13) and 2017–19 (universal PCV13). For the early and late PCV13 periods, the paediatric vaccination occurred on a voluntary basis with a vaccine uptake of 78% [13].




2.3. Statistical Analysis


Statistical analyses were carried out using the SPSS software package (SPSS, version 18.0). Differences were assessed using the chi-square or Fisher’s exact tests, when appropriate. Two-sided p values < 0.05 were considered statistically significant.





3. Results


During the study period, a total of 895 pneumococcal strains were collected from patients with pneumococcal pneumonia. Of these, 580 occurred in men (64.8%) with a mean age of 67.6 (range 22–98). By age group, 124 episodes occurred in people aged 18–50, 212 in those aged 51–64, 224 in those aged 65–75 and 335 episodes were detected in patients older than 75. A total of 433 pneumococcal pneumonia episodes were obtained from blood, thus considered bacteremic (BPP, blood culture [n = 375], blood plus respiratory tract sample [n = 49], blood plus pleural fluid [n = 9]), and 462 were non-bacteremic (non-BPP, sputum [n = 409], bronchoalveolar lavage [n = 35] and pleural fluid [n = 18]).



3.1. Changes in Serotype Distribution over the Study Period


The distribution of the number of episodes by period was: 303 in 2011–2013, 315 in 2014–2016, and 277 in 2017–2019. Figure 1 shows the frequency of the pneumococcal serotypes by period. Among PCV13 serotypes, serotypes 7F (5.6% vs. 1.1%) and 19A (9.6% vs. 4.3%) significantly decreased from 2011–2013 to 2017–2019. Serotype 3 ranked first in all three periods (18.5%, 19.0%, and 14.8%, respectively). Two non-PCV13 serotypes showed a statistically significant increase: serotypes 8 (3.3% vs. 9.4%) and 11A (3.6% vs. 8.3%).



Overall, PCV13 serotypes declined from 49.5% to 32.1% over the study period (RR 0.649 [0.5285–0.7971]). In the last period, the putative coverage for the upcoming conjugate vaccines PCV15 and PCV20 were 39% and 65%, respectively.




3.2. Distribution of Pneumococcal Serotypes Causing Pneumonia by Age Group


Figure 2 and Table 1 show the serotype distribution by age group. Serotype 3 was the most frequent serotype in all age groups (range 17–18%). Serotypes 4, 7F, 8, 12F and 19F were statistically more represented in people younger than 65 years old and accounted for 27% of the episodes (11% for people ≥65 years old). Among these serotypes, serotype 8 alone accounted for 10% of the episodes in younger adults (5% in people ≥65 years old). On the other hand, serotypes 19A, 16F and 24F were more commonly found in older adults, accounting for 15% of the episodes (6% in younger adults). In the last period (2017–2019), the putative coverage of the different pneumococcal vaccines were higher in adults aged 18–64 years old than among people over 65: PCV13 (42% vs. 38%), PCV15 (48% vs. 44%), PCV20 (72% vs. 61%, p < 0.001) and PPV23 (77% vs. 64%, p < 0.001).




3.3. Differences in the Serotype Composition of Pneumococci Causing Bacteremic and Non-Bacteremic Pneumococcal Pneumonia


There was great variation in the propensity of the serotypes to be found in BPP or non-BPP episodes (Figure 3, Appendix A). Serotypes 1, 7F, 8, 10A, 12F, 14, 19A, 22F and 24F were significantly more frequent among BPP episodes, with ORs above 1. On the other hand, serotypes 3, 11A, 19F, 23A and 23B were more frequent among non-BPP episodes and had ORs below 1. In spite of that, serotypes 3 and 8 were the most frequent serotypes causing BPP, accounting for more than a fifth of episodes. With regard to non-BPP episodes, these were dominated by the occurrence of serotypes 3 and 11A.




