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ABSTRACT

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 2000-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 100,000 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/)

Background

Certain populations, including children <5 years, adults >60
years, and individuals with underlying conditions, are at higher

Streptococcus pneumoniae (Spn) frequently colonizes the na-
sopharynx and can cause disease from otitis media and sinusi-
tis to life-threatening invasive pneumococcal diseases (IPD) [1,2].
IPD involve severe manifestations such as bacteremia, meningitis
and pneumonia, with Spn isolated from sterile sites, representing a
global public health concern with substantial morbidity and mor-
tality [3,4].
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risk. Immunocompromised hosts, people with specific chronic
medical conditions (e.g., cardiovascular, pulmonary, hepatic, or re-
nal disease, diabetes mellitus) or anatomical vulnerabilities (cere-
brospinal fluid leaks, cochlear implants, asplenia) are particularly
susceptible [3,5,6]. People with malignancies have 13-50 times
higher IPD incidence than the general population, while people liv-
ing with HIV (PLHIV) have a sevenfold increased risk and higher
mortality [5].

Introduction of Pneumococcal conjugate vaccines (PCVs) and
the 23-valent pneumococcal polysaccharide vaccine (PPV23) pre-
vent IPD, and have saved around 1.63 million lives globally [6].
In Latin America and the Caribbean (LAC), PCVs targeting 7, 10,
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or 13 serotypes have been progressively introduced into National
Pediatric Immunization Programs since 2009. While newer PCV15,
PCV20, and PCV21 are not yet widely incorporated in all LAC na-
tional immunization Programs (NIP).

Previous reviews in LAC have focused on the burden of pneu-
mococcal disease and serotype distribution in the general popula-
tion [7,8]. However, comprehensive epidemiologic and clinical data
on IPD in high-risk LAC populations remain limited and are essen-
tial for targeted public health strategies, effective disease control,
vaccination policy optimization and economic analyses [9,10].

We aimed to synthesize available evidence to estimate
the burden of IPD (prevalence, incidence, and mortality),
serotype distribution, and healthcare resource use over time
among children and adults with high-risk conditions in LAC
over the last 24 years, thereby addressing a critical evidence
gap.

Methods

This systematic review and meta-analysis followed a prespeci-
fied protocol registered in the PROSPERO (CRD42025629682). We
adhered to the Cochrane Handbook for Systematic Reviews of In-
terventions [11] and the Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) guidelines. Reporting follows the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement [12,13].

Inclusion criteria

Study Designs: We included randomized/quasi-randomized con-
trolled trials (control arms), controlled (CBA) and uncontrolled
before-and-after studies (UBA), interrupted time series (ITS/CITS),
cohort studies, case-control studies, case series, and surveillance
reports. Systematic reviews were used only as sources for pri-
mary studies. We sought studies focusing on individuals from LAC
countries with confirmed IPD with high risks conditions. These in-
cluded immunocompromised such as PLHIV, cancer, organ or bone
marrow transplant recipients, dialysis patients, asplenia or primary
immunodeficiencies and chronic immunosuppressive therapy. We
also included immunocompetent individuals with chronic condi-
tions like chronic heart, lung, liver, or kidney diseases, diabetes, al-
coholism, chronic obstructive pulmonary disease, or cerebrospinal
fluid leaks or cochlear implants. At risk ages, defined as children
<5 years and adults >60 years, were included. IPD was confirmed
by isolating S. pneumoniae from a normally sterile site, like blood
or cerebrospinal fluid. A study was eligible if it documented at
least 10 confirmed IPD cases. Our primary goal was to describe the
disease burden, serotype distribution, IPD patterns across different
time periods, age groups, specific LAC countries, diverse risk con-
ditions. Our principal outcomes were to estimate the prevalence or
incidence of IPD, case fatality rates (CFR), healthcare resource uti-
lization (such as hospitalization, intensive care unit admissions and
length of hospital stays), and serotypes distribution since PCV in-
troduction in LAC. Our search included studies in any LAC country,
published or reported between January 1, 2000, and December 31,
2024.

Information sources and search strategy

We searched the following electronic databases from inception
to December 31, 2024: Cochrane Central Register of Controlled Tri-
als (CENTRAL), PubMed, Embase, LILACS, EconLIT, Global Health,
CINAHL, Dissertations & Theses Global, SciELO, and Web of Sci-
ence. We also searched specific surveillance network databases
(e.g., SIREVA, WHO Genome sequencing projects) and grey litera-
ture sources, including regional Ministry of Health websites, PAHO
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reports, conference proceedings, and hospital reports. Reference
lists of included studies and relevant reviews were hand-searched.
Experts in the field were consulted. The literature search was con-
ducted without any language restrictions

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

Search results were managed using Covidence systematic re-
view software [14]. Two reviewers independently screened titles
and abstracts against eligibility criteria. Two reviewers indepen-
dently retrieved and assessed the full texts of potentially relevant
articles. Disagreements at both stages were resolved by discussion
or consultation with a third reviewer. Reasons for excluding studies
at the full-text stage were documented.

A pair of reviewers independently extracted data from included
studies using a standardized, prepiloted data extraction form. Ex-
tracted information included: study identifiers (author, year, coun-
try), study design, study period, setting, participant characteris-
tics (age group, specific high-risk conditions, sample size, denom-
inator if available), IPD confirmation method, clinical syndromes,
serotype data (methods, specific serotypes, number/proportion per
serotype), outcomes reported (prevalence, incidence, CFR, resource
use metrics), PCV introduction status/details, and funding sources.
Discrepancies were resolved by consensus or third-party arbitra-
tion. Authors were contacted for missing data where feasible.

The risk of bias for each included study was assessed by two re-
viewers independently. For RCTs, the Cochrane Risk of Bias 2 (RoB
2) tool was used [15]. For observational studies, the National Heart,
Lung, and Blood Institute (NHLBI) Quality Assessment Tool for Ob-
servational Cohort and Cross-Sectional Studies was adapted [16].
Specific criteria outlined in the protocol were used for CBA, UBA,
and ITS design [17]. Each domain was judged as “low risk,” “high
risk,” or “some concerns” (“unclear risk”). Disagreements were re-
solved by consensus. Overall risk of bias was considered in the in-
terpretation and sensitivity analyses.

Data synthesis

A narrative synthesis described the characteristics and find-
ings of the included studies. Quantitative synthesis via meta-
analysis was performed when methodologically possible. Propor-
tion meta-analyses were conducted using random-effects models
(DerSimonian-Laird method) to estimate pooled proportions for
serotype distribution, CFR, and resource use. Theoretical coverage
of PCV10, PCV13, PCV15, PCV20, and PCV21 were estimated. Stud-
ies with fewer than 20 serotyped strains were excluded from the
analysis. The Freeman-Tukey double arcsine transformation stabi-
lized variances, particularly for proportions close to 0 or 1 [18].
Pooled proportions and 95% confidence intervals (Cls) were cal-
culated. Heterogeneity among studies was assessed using the I
statistic, with values <40%, 40-60%, and >60% indicating low, mod-
erate, and substantial heterogeneity, respectively [19]. Potential
sources of heterogeneity were explored through prespecified sub-
group analyses.

Incidence rates were calculated as cases per 100,000 person-
years when data was available. All analyses were performed using
R software version 4.3.3 [20] with the 'meta’ package [21].

Subgroup analyses were planned based on: study design, coun-
try, specific high-risk condition, vulnerable age, IPD clinical syn-
drome (meningitis, bacteremia, pneumonia), and PCV implementa-
tion status (2000-2014 as pre vs 2015-2024 as post-PCV era, where
specified). Sensitivity analyses for low risk of bias studies was per-
formed.

