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TAGGEDPA B S T R A C T

Background: Chronic conditions increase the risk of invasive pneumococcal diseases (IPD).

Pneumococcal vaccination remarkably reduced IPD morbimortality in vulnerable popula-

tions. In Brazil, pneumococcal vaccines are included in the National Immunization Pro-

gram (PNI): PCV10 for < 2 years-old, and PPV23 for high risk-patients aged ≥ 2 years and

institutionalized ≥ 60 years. PCV13 is available in private clinics and recommended in the

PNI for individuals with certain underlying conditions.

Methods: A retrospective study was performed using clinical data from all inpatients from five

hospitals with IPD from 2016 to 2018 and the corresponding data on serotype and antimicro-

bial-non-susceptibility of pneumococcus. Vaccine-serotype-coverage was estimated. Patients

were classified according to presence of comorbidities: healthy, without comorbidities; at-risk,
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TaggedEndTaggedPincluded immunocompetent persons with specific medical conditions; high-risk, with immu-

nocompromising conditions and others

Results: 406 IPD cases were evaluated. Among 324 cases with information on medical condi-

tions, children < 5 years were mostly healthy (55.9%), while presence of comorbidity pre-

vailed in adults ≥ 18 years old (> 82.0%). Presence of ≥1 risk condition was reported in ≥

34.8% of adults. High-risk conditions were more frequent than at-risk in all age groups.

Among high-risk comorbidity (n = 211), cancer (28%), HIV/AIDS (25.7%) and hematological dis-

eases (24.5%) were the most frequent. Among at-risk conditions (n = 89), asthma (16.5%) and

diabetes (8.1%) were themost frequent. Among 404 isolates, 42.9% belonged to five serotypes:

19A (14.1%), 3 (8.7%), 6C (7.7%), 4 and 8 (6.2% each); 19A and 6C expressed antimicrobial-non-

susceptibility. The vaccine-serotype-coverage was: PCV10, 19.1%, PCV13, 43.8%; PCV15,

47.8%; PCV20, 62.9%; PCV21, 65.8%, and PPV23, 67.3%. Information on hospital outcome was

available for 283 patients, of which 28.6% died. Mortality was 54.2% for those withmeningitis.

Conclusion: Vaccine with expanded valence of serotypes is necessary to offer broad preven-

tion to IPD. The present data contribute to pneumococcal vaccination public health policies

for vulnerable patients, mainly those with comorbidity and the elderly.

� 2023 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)TaggedEnd

Pneumococcal vaccine

Pneumococcal conjugate vaccine TaggedEnd

TaggedH1Introduction TaggedEnd

TaggedPStreptococcus pneumoniae is a major cause of invasive diseases

(IPD) such as meningitis, bacteremic pneumonia and sepsis,

associated with high morbimortality.1 IPD affects all age groups,

particularly children ≤5 years-old and the elderly, with the

highest case fatality rates in individuals with chronic underly-

ing diseases and immunocompromising conditions.2−4TaggedEnd

TaggedPPneumococcal vaccines are effective in preventing IPD.5,6

Globally, the polysaccharide 23-valente vaccine (PPV23), and the

conjugate vaccines, 10-valent (PCV10) and the 13-valent (PCV13)

vaccines are widely used.7 In Brazil, two pneumococcal vaccines

are available free of charge in the Public Health System of (SUS).

PCV10 is the vaccine routinely used in the National Immuniza-

tion Program (NIP) for < 2 years-old, and the PPV23 is recom-

mended for children aged ≥ 2 years, adolescents and adults who

have certain medical conditions and long-term care facility resi-

dents aged ≥ 60 years.8 PCV13 is available in private vaccination

clinics and, since 2019, this vaccine was included in the NIP but

restricted to individuals with underlying conditions (HIV/AIDS,

oncologic, and bonemarrow and solid organ transplants).8TaggedEnd

TaggedPDue to widespread PCV-implementation, emergency of sero-

types not included in the vaccines (serotype-replacement)

became an important concern leading to the development of

new-generation PCVs with expanded valence of serotypes.7,9,10

Inappropriate antimicrobial use has also contributed to the

emergency of non-vaccine-serotypes associated with antimicro-

bial resistance.11,12 PCV15 and PCV20 were recently licensed in

the United States, respectively for individuals six weeks of age

and older, and adults aged ≥ 18 years.13−15TaggedEnd

TaggedPThe PCV21 vaccine is under development.16 The broader

spectrum of the pneumococcal serotypes in PPV23 is an

advantage over currently PCVs, but this vaccine has been

shown to be less effective in older adults and those with

comorbidities, in addition to a short duration of protection.

Furthermore, the PPV23 has no effect against the acquisition

of carriage, a prerequisite for herd protection.17−19TaggedEnd

TaggedPBrazil has a well-established national laboratory-based

surveillance of invasive diseases, but there is no population

surveillance except for meningitis.9,20 Thus, limited data are

available on the clinical characteristics of hospitalized

patients with IPD.21,22TaggedEnd

TaggedPThe present study aimed to assess the clinical presentation

and outcomes of patients with IPD admitted to tertiary care hos-

pitals and to describe the serotypes and antimicrobial-non-sus-

ceptibility of the pneumococcal isolates. We also estimated the

extent of serotype-coverage for each available vaccine.TaggedEnd

TaggedH1Material and methodsTaggedEnd

TaggedH2Study design and population TaggedEnd

TaggedPThis was a retrospective descriptive study using clinical,

demographic and laboratory data collected from medical

records of inpatients with IPD defined by the isolation of Strep-

tococcus pneumoniae in normally sterile fluid. Data were col-

lected from January 2016 to December 2018 in five teaching

hospitals [Hospital of Clinics of the University of S~ao Paulo

(HC), Institute of Infectious Diseases Emilio Ribas (IIER), Hos-

pital for the State Public Servant of S~ao Paulo (HSPE), Univer-

sity Hospital of the University of S~ao Paulo (HU), and Santa

Casa of S~ao Paulo (ISCMSP)] TaggedEnd

TaggedPThe hospitals in which the patients had been admitted

were identified in the Adolfo Lutz Institute (IAL) database,

which is the national reference laboratory for IPD in Brazil.