3.4. Antimicrobial Susceptibility


We compared the antimicrobial non-susceptibility rates of pneumococci causing BPP and non-BPP. Antimicrobial resistance rates of non-BPP episodes were globally the highest (Table 2), although statistically significant differences were only found for amoxicillin (11% in BPP vs. 17% in non-BPP). By age group, pneumococci found in adults over 65 years old also showed the highest rates of resistance. These differences were statistically significant for penicillin (24% vs. 30%) and erythromycin (18% vs. 24%).



Through the study period, a reduction in the proportion of non-susceptible pneumococcal strains was observed for most antimicrobials. These differences were statistically significant for erythromycin (27% vs. 19%, 2011–2013 vs. 2017–2019). Furthermore, an increase in the MIC90 of penicillin and amoxicillin was observed (from 1 to 2 mg/L) and was associated with the increase in serotype 11A isolates.





4. Discussion


Lower respiratory tract infections are an important cause of morbidity and mortality worldwide, with S. pneumoniae being one of the main causative pathogens. Nevertheless, there is little available information on the serotype distribution and antimicrobial susceptibility of pneumococci isolated from bacteremic and non-bacteremic pneumococcal pneumonia after the introduction of PCVs.



In recent years, the introduction of PCVs has led to an overall decrease in the incidence of IPD, but an increase in disease caused by non-vaccine serotypes has also been detected [14]. In Spain, after the PCV13 introduction in 2010, there has been a significant decrease in the incidence of invasive infections caused by PCV13 serotypes, except for serotype 3 [15]. In our series, serotype 3 (included in PCV13 and PPV23) was the most frequent serotype among both BPP and non-BPP episodes. This is in agreement with recently published data showing that the burden of pneumonia due to PCV13 serotypes in Spain remains high, mainly due to serotype 3, which accounted for 66% of pneumonia episodes caused by vaccine types in the period 2017–2018 [16]. Similarly, serotype 3 was the leading cause of pneumococcal community-acquired pneumonia (CAP) in adults in the UK over the period 2016–2018 and the second most frequent serotype in adults that required hospitalization in the USA over 2013–2016 [17,18]. These results are probably related to the low efficacy of PCV13 to prevent serotype 3 colonization and disease in children which could limit the herd effect in adults. In this respect, a decrease in vaccine effectiveness of the six additional serotypes included in PCV13 compared to PCV7 has been described (73% vs. 90%) [6]. Additionally, serotype 3 pneumococci have been reported to release significant amounts of capsular polysaccharides during growth that may interfere with antibody-mediated killing [19]. It seems that the level of protection required to prevent serotype 3 diseases has not been achieved by current PCVs and this will require a different strategy.



The second serotype in frequency in our series was serotype 8, which also has been recently reported among the most frequent cause of IPD in adults in Spain and other European countries [14,20,21]. Serotype 8 was detected more frequently among young adults and bacteremic pneumonia, which is consistent with the high invasive disease potential described for this serotype [22]. The increased incidence of this serotype is not surprising, as it is not included in currently available PCVs. In our setting, serotype 8 is mostly associated with two main clonal complexes (CC53 and CC404) [15], both related to penicillin-susceptible isolates. The fact that this serotype was less frequent among pneumonia episodes in older adults could be associated with this antimicrobial susceptibility pattern, as it has been described that antimicrobial-resistant pneumococci appear more frequently in older patients with comorbidities [23]. Nevertheless, we did not analyse the putative contribution of PPV23 vaccination of older adults to the lower occurrence of this serotype in this age group. Either way, the introduction of the upcoming PCV20 should help to reduce the burden of pneumococcal diseases caused by serotype 8 in all age groups.