Institutional Review Board (IRB) approval was not necessary as
the systematic review analyses secondary data.
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Results

The electronic database search yielded 6227 records. After re-
moving duplicates, 6125 records were screened by title and ab-
stract. A total of 392 full-text articles were assessed for eligibil-
ity, and of these, 181 studies met the inclusion criteria (Figure 1
PRISMA flow diagram, and S1A Table). The search strategy is avail-
able in S1 File, and the list of excluded studies with reasons is pro-
vided in S2 Table.

Of the 181 included studies, 44 focused on individuals with
chronic high-risk conditions for IPD, 116 examined children under
5 years of age, 11 investigated adults over 60 years, and 10 studies
encompassed both age groups S1A and S1B Table.

Studies on individuals with chronic high-risk conditions: 44
studies were published between 2002 and 2022, encompassing
4989 participants with confirmed IPD across 10 LAC countries.
Most of the studies were conducted in Argentina (13), Brazil (10),
and Chile (8). Clinical manifestations were documented as fol-
lows: 33 studies reported pneumonia, 16 meningitis, and 15 bac-
teremia. The study designs included case series (17), cohorts (15),
cross-sectional (11), and one case-control study. All included pop-
ulations were derived from nonprobability sampling methods. The
primary high-risk categories comprised immunocompetent persons
with chronic conditions (28), patients with cancer (7), PLHIV (6),
and individuals with pharmacologically-induced immunosuppres-
sion (3).

Studies on age-vulnerable populations (<5 years and >60
years): The 116 studies of children under 5 years spanned from
2001 to 2024, incorporating 43,342 IPD cases from 20 countries.
Brazil led with 33 studies, followed by Argentina (17) and Colom-
bia (17). Methodological designs included cohort studies (50),
cross-sectional investigations (34), case series (30), and ecological
studies (2). Seventy-one studies reported pneumonia, 76 meningi-
tis, and 50 bacteremia, while 17 provided IPD case data.

For the population over 60 years, 11 studies published between
2002 and 2023 included 4523 participants from seven countries.
Argentina contributed the most studies (4), followed by Chile (3).
Study designs comprised cohorts (8), case series (2), and one cross-
sectional study. Four studies included pneumonia, meningitis, and
bacteremia cases, while two studies provided comprehensive IPD
data.

Ten studies incorporated 10,817 both target age groups (<5 and
>60 years), published between 2007 and 2023. Brazil was the pri-
mary contributor with 5 studies. Study designs included cohorts
(4), cross-sectional (3), interrupted time series (2), and one epi-
demiological study. The most frequently studied condition was IPD
without specification (5), meningitis (5) and pneumonia (1).

Overall burden of invasive pneumococcal disease (IPD)

The pooled prevalence of IPD, was dominated by pneumonia,
which accounted for 53% of all cases (95% CI, 48-59%, 12=95.8%),
followed by meningitis at 21% (95% CI, 17-25%, 12=96.4%) and bac-
teremia at 20% (95% CI, 16-25%, 12=95.1%). See Figure 2. Twenty-
eight population-based studies reported incidence rates. The me-
dian of incidence was 13.13 cases per 100,000 persons per year
(IQR 2.24-45), with marked heterogeneity between studies.

Epidemiology by diagnosis and risk group
Pneumonia

Among immunocompromised individuals, PLHIV exhibited the
highest prevalence of pneumococcal pneumonia at 81% (95% CI,

71-89%; three studies, 12=0.7%), followed by cancer patients with
43% (95% CI, 27-60%; four studies, 2=91.7%). Immunocompetent
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persons with chronic high-risk conditions had a prevalence of
35% (95% CI, 22-51%; ten studies, 12=95.8%). Age-stratified analy-
ses 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
IPD manifestation (53%, 95% Cl, 47-59%), with consistent estimates
in PLHIV (81%,95% CI, 71-89%), cancer patients (43%, 95% CI, 27-
60%), immunocompetent individuals with chronic conditions (32%,
95% Cl, 20-47%)), children <5 years (56%, 95% ClI, 50-62%), and
adults >60 years (59%, 95% CI, 18-90%).

Meningitis

Children <5 years showed a prevalence of 23% (95% CI, 19-28%;
fifty-six studies, 2=96.6%), whereas adults >60 years reached 25%
(95% CI, 7-62%; five studies, 1°=97.8%). Inmunocompetent persons
with chronic conditions showed a prevalence of 20% (95% CI, 15-
27%; seven studies, 12=78.9%). Among PLHIV, meningitis prevalence
was 9% (95% CI, 6-15%; four studies, 12=3.4%), and in patients with
cancer, 4% (95% CI, 2-7%; three studies, 12=16%).

Sensitivity analysis produced similar estimates: children <5
years 23% (95% CI, 18-28%), immunocompetent persons with
chronic conditions 22% (95% CI, 17-28%), adults >65 years 16% (95%
Cl, 6-37%), PLHIV 9% (95% Cl, 6-15%), and cancer patients 4% (95%
Cl, 2-7%).

Bacteremia

PLHIV had a prevalence of 57% (96%Cl, 5-97%, two studies,
[2=97.9%). Cancer patients had a prevalence of 28% (95% CI, 9-
62%; four studies, 2=97.1%), whereas immunocompetent individ-
uals with chronic conditions experienced 18% (95% Cl, 9-31%; six
studies, 12=93.8%). Children <5 years exhibited 18% (95% CI, 14-
23%; forty-six studies, 1*=94%), and adults >60 years exhibited 29%
(95% CI, 14-50%; two studies, 12=83.1%).

Sensitivity analysis yielded an overall prevalence of 21% (95% CI,
16-27%); PLHIV reached 57% (95% Cl, 5-97%), adults >60 years 39%
(95% CI, 28-52%), immunocompetent persons with chronic condi-
tions 19% (95% Cl, 9-36%), children <5 years 19% (95% Cl, 14-25%),
and cancer patients 28% (95% Cl, 9-62%).

The distribution of IPD cases across the high-risk groups is
shown in Figure 2.

Mortality by IPD

The overall CFR for IPD was 17% (95% Cl, 13-22%, 12=92%).
Clinical-manifestation-specific analyses showed meningitis with
the highest CFR at 23% (95% CI, 16-32%; nineteen studies, [2=91%),
bacteremia at 14% (95% CI, 6-29%; six studies, 2=90.6%), and pneu-
monia at 13% (95% Cl, 8-20%; seventeen studies, 12°=88.4%). See
Figure 3.

Mortality by risk group

Adults >60 years had a pooled CFR of 35% (95% CI, 28-44%; four
studies, 12°=17.8%). PLHIV showed 19% (95% CI, 14-26%; five studies,
[2=20.3%). Immunocompetent persons with chronic conditions ex-
perienced 18% (95% CI, 13-24%; twenty studies, 12=89.1%). Cancer
patients reported 14% (95% CI, 5-31%; five studies, 12=90.8%). Chil-
dren <5 years demonstrated 12% (95% CI, 9-15%; forty-three stud-
ies, 2=93.8%).

