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a b s t r a c t 

Background: Invasive pneumococcal diseases (IPD), caused by Streptococcus pneumoniae , entail significant 

morbidity and mortality, especially in high-risk populations. In Latin America and the Caribbean (LAC) 

data are scarce. 

Objective: To estimate the disease burden, serotype distribution, and healthcare resource use among high- 

risk children and adults with IPD in LAC. 

Methods: We conducted a systematic review following PRISMA guidelines and a preregistered protocol 

(PROSPERO CRD42025629682). We searched CENTRAL, PubMed, Embase, LILACS, EconLIT, Global Health, 

CINAHL, SciELO, surveillance networks, and grey literature sources (Jan 20 0 0-Dec 2024). 

Results: Search yielded 6227 records, 181 studies were included, representing 63,671 IPD cases from 20 

LAC countries. Pneumonia accounted for 52% of IPD cases, followed by meningitis 22% and bacteremia 

20%. Median incidence was 13.13 cases per 10 0,0 0 0 persons per year, global case fatality rate was 17%, in 

meningitis 23% and in adults ≥60 years was 35%. In 36% of patients ICU admission was required. Post- 

PCV introduction, vaccine serotypes declined while nonvaccine serotypes increased, particularly among 

children < 5 years, with variability across LAC countries. 

Conclusion: This review highlights the burden and patterns of IPD serotypes among high-risk populations 

in LAC. Optimized vaccination strategies and continuous surveillance are required. 

© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Streptococcus pneumoniae (Spn) frequently colonizes the na- 

opharynx and can cause disease from otitis media and sinusi- 

is to life-threatening invasive pneumococcal diseases (IPD) [ 1 , 2 ]. 

PD involve severe manifestations such as bacteremia, meningitis 

nd pneumonia, with Spn isolated from sterile sites, representing a 

lobal public health concern with substantial morbidity and mor- 

ality [ 3 , 4 ]. 
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Certain populations, including children < 5 years, adults ≥60 

ears, and individuals with underlying conditions, are at higher 

isk. Immunocompromised hosts, people with specific chronic 

edical conditions ( e.g., cardiovascular, pulmonary, hepatic, or re- 

al disease, diabetes mellitus) or anatomical vulnerabilities (cere- 

rospinal fluid leaks, cochlear implants, asplenia) are particularly 

usceptible [ 3 , 5 , 6 ]. People with malignancies have 13-50 times 

igher IPD incidence than the general population, while people liv- 

ng with HIV (PLHIV) have a sevenfold increased risk and higher 

ortality [ 5 ]. 

Introduction of Pneumococcal conjugate vaccines (PCVs) and 

he 23-valent pneumococcal polysaccharide vaccine (PPV23) pre- 

ent IPD, and have saved around 1.63 million lives globally [ 6 ]. 

n Latin America and the Caribbean (LAC), PCVs targeting 7, 10, 
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r 13 serotypes have been progressively introduced into National 

ediatric Immunization Programs since 2009. While newer PCV15, 

CV20, and PCV21 are not yet widely incorporated in all LAC na- 

ional immunization Programs (NIP). 

Previous reviews in LAC have focused on the burden of pneu- 

ococcal disease and serotype distribution in the general popula- 

ion [ 7 , 8 ]. However, comprehensive epidemiologic and clinical data 

n IPD in high-risk LAC populations remain limited and are essen- 

ial for targeted public health strategies, effective disease control, 

accination policy optimization and economic analyses [ 9 , 10 ]. 

We aimed to synthesize available evidence to estimate 

he burden of IPD (prevalence, incidence, and mortality), 

erotype distribution, and healthcare resource use over time 

mong children and adults with high-risk conditions in LAC 

ver the last 24 years, thereby addressing a critical evidence 

ap. 

ethods 

This systematic review and meta-analysis followed a prespeci- 

ed protocol registered in the PROSPERO (CRD42025629682). We 

dhered to the Cochrane Handbook for Systematic Reviews of In- 

erventions [ 11 ] and the Meta-analysis Of Observational Studies 

n Epidemiology (MOOSE) guidelines. Reporting follows the Pre- 

erred Reporting Items for Systematic Reviews and Meta-Analyses 

PRISMA) 2020 statement [ 12 , 13 ]. 