As observed for serotype 8, other invasive and usually antimicrobial susceptible serotypes such as 12F, 7F and 4 (all included in PPV23) appeared more frequently in young adults [24]. The exception to this pattern was serotype 19F which appeared more frequently in young adults but caused mostly non-BPP and was associated with penicillin non-susceptibility. Recent data on CAP episodes from different geographical areas show that serotype 19F is the second serotype in frequency among CAP episodes and is mostly associated with penicillin non-susceptibility [25]. An increase in the frequency of colonization by serotype 19F pneumococci has also been reported in Alaska which could be related to the introduction of a new genotype and subsequent reduced effectiveness of PCV7 [26]. In the USA, the number of serotype 19F isolates causing pneumococcal pneumonia in adults increased over the period 2009–2017 [27]. Although there is no clear explanation for the resurgence of serotype 19F isolates, it has been hypothesized that the high diversity of the capsular operon of serogroup 19 isolates could give them an evolutionary advantage to persist despite the introduction of PCVs [28]. In Spain, the incidence of serotype 19F isolates causing IPD decreased after the introduction of PCVs and is currently low [20]. In spite of that, its persistence among pneumococcal pneumonia episodes in young adults needs close surveillance.



Serotype 19A (included in PCV13) and serotypes 24F and 16F (both not included in any vaccine) were associated to appear more frequently in older adults. These data are concordant with previously published studies, showing a high propensity of serotype 16F to be found in the carriage and in persons with comorbidities [22,29]. Regarding serotype 19A, its incidence in IPD has decreased after PCV13 [15] and we observed the same decreasing trend in our study. Despite this, the rate of reduction in isolates of serotype 19A appeared to have been slower than that of additional PCV13 serotypes such as 1, 5 and 7F. As this serotype show a multidrug-resistant phenotype, [30], this could favour its persistence among adults with comorbidities. With regard to serotype 24F, it is a serotype whose incidence seems to be increasing [31], it is also associated with high invasive disease potential [32] and in our geographical area is related to the multidrug-resistant Denmark14-ST230 clone [23]. Probably this serotype has occupied the ecological niche that other multi-resistant serotypes such as 19A or 23F left in older adults after the introduction of PCVs. Furthermore, as this serotype is not included in the present or upcoming PCVs nor PPV23, people at risk of having IPD like older adults will not be protected. Then, a possible increase in the burden of serotype 24F disease should be monitored in the forthcoming years.



An interesting aspect of this study is the comparative analysis of the serotype distribution in BPP and non-BPP. In this way, serotype 3 was the most common serotype found in both types of episodes; however, it was highly prevalent in non-BPP cases. This fact emphasizes again the problem already observed concerning PCV13 effectiveness against this serotype. We also found a significantly high frequency of serotype 11A isolates causing non-BPP episodes. Studies on IPD show a low frequency of episodes caused by this serotype [33] but this is not the case when we look at other pneumococcal diseases. For instance, serotype 11A is a frequent serotype causing acute exacerbations and pneumonia in patients with chronic obstructive pulmonary disease (COPD) [34,35]. In fact, serotype 11A is also frequent in carriage suggesting a low invasive disease potential [36,37]. An increase in serotype 11A isolates has been reported in Europe after the introduction of PCVs [33] due to the emergence of a new lineage related to the Spain9V-156 clone (PMEN3). As this clone shows characteristically β-lactam resistance with high amoxicillin MICs (4–8 mg/L) [38], its significant frequency among non-BPP episodes should be taken into account when choosing empirical oral therapy. It will be interesting to monitor the impact of the upcoming PCV20 on serotype 11A which has a high carriage frequency.



We also explored differences in antimicrobial susceptibility between age groups and between BPP and non-BPP episodes. In general, higher percentages of non-susceptibility were observed for those non-BPP episodes and those that occurred in people over 65 years old. Statistically significant differences were evidenced for amoxicillin, which showed a higher percentage of non-susceptibility in non-BPP episodes, and penicillin and erythromycin which had a higher frequency of non-susceptibility in the elderly. As described before, the frequent occurrence of 11A isolates with high amoxicillin MICs in non-BPP could justify these differences. On the other hand, since antimicrobial resistance is usually a consequence of antimicrobial consumption [39], the existence of a higher proportion of isolates non-susceptible to penicillin and erythromycin in the elderly could be a consequence of the frequent use of β-lactam and macrolide antibiotics in patients with chronic conditions such as COPD. Therefore, empirical therapy should be carefully chosen in those patients with a history of antibiotic use.