The most representative hospitals, responsible for providing

the largest numbers of pneumococcal isolates, were selected. TaggedEnd

TaggedPThe electronic hospital record of each patient (personal

variables, medical history and clinical outcome) was reviewed

by the hospital staff who completed the study data collection

form. In each hospital center, a clinical supervisor was

responsible for training the hospital staff to fill in the stan-

dardized form and for checking any clinical inconsistencies.

Patients of all age groups were included in the study.TaggedEnd
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TaggedH2Microbiology methods TaggedEnd

TaggedPPneumococcal isolates were routinely sent to IAL by hospitals

along with patient data. Species identification was confirmed

by standard methods.23 Pneumococcus was serotyped by the

Quellung reaction with antisera from the Statens Serum Insti-

tute (Copenhagen, Denmark). Non-typeable (NT) isolates by

Quellung reaction were confirmed by PCR-multiplex.24 TaggedEnd

TaggedPSusceptibility to erythromycin, clindamycin, sulfamethox-

azole-trimethoprim, levofloxacin, tetracycline and vancomy-

cin was assessed using the disk-diffusion test following the

Clinical and Laboratory Standards Institute (CLSI) guide-

lines.25 Susceptibility to beta-lactamics was assessed by

determining the minimum inhibitory concentration (MIC) by

the E-test (AB BIODISK, Solna, Sweden). Non-susceptibility to

penicillin and ceftriaxone (intermediate plus resistant) were

defined as MIC ≥ 0.12 mg/L and ≥ 1.0 mg/L for meningitis and

the corresponding MIC ≥ 4.0 mg/L and ≥ 2.0 mg/L for non-

meningitis isolates.25TaggedEnd

TaggedH2Data analysis TaggedEnd

TaggedPClinical information and laboratory records in Excel spread-

sheets were linked. Only one pneumococcal isolate per hospi-

talization episode was included in the analysis. For some

cases, clinical data were lacking. For a few isolates, serotype

or non-susceptibility data were missing. For the analysis, the

following age groups were considered < 5y, 5-17y, 18-49y, 50-

64y and ≥ 65y. TaggedEnd

TaggedPPatients were classified according to their medical risk pro-

file for IPD into three categories: (1) healthy, patients without

pre-existing comorbidities; (2) high-risk conditions that

included immunocompromised patients and those with other

disorders (cancer, HIV/AIDS, HTLV, hematologic disorder,

chronic renal diseases, bone marrow/solid organ transplant,

cerebrospinal leak, cochlear implant, and functional/ana-

tomic asplenia), and (3) at-risk conditions that included immu-

nocompetent persons with specific underlying medical

conditions (asthma, diabetes mellitus, chronic liver diseases,

chronic heart diseases, chronic lung diseases, lupus, Crohn�s

diseases, rheumatoid arthritis, and other unspecified chronic

disease) according to previous reports.26,27 Patients present-

ing simultaneous at-risk and high-risk conditions were

included in the high-risk category. Those with missing data

for each of the recorded comorbidities were classified as hav-

ing an ignored risk profile. The sum of comorbidities included

in the at-risk and high-risk categories were also recorded. Cat-

egorical variables were expressed as proportions. Antimicro-

bial-non-susceptibility rate was calculated by the arithmetic

mean of number of non-susceptible isolates divided by the

number of tested isolates. Multidrug-resistance was defined

as non-susceptibility to at least three antimicrobial classes.

Vaccine-serotype coverage was calculated by the proportion

of pooled PCV-serotypes in each vaccine formulations divided

by the total number of isolates. Coverage was calculated strat-

ified by age group, clinical condition, and antimicrobial-non-

susceptibility. PCV-formulations were: PCV10-types (sero-

types 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F); additional-PCV13

(3, 6A and 19A); additional-PCV15-types (22F and 33F); addi-

tional-PCV20-types (8, 10A, 11A, 12F and 15B); PCV21-types (3,

TaggedEndTaggedP6A, 7F, 8, 9N, 10A, 11A, 12F, 15A, 16F, 17F, 19A, 20, 22F, 23A,

23B, 33F, 24F, 31 and 35B); PPV23-types (1, 2, 3, 4, 5, 6B, 7F, 8,

9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F

and 33F). Comparisons of proportions across strata were done

using the Chi-square or the Fisher’s exact test, as appropriate,

in the software STATA. TaggedEnd

TaggedH2EthicsTaggedEnd

TaggedPThe study was submitted to the Ethics Committees of the

institutions participating in the study. The research was

developed observing the recommendations of Resolution

No.196 dated 10/10/96 - Conselho Nacional de Sa�ude para Pes-

quisa Científica em Seres Humanos [National Health Council

for Scientific Research in Human Beings]. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPA total of 406 patients [HC (n = 195, 48%), IIER (n = 62, 15.3%),

HSPE (n = 58, 14.3%), HU (n = 49, 12.1%), and ISCMSP (n = 42,

10.3%)] with their corresponding S. pneumoniae characteriza-

tion were included in the study. Patients were mostly male

(n = 232, 57.1%). Pneumonia was the predominant IPD mani-

festation (n = 236, 58.1%), followed by meningitis (n = 29, 7.1%).