Sensitivity analysis demonstrated that adults >60 years sus-
tained the highest mortality across risk groups (31%, 95% CI, 17-
48%), followed by immunocompetent persons with chronic condi-
tions (20%, 95% CI, 14-27%), PLHIV 18% (95% Cl, 12-25%), children
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Studies from databases/registers (n = 6227)

Identification

References removed (n = 102)
Duplicates identified manually (n = 75)
Duplicates identified by Covidence (n = 27)
Marked as ineligible by automation tools (n =0)

Studies screened (n = 6125) Studies excluded (n = 5732)
Studies sought for retrieval (n = 393) Studies not retrieved (n = 0)

v

Studies assessed for eligibility (n = 393)

o0
5=
=
g
S
&b

A 4

Studies excluded (n =212)
Wrong setting (n = 38)
Wrong outcomes (n = 85)
Wrong intervention (n = 2)
Wrong study design (n = 31)
Insufficient detail (n = 11)
Wrong patient population (n = 45)

Studies included in review (n = 181)

Included

Figure 1. PRISMA flowchart.
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Study Period  Country Quality  niN Proportion, 95% CI Proportion  95%-Cl Weight

Risk factor = <5 years

Abate 2014 1993-2011 Argentina FAIR  123/411 H 0.30 [0.26;0.35) 1.5%
Gagetti 2021 1998-2013 Argentina  FAIR 360/1713 021 [0.19;0.23] 15%
Grefion 2005 1998-2001 Argentina  FAIR 12/92 -‘——‘ 0.13 [0.07;0.22] 1.4%
Lépez 2018 20092013 Argentina POOR  38/334 ‘ 011 [0.08;0.15] 15%
Mayoral 2008 20032005 Argentina GOOD  19/76 e 025 [0.16;0.36] 14%
Reijtman 2013 2009-2010 Argentina  FAIR 4/89 | 0.04 [0.01;0.11] 1.2%
Ruvinsky 2010 1994-2007 Argentina  FAIR 578 /2205 026 [0.24;0.28] 15%
Tregnaghi 2006 1999-2002 Argentina  FAIR 71179 = 0.04 [0.02; 0.08] 1.3%
Zemlickova 2005 2000-2002 Argentina  FAIR 17145 - 0.38 [0.24;0.53] 1.4%
Rerezin 2007 1997-2001 Rrazil FAIR 34/105 —_— 032 [0.24;042] 1.4%
Berezin 2020 2005-2015 Brazil GOOD  54/260 - 0.21 [0.16; 0.26] 1.5%
Cazentini Medeiros 2017 1998-2013 Brazil POOR 127/298 - 0.43 [0.37;0.48] 1.5%
Gomes de Oliveira Magalhaes 2003 2000-2001 Brazil FAIR 16731 s 0.52 [0.33;0.70] 1.3%
Leite 2016 20102013  Brazii  GOOD  30/39 — 077 [0.61,089] 13%
Mantese 2009 19992008  Brazi  GOOD 33/142 —— 023 [0.17;031) 15%
Nascimento Carvalho 2003 1997-2002 Brazil FAIR 3/70 | o 0.04 [0.01;0.12] 1.1%
Zemlickova 2005 2000-2002 Brazil FAIR 21/41 — 0.51 [0.35;0.67] 1.4%
Abarca 2008 2001-2002 Chile FAIR 3137 - 0.08 [0.02;0.22] 1.1%
Alvarado 2018 2009-2015 Chile POOR 29/173 b 0.17 [0.12;0.23] 1.5%
Lagos Zuccone 2001 1994-2000 Chile POOR 216/846 0.26 [0.23;0.29] 1.5%
Lagos 2008 1994-2007  Chie ~ GOOD 350/ 1759 020 [0.18,0.22] 15%
Agudelo 2006 1994-2004 Colombia GOOD 658/1193 047 [0.44;050] 15%
Benavides 2012 2006-2008 Colombia GOOD  3/62 — 005 [0.01;043] 1.1%
Camacho-Moreno 2020 20082017 Colombia FAR ~ 3/56 — 005 [0.01;0.45] 1.1%
Camacho-Moreno 2024 2017-2022 Colombia GOOD  27/420 006 [0.04;0.09] 15%
Parra 2013 2005-2011 Colombia FAIR  92/424 B 0.22 [0.18; 0.26] 1.5%
Parra 2014 2005-2010 Colombia FAIR 197 /763 0.26 [0.23;0.29] 1.5%
Zemlickova 2005 2000-2002 Colombia  FAIR 18/39 0.46 [0.30; 0.63] 1.4%
Arguedas 2012 2007-2009 CostaRica GOOD ~ 3/22 014 [0.03;0.35] 1.1%
Ulloa-Gutierrez 2003 1995-2001 Costa Rica GOOD  44/99 0.44 [0.34;0.55] 1.5%
Avias Portales 2023 20142018 Cuba  FAR  9/45 020 [0.10;0.35] 13%
Batista Caluff 2017 2011-2015 Cuba GOOD  7/42 017 [0.07:031] 13%
Fonseca Hernadez 2017 2014-2016 Cuba FAIR 4/37 0.11 [0.03; 0.25] 1.2%
Morera Alvarez 2019 2009-2015 Cuba FAIR 17194 0.18 [0.11;0.27] 1.4%
Tamayo Reus 2018 2014-2016 Cuba FAIR 1/17 - 0.06 [0.00;0.29] 0.7%
Torafio Peraza 2017 20132015 Cuba  GOOD 49/132 —— 037 [0.20;046] 15%
Torafio Peraza 2010 1994-2009 Cuba POOR 627 /842 0.74 [0.71;0.77] 1.5%
Amao 2022 20142018 Ecuador POOR  6/42 - 014 [0.05,0.20] 13%
Gaensbauer 2016 1996-2007 Guatemala GOOD 193 /452 = 043 [0.38;047] 15%
Willis 2019 20082009 Jamaica GOOD  2/22 — 009 [0.01;0.20] 10%
Ruvinsky 2005 1993-2004 LAC POOR 396/ 1650 0.24 [0.22;0.26] 1.5%
Bautista-Marquez 2013 2010-2011  Mexico FAIR 3/42 4% 0.07 [0.01;0.19] 1.1%
Chacon-Cruz 2014 2005-2013 Mexico POOR 12/48 . 0.25 [0.14; 0.40] 1.4%
Soto-Nogueron 2016 2000-2014  Mexico FAIR 37/69 — 0.54 [0.41;0.66] 1.4%
Zemlickova 2005 20002002 Mexico FAR ~ 9/26 = 035 [0.17;0.56] 13%
De Ledn 2011 2010-2011  Panama FAIR 11/23 e Emd 0.48 [0.27;0.69] 1.3%
Le6n 2023 2006-2020 Paraguay FAIR 127/1163 011 [0.09;0.43]  15%
Sanabria 2009 2002-2007 Paraguay POOR 15/56 — 0.27 [0.16; 0.40] 1.4%
Castillo-Tokumori 2018 2016-2018 Peru FAIR 2/22 - 0.09 [0.01;0.29] 1.0%
Marin Portocarrero 2022 20172020 Peru  POOR  6/29 ———— 021 [0.08;040] 13%
Morales De Santa Gadea 2003 2000-2001 Peru GOOD 10/28 ‘—‘* 0.36 [0.19; 0.56] 1.3%
Ochoa 2024 2016-2019 Peru FAIR 16/85 - 0.19 [0.11;0.29] 1.4%
Assandri 2015 20012013 Uruguay GOOD  9/25 R 036 [0.18;0.57] 13%
Camou 2003 1994-2001 Uruguay GOOD 105/506 0.21 [0.17;0.25] 1.5%
Zemlickova 2005 20002002 Uruguay FAR  9/34 — 026 [0.13;0.44] 13%
Castillo 2002 1999-2000 Venezuela GOOD  7/11 f— 064 [0.31:080] 1.1%
Total 95% CI 0.23 [0.19;0.28] 75.1%