Our study has some limitations that should be acknowledged. First, the data are local and could not be extrapolated to other settings. Second, we have no data regarding the vaccination status of the patients which could influence the prevalence of certain serotypes. In the same way, we have no data regarding comorbidities that could have increased over the study period changing the epidemiology and incidence of pneumococcal diseases. Nevertheless, our study includes a long period of time and a significant number of bacteremic and non-bacteremic episodes which is among the main strengths of our study. It should be noted that collecting good quality sputum is difficult and it is not routinely collected in some hospitals. Since not all episodes of pneumococcal pneumonia led to invasive disease, it is mandatory to also study the population of pneumococci collected from non-invasive specimens.



In summary, our study shows a reduction in most PCV13 serotypes in adult pneumococcal pneumonia except serotype 3, suggesting low effectiveness of PCV13 to prevent serotype 3 diseases. The increase in certain non-PCV13 serotypes such as serotype 8 and 12F raises concern due to its invasiveness, but it is hoped that this will be balanced with the release of the next PCVs. With regard to non-BPP, the high frequency of serotype 11A isolates with amoxicillin resistance should be taken into account when choosing empiric antimicrobial therapy. Finally, the increase in serotype 24F, not included in the upcoming vaccines, deserves further surveillance. On account of all this, it is critical to monitor the evolution of pneumococcal diseases and the impact of the introduction of the upcoming conjugate vaccines.
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Table A1. Distribution of pneumococcal serotypes causing bacteremic (BPP) and non-bacteremic pneumonia (non-BPP). The serotype-specific odds ratio and 95% CI comparing BPP and non-BPP are shown. Statistically significant results are highlighted in bold.






Table A1. Distribution of pneumococcal serotypes causing bacteremic (BPP) and non-bacteremic pneumonia (non-BPP). The serotype-specific odds ratio and 95% CI comparing BPP and non-BPP are shown. Statistically significant results are highlighted in bold.





	Serotype
	BPP

n = 433
	Non–BPP

n = 462
	OR (95% CI)





	12F
	29
	2
	16.51 (3.92–69.62)



	24F
	17
	2
	9.4 (2.16–40.93)



	1
	13
	2
	7.12 (1.6–31.73)



	10A
	12
	3
	4.36 (1.22–15.56)



	7F
	18
	6
	3.3 (1.3–8.38)



	8
	43
	17
	2.89 (1.62–5.14)



	9V
	8
	3
	2.88 (0.76–10.93)



	4
	7
	3
	2.51 (0.65–9.78)



	14
	20
	9
	2.44 (1.1–5.41)



	22F
	27
	15
	1.98 (1.04–3.78)



	19A
	38
	24
	1.76 (1.03–2.98)



	33F
	8
	5
	1.72 (0.56–5.3)



	6C
	17
	13
	1.41 (0.68–2.94)



	16F
	12
	10
	1.29 (0.55–3.01)



	35F
	6
	6
	1.07 (0.34–3.34)



	9N
	10
	13
	0.82 (0.35–1.88)



	31
	12
	19
	0.66 (0.32–1.39)



	35B
	8
	14
	0.6 (0.25–1.45)



	3
	58
	99
	0.57 (0.4–0.81)



	15A
	8
	16
	0.52 (0.22–1.24)



	19F
	5
	20
	0.26 (0.1–0.69)



	23A
	6
	26
	0.24 (0.1–0.58)



	11A
	7
	53
	0.13 (0.06–0.28)