nclusion criteria 

Study Designs: We included randomized/quasi-randomized con- 

rolled trials (control arms), controlled (CBA) and uncontrolled 

efore-and-after studies (UBA), interrupted time series (ITS/CITS), 

ohort studies, case-control studies, case series, and surveillance 

eports. Systematic reviews were used only as sources for pri- 

ary studies. We sought studies focusing on individuals from LAC 

ountries with confirmed IPD with high risks conditions. These in- 

luded immunocompromised such as PLHIV, cancer, organ or bone 

arrow transplant recipients, dialysis patients, asplenia or primary 

mmunodeficiencies and chronic immunosuppressive therapy. We 

lso included immunocompetent individuals with chronic condi- 

ions like chronic heart, lung, liver, or kidney diseases, diabetes, al- 

oholism, chronic obstructive pulmonary disease, or cerebrospinal 

uid leaks or cochlear implants. At risk ages, defined as children 

 5 years and adults > 60 years, were included. IPD was confirmed 

y isolating S. pneumoniae from a normally sterile site, like blood 

r cerebrospinal fluid. A study was eligible if it documented at 

east 10 confirmed IPD cases. Our primary goal was to describe the 

isease burden, serotype distribution, IPD patterns across different 

ime periods, age groups, specific LAC countries, diverse risk con- 

itions. Our principal outcomes were to estimate the prevalence or 

ncidence of IPD, case fatality rates (CFR), healthcare resource uti- 

ization (such as hospitalization, intensive care unit admissions and 

ength of hospital stays), and serotypes distribution since PCV in- 

roduction in LAC. Our search included studies in any LAC country, 

ublished or reported between January 1, 20 0 0, and December 31, 

024. 

nformation sources and search strategy 

We searched the following electronic databases from inception 

o December 31, 2024: Cochrane Central Register of Controlled Tri- 

ls (CENTRAL), PubMed, Embase, LILACS, EconLIT, Global Health, 

INAHL, Dissertations & Theses Global, SciELO, and Web of Sci- 

nce. We also searched specific surveillance network databases 

 e.g., SIREVA, WHO Genome sequencing projects) and grey litera- 

ure sources, including regional Ministry of Health websites, PAHO 
2

eports, conference proceedings, and hospital reports. Reference 

ists of included studies and relevant reviews were hand-searched. 

xperts in the field were consulted. The literature search was con- 

ucted without any language restrictions 

tudy selection, data extraction, and assessment of risk of bias 

Search results were managed using Covidence systematic re- 

iew software [ 14 ]. Two reviewers independently screened titles 

nd abstracts against eligibility criteria. Two reviewers indepen- 

ently retrieved and assessed the full texts of potentially relevant 

rticles. Disagreements at both stages were resolved by discussion 

r consultation with a third reviewer. Reasons for excluding studies 

t the full-text stage were documented. 

A pair of reviewers independently extracted data from included 

tudies using a standardized, prepiloted data extraction form. Ex- 

racted information included: study identifiers (author, year, coun- 

ry), study design, study period, setting, participant characteris- 

ics (age group, specific high-risk conditions, sample size, denom- 

nator if available), IPD confirmation method, clinical syndromes, 

erotype data (methods, specific serotypes, number/proportion per 

erotype), outcomes reported (prevalence, incidence, CFR, resource 

se metrics), PCV introduction status/details, and funding sources. 

iscrepancies were resolved by consensus or third-party arbitra- 

ion. Authors were contacted for missing data where feasible. 