Heterogeneity: I? = 96.6%, > = 0.8351, p < 0.0001

Risk factor = 260 years

Figueiredo 2023 20162018  Brazi POOR  10/94 - 0.11 [0.05,0.19]  14%
Aguilera 2010 20052008  Chile ~ GOOD  3/56 B 0.05 [0.01;0.15]  1.1%
Torafio Peraza 2010 19942009 Cuba  POOR 255/302 - 0.84 [0.80;0.88] 15%
Camnalla-Barajas 2017 20002007 Mexico FAR  9/30 s 030 [0.15;0.49] 1.3%
Carnalla-Barajas 2017 20082014 Mexico FAR  7/36 — 0.19 [0.08;0.36] 1.3%
Total 95% Cl R 0.25 [0.07;0.62] 6.5%

Heterogeneity: / = 97.8%, * = 2.9758, p < 0.0001

Risk factor = Cancer - regardless of age

Pérez 2014 20082013 Argentina GOOD 4 /171 002 [0.01;006] 12%
Soto-Nogueron 2018 1994-2016  Mexico  FAIR  10/175 - 0.06 [0.03;0.10] 14%
Zarco Marquez 2016 20072015 Mexico GOOD  3/69 = 0.04 [0.01;0.12] 1.1%
Total 95% Cl 3 0.04 [0.02;0.07] 3.7%

Heterogeneity: /2 = 16%, 1° = 0.0662, p = 0.3041

Risk factor = High-risk immunocompetent - regardless of age

Bakir 2003 1993-1999 Argentina POOR  34/274 =~} 0.12 [0.09;0.17)  1.5%
Contreras 2002 1994-1999 Chile FAIR 26/78 0.33 [0.23;045] 1.4%
Africano 2020 2012-2019 Colombia FAIR ~ 58/310 0.19 [0.15;0.24] 1.5%
Leal Castro 2022 2011-2017 Colombia GOOD 23/ 169 0.14 [0.09;0.20]  1.4%
Narvaez 2021 2012-2019 Colombia GOOD 58/310 0.19 [0.15;0.24]  1.5%
Goémez-Barreto 2010 1997-2014 Mexico GOOD 40/ 156 0.26 [0.19;0.33] 1.5%
Castro 2017 2009-2011 Peru GOOD 13/43 0.30 [0.17;0.46] 1.4%
Total 95% CI 0.20 [0.15; 0.27] 10.1%

Heterogeneity: I = 78.9%, < = 0.1717, p < 0.0001

Risk factor = HIV - regardless of age

Mamani 2023 2005-2020  Brazil GOOD  2/55 0.04 [0.00;0.13]  1.0%
Mattei 2008 1993-2000 Brazil GOOD 3/19 0.16 [0.03;040] 1.1%
Veras 2007 2000-2004 Brazil GOOD 7179 0.09 [0.04;0.17] 1.3%
Villar 2022 2016-2019 Paraguay FAIR 4/34 0.12 [0.03;0.27] 1.2%

Total 95% CI
Heterogeneity: /* = 3.4%, ©* = < 0.0001, p = 0.3757

0.09 [0.06;0.15] 4.6%

Random effects model
Heterogeneity: 12 = 96.4%, © 0003, p
Test for subgroup differences: ¢ = 44.65, df = 4 (p < 0.0001)

0.2

[0.17; 0.25] 100.0%

Figure 2. IPD prevalence across risk factor groups. (a) Invasive Pneumonia cases, (b) Meningitis Cases, (c) Bacteremia cases.
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Study Period  Country Quality  niN Proportion, 95% C Proportion  95%-Cl Weight

Risk factor = <5 years

Abate 2014 1993-2011 Argentina FAIR  195/411 t 0.47 [0.43;0.52] 1.4%
Gagetti 2021 1998-2013 Argentina FAIR  891/1713 0.52 [0.50;0.54] 1.4%
Lépez 2018 2009-2013 Argentina POOR  300/334 0.90 [0.86;0.93] 1.4%
Mayoral 2008 2003-2005 Argentina GOOD 57/76 P 0.75 [0.64;0.84] 1.3%
Reijtman 2013 2009-2010 Argentina  FAIR 29/89 . 0.33 [0.23;043] 1.3%
Ruvinsky 2010 1994-2007 Argentina  FAIR 1250 /2205 0.57 [0.55;0.59] 1.4%
Tregnaghi 2006 1999-2002 Argentina FAIR 82/179 E H 046 [0.38;0.53] 1.4%
Zemlickova 2005 2000-2002 Argentina  FAIR 25/45 — 0.56 [0.40;0.70] 1.3%
Berezin 2007 1997-2001 Brazil FAIR 52/105 - 0.50 [0.40;0.59] 1.4%
Berezin 2020 2005-2015 Brazil GOOD 143 /260 - 0.55 [0.49;0.61] 1.4%
Cazentini Medeiros 2017 1998-2013 Brazil POOR  155/298 - 0.52 [0.46;0.58] 1.4%
Gomes de Oliveira Magalhaes 2003 2000-2001 Brazil FAIR 151731 — - 0.48 [0.30;0.67] 1.2%
Leite 2016 2010-2013 Brazil GOOD 5/39 - 0.13 [0.04;0.27] 1.1%
Mantese 2009 1999-2008 Brazil GOOD  92/142 - 065 [0.56;0.73]  1.4%
Nascimento Carvalho 2003 1997-2002 Brazil FAIR 54/70 — 0.77 [0.66;0.86] 1.3%
Zemlickova 2005 2000-2002 Brazil FAIR 19/41 — 046 [0.31;0.63] 1.3%
Abarca 2008 2001-2002 Chile FAIR 9/37 - 0.24 [0.12;041] 1.2%
Alvarado 2018 2009-2015 Chile POOR  65/173 - 0.38 [0.30;0.45] 1.4%
Lagos Zuccone 2001 1994-2000 Chile POOR 404 /846 048 [0.44;0.51] 1.4%
Lagos 2008 1994-2007 Chile GOOD 1013/1759 0.58 [0.55;0.60] 1.4%
Agudelo 2006 1994-2004 Colombia GOOD 480/1193 040 [0.37;043] 1.4%
Benavides 2012 2006-2008 Colombia GOOD  44/62 —a 0.71 [0.58;0.82] 1.3%
Camacho-Moreno 2020 2008-2017 Colombia  FAIR 39/56 — 0.70 [0.56;0.81] 1.3%
Camacho-Moreno 2024 2017-2022 Colombia GOOD 296 / 420 = 0.70 [0.66;0.75]  1.4%
Gutierrez-Tobar 2022 2008-2019 Colombia GOOD 370 /566 065 [0.61;0.69] 1.4%
Parra 2013 2005-2011 Colombia FAIR ~ 190/424 L 0.45 [0.40;0.50] 1.4%
Parra 2014 2005-2010 Colombia FAIR  299/763 0.39 [0.36;0.43] 1.4%
Zemlickova 2005 2000-2002 Colombia  FAIR 14739 — 0.36 [0.21;0.53] 1.3%
Arguedas 2012 2007-2009 Costa Rica GOOD 8/22 — 0.36 [0.17;0.59] 1.2%
Ulloa-Gutierrez 2003 1995-2001 Costa Rica GOOD  28/99 - 0.28 [0.20;0.38] 1.3%
Arias Portales 2023 2014-2018 Cuba FAIR 36/45 — 0.80 [0.65;0.90] 1.2%
Batista Caluff 2017 2011-2015 Cuba GOOD 35/42 —sE 0.83 [0.69;0.93] 1.2%
Fonseca Hernadez 2017 2014-2016 Cuba FAIR 29/37 — 0.78 [0.62;0.90] 1.2%
Morera Alvarez 2019 2009-2015 Cuba FAIR 73/94 - 0.78 [0.68;0.86] 1.3%
Tamayo Reus 2018 2014-2016 Cuba FAIR 12/17 —_— 0.71 [0.44,0.90] 1.1%
Torafio Peraza 2017 2013-2015 Cuba GOOD  76/132 - 0.58 [0.49;0.66] 1.4%
Torafo Peraza 2010 1994-2009 Cuba POOR  215/842 0.26 [0.23;0.29] 1.4%
Arnao 2022 2014-2018 Ecuador POOR  25/42 — 0.60 [0.43;0.74] 1.3%
Gaensbauer 2016 1996-2007 Guatemala GOOD 174 /452 | § 0.38 [0.34;0.43] 1.4%
Ruvinsky 2005 1993-2004 LAC POOR 990/ 1650 0.60 [0.58;0.62] 1.4%
Bautista-Marquez 2013 2010-2011  Mexico FAIR 34142 — 0.81 [0.66;0.91] 1.2%
Chacon-Cruz 2014 2005-2013 Mexico POOR  23/48 — 0.48 [0.33;0.63] 1.3%
Gémez-Barreto 2000 1995- 1999  Mexico FAIR 39/49 — 0.80 [0.66;0.90] 1.2%
Soto-Nogueron 2016 2000-2014  Mexico FAIR 11769 - 0.16 [0.08;0.27] 1.3%
Zemlickova 2005 2000-2002  Mexico FAIR 11/26 —_— 042 [0.23;0.63] 1.2%
De Ledén 2011 20102011 Panama  FAIR 20/23 — 0.87 [0.66;0.97] 1.0%
Leon 2023 2006-2020 Paraguay FAIR 978/1163 0.84 [0.82;0.86] 1.4%
Sanabria 2009 2002-2007 Paraguay POOR  40/56 — 0.71 [0.58;0.83] 1.3%
Castillo-Tokumori 2018 2016-2018 Peru FAIR 19/22 — 0.86 [0.65;0.97] 1.0%
Marin Portocarrero 2022 2017-2020 Peru POOR 13/29 —_— 0.45 [0.26;0.64] 1.2%
Morales De Santa Gadea 2003 2000-2001 Peru GOOD 18/28 —_ 0.64 [0.44,0.81] 1.2%
Ochoa 2024 2016-2019 Peru FAIR 49/85 — 0.58 [0.46;0.68] 1.3%
Assandri 2015 2001-2013  Uruguay GOOD 2/25 - 0.08 [0.01;0.26] 0.9%
Camou 2003 1994-2001 Uruguay GOOD 330/ 506 | | 065 [0.61;0.69] 1.4%
Zemlickova 2005 20002002 Uruguay  FAIR 21734 — 0.62 [0.44;0.78] 1.2%
Castillo 2002 1999-2000 Venezuela GOOD 2/1 —— 0.18 [0.02,0.52] 0.8%
Total 95% CI > 0.56 [0.50; 0.61] 71.9%
Heterogeneity: /% = 96%, t* = 0.7024, p < 0.0001