	23B
	1
	18
	0.06 (0.01–0.43)
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Figure 1. Changes in the serotype distribution of pneumococci causing pneumococcal pneumonia by period. (A) Individual serotypes; (B) Frequency of episodes caused by serotypes included in pneumococcal vaccines. Asterisks indicate significant changes between 2011–2013 and 2017–19. Lines below the serotypes indicate the serotype composition of the different vaccines. PCV13: 13-valent pneumococcal conjugate vaccine (PCV); PCV15: 15-valent PCV; PCV20: 20-valent PCV; PPV23: 23-valent pneumococcal polysaccharide. 
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Figure 2. Serotype distribution of pneumococci causing pneumonia by age group. Bars indicate the frequency of each serotype in the particular age group. 
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Figure 3. Frequency of pneumococcal serotypes in bacteremic (BPP) and non-bacteremic pneumonia (non-BPP). Only serotypes accounting for ≥10 episodes are shown (a) Serotype specific odds ratio and 95% CI comparing BPP and non-BPP. (b) Serotype distribution of pneumococci causing BPP or non-BPP. Asterisks indicate statistically significant changes (p < 0.05). 
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Table 1. Pneumococcal serotypes causing pneumonia in young and older adults. Data show the frequency of each serotype in the age group. Only serotypes accounting for ≥10 episodes are shown. Statistically significant results are highlighted in bold. NS: not statistically significant.
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Serotype

	
Vaccine Type

	
18–64 (%)

n = 336

	
>64 (%)

n = 559

	
p-Value




	
PCV13

	
PCV15

	
PCV20

	
PPV23






	
3

	
X

	
X

	
X

	
X

	
17.0

	
17.9

	
NS




	
8

	

	

	
X

	
X

	
9.8

	
4.8

	
0.006




	
11A

	

	

	
X

	
X

	
6.8

	
6.6

	
NS




	
12F

	

	

	
X

	
X

	
5.1

	
2.5

	
0.043




	
19F

	
X

	
X

	
X

	
X

	
5.1

	
1.4

	
0.002




	
19A

	
X

	
X

	
X

	
X

	
4.8

	
8.2

	
0.048




	
7F

	
X

	
X

	
X

	
X

	
4.8

	
1.4

	
0.005




	
22F

	

	
X

	
X

	
X

	
3.9

	
5.2

	
NS




	
23A

	

	

	

	

	
3.6

	
3.6

	
NS




	
1

	
X

	
X

	
X

	
X

	
3.0

	
0.9

	
NS




	
9N

	

	

	

	
X

	
2.7

	
3.8

	
NS




	
6C

	

	

	

	

	
2.7

	
2.5

	
NS




	
14

	
X

	
X

	
X

	
X

	
2.4

	
3.8

	
NS




	
4

	
X

	
X

	
X

	
X

	
2.4

	
0.4

	
0.014




	
31

	

	

	

	

	
2.1

	
4.3

	
NS




	
15A

	

	

	

	

	
2.1

	
3.0

	
NS




	
10A

	

	

	
X

	
X

	
1.8

	
1.6

	
NS




	
33F

	

	
X

	
X

	
X

	
1.8

	
1.3

	
NS




	
35B

	

	

	

	

	
1.5

	
3.0

	
NS




	
23B

	

	

	

	

	
1.2

	
2.7

	
NS




	
35F

	

	

	

	

	
1.19

	
1.43

	
NS




	
16F

	

	

	

	

	
0.9

	
3.4

	
0.033




	
9V

	
X

	
X

	
X

	
X

	
0.9

	
3.0

	
NS




	
24F

	

	

	

	

	
0.6

	
3.0

	
0.026




	
Other

	

	

	

	

	
12.2

	
11.8

	
NS
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Table 2. Changes in antimicrobial non-susceptibility rates by type of infection (a), age group (b) and period (c). Percentages correspond to EUCAST clinical breakpoints of non-susceptibility for penicillin (>0.06 mg/L), amoxicillin (>0.5 mg/L) and cefotaxime (>0.5 mg/L) and resistance for erythromycin (>0.5 mg/L) and levofloxacin (>2 mg/L). Statistically significant results are highlighted in bold. MIC50 and MIC90 are given in mg/L.
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(a)

	
BPP (n = 433)

	
Non-BPP (n = 462)

	




	
Antibiotic

	
MIC50

	
MIC90

	
%

	
MIC50

	
MIC90

	
%

	
p-Value




	
Penicillin

Amoxicillin

	
<0.06

	
1

	
26%

	
<0.06

	
2

	
29%

	
0.29




	
<0.06

	
1

	
11%

	
<0.06

	
2

	
17%

	
0.009




	
Cefotaxime

Erythromycin

	
<0.06

	
0.5

	
9%

	
<0.06

	
1

	
10%

	
0.63




	
<0.25

	
>32

	
21%

	
<0.25

	
>32

	
23%

	
0.59




	
Levofloxacin

	
1

	
1

	
1%

	
0.5

	
1

	
2%

	
0.44




	
(b)