There were 88 patients (21.7%) with other conditions (bacter-

emia, sepsis, abscess, and ascites) and 53 patients (13.1%)

with unknown manifestations. The number of cases by age

group was: < 5y (n = 48, 11.8%), 5-17y (n = 20, 4.9%), 18-49y

(n = 127, 31.3%), 50-64y (n = 104, 25.6%) and ≥ 65y (n = 107,

26.4%)TaggedEnd

TaggedPTable 1 displays the distribution of IPD cases according to

the presence of specific medical conditions by age group.

Among the 406 patients, information of medical condition

was available for 324 patients (79.8%), of which 63 (19.5%)

patients informed no previous medical condition, therefore

included in the healthy category, and 261 cases (80.5%)

reported the presence of at least one medical condition. TaggedEnd

TaggedPThe presence of a previous medical condition was signifi-

cantly lower in the age group of young children < 5y (44.1%),

when comparing to the other age groups (> 80%). Overall,

presence of one comorbidity by patient (n = 162, 62.1%) was

more frequent than ≥ 2 comorbidities (n = 99, 37.9%), and was

observed in all age groups. Young children had a much higher

proportion of a single comorbidity (86.7%), as compared to the

other age groups (< 65.2%). The presence of high-risk condi-

tions was higher than that of at-risk conditions in all age

groups. Simultaneous high-risk/at-risk conditions were pres-

ent in 52 cases, predominating among ≥ 18y (96.1%). Patients

without information on medical conditions (n = 82, 20.2%)

were not equally distributed across the age groups, but with-

out a clear trend (Supplementary Table S1). TaggedEnd

TaggedPDistribution of specific high-risk and at-risk comorbidities

among 261 IPD cases by age group is shown in Supplementary

Table S2. Cancer was the most common comorbidity (n = 73,

28%), followed by HIV-AIDS (n = 67, 25.7%) and hematological

diseases (n = 64, including nine sickle cell anemia patients,

24.5%). Among the at-risk conditions, asthma (n = 43, 16.5%)

was the most frequent. The distribution of specific comorbid-

ities varied a lot by age group. TaggedEnd

braz j infect dis. 2023;27(2):102746 3



TaggedPTable 2 displays the outcome status for the 283 patients for

whom this information was available. Death occurred in 81

patients (28.6%), increasing with the advancing age. Among

those with IPD diagnosis, meningitis (54.2%) presented higher

death rate compared with pneumonia (26.8%) and other IPD

(25.3%). Contrary to our expectations, the proportion of deaths

did not increase with increasing comorbidity status or with

having one or more comorbidities. Of the total 406 IPD

patients, unfortunately there were manymissing information

on outcome status (n = 105, 25.9%) and some were transferred

out (n = 18, 4.4%). They were not equally distributed across

age groups, IPD diagnosis and comorbidity status, as shown

in Supplementary Table S3. TaggedEnd

TaggedPOf the 406 isolates, blood was the predominant source of

the specimen (n = 357; 87.9%), followed by cerebrospinal fluid

(n = 20, 4.9%). Other body fluids (pleural fluid, abscess, ascites,

bronchial alveolar lavage, vitreous humor, and synovial liq-

uid) were the source for 21 patients (5.2%) and for eight

patients (2.0%) the source was ignored. TaggedEnd

TaggedPDistribution of serotypes by age group is displayed in

Table 3. Forty-three serotypes plus one NT isolate were

identified. Overall, five serotypes were responsible for

42.9% of the isolates. Serotype 19A was the predominant

type (14.1%) followed by serotypes 3 (8.7%), 6C (7.7%), 4

and 8 (6.2% each). Considering the age groups, serotype

19A was more frequent in < 5y (37.5%) and 18-49y (11.8%),

while serotype 3 was prevalent in 50-64y (12.6%) and ≥ 65y

(12.3%). Serotypes 6C (8.0%), 4 (7.4%) and 8 (7.1%) occurred

mostly in those aged ≥ 18y. TaggedEnd

TaggedPRates of antimicrobial-non-susceptibility to penicillin and

ceftriaxone among meningitis isolates were respectively

20.7% and 3.4%. Antimicrobial non-susceptibility, including

meningitis and non-meningitis isolates, to erythromycin,

clindamycin, sulfamethoxazole-trimethoprim and tetracy-

cline varied from 21.1% to 33.2%. Only two isolates (0.5%)

showed levofloxacin non-susceptibility; all isolates were van-

comycin susceptible. Multidrug-resistance was identified in

13.0% (Table 4). TaggedEnd

TaggedPTable 5 shows vaccine-serotype-coverage by age, risk-

group and antimicrobial-non-susceptibility. As expected,

there was a trend towards increasing serotype-coverage

with increasing vaccine valence, but even PCV21 only cov-

ered 65.8% of all isolates. Serotype-coverage for PCV10 was

19.1%, with lower coverage among children < 5y (4.2%) and

5-7 (5%) as compared to the older age groups. Serotype-

coverage for the other vaccines varied by age, but no clear

trend was observed. Regarding risk groups, serotype-cover-

age for all vaccines was higher in health individuals as

compared to those with comorbidities, but differences

were mostly small. TaggedEnd

TaggedPAntimicrobial non-susceptibility was present in 0% for

vancomycin, 0.5% (2/378) for levofloxacin, 2% (8/405) for ceftri-

axone, 5.9% (24/403) for penicillin, 21.1% (83/394) for clinda-

mycin, 26.7% (108/404) for erythromycin, 33.2% (134/404) for

sulfamethoxazole-trimethoprim, 47% (178/ 379) for tetracy-

cline and, finally, 13.1% (53/406) were multidrug-resistant.

TaggedEnd Table 2 – Demographic and clinical characteristics of hos-
pitalized patients with invasive pneumococcal diseases
(IPD) with information on outcome who were not trans-
ferred out, by outcome status. Brazil, 2016-2018.