Risk factor = 260 years

Figueiredo 2023 2016-2018 Brazil POOR 64/94 —- 0.68 [0.58;0.77] 1.3%
Aguilera 2010 2005-2006 Chile GOOD 51/56 — 0.91 [0.80;0.97] 1.1%
Toraiio Peraza 2010 1994-2009 Cuba POOR  47/302 ==1 0.16 [0.12;0.20]  1.4%
Carnalla-Barajas 2017 2000-2007  Mexico FAIR 10/30 — 0.33 [0.17;0.53] 1.2%
Carnalla-Barajas 2017 2008-2014  Mexico FAIR 14/36 — 0.39 [0.23;0.57] 1.2%
Total 95% CI —EEEE—— 0.51 [0.21;0.80]  6.3%
Heterogeneity: 1 = 96.8%, t* = 2.2093, p < 0.0001

Risk factor = Cancer - regardless of age

Pérez 2014 2008-2013 Argentina GOOD  89/171 - 0.52 [0.44;0.60] 1.4%
Mendes Lages 2020 20052016  Brazi GOOD  16/51 - 0.31 [0.19;0.46] 1.3%
Soto-Noguerén 2018 1994-2016  Mexico FAIR 471175 - 0.27 [0.20;0.34] 1.4%
Zarco Marquez 2016 2007-2015 Mexico GOOD  43/69 s 0.62 [0.50;0.74] 1.3%
Total 95% CI P 0.43 [0.27; 0.60] 5.3%
Heterogeneity: /> = 91.7%, * = 0.4550, p < 0.0001

Risk factor = High-risk inmunocompetent - regardless of age

Bakir 2003 1993-1999 Argentina POOR  188/274 - 0.69 [0.63;0.74] 1.4%
Fonaroff 2014 2004-2010 Argentina GOOD 15/93 - 0.16 [0.09;0.25] 1.3%
Gentile 2018a 2007-2014 Argentina  FAIR 81/216 - 0.38 [0.31;0.44] 1.4%
Contreras 2002 1994-1999 Chile FAIR 35/78 — 0.45 [0.34;0.57] 1.3%
Rioseco 2004 1997-2002 Chile GOOD 5/45 - 0.11 [0.04;0.24] 1.1%
Rioseco 2018 2010-2014 Chile GOOD  11/70 - 0.16 [0.08;0.26] 1.3%
Africano 2020 20122019 Colombia FAIR ~ 186/310 1 3 0.60 [0.54;0.65] 1.4%
Leal Castro 2022 2011-2017 Colombia GOOD 108/ 169 - 0.64 [0.56;0.71] 1.4%
Gomez-Barreto 2010 1997-2014  Mexico GOOD 25/156 - 0.16 [0.11;0.23] 1.3%
Castro 2017 2009-2011 Peru GOOD  17/43 — 0.40 [0.25;0.56] 1.3%
Total 95% CI < 0.35 [0.22; 0.51] 13.2%
Heterogeneity: /% = 95.8%, 7* = 1.0299, p < 0.0001

Risk factor = HIV - regardless of age

Mamani 2023 2005-2020 Brazil GOOD  42/55 . 0.76 [0.63;0.87] 1.3%
Mattei 2008 1993-2000  Brazl GOOD  16/19 —— 0.84 [0.60;0.97] 1.0%
Villar 2022 2016-2019 Paraguay  FAIR 30/34 — 0.88 [0.73;0.97] 1.1%
Total 95% CI B4 0.81 [0.71;0.89]  3.3%
Heterogeneity: 1 = 0.7%, 1> = 0.0481, p = 0.3653

Random effects model 0.53 [0.48; 0.59] 100.0%

Heterogeneity: 1% = 95.9%, t* = 0.9112, p = 0.
Test for subgroup differences: 1 = 27.29, df = 4 (p < 0.0001)

Figure 2. Continued
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Study Period Country Quality n/N Proportion, 95% CI Proportion 95%-Cl Weight

Risk factor = <5 years i
Abate 2014 1993-2011 Argentina FAIR  79/411 0.19 [0.16;0.23] 1.8%