	
18–64 (n = 336)

	
>65 (n = 559)

	




	
Antibiotic

	
MIC50

	
MIC90

	
%

	
MIC50

	
MIC90

	
%

	
p-Value




	
Penicillin

Amoxicillin

	
<0.06

	
1

	
24%

	
<0.06

	
2

	
30%

	
0.045




	
<0.06

	
1

	
13%

	
<0.06

	
2

	
14%

	
0.76




	
Cefotaxime

Erythromycin

	
<0.06

	
0.5

	
9%

	
<0.06

	
1

	
10%

	
0.48




	
<0.25

	
>32

	
18%

	
<0.25

	
>32

	
24%

	
0.037




	
Levofloxacin

	
1

	
1

	
1%

	
1

	
1

	
2%

	
0.39




	
(c)

	
2011–13 (n = 303)

	
2017–19 (n = 277)

	




	
Antibiotic

	
MIC50

	
MIC90

	
%

	
MIC50

	
MIC90

	
%

	
p-Value




	
Penicillin

Amoxicillin

	
<0.06

	
1

	
31%

	
<0.06

	
2

	
26%

	
0.15




	
<0.06

	
1

	
14%

	
<0.06

	
2

	
15%

	
0.72




	
Cefotaxime

Erythromycin

	
<0.06

	
0.5

	
10%

	
<0.06

	
0.5

	
8%

	
0.46




	
<0.25

	
>32

	
27%

	
<0.25

	
>32

	
19%

	
0.04




	
Levofloxacin

	
1

	
1

	
2%

	
1

	
1

	
1%

	
0.7

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  microorganisms-09-02245


  
    		
      microorganisms-09-02245
    


  




  





media/file5.png
50— 64 years old

-

18 - 49 years old

.
S
[}

20,0

&
@0
i

e
O
—

0,
<
—

2
0,
8,0
6,0
4,0
2,0

o) Souanbaiyg

1B2YI0

65-74 years old

>75 years old

20

18

[+0]
i

0
i

0
i

=t
-

=t
—

O

[ o [ee) O = [ o
— —

(o5) Aouanbaay

2 0 00 /O =t 2 U
— —

(95) fouanbaig





media/file6.jpg
@

100

'jHHanuH—Hu‘u

by

Oddsratio.

0001
IF2F L WATE S 9V 1 14 20F 194 6C 16F 39 ON 31 39 3 15A 19 BA A DB
Seratype

WEPP mnonBPP

nlllllllll‘lll.l il ‘]JJJ
54 ek 830 & ate peociupow e o B
il





media/file3.png
M2011-13 W2014-16 MW2017-19 “p <005 B

20
18
70
16
60
14
12 50
: )
3. AL 40
g
-
=
8
30
(&}
20
-
0 llI-llII I Ill IIl-l Il wun II I I II I Illl II Illl I I I II II IIIII N
= m b) Ip] o0 gy ,'\)
=28 g S SEERSFS 83 2R I8 Z 2 £ 8 g
ey 5§ %o ok
e £ & & 0~

PPV23





media/file0.png





media/file4.jpg





media/file7.png
Oddsratio

25

— 2
197} [

—_
=}

Frequency (%)

12F 24F 1 10A 7F 8 9V 4 14 22F 19A 33F 6C 16F 35F 9N 31 35B 3 15A 19F 23A 11A 23B
Serotype
WmBPP  mnonBPP %

12F 24F 1 10A 7F 8 9V

3 15A 19F 23A 11A 23B

4 14 22F 19A 33F 6C 16F 35F 9N 31 35B
Serotype





media/file2.jpg
I j
ol .ll||.;.|‘.;|1|.||.!..I|.,...|l|.||;||;‘||.!||,.|gJJ

—_— £