The risk of bias for each included study was assessed by two re- 

iewers independently. For RCTs, the Cochrane Risk of Bias 2 (RoB 

) tool was used [ 15 ]. For observational studies, the National Heart, 

ung, and Blood Institute (NHLBI) Quality Assessment Tool for Ob- 

ervational Cohort and Cross-Sectional Studies was adapted [ 16 ]. 

pecific criteria outlined in the protocol were used for CBA, UBA, 

nd ITS design [ 17 ]. Each domain was judged as “low risk,’’ “high

isk,’’ or “some concerns’’ (“unclear risk’’). Disagreements were re- 

olved by consensus. Overall risk of bias was considered in the in- 

erpretation and sensitivity analyses. 

ata synthesis 

A narrative synthesis described the characteristics and find- 

ngs of the included studies. Quantitative synthesis via meta- 

nalysis was performed when methodologically possible. Propor- 

ion meta-analyses were conducted using random-effects models 

DerSimonian-Laird method) to estimate pooled proportions for 

erotype distribution, CFR, and resource use. Theoretical coverage 

f PCV10, PCV13, PCV15, PCV20, and PCV21 were estimated. Stud- 

es with fewer than 20 serotyped strains were excluded from the 

nalysis. The Freeman-Tukey double arcsine transformation stabi- 

ized variances, particularly for proportions close to 0 or 1 [ 18 ]. 

ooled proportions and 95% confidence intervals (CIs) were cal- 

ulated. Heterogeneity among studies was assessed using the I ²
tatistic, with values < 40%, 40-60%, and > 60% indicating low, mod- 

rate, and substantial heterogeneity, respectively [ 19 ]. Potential 

ources of heterogeneity were explored through prespecified sub- 

roup analyses. 

Incidence rates were calculated as cases per 10 0,0 0 0 person- 

ears when data was available. All analyses were performed using 

 software version 4.3.3 [ 20 ] with the ’meta’ package [ 21 ]. 

Subgroup analyses were planned based on: study design, coun- 

ry, specific high-risk condition, vulnerable age, IPD clinical syn- 

rome (meningitis, bacteremia, pneumonia), and PCV implementa- 

ion status (20 0 0-2014 as pre vs 2015-2024 as post-PCV era, where 

pecified). Sensitivity analyses for low risk of bias studies was per- 

ormed. 

Institutional Review Board (IRB) approval was not necessary as 

he systematic review analyses secondary data. 
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The electronic database search yielded 6227 records. After re- 

oving duplicates, 6125 records were screened by title and ab- 

tract. A total of 392 full-text articles were assessed for eligibil- 

ty, and of these, 181 studies met the inclusion criteria ( Figure 1 

RISMA flow diagram, and S1A Table). The search strategy is avail- 

ble in S1 File, and the list of excluded studies with reasons is pro-

ided in S2 Table. 

Of the 181 included studies, 44 focused on individuals with 

hronic high-risk conditions for IPD, 116 examined children under 

 years of age, 11 investigated adults over 60 years, and 10 studies 

ncompassed both age groups S1A and S1B Table. 

Studies on individuals with chronic high-risk conditions: 44 

tudies were published between 2002 and 2022, encompassing 

989 participants with confirmed IPD across 10 LAC countries. 

ost of the studies were conducted in Argentina (13), Brazil (10), 

nd Chile (8). Clinical manifestations were documented as fol- 

ows: 33 studies reported pneumonia, 16 meningitis, and 15 bac- 

eremia. The study designs included case series (17), cohorts (15), 

ross-sectional (11), and one case-control study. All included pop- 

lations were derived from nonprobability sampling methods. The 

rimary high-risk categories comprised immunocompetent persons 

ith chronic conditions (28), patients with cancer (7), PLHIV (6), 

nd individuals with pharmacologically-induced immunosuppres- 

ion (3). 

Studies on age-vulnerable populations ( < 5 years and > 60 

ears): The 116 studies of children under 5 years spanned from 

001 to 2024, incorporating 43,342 IPD cases from 20 countries. 

razil led with 33 studies, followed by Argentina (17) and Colom- 

ia (17). Methodological designs included cohort studies (50), 

ross-sectional investigations (34), case series (30), and ecological 

tudies (2). Seventy-one studies reported pneumonia, 76 meningi- 

is, and 50 bacteremia, while 17 provided IPD case data. 

For the population over 60 years, 11 studies published between 

002 and 2023 included 4523 participants from seven countries. 

rgentina contributed the most studies (4), followed by Chile (3). 

tudy designs comprised cohorts (8), case series (2), and one cross- 

ectional study. Four studies included pneumonia, meningitis, and 

acteremia cases, while two studies provided comprehensive IPD 

ata. 