Outcome status p-value

Cure Death
N. (%) N. (%)

Age group

< 5 y 26 (89.7) 3 (10.3) <0.001

5-17 y 8 (88.9) 1 (11.1)

18-49 y 80 (82.5) 17 (17.5)

50-64 y 45 (61.6) 28 (38.4)

≥ 65 y 43 (57.3) 32 (42.7)

IPD diagnosis* 11 (45.8) 13 (54.2) 0.022

Meningitis

Pneumonia 145 (73.2) 53 (26.8)

Other 35 (74.5) 12 (25.3)

Comorbidity status**

High risk 113 (72.9) 42 (27.1) 0.410

At risk 34 (66.7) 17 (33.3)

Healthy 47 (78.3) 13 (21.7)

Number of comorbidities***

1 94 (72.3) 36 (27.7) 0.750

≥2 53 (69.7) 23 (30.3)

Total 202 (71.4) 81 (28.6)

Only for patients with information on diagnosis.

** Only for patients with information onmedical conditions.

*** Only for patients with high- and at-risk profiles.

TaggedEnd Table 1 – Risk profile of hospitalized patients with invasive pneumococcal disease (IPD) with information onmedical condi-
tions, by age group. Brazil, 2016-2018.

Age group (years)

< 5 y 5 - 17 y 18 − 49 y 50 − 64 y ≥ 65 y Total
N (%) N (%) N (%) N (%) N (%) N (%)

Comorbidity status

High risk 9 (26.5) 11 (84.6) 72 (64.2) 65 (74.7) 44 (57.1) 201 (62.2)

At risk 6 (17.6) 2 (14.3) 20 (17.9) 11 (12.6) 21 (27.3) 60 (18.3)

Healthy 19 (55.9) 1 (7.7) 20 (17.9) 11 (12.6) 12 (15.6) 63 (19.5)

Number of

comorbidities*

1 13 (86.7) 8 (61.5) 60 (65.2) 40 (52.6) 41 (63.1) 162 (62.1)

≥2 2 (13.3) 5 (38.5) 32 (34.8) 36 (47.4) 24 (36.9) 99 (37.9)

Total 34 14 112 87 77 324

Only patients with high- and at-risk profiles were included in the denominators of these proportions.

TaggedEnd4 braz j infect dis. 2023;27(2):102746



TaggedEndTaggedPThe lower part of Table 5 shows the isolates not susceptible to

each of the antibiotics and the proportion of them that were

serotypes covered by each vaccine. For all antibiotics, the

PCV10 vaccine only covered aminority of non-susceptible iso-

lates. Although the serotype-coverage increased significantly

for the other vaccines, it should be noted that it was only

100% for ceftriaxone with PCV21. For tetracycline, for exam-

ple, out of the total of 178 non-susceptible isolates, only 79

(44.4%) had serotypes covered by the PCV15 vaccine. TaggedEnd

TaggedPDistribution of serotypes by antimicrobial-non-suscepti-

bility by PCV-formulation is available in a Supplementary

Table S4. Serotype 19A (n = 57), included in all PCVs but

PCV10, was associated to non-susceptibility to penicillin

(24.6%), tetracycline (70.2%), sulfamethoxazole-trimethoprim

(75.4%), erythromycin (70.2%) and clindamycin (57.9%), and

multidrug-resistance (50.9%). Serotype 6C (n = 31), a non-vac-

cine-type, expressed non-susceptibility to tetracycline (71.0),

sulfamethoxazole-trimethoprim (32.3%), erythromycin

TaggedEnd Table 3 – Distribution of serotypes of invasive pneumococcal isolates, by age group. Brazil, 2016-2018.

Age group (years)