Gagetti 2021 1998-2013 Argentina FAIR 171/1713 0.10 [0.09;0.12] 1.8%
Grefion 2005 1998-2001 Argentina  FAIR 77192 | o 0.08 [0.03;0.15] 1.6%
Lépez 2018 2009-2013 Argentina POOR 19/334 0.06 [0.03;0.09] 1.7%
Reijtman 2013 2009-2010 Argentina  FAIR 45/89 e 0.51 [0.40;0.61] 1.7%
Ruvinsky 2010 1994-2007 Argentina  FAIR 278/2205 0.13 [0.11;0.14]  1.8%
Tregnaghi 2006 1999-2002 Argentina FAIR  85/179 - 0.47 [0.40;0.55] 1.8%
Zemlickova 2005 2000-2002 Argentina  FAIR 1/45 B 0.02 [0.00;0.12] 1.0%
Berezin 2007 1997-2001  Brazil FAIR  15/105 - 0.14 [0.08;0.22] 1.7%
Berezin 2020 2005-2015 Brazil GOOD 39/260 B 0.15 [0.11;0.20) 1.8%
Cazentini Medeiros 2017 1998-2013  Brazil POOR 13/298 0.04 [0.02;0.07] 1.7%
Leite 2016 2010-2013 Brazil GOOD 2/39 - 0.05 [0.01;0.17] 1.3%
Mantese 2009 1999-2008 Brazil GOOD 15/142 - 0.11 [0.06;0.17] 1.7%
Zemlickova 2005 2000-2002  Brazil FAIR 1/41 -l 0.02 [0.00;0.13]  1.0%
Abarca 2008 2001-2002 Chile FAIR 22/37 — 0.59 [0.42;0.75] 1.6%
Alvarado 2018 2009-2015  Chile ~ POOR 56/173 - 0.32 [0.25;0.40] 1.8%
Lagos Zuccone 2001 1994-2000 Chile POOR 83/846 0.10 [0.08;0.12] 1.8%
Lagos 2008 1994-2007 Chile GOOD 346/ 1759 020 [0.18;0.22] 1.8%
Agudelo 2006 1994-2004 Colombia GOOD 100/ 1193 0.08 [0.07;0.10]  1.8%
Benavides 2012 2006-2008 Colombia GOOD  15/62 0.24 [0.14;0.37] 1.7%
Camacho-Moreno 2020 2008-2017 Colombia  FAIR 6/56 0.11 [0.04;0.22] 1.6%
Camacho-Moreno 2024  2017-2022 Colombia GOOD  70/420 - 0.17 [0.13;0.21] 1.8%
Parra 2013 2005-2011 Colombia FAIR ~ 98/424 - 0.23 [0.19;0.27] 1.8%
Parra 2014 2005-2010 Colombia FAIR 174 /763 - 0.23 [0.20;0.26] 1.8%
Zemlickova 2005 2000-2002 Colombia  FAIR 7139 0.18 [0.08;0.34] 1.6%
Arguedas 2012 2007-2009 Costa Rica GOOD  10/22 0.45 [0.24;0.68] 1.6%
Ulloa-Gutierrez 2003 1995-2001 Costa Rica GOOD  23/99 0.23 [0.15;0.33) 1.7%
Fonseca Hernadez 2017 2014-2016 Cuba FAIR 4/37 el 0.11 [0.03;0.25] 1.5%
Tamayo Reus 2018 2014-2016 Cuba FAIR 14717 —_— 0.82 [0.57;0.96] 1.3%
Torafio Peraza 2017 2013-2015  Cuba  GOOD  6/132 - 0.05 [0.02;0.10] 1.6%
Arnao 2022 2014-2018 Ecuador POOR  10/42 —_ 0.24 [0.12;0.39] 1.6%
Gaensbauer 2016 1996-2007 Guatemala GOOD 84 /452 - 0.19 [0.15;0.22] 1.8%
Willis 2019 2008-2009 Jamaica GOOD  20/22 —a 091 [0.71;0.99] 1.2%
Ruvinsky 2005 1993-2004 LAC POOR 198/ 1650 0.12 [0.10; 0.14]  1.8%
Bautista-Marquez 2013 2010-2011  Mexico FAIR 41742 - 0.10 [0.03;0.23] 1.5%
Chacon-Cruz 2014 2005-2013  Mexico POOR  13/48 T 0.27 [0.15;0.42] 1.7%
Gomez-Barreto 2000 1995- 1999 Mexico FAIR 6/49 E 0.12 [0.05;0.25] 1.6%
Soto-Nogueron 2016 2000-2014  Mexico FAIR 21/69 S 0.30 [0.20;0.43] 1.7%
Zemlickova 2005 2000-2002 Mexico  FAIR 5/26 — 0.19 [0.07;0.39] 1.5%
De Leon 2011 2010-2011 Panama  FAIR 77123 — - 0.30 [0.13;0.53] 1.5%
Ledn 2023 2006-2020 Paraguay FAIR  52/1163 0.04 [0.03;0.06] 1.8%
Sanabria 2009 2002-2007 Paraguay POOR  1/56 - 0.02 [0.00;0.10]  1.0%
Marin Portocarrero 2022  2017-2020 Peru POOR  10/29 0.34 [0.18;0.54] 1.6%
Ochoa 2024 2016-2019  Peru FAIR  16/85 0.19 [0.11;0.29] 1.7%
Assandri 2015 2001-2013 Uruguay GOOD 14/25 0.56 [0.35;0.76] 1.6%
Zemlickova 2005 2000-2002 Uruguay  FAIR 3/34 0.09 [0.02;0.24] 1.4%
Castillo 2002 1999-2000 Venezuela GOOD  2/11 0.18 [0.02;0.52] 1.2%
Total 95% CI : 0.18 [0.14; 0.23] 74.9%

Heterogeneity: 1> = 94%, 1° = 1.0375, p < 0.0001

Risk factor = 260 years

Figueiredo 2023 2016-2018 Brazil POOR  14/94 . 0.15 [0.08;0.24] 1.7%
Carnalla-Barajas 2017~ 2000-2007  Mexico FAIR 11/30 — 0.37 [0.20;0.56] 1.6%
Carnalla-Barajas 2017 2008-2014  Mexico FAIR 15/36 — 0.42 [0.26;0.59] 1.6%
Total 95% CI < 0.29 [0.14;0.50] 4.9%

Heterogeneity: 12 = 83.1%, t° = 0.4943, p = 0.0027

Risk factor = Cancer - regardless of age

Pérez 2014 2008-2013 Argentina GOOD 17/171 = 0.10 [0.06;0.15]  1.7%
Mendes Lages 2020 2005-2016  Brazil GOOD  27/51 — 0.53 [0.38;0.67] 1.7%
Soto-Nogueron 2018 1994-2016  Mexico FAIR 108/175 k- 0.62 [0.54;0.69] 1.8%
Zarco Marquez 2016 2007-2015 Mexico GOOD  7/69 - 0.10 [0.04;0.20] 1.6%
Total 95% CI _ 0.28 [0.09; 0.62] 6.8%

Heterogeneity: /% = 97.1%, 1 = 2.0174, p < 0.0001

Risk factor = High-risk immunocompetent - regardless of age

Bakir 2003 1993-1999 Argentina POOR 32/274 0.12 [0.08;0.16]  1.8%
Contreras 2002 1994-1999 Chile FAIR 4178 =od 0.05 [0.01;0.13]  1.5%
Africano 2020 2012-2019 Colombia FAIR ~ 66/310 B 0.21 [0.17;0.26] 1.8%
Leal Castro 2022 20112017 Colombia GOOD 33/ 169 —_ 0.20 [0.14;0.26] 1.7%
Gomez-Barreto 2010 1997-2014  Mexico GOOD 74 /156 E o 0.47 [0.39;0.56] 1.8%
Castro 2017 2009-2011 Peru GOOD 6/43 0.14 [0.05;0.28] 1.6%

Total 95% ClI
Heterogeneity: 1> = 93.8%, 1> = 0.7339, p < 0.0001

0.18 [0.09; 0.31] 10.1%

Risk factor = HIV - regardless of age

Mamani 2023 2005-2020 Brazil GOOD  11/55
Veras 2007 2000-2004 Brazil GOOD  69/79
Total 95% CI