Ten studies incorporated 10,817 both target age groups ( < 5 and 

 60 years), published between 2007 and 2023. Brazil was the pri- 

ary contributor with 5 studies. Study designs included cohorts 

4), cross-sectional (3), interrupted time series (2), and one epi- 

emiological study. The most frequently studied condition was IPD 

ithout specification (5), meningitis (5) and pneumonia (1). 

verall burden of invasive pneumococcal disease (IPD) 

The pooled prevalence of IPD, was dominated by pneumonia, 

hich accounted for 53% of all cases (95% CI, 48-59%, I2 = 95.8%), 

ollowed by meningitis at 21% (95% CI, 17-25%, I2 = 96.4%) and bac- 

eremia at 20% (95% CI, 16-25%, I2 = 95.1%). See Figure 2 . Twenty–

ight population–based studies reported incidence rates. The me- 

ian of incidence was 13.13 cases per 10 0,0 0 0 persons per year 

IQR 2.24-45), with marked heterogeneity between studies. 

pidemiology by diagnosis and risk group 

neumonia 

Among immunocompromised individuals, PLHIV exhibited the 

ighest prevalence of pneumococcal pneumonia at 81% (95% CI, 

1-89%; three studies, I2 = 0.7%), followed by cancer patients with 

3% (95% CI, 27-60%; four studies, I2 = 91.7%). Immunocompetent 
3

ersons with chronic high–risk conditions had a prevalence of 

5% (95% CI, 22-51%; ten studies, I2 = 95.8%). Age–stratified analy- 

es revealed prevalences of 56% (95% CI, 50-61%; fifty-five studies, 
2 = 96%) in children < 5 years and 51% (95% CI, 21-80%; five studies, 
2 = 96.8%) in adults ≥60 years. 

Sensitivity analysis confirmed pneumonia as the predominant 

PD manifestation (53%, 95% CI, 47-59%), with consistent estimates 

n PLHIV (81%,95% CI, 71-89%), cancer patients (43%, 95% CI, 27- 

0%), immunocompetent individuals with chronic conditions (32%, 

5% CI, 20-47%)), children < 5 years (56%, 95% CI, 50-62%), and 

dults ≥60 years (59%, 95% CI, 18-90%). 

eningitis 

Children < 5 years showed a prevalence of 23% (95% CI, 19-28%; 

fty-six studies, I2 = 96.6%), whereas adults ≥60 years reached 25% 

95% CI, 7-62%; five studies, I2 = 97.8%). Immunocompetent persons 

ith chronic conditions showed a prevalence of 20% (95% CI, 15- 

7%; seven studies, I2 = 78.9%). Among PLHIV, meningitis prevalence 

as 9% (95% CI, 6-15%; four studies, I2 = 3.4%), and in patients with 

ancer, 4% (95% CI, 2-7%; three studies, I2 = 16%). 

Sensitivity analysis produced similar estimates: children < 5 

ears 23% (95% CI, 18-28%), immunocompetent persons with 

hronic conditions 22% (95% CI, 17-28%), adults ≥65 years 16% (95% 

I, 6-37%), PLHIV 9% (95% CI, 6-15%), and cancer patients 4% (95% 

I, 2-7%). 

acteremia 

PLHIV had a prevalence of 57% (96%CI, 5-97%, two studies, 
2 = 97.9%). Cancer patients had a prevalence of 28% (95% CI, 9- 

2%; four studies, I2 = 97.1%), whereas immunocompetent individ- 

als with chronic conditions experienced 18% (95% CI, 9-31%; six 

tudies, I2 = 93.8%). Children < 5 years exhibited 18% (95% CI, 14- 

3%; forty-six studies, I2 = 94%), and adults ≥60 years exhibited 29% 

95% CI, 14-50%; two studies, I2 = 83.1%). 