Serotype <5 y 5-17 y 18-49 y 50-64 y ≥65 y Total

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

19A 18 37.4 6 30.0 15 11.8 9 8.7 9 8.5 57 14.1

3 1 2.1 2 10.0 6 4.7 13 12.6 13 12.3 35 8.7

6C 2 4.2 2 10.0 13 10.2 6 5.8 8 8.5 31 7.7

4 0 0 0 0.0 12 9.3 7 6.8 6 5.7 25 6.2

8 1 2.1 0 0.0 8 6.3 7 6.8 9 8.5 25 6.2

22F 4 8.2 0 0.0 4 3.1 3 2.9 4 3.7 15 3.7

12F 2 4.2 0 0.0 5 3.9 5 4.9 2 1.9 14 3.5

5 0 0 0 0.0 9 7.1 2 1.9 2 1.9 13 3.2

9N 0 0 1 5.0 5 3.9 3 2.8 4 3.7 13 3.2

23A 4 8.2 0 0.0 1 0.8 5 4.9 2 1.9 12 3

35B 1 2.1 0 0.0 2 1.6 4 3.9 5 4.7 12 3

7F 0 0 0 0.0 6 4.7 2 2.0 3 2.7 11 2.7

9V 1 2.1 0 0.0 7 5.5 2 1.9 1 0.9 11 2.7

11A 2 4.2 1 5.0 0 0 4 3.9 3 2.7 10 2.5

20 1 2.1 0 0.0 3 2.4 6 5.8 0 0 10 2.5

15A 2 4.2 2 10.0 2 1.6 1 1.0 2 1.9 9 2.2

16F 0 0 0 0.0 3 2.4 3 2.8 3 2.8 9 2.2

10A 2 4.2 0 0.0 2 1.6 3 2.8 1 0.9 8 2

6A 2 4.2 1 5.0 2 1.6 1 1.0 2 1.9 8 2

18A 0 0 0 0.0 2 1.6 2 1.9 3 2.7 7 1.7

23B 1 2.1 1 5.0 1 0.8 2 1.9 2 1.9 7 1.7

1 1 2.1 1 5.0 2 1.6 1 1.0 1 0.9 6 1.5

24F 1 2.1 1 5.0 1 0.8 1 1.0 2 1.9 6 1.5

23F 0 0 0 0.0 4 3.1 0 0.0 1 0.9 5 1.2

13 1 2.1 0 0.0 2 1.6 0 0.0 1 0.9 4 1

15B 1 2.1 1 5.0 1 0.8 0 0.0 1 0.9 4 1

29 0 0 0 0.0 1 0.8 1 1.0 2 1.9 4 1

34 0 0 0 0.0 2 1.6 1 1.0 1 0.9 4 1

35F 0 0 0 0.0 1 0.8 1 1.0 2 1.9 4 1

14 0 0 0 0.0 0 0 1 1.0 2 1.9 3 0.7

17F 0 0 1 5.0 0 0 1 1.0 1 0.9 3 0.7

7C 0 0 0 0.0 0 0 1 1.0 2 1.9 3 0.7

11B 0 0 0 0.0 1 0.8 0 0.0 1 0.9 2 0.6

15F 0 0 0 0.0 2 1.6 0 0.0 0 0 2 0.6

18C 0 0 0 0.0 0 0 1 1.0 1 0.9 2 0.6

25A 0 0 0 0.0 0 0 1 1.0 1 0.9 2 0.6

28A 0 0 0 0.0 0 0 1 1.0 0 0 1 0.2

31 0 0 0 0.0 1 0.8 0 0.0 0 0 1 0.2

33F 0 0 0 0.0 0 0 0 0.0 1 0.9 1 0.2

35A 0 0 0 0.0 0 0 0 0.0 1 0.9 1 0.2

36 0 0 0 0.0 1 0.8 0 0.0 0 0 1 0.2

6B 0 0 0 0.0 0 0 1 1.0 0 0 1 0.2

7A 0 0 0 0.0 0 0 1 1.0 0 0 1 0.2

NT* 0 0 0 0.0 0 0 0 0 1 0.9 1 0.2

Total 48 100.0 20 100.0 127 100.0 103 100.0 106 100.0 404 100.0

1NT, non-typeable; among 406 cases, serotype data for 2 isolates were missing.
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TaggedEndTaggedP(67.7%) and clindamycin (61.3%). Serotypes most associated

with tetracycline-non-susceptibility were 8 (44.0%), 10A, 35B

(75% each), and 20 (90.0%), included in PVC20 and PCV21, and

PPV23. TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPThis study investigates the clinical conditions of inpatients

with IPD, and the corresponding characteristics of the pneu-

mococcal isolates at large hospitals that treat cases with clini-

cal complexity in S~ao Paulo. TaggedEnd

TaggedPThe study involved a low proportion of inpatients aged <

5y and 5-17y versus ≥ 18y, evidencing advanced age associ-

ated with medical complication as a risk-factor for acquiring

IPD.26,28 In that regard, the substantial contribution of the

widespread use of PCV10 in Brazil leading to a decline in IPD

in the pediatric population was also evident, as reported by

others.29,30 TaggedEnd

TaggedPOverall, most patients presented only one risk-factor

(60.6%) and high-risk comorbidities occurred more frequently

(62.2%) than at-risk comorbidities (18.3%). Cancer, HIV/AIDS,

hematologic disorder were the most common comorbid con-

ditions, occurring mostly in patients aged ≥ 18 years. Asthma

was also frequent in those aged ≥ 18 years, while diabetes

occurred furthermost in older adults, particularly those aged

≥ 65 years. Corroborating with these findings, population-

based-surveillance studies conducted in the United States

and England reported that more than 50% of IPD occurred in

adults aged ≥ 18 years were associated with cancer, HIV/

AIDS, diabetes, chronic heart disease and chronic lung

disease.4,28 Another national-surveillance study conducted in

TaggedEnd Table 4 – Antimicrobial non-susceptibility of pneumococ-
cal invasive isolates. Brazil, 2016-2018.

Antimicrobial (N tested) Non-susceptible N (%)

Penicillin

meningitis (n = 29) 6 (20.7)

non-meningitis (n = 376) 18 (4.8)

Ceftriaxone

meningitis (n = 29) 1 (3.4)

non-meningitis (n = 376) 7 (1.9)

Erythromycin (n = 404) 108 (26.7)

Clindamycin (n = 394) 83 (21.1)

Sulfamethoxazole-trimethoprim

(n = 404)

134 (33.2)

Levofloxacin (n = 378) 2 (0.5)

Tetracycline (n = 379) 178 (46.9)

Vancomycin (n = 405) 0 (0.0)

Multidrug resistance# (n = 406) 53 (13.0)

€Non-susceptible: intermediate plus resistant criteria according to

CLSI, 2020.

# Multidrug resistance: non-susceptibility to at least three antimicrobial

classes.

TaggedEnd Table 5 – Serotype coverage of the pneumococcal vaccines by age group, risk-group for invasive pneumococcal diseases
(IPD) and antimicrobial non-susceptibility. Brazil, 2016-2018.

Pneumococcal vaccine

Variables PCV10 PC V13 PC V15 PC V20 PCV21 PPV23

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

Age group (years)