Heterogeneity: /% = 97.9%, ° = 5.3899, p < 0.0001

0.20 [0.10;0.33]  1.6%
0.87 [0.78;0.94] 1.6%
0.57 [0.05;0.97] 3.3%

Random effects model
Heterogeneity: /% = 95.1%, 1> = 1.1972, p < 0.0001
Test for subgroup differences: 2 = 3.41, df = 4 (p = 0.4920)

0.20 [0.16; 0.25] 100.0%
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Figure 2. Continued
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Study Period Country Quality n/N Proportion, 95% CI Proportion 95%-Cl Weight

Type of IPD = Bacteremia ;
Bakir 2003 1993-1999 Argentina POOR  4/274 i 0.01 [0.00;0.04] 2.0%

Fontana 2021 2009-2015 Brazil FAIR 54 /161 — 0.34 [0.26;0.41] 2.5%
Gaensbauer 2016 1996-2007 Guatemala GOOD 20/ 84 —0— 0.24 [0.15;0.34] 2.4%
Lagos 2002 bacteremia Chile FAIR  66/188 — 0.35 [0.28;0.42] 2.5%
Mathurin 2008 2004-2007 Argentina POOR 8/65 —'—— 0.12 [0.05;0.23] 2.2%
Orrett 2007 1997-2002 Trinidad and Tobago POOR 7134 ——0—— 0.21 [0.09;0.38] 2.1%
Sanchez-Marmolejo 2022 2017-2019 Colombia POOR 6/51 —0—— 0.12 [0.04; 0.24] 2.1%
Total 95% CI Q 0.16 [0.07; 0.31] 15.8%

Heterogeneity: 12 = 90.6%, % = 1.2709, p < 0.0001

Type of IPD = Invasive Pneumonia H
Bakir 2003 1993-1999 Argentina POOR  9/274 = 0.03 [0.02;0.06] 2.3%

Camacho-Moreno 2021 2016 Colombia FAIR 2/17 ——'—*— 0.12 [0.01; 0.36] 1.6%
Diaz 2003 1999-2001 Chile FAIR 3/24 —0—— 0.12 [0.03;0.32] 1.8%
Diaz F 2002 1999-2000 Chile FAIR 4/16 —-—0— 0.25 [0.07;0.52] 1.9%
Fica 2014 2005-2010 Chile GOOD  20/60 — s 0.33 [0.22;0.47] 2.3%
Fielli 2018 2012-2017 Argentina POOR 9/27 —0— 0.33 [0.17; 0.54] 2.2%
Fonaroff 2014 2004-2010 Argentina GOOD 9/93 —+—~ 0.10 [0.05;0.18] 2.2%
Gaensbauer 2016 1996-2007 Guatemala GOOD  4/174 == 0.02 [0.01;0.06] 2.0%
Gentile 2003 1995-2000 Argentina GOOD  12/101 —0— 0.12 [0.06;0.20] 2.3%
Gentile 2018a 2007-2014 Argentina FAIR 10/216 g 0.05 [0.02;0.08] 2.3%
Gentile 2018b 2012-2017 Argentina POOR 2/61 _— 0.03 [0.00;0.11] 1.7%
Gomez 2017 2010-2016 Argentina POOR 1/22 -—0——'— 0.05 [0.00; 0.23] 1.2%
Lagos 2002 pneumonia Chile FAIR 77118 b 0.06 [0.02;0.12] 2.2%
Olsina 2018 2013-2016 Argentina POOR  33/106 —— 0.31 [0.22;0.41] 2.4%
Palma 2012 1997-2001 Argentina FAIR 14147 ——0— 0.30 [0.17;0.45] 2.3%
Pirez Garcia 2001 1997-1998 Uruguay GOOD 2/51 - 0.04 [0.00;0.13] 1.7%
Rioseco 2004 1997-2002 Chile GOOD 9/45 ——-— 0.20 [0.10;0.35] 2.2%
Rioseco 2018 2010-2014 Chile GOOD  24/70 — = 0.34 [0.23;0.47] 2.4%
Saldias Pefafiel 2018 2014-2017 Chile FAIR 10/100 —0—- 0.10 [0.05;0.18] 2.3%
Total 95% CI <> 0.12 [0.08; 0.18] 39.3%

Heterogeneity: /2 = 87.7%, t° = 0.9472, p < 0.0001

Type of IPD = Meningitis H
Abarca 2008 2001-2002 Chile FAIR 1/3 0.33 [0.01;0.91] 1.0%

Abate 2014 1993-2011 Argentina FAIR 18/123 —_— 0.15 [0.09;0.22] 2.4%
Bakir 2003 1993-1999 Argentina POOR 5/274 0.02 [0.01;0.04] 2.1%
Berberian 2014 1999-2010 Argentina FAIR 117111 —'— 0.10 [0.05;0.17] 2.3%
Berezin 2002 1994-1999 Brazil GOOD  11/55 —-—0— 0.20 [0.10;0.33] 2.3%
Damasceno 2008 1995-2000 Brazil FAIR 11/34 —’— 0.32 [0.17;051] 2.2%
Davalos 2016 2006-2011 Peru GOOD 14/ 44 —'— 0.32 [0.19;0.48] 2.3%
Elenga 2015 2000-2010 French Guiana FAIR 8/24 ——:—— 0.33 [0.16; 0.55] 2.1%
Estévez Sierra 2011 2000-2009 Cuba FAIR 15731 — 0.48 [0.30;0.67] 2.2%
Gaensbauer 2016 1996-2007 Guatemala GOOD 73/193 : T 0.38 [0.31;0.45] 2.5%
Goémez-Barreto 2010 1997-2014 Mexico GOOD 15/156 : 0.10 [0.05;0.15] 2.4%
Gouveia 2011 1995-2005 Brazil FAIR  136/244 —an 0.56 [0.49;0.62] 2.5%
Grando 2015 2007 - 2012 Brazil GOOD 42871311 0.33 [0.30; 0.35] 2.5%
Lagos 2002 meningitis Chile FAIR 6/37 — e 0.16 [0.06;0.32] 2.1%
Olson 2015 2000-2007 Guatemala POOR  64/169 —=— 0.38 [0.31;0.46] 2.5%
Parellada 2023 2007-2019 Brazil POOR 1695 /4997 0.34 [0.33;0.35] 2.5%
Pérez 2017 2011-2016 Argentina FAIR 1717 B Er— 0.06 [0.00; 0.29] 1.2%
Pirez Garcia 2017 2005-2014 Uruguay FAIR 16/52 A p— 0.31 [0.19;0.45] 2.3%
Roine 2009 1999-2003 LAC POOR 9/36 ——'— 0.25 [0.12;0.42] 2.2%
Trotman 2009 1995-1999 Jamaica GOOD 3/25 _ 0.12 [0.03; 0.31] 1.8%
Weiss 2001 1997-1998 Brazil FAIR 2/13 — 0.15 [0.02; 0.45] 1.6%
Total 95% Cl <= 0.23 [0.17; 0.31] 45.0%
Heterogeneity: /2 = 90.2%, 1> = 0.7811, p < 0.0001

Random effects model < 0.17 [0.13; 0.22] 100.0%

Heterogeneity: 12 = 91.6%, 1> = 0.9917, p < 0.0001
Test for subgroup differences: ;é =5.79, df = 2 (p = 0.0553)

Figure 3. Global mortality according to IPD diagnosis.
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Table 1
Prevalence of serotypes contained in PCVs during the pre (2000-2014) 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
2000~ 2015- 2000~ 2015- 2000~ 2015- 2000~ 2015- 2000- 2015-
2014 2024 2014 2024 2014 2024 2014 2024 2014 2024
Overall high-risk 68% (64- 12% (6- 80% (76- 58% (53- 80% (77- 59% (55- 83% (80- 69% (63- 19% (16- 70% (58-
population? pooled 72%) 24%) 83%) 62%) 83%) 63%) 86%) 74%) 21%) 79%)
proportion (95% CI)
<5y Pooled proportion 73% (69- 11% (5- 84% (81- 58% (53- 84% (81- 60% (55- 87% (84- 69% (62- 18% (16- 70% (57-
(95% CI) 76%) 23%) 86%) 63%) 86%) 64%) 89%) 75%) 21%) 81%)
>60 y Pooled proportion 41% (21- NA 54% (29- NA 56% 28- NA 70% (30- NA 36% (22- NA
(95% CI) 64%) 77%) 81%) 93%) 53%)

2 High-risk population regardless of age.

<5 years 17% (95% Cl, 13-21%), and cancer patients 17% (95% CI,
3-55%).