Sensitivity analysis yielded an overall prevalence of 21% (95% CI, 

6-27%); PLHIV reached 57% (95% CI, 5-97%), adults ≥60 years 39% 

95% CI, 28-52%), immunocompetent persons with chronic condi- 

ions 19% (95% CI, 9-36%), children < 5 years 19% (95% CI, 14-25%), 

nd cancer patients 28% (95% CI, 9-62%). 

The distribution of IPD cases across the high-risk groups is 

hown in Figure 2 . 

ortality by IPD 

The overall CFR for IPD was 17% (95% CI, 13-22%, I2 = 92%). 

linical–manifestation–specific analyses showed meningitis with 

he highest CFR at 23% (95% CI, 16-32%; nineteen studies, I2 = 91%), 

acteremia at 14% (95% CI, 6-29%; six studies, I2 = 90.6%), and pneu- 

onia at 13% (95% CI, 8-20%; seventeen studies, I2 = 88.4%). See 

igure 3 . 

ortality by risk group 

Adults ≥60 years had a pooled CFR of 35% (95% CI, 28-44%; four 

tudies, I2 = 17.8%). PLHIV showed 19% (95% CI, 14-26%; five studies, 
2 = 20.3%). Immunocompetent persons with chronic conditions ex- 

erienced 18% (95% CI, 13-24%; twenty studies, I2 = 89.1%). Cancer 

atients reported 14% (95% CI, 5-31%; five studies, I2 = 90.8%). Chil- 

ren < 5 years demonstrated 12% (95% CI, 9-15%; forty–three stud- 

es, I2 = 93.8%). 

Sensitivity analysis demonstrated that adults ≥60 years sus- 

ained the highest mortality across risk groups (31%, 95% CI, 17- 

8%), followed by immunocompetent persons with chronic condi- 

ions (20%, 95% CI, 14-27%), PLHIV 18% (95% CI, 12-25%), children 
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Figure 1. PRISMA flowchart. 
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Figure 2. IPD prevalence across risk factor groups. (a) Invasive Pneumonia cases, (b) Meningitis Cases, (c) Bacteremia cases. 
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Figure 2. Continued 
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Figure 2. Continued 
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Figure 3. Global mortality according to IPD diagnosis. 
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Table 1 

Prevalence of serotypes contained in PCVs during the pre (20 0 0-2014) and post (2015-2024) implementation of PCV-10 and PCV-13 in the region. 

Group PCV-10 PCV-13 PCV-15 PCV-20 PCV-21 

20 0 0- 

2014 

2015- 

2024 

20 0 0- 

2014 

2015- 

2024 

20 0 0- 

2014 

2015- 

2024 

20 0 0- 

2014 

2015- 

2024 

20 0 0- 

2014 

2015- 

2024 

Overall high-risk 

population a pooled 

proportion (95% CI) 

68% (64- 

72%) 

12% (6- 

24%) 

80% (76- 

83%) 

58% (53- 

62%) 

80% (77- 

83%) 

59% (55- 

63%) 

83% (80- 

86%) 

69% (63- 

74%) 

19% (16- 

21%) 

70% (58- 

79%) 

< 5 y Pooled proportion 

(95% CI) 

73% (69- 

76%) 

11% (5- 

23%) 

84% (81- 

86%) 

58% (53- 

63%) 

84% (81- 

86%) 

60% (55- 

64%) 

87% (84- 

89%) 

69% (62- 

75%) 

18% (16- 

21%) 

70% (57- 

81%) 

≥60 y Pooled proportion 

(95% CI) 

41% (21- 

64%) 

NA 54% (29- 

77%) 

NA 56% 28- 

81%) 

NA 70% (30- 

93%) 

NA 36% (22- 

53%) 

NA 

a High-risk population regardless of age. 
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 5 years 17% (95% CI, 13-21%), and cancer patients 17% (95% CI, 

-55%). 