<5 y (n = 48) 2 4.2 23 47.9 27 56.3 35 72.9 42 87.5 34 70.8

5-17 y (n = 20) 1 5 10 50 10 50 12 60 16 80 13 65

18-49 y (n = 127) 40 31.5 63 49.6 67 52.8 83 65.4 67 52.8 89 70.1

50-64 y (n = 103) 17 16.5 40 38.8 43 41.7 62 60.2 73 70.9 71 68.9

≥ 65 y (n = 106) 17 16.1 41 38.7 46 43.4 62 58.5 68 64.1 65 61.3

All ages (n = 404) 77 19.1 177 43.8 193 47.8 254 62.9 266 65.8 272 67.3

Risk group for IPD

Healthy (n = 63)£ 17 26.9 29 46 32 50.8 45 71.4 41 65.1 46 73

Any comorbidity (n = 261) 48 18.4 112 42.9 119 45.6 155 59.4 167 64 170 65.1

High-risk (n = 211)x 42 19.9 92 43.6 97 46 124 58.7 131 62.1 134 63.5

Antimicrobial non-susceptibility€

PEN (n = 24) 3 12.5 19 79.2 19 79.2 19 79.2 20 83.3 17 70.8

CRO (n = 8) 0 0 7 87.5 7 87.5 7 87.5 8 100 7 87.5

TET (n = 178) 23 12.9 74 41.6 79 44.4 104 58.4 127 71.3 123 69.1

STX (n = 134) 28 20.9 75 55.9 76 56.7 86 64.2 83 61.9 90 67.2

ERY (n = 108) 11 10.2 58 53.7 59 54.6 61 56.5 75 69.4 67 62

CLI (n = 83) 5 6 42 50.6 43 51.8 45 54.2 58 69.8 53 63.8

MDR (n = 53)# 9 17 41 77.3 42 79.2 42 79.2 42 79.2 46 86.8

£ Healthy, IPD cases without pre-existing comorbidities; high-risk conditions displayed in Table S1.
x At-risk and high-risk conditions were included in the high-risk category (37 cases present at-risk conditions only).
€ Non-susceptible: intermediate plus resistant criteria according to CLSI2020; PEN, penicillin; CRO, ceftriaxone; TET, tetracycline; STX, sulfamethoxazole-tri-

methoprim; ERY, erythromycin; CLI, clindamycin.
# MDR, Multidrug-resistant, non-susceptibility to at least three antimicrobial classes; PCV, pneumococcal conjugate vaccine; PPV23, 23-valent polysaccharide

vaccine; among 406 cases, serotype data for 2 isolates were missed.
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TaggedEndTaggedPDenmark reported increased risk of IPD in the presence of

hematological malignancies in > 15 years of age.31. TaggedEnd

TaggedPRegarding the outcome, we found a statistically significant

increase in mortality with advancing age, reaching 42.7% at ≥

65 years, reflecting the high IPD risk conditions among the

elderly with waning immunocompetence.2,32 Conversely, as

expected, children had a higher cure rate (89.7%).27,28 Crude

associations of higher mortality with comorbidity status and

number of comorbid conditions were not observed in our

study, which may be related to the high proportion of missing

data on comorbidities (20.2%) and on outcome status (25.9%)

in this study. However, the association between higher risk

conditions and bad prognosis for IPD has been widely

reported by other studies.27,28,33−35 Meningitis, a serious neu-

rological disease, was more deadly (54.2%) than pneumonia

(26.8%) and other IPD (24.6%), as expected.TaggedEnd

TaggedPGlobally even with the substantial PCVs success in reducing

IPD, children, the elderly and patients with comorbidities are

still populations at risk for IPD, due to the occurrence of sero-

type replacement.11 Thus, the global scenario is still challenging

for IPD prevention. Currently, about 100 pneumococcal sero-

types have been identified, based on their unique polysaccha-

ride capsule, each one with different propensities to develop

IPD.36 Here we observe low rates of PCV10 serotypes in children

and in older adults in consequence of the direct and indirect

effect (herd immunity) of PCV10 vaccination, even with subopti-

mal vaccine-coverage of approximately 88% with two doses in

the city of S~ao Paulo during the study-period.20,30,37TaggedEnd

TaggedPWe found high diversity of serotypes, showing the high

rates of the additional PCV-types 19A and 3, and the non-

PCV-type 6C, which is in accordance with data from Brazilian

national-laboratory-surveillance and from other countries

where PCV10 had been introduced in their vaccination pro-

gram.9,38−41 A high rate of 19A is likewise worrisome because

of its relatively high potential for causing IPD, and its associa-

tion with antimicrobial-non-susceptibility, similarly to what

is observed for 6C.9,36,38,40−43 Regarding serotype 3, a PCV13-

serotype, although not associated with antimicrobial non-

susceptibility, there is a concern about its high prevalence,

because it causes high morbidity even in countries where

PCV13 vaccine have been introduced, due to the abundant

expression of its capsule that limits vaccine efficacy.44−47TaggedEnd

TaggedPTreatment of IPD with antimicrobials is decisive in the

course and outcome of the disease. We observed dramatic

rates of antimicrobial-non-susceptibility (> 20%) for some

drugs and multidrug-resistance (13%), which can be a chal-

lenge for the IPD clinical management. Importantly, we found

a low non-susceptibility to ceftriaxone (< 3.5%), and none iso-

late expressed non-susceptibility to vancomycin, in line with

the findings of other studies.9 These drugs are routinely pre-

scribed to hospitalized patients with risk conditions for IPD. TaggedEnd

TaggedPPCVs with expanding serotype-valence including the addi-

tional serotypes 19A, 6A (6A may induce cross-protection

with 6C48) besides other additional types afford growing bene-

fits to prevent IPD in the post-PCV10 period. Regarding the

PPV23, we found higher serotype-coverage (67.3%) than the

31.4% reported among patients admitted to a tertiary care

hospital located in the city of Porto Alegre, in Brazil.21 In addi-

tion, in the present study, PPV23 coverage did not vary by age

groups or presence of risk conditions, which was similar to

TaggedEndTaggedPthe findings of other PPV23 studies.18 Due to its broad valence

of serotypes, this polysaccharide vaccine continues to play an

important role in protecting against IPD and pneumococcal

pneumonia in the elderly despite its inherent immunological

limitation.18,19 In Brazil, sequential vaccination with PCV13

followed by PPV23 or PPV23 is only essentially recommended

by the SUS to patients with some high-risk conditions and the

elderly, respectively.8TaggedEnd

TaggedPThis study has some limitations, which are mostly related to

its retrospective design. We used laboratory data coupled with

data extracted from medical records, which led to a relatively

high proportion of missing and possibly inaccurate values in

some key variables. Moreover, the pattern of missing data may

not have been completely at random, leading to the possibility

of some patients with poor outcomes, as death soon after hos-

pital admission, having less data on comorbidity status, for

example. Furthermore, statistical comparisons were difficult as

some of our stratifications contained many categories, such as

large number of serotypes, despite the study having a fair num-

ber of cases. It is difficult to find in the literature a study with

our number of cases that matched laboratory and clinical data.