erotype distribution 

A temporal cut–off at 2014-marking the widespread introduc- 

ion of PCV–10 and PCV–13 in Latin America and the Caribbean- 

as performed to analyze serotype prevalence. PCV–10 serotypes 

ecreased from 68% (95% CI, 64-72%) before 2014 to 12% (95% 

I, 6-24%) after 2014. PCV–13 serotypes falling from 80% (95% CI, 

6-83%) to 58% (95% CI, 53-62%). PCV–15 coverage declined from 

0% (95% CI, 77-83%) before 2014, to 59% (95% CI, 55-63%) post–

014. PCV–20 serotypes showed a similar drop from 83% (95% CI, 

0-86%) to 69% (95% CI, 63-74%) across these periods. Conversely, 

CV–21 serotypes rose from 19% (95% CI, 16-21%) before 2014 to 

0% (95% CI, 58-79%) afterwards Table 1 ; Figure S7. 

ge–specific trends 

When we analyzed serotypes distribution before and after 2014 

n children < 5 years, PCV–10 serotypes decreased from 73% (95% 

I, 69-76%) to 11% (95% CI, 5-23%), PCV–13 from 84% (95% CI, 81- 

6%) to 58% (95% CI, 53-63%), PCV–15 from 84% (95% CI, 81-86%) 

o 60% (95% CI, 51-64%), and PCV–20 theoretical coverage from 87% 

95% CI, 84-89%) to 69% (95% CI, 62-75%). PCV–21 coverage in- 

reased from 18% (95% CI, 16-21%) to 70% (95% CI, 57-81%). Data 

ere insufficient to perform comparable analyses in adults ≥60 

ears Table 1 . 

ealthcare resource utilization 

A total of 39 studies provided data regarding resource utiliza- 

ion, but only a meta–analysis of proportions for ICU admission 

as feasible because most studies did not provide the size of the 

opulation at risk for the other use of resources. Among hospital- 

zed high-risk patients, the overall pooled proportion requiring ICU 

dmission was 36% (95% CI, 28-43%; 29 studies, I ²= 92.2%). In the 

ubgroup analysis, persons over 60 years of age showed the high- 

st requirement for ICU, being 50% (95% CI, 40-59%; two studies, 

 ²= 0%), followed by the immunocompetent persons with chronic 

onditions which showed 37% (95% CI, 27-48%; thirteen studies, I ²= 

2.7%) and finally children under 5 years of age being 36% (95% CI, 

3-52%; twelve studies, I ²= 92.9%). 

In the subgroup analysis by country, the highest requirement 

or ICU was observed in Cuba, of 57% (95% CI, 37-75; two studies, 

 ²= 77%), followed by Colombia with 48% (95% CI, 37-58%; seven 

tudies, I ²= 95.8%), Chile with 37% (95% CI, 20-57%; four studies, 

 ²= 85.3%), Brazil with 33% (95% CI, 23-45%; four studies, I ²= 80.8%)

nd Argentina with 29% (95% CI, eight studies, I ²= 83.9%). 
9

isk of bias assessment 

Among the 131 cohort and cross-sectional studies evaluated, 67 

tudies (51.1%) were rated as fair quality, 43 studies (32.8%) as 

oor quality, and 21 (16.1%) as good quality. The most common 

ethodological limitations included inadequate sample size justifi- 

ation, lack of exposure assessment at multiple time points, insuf- 

cient control for confounding variables, and high loss to follow- 

p rates exceeding 20%. The 46-case series demonstrated better 

verall quality, with 32 studies (69.6%) rated as good quality and 

4 studies (30.4%) as fair quality. Common strengths included clear 

tudy objectives, well-described exposures and outcomes, and ad- 

quate follow-up periods. The single case-control study was rated 

s fair quality with clear research objectives and appropriate case- 

ontrol selection but lacked sample size justification and blinded 

xposure assessment. Both interrupted time series studies showed 

ignificant methodological limitations and were rated as poor qual- 

ty. Across all study designs, the most frequently compromised crit- 

cal domains were adequate control for confounding variables, suf- 

cient sample size justification, and appropriate statistical analysis 

ethods (S3-6 tables). 

iscussion 

This systematic review and meta-analysis from 20 0 0 to 2024, 

howed that IPD remains a substantial burden in high-risk chil- 

ren and adults across LAC. Our study found high proportions of 

accine-preventable serotypes, significant case fatality rates partic- 

larly for bacteremia and meningitis, with considerable healthcare 

se. However, this burden varies across countries, time periods and 

igh-risk groups. 

The main representativeness of Argentina, Brazil, and Chile 

ikely reflects their active participation in national and regional 

neumococcal surveillance networks [ 10 ]. In our study, the most 

requent clinical presentations were pneumonia (53%), meningitis 

21%) and bacteremia (20%) similar to other regions [ 22 ]. High- 

isk populations including immunocompromised patients and indi- 

iduals with chronic underlying conditions [ 23 ], showed elevated 

ase fatality rates (19% and 18%, respectively) consistent with re- 

orts of poorer prognosis, longer hospital stays, and elevated risk 

f long-term disability and mortality [ 24 , 25 ]. IPD incidence in im- 

unocompromised patients reached 56 cases/10 0,0 0 0 persons/y 

ersus 4.8/10 0,0 0 0 persons/y in nonimmunocompromised individ- 

als [ 26 ]. 

Individuals with underlying malignancies, particularly hemato- 

ogical malignancies (HMS), and those undergoing chemotherapy 

r biological therapies, are highly vulnerable. Prolonged neutrope- 

ia and bone marrow suppression related with higher suscepti- 

ility. [ 5 , 27 ]. Pneumonia and bacteremia are the most frequent 

PD presentations, consistent with our findings in HMS patients 

43% pneumonia, 28% bacteremia) [ 28 ]. Adults with HMS have 

arkedly higher IPD incidence than the general population (482 vs 
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5/10 0,0 0 0) [ 27 ]. Introduction of Pneumococcal Conjugate Vaccines 

PCVs) into childhood immunization programs appears to confer 

ndirect benefits in adults, with overall IPD declining 3.5% annually 

nd 9% in vulnerable groups like HMS patients [ 7 , 26 , 29 ]. Despite

he availability of effective PCVs and their T-cell-dependent im- 

une response providing protection with acceptable safety profile 

n HMS patients [ 28 ], IPD remains a significant threat [ 28 ] due to

uboptimal vaccine uptake; as cancer treatment often takes prece- 

ence. The INSIGHT study in multiple myeloma showed pneumo- 

occal vaccination within the previous 5 years improved overall 

urvival, yet coverage remained low (30.2%), with regional dispari- 

ies ( e.g., 4.7% in Asia vs 42.8% in the USA) [ 30 ]. These findings em-

hasize the importance of appropriated vaccine type and timing, 

ncluding PCVs 6-12 months posthematopoietic stem cell trans- 

lantation (HSCT) [ 28 ], revaccinating in children with acute lym- 

hoblastic leukemia (ALL) 6 months after chemotherapy and vacci- 

ation ≥2 weeks before splenectomy [ 31 ]. 

Pneumococcal prevention continues to evolve. The introduction 

f the PCV10/PCV13 vaccines in LAC countries, substantially de- 

reased the proportion of vaccine serotypes, particularly in Ar- 

entina, Brazil and Peru, while nonvaccine serotypes have emerged 

 32 ]. However, notable heterogeneity was observed across the re- 

ion, with countries such as Colombia and Cuba, still report- 

ng relatively high proportions of vaccine serotypes included in 

CV10/PCV13. These trends are consistent with previous regional 

urveillance data focusing on the general population in LAC [ 33 , 34 ]

nd align with our findings, which showed a post-2014 shift to- 

ard nonvaccine serotypes, especially among children under 5 

ears of age. 

PCV15 showed similar theoretical coverage to PCV13 in the 

ost-2014 period, in agreement with previous evidence indicat- 

ng improved immunogenicity against serotype 3, which remains 

revalent in IPD cases in the region [ 35 ]. PCV20 and PCV21 could

ffer high theoretical coverage for high-risk populations, although 

CV21 is currently licensed only for the adults [ 36 , 37 ]. 