Another important limitation was the lack of data on the vacci-

nation of our patients since data was not collected in a stan-

dardized way in medical records. Our results may not be

generalizable to the total number of hospitals in the metropoli-

tan region of S~ao Paulo and even less in Brazil, as the data were

collected from public and philanthropic teaching hospitals,

which usually have a more severe patient profile and can be

accompanied by chronic diseases in these services.TaggedEnd

TaggedPIn conclusion, this study highlights the importance of vac-

cines with higher valence of serotypes in the vaccination pro-

gram in Brazil, which offer substantial benefit to prevent IPD

in vulnerable people mainly those with underlying comorbid-

ity and the elderly subject to high morbimortality from IPD.TaggedEnd
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Brasília: Minist�erio da Sa�ude; 2019. −5. ed. − https://bvsms.
saude.gov.br/bvs/publicacoes/manual_centros_imuno
biologicos_especiais_5ed.pdf acessed July 2022. TaggedEnd

TaggedP 9. Deloria Knoll M, Bennett JC, Garcia Quesada M, et al. Global
Landscape review of serotype-specific invasive pneumococcal
disease surveillance among countries using PCV10/13: the
pneumococcal serotype replacement and distribution
estimation (PSERENADE) project. Microorganisms.
2021;9:742. TaggedEnd

TaggedP10. Ladhani SN, Collins S, Djennad A, et al. Rapid increase in non-
vaccine serotypes causing invasive pneumococcal disease in
England andWales, 2000−17: a prospective national
observational cohort study. Lancet Infect Dis. 2018;18:441–51.TaggedEnd

TaggedP11. Brandileone MCC, Almeida SCG, Bokermann S, et al. Dynamics
of antimicrobial resistance of Streptococcus pneumoniae

TaggedEndTaggedPfollowing PCV10 introduction in Brazil: nationwide
surveillance from 2007 to 2019. Vaccine. 2021;39:3207–15.TaggedEnd

TaggedP12. Dagan R, Barkai G, Leibovitz E, Dreifuss E, Greenerg D. Will
reduction of antibiotic use reduce antibiotic resistance? The
pneumococcus paradigm. Pediatr Infect Dis J. 2006;25:981–6.TaggedEnd

TaggedP13. Kobayashi M, Farrar JL, Gierke R, et al. Use of 15-valent
pneumococcal conjugate vaccine and 20-valent
pneumococcal conjugate vaccine among U.S. adults: updated
recommendations of the Advisory Committee on
Immunization Practices - United States, 2022. MMWRMorb
Mortal Wkly Rep. 2022;71:109–17.TaggedEnd

TaggedP14. Kobayashi M, Farrar JL, Gierke R, et al. Use of 15-valent
pneumococcal conjugate vaccine vaccine among U.S.
children: updated recommendations of the Advisory
Committee on Immunization Practices - United States, 2022.
MMWRMorb Mortal Wkly Rep. 2022;71:1174–81.TaggedEnd

TaggedP15. Senders S, Klein NP, Lamberth, et al. Safety and
immunogenicity of a 20-valent pneumococcal conjugate
vaccine in healthy infants in the United States. Pediatr Infect
Dis J. 2021;40:944–51. TaggedEnd

TaggedP16. Omole T, Cardona J, Fraser N, et al. A phase 2, randomized,
double-blind study to evaluate the safety, tolerability, and
immunogenicity of a 21-valent pneumococcal conjugate
vaccine (V116) in adults ≥ 50 years. In: In: Proceedings of the
12th international symposium on pneumococci &
pneumococcal diseases, Toronto, Canada; 2022. (12th ISPPD),
Abstract E-Book, #253.TaggedEnd

TaggedP17. Berical AC, Drew Harris D, Dela Cruz CS, Possick JD.
Pneumococcal vaccination strategies an update and
perspective. Ann Am Thorac Soc. 2016;13:933–44.TaggedEnd

TaggedP18. Djennad A, Ramsay ME, Pebody R, et al. Effectiveness of 23-
valent polysaccharide pneumococcal vaccine and changes in
invasive pneumococcal disease incidence from 2000 to 2017 in
those aged 65 and over in England andWales.
eClinicalMedicine. 2018;6:42–50.TaggedEnd

TaggedP19. Falkenhorst G, Remschmidt C, Harder T, Hummers-Pradier E,
Wichmann O, Bogdan C. Effectiveness of the 23-valent
pneumococcal polysaccharide vaccine (PPV23) against
pneumococcal disease in the elderly: systematic review and
meta-analysis. PLoS ONE. 2017;12:e0169368.TaggedEnd

TaggedP20. Brandileone MCC, Almeida SCG, Minamisava R, Andrade AL.
Distribution of invasive Streptococcus pneumoniae serotypes
before and 5years after the introduction of 10-valent
pneumococcal conjugate vaccine in Brazil. Vaccine.
2018;36:2559–66.TaggedEnd

TaggedP21. Dullius CR, Zani L, Chatkin JM. Theoretical pneumococcal
vaccine coverage: analysis of serotypes isolated from
inpatients at a tertiary care hospital. J Bras Pneumol.
2018;44:361–6. TaggedEnd

TaggedP22. Lages PM, Carlesse F, Boettger BC, Pignatari ACC, Petrilli AS,
Moraes-Pinto MI. Invasive pneumococcal disease in children
with cancer: incidence density, risk factors and isolated
serotypes. Braz J Infect Dis. 2020;24:489–96.TaggedEnd

TaggedP23. World Health Organization & Centers for Disease Control and
Prevention (U.S.). Laboratory methods for the diagnosis of
meningitis caused by Neisseria meningitidis, Streptococcus

pneumoniae, and Haemophilus influenzae:WHOmanual. 2nd ed.
World Health Organization; 2011 https://www.who.int/
publications/i/item/laboratory-methods-for-the-diagnosis-of-
meningitis-caused-by-neisseria-meningitidis-streptococcus-
pneumoniae-and-haemophilus-influenzae accessed July
2022. TaggedEnd

TaggedP24. Center for Diseases Control and Prevention. Laboratory
methods for the diagnosis of meningitis. Chapter 10: PCR for
detection and characterization of bacterial meningitis
pathogens: Neisseria meningitidis, Haemophilus influenzae, and
Streptococcus pneumoniae https://www.cdc.gov/meningitis/lab-
manual/chpt10-pcr.html (acessed July 2022)TaggedEnd

TaggedEnd8 braz j infect dis. 2023;27(2):102746

https://doi.org/10.1016/j.bjid.2023.102746
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0003
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0003
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0007
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0007
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0007
https://bvsms.saude.gov.br/bvs/publicacoes/manual_centros_imunobiologicos_especiais_5ed.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/manual_centros_imunobiologicos_especiais_5ed.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/manual_centros_imunobiologicos_especiais_5ed.pdf
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0009
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0009
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0009
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0009
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0009
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0009
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0012
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0012
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0012
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0018
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0018
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0018
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0018
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0018
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0019
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0019
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0019
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0019
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0019
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0020
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0020
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0020
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0020
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0020
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0021
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0021
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0021
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0021
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0022
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0022
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0022
http://refhub.elsevier.com/S1413-8670(23)00006-5/sbref0022
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://www.who.int/publications/i/item/laboratory-methods-for-the-diagnosis-of-meningitis-caused-by-neisseria-meningitidis-streptococcus-pneumoniae-and-haemophilus-influenzae
https://www.cdc.gov/meningitis/lab-manual/chpt10-pcr.html
https://www.cdc.gov/meningitis/lab-manual/chpt10-pcr.html


TaggedP25. Clinical and Laboratory Standards Institute (CLSI).
Performance standards for antimicrobial susceptibility
testing. 29th ed. Wayne, PA: Clinical and Laboratory Standard
Institute; 2019 Approved standard M100. TaggedEnd

TaggedP26. Muhammad RD, Oza-Frank R, Elizabeth Z, et al. Epidemiology
of invasive pneumococcal disease among high-risk adults
since the introduction of pneumococcal conjugate vaccine for
children. Clin Infect Dis. 2013;56:e59–67.TaggedEnd

TaggedP27. Shea KM, Edelsberg J, Weycker D, Farkouh RA, Strutton DR,
Pelton SI. Rates of pneumococcal disease in adults with chronic
medical conditions. Open Forum Infect Dis. 2014;1:ofu024.TaggedEnd

TaggedP28. KyawMH, Rose Jr. CE, Fry AM, et al. The influence of chronic
illnesses on the incidence of invasive pneumococcal disease
in adults. J Infect Dis. 2005;192:377–86.TaggedEnd

TaggedP29. Andrade AL, Afonso ET, Minamisava R, et al. Direct and
indirect impact of 10-valent pneumococcal conjugate vaccine
introduction on pneumonia hospitalizations and economic
burden in all age-groups in Brazil: a time-eries analysis. PloS
One. 2017;12:e0184204.TaggedEnd

TaggedP30. Guzman-Holst A, Barros E, Rubio P, DeAntonio R, Cintra O,
Abreu A. Impact after 10-year use of pneumococcal conjugate
vaccine in the Brazilian national immunization program: an
updated systematic literature review from 2015 to 2020. Hum
Vaccine Immunother. 2022;18:1879578. TaggedEnd

TaggedP31. Andersen MA, Niemann CU, Rostgaard K, et al. Differences
and temporal changes in risk of invasive pneumococcal
disease in adults with hematological malignancies: results
from a nationwide 16-year cohort study. Clin Infect Dis.
2021;72:463–71.TaggedEnd

TaggedP32. Grant LR, Slack MPE, Yan Q, et al. The epidemiologic and
biologic basis for classifying older age as a high-risk,
immunocompromising condition for pneumococcal vaccine
policy. Expert Rev Vaccines. 2021;20:691–705. TaggedEnd

TaggedP33. Chen H, Matsumoto H, Horita N, Hara Y, Kobayashi N, Kaneko
T. Prognostic factors for mortality in invasive pneumococcal
disease in adult: a system review andmeta-analysis. Sci Rep.
2021;11:11865.TaggedEnd

TaggedP34. Hanada S, Takata M, Morozumi M, et al. Multiple
comorbidities increase the risk of death from invasive
pneumococcal disease under the age of 65 years. J Infect
Chemother. 2021;27:1311–8. TaggedEnd

TaggedP35. Isturiz RE, Ramirez J, Self WH, et al. Pneumococcal
epidemiology among us adults hospitalized for community-
acquired pneumonia. Vaccine. 2019;37:3352–61.TaggedEnd

TaggedP36. Balsells E, Dagan R, Yildirim I, et al. The relative invasive
disease potential of Streptococcus pneumoniae among
children after PCV introduction: A systematic review and
meta-analysis. J Infect. 2018;77:368–78.TaggedEnd

TaggedP37. Brazil. Sistema de informaç~ao do programa nacional de
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