Our findings on PCV13 serotype coverage and IPD outcomes 

n high-risk populations provide a nuanced perspective compared 

ith previous reviews in the general LAC population [ 32 , 33 ] and

igh-risk cohorts elsewhere. The higher CFR for meningitis in our 

tudy versus the general pediatric population [ 38 ], highlights the 

ulnerability of these groups. Such heterogeneity likely reflects dif- 

erences in susceptibility profiles, healthcare access, surveillance 

apacity, and PCV rollout timing across countries. Understanding 

PD burden among high-risk populations is essential to guide vac- 

ination strategies and inform policy, particularly given the relative 

carcity of targeted LAC data. Despite reductions in IPD following 

CV introduction, gaps in coverage, waning immunity, serotype re- 

lacement, and antimicrobial resistance persist as major challenges 

n the region [ 39 ]. 

This systematic review has several strengths, including a com- 

rehensive search of multiple databases and grey literature, ad- 

erence to PRISMA guidelines with a preregistered protocol, dual 

creening and data extraction, inclusion of studies spanning more 

han two decades, and focus on high-risk populations in LAC. 

However, certain limitations must be acknowledged. Included 

tudies were heterogeneous in design, definitions of high-risk pop- 

lations, diagnostic methods, and reporting quality. Most were ob- 

ervational and hospital-based, introducing potential selection bias 

nd limiting generalizability. Furthermore, data were scarce for cer- 

ain specific high-risk conditions and for several countries within 

he LAC region, thereby precluding more robust subgroup analy- 

es in some instances. The determination of high-risk status itself 

ay have been inconsistent across the primary studies, and statis- 

ical methods may not have been uniform. These sources of vari- 

bility likely contributed to the high I2 values observed across sev- 

ral pooled analyses. Although a substantial proportion of the in- 
10
luded studies were rated as fair or poor quality, sensitivity anal- 

sis limited to studies with a low risk of bias yielded estimates 

onsistent with the main analyses, indicating that the overall pat- 

erns of results were generally comparable despite the study lim- 

tations. To account for between-study heterogeneity, we applied 

andom-effects models and conducted subgroup analyses; how- 

ver, the limited number of eligible studies precluded more ad- 

anced approaches, such as meta-regression. While we endeavored 

o mitigate publication bias by actively searching grey literature, 

ts complete exclusion cannot be guaranteed. Data on hospitaliza- 

ion duration could not be quantitatively summarized due to insuf- 

cient reporting of the population at risk in the included studies, 

epresenting a limitation in the assessment of healthcare resource 

se. Finally, defining clear pre and post-PCV introduction periods 

roved challenging due to the staggered and varied rollout of PCV 

rograms across different countries and age groups within the re- 

ion. 

Despite these limitations, our findings highlight the continued 

ublic health impact of IPD in high-risk LAC populations, even with 

idespread PCV use. The considerable proportion of IPD caused 

y serotypes in current (PCV10/PCV13) and emerging higher-valent 

accines (PCV15, PCV20, PCV21) emphasizes the potential gains 

rom optimized vaccination strategies such as targeted catch-up 

ampaigns, strengthened adult vaccination recommendations, and 

he judicious consideration and adoption of higher-valent vaccines 

here appropriate and feasible. CFR and healthcare resource uti- 

ization data further reinforce the clinical and economic burden of 

PD, supporting the need for prioritizing preventive measures. 

Looking forward, strengthened surveillance across LAC is im- 

ortant, with particular attention to high-risk groups, comprehen- 

ive serotyping and ongoing antimicrobial resistance monitoring. 

urther research is urgently needed to more accurately quantify 

PD incidence in specific high-risk conditions, to better under- 

tand barriers to vaccine uptake, and evaluate the clinical and cost- 

ffectiveness of vaccination strategies ( e.g., PCV13 vs PPSV23 vs 

igher-valent PCVs) specifically tailored to these vulnerable pop- 

lations. 

In conclusion, invasive pneumococcal disease continues to im- 

ose a substantial burden on high-risk children and adults in 

atin America and the Caribbean, with considerable mortality and 

ealthcare resource use. While pneumococcal conjugate vaccines 

ave reduced this burden, a considerable fraction remains pre- 

entable. Enhanced surveillance, targeted vaccination strategies, 

nd focused research are essential to further reduce disease impact 

n these vulnerable populations. 
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