Serotype distribution

A temporal cut-off at 2014-marking the widespread introduc-
tion of PCV-10 and PCV-13 in Latin America and the Caribbean-
was performed to analyze serotype prevalence. PCV-10 serotypes
decreased from 68% (95% Cl, 64-72%) before 2014 to 12% (95%
Cl, 6-24%) after 2014. PCV-13 serotypes falling from 80% (95% CI,
76-83%) to 58% (95% Cl, 53-62%). PCV-15 coverage declined from
80% (95% Cl, 77-83%) before 2014, to 59% (95% Cl, 55-63%) post—
2014. PCV-20 serotypes showed a similar drop from 83% (95% (I,
80-86%) to 69% (95% CI, 63-74%) across these periods. Conversely,
PCV-21 serotypes rose from 19% (95% Cl, 16-21%) before 2014 to
70% (95% Cl, 58-79%) afterwards Table 1; Figure S7.

Age-specific trends

When we analyzed serotypes distribution before and after 2014
in children <5 years, PCV-10 serotypes decreased from 73% (95%
Cl, 69-76%) to 11% (95% CI, 5-23%), PCV-13 from 84% (95% CI, 81-
86%) to 58% (95% CI, 53-63%), PCV-15 from 84% (95% CI, 81-86%)
to 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-
creased from 18% (95% CI, 16-21%) to 70% (95% CI, 57-81%). Data
were insufficient to perform comparable analyses in adults >60
years Table 1.

Healthcare resource utilization

A total of 39 studies provided data regarding resource utiliza-
tion, but only a meta-analysis of proportions for ICU admission
was feasible because most studies did not provide the size of the
population at risk for the other use of resources. Among hospital-
ized high-risk patients, the overall pooled proportion requiring ICU
admission was 36% (95% Cl, 28-43%; 29 studies, I>’= 92.2%). In the
subgroup analysis, persons over 60 years of age showed the high-
est requirement for ICU, being 50% (95% CI, 40-59%; two studies,
I>’= 0%), followed by the immunocompetent persons with chronic
conditions which showed 37% (95% CI, 27-48%; thirteen studies, [>’=
92.7%) and finally children under 5 years of age being 36% (95% CI,
23-52%; twelve studies, ’= 92.9%).

In the subgroup analysis by country, the highest requirement
for ICU was observed in Cuba, of 57% (95% CI, 37-75; two studies,
1°.=77%), followed by Colombia with 48% (95% CI, 37-58%; seven
studies, 1)=95.8%), Chile with 37% (95% ClI, 20-57%; four studies,
[>=85.3%), Brazil with 33% (95% CI, 23-45%; four studies, [>=80.8%)
and Argentina with 29% (95% CI, eight studies, 1>=83.9%).

Risk of bias assessment

Among the 131 cohort and cross-sectional studies evaluated, 67
studies (51.1%) were rated as fair quality, 43 studies (32.8%) as
poor quality, and 21 (16.1%) as good quality. The most common
methodological limitations included inadequate sample size justifi-
cation, lack of exposure assessment at multiple time points, insuf-
ficient control for confounding variables, and high loss to follow-
up rates exceeding 20%. The 46-case series demonstrated better
overall quality, with 32 studies (69.6%) rated as good quality and
14 studies (30.4%) as fair quality. Common strengths included clear
study objectives, well-described exposures and outcomes, and ad-
equate follow-up periods. The single case-control study was rated
as fair quality with clear research objectives and appropriate case-
control selection but lacked sample size justification and blinded
exposure assessment. Both interrupted time series studies showed
significant methodological limitations and were rated as poor qual-
ity. Across all study designs, the most frequently compromised crit-
ical domains were adequate control for confounding variables, suf-
ficient sample size justification, and appropriate statistical analysis
methods (S3-6 tables).

Discussion

This systematic review and meta-analysis from 2000 to 2024,
showed that IPD remains a substantial burden in high-risk chil-
dren and adults across LAC. Our study found high proportions of
vaccine-preventable serotypes, significant case fatality rates partic-
ularly for bacteremia and meningitis, with considerable healthcare
use. However, this burden varies across countries, time periods and
high-risk groups.

The main representativeness of Argentina, Brazil, and Chile
likely reflects their active participation in national and regional
pneumococcal surveillance networks [10]. In our study, the most
frequent clinical presentations were pneumonia (53%), meningitis
(21%) and bacteremia (20%) similar to other regions [22]. High-
risk populations including immunocompromised patients and indi-
viduals with chronic underlying conditions [23], showed elevated
case fatality rates (19% and 18%, respectively) consistent with re-
ports of poorer prognosis, longer hospital stays, and elevated risk
of long-term disability and mortality [24,25]. IPD incidence in im-
munocompromised patients reached 56 cases/100,000 persons/y
versus 4.8/100,000 persons/y in nonimmunocompromised individ-
uals [26].

Individuals with underlying malignancies, particularly hemato-
logical malignancies (HMS), and those undergoing chemotherapy
or biological therapies, are highly vulnerable. Prolonged neutrope-
nia and bone marrow suppression related with higher suscepti-
bility. [5,27]. Pneumonia and bacteremia are the most frequent
IPD presentations, consistent with our findings in HMS patients
(43% pneumonia, 28% bacteremia) [28]. Adults with HMS have
markedly higher IPD incidence than the general population (482 vs
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15/100,000) [27]. Introduction of Pneumococcal Conjugate Vaccines
(PCVs) into childhood immunization programs appears to confer
indirect benefits in adults, with overall IPD declining 3.5% annually
and 9% in vulnerable groups like HMS patients [7,26,29]. Despite
the availability of effective PCVs and their T-cell-dependent im-
mune response providing protection with acceptable safety profile
in HMS patients [28], IPD remains a significant threat [28] due to
suboptimal vaccine uptake; as cancer treatment often takes prece-
dence. The INSIGHT study in multiple myeloma showed pneumo-
coccal vaccination within the previous 5 years improved overall
survival, yet coverage remained low (30.2%), with regional dispari-
ties (e.g., 4.7% in Asia vs 42.8% in the USA) [30]. These findings em-
phasize the importance of appropriated vaccine type and timing,
including PCVs 6-12 months posthematopoietic stem cell trans-
plantation (HSCT) [28], revaccinating in children with acute lym-
phoblastic leukemia (ALL) 6 months after chemotherapy and vacci-
nation >2 weeks before splenectomy [31].

Pneumococcal prevention continues to evolve. The introduction
of the PCV10/PCV13 vaccines in LAC countries, substantially de-
creased the proportion of vaccine serotypes, particularly in Ar-
gentina, Brazil and Peru, while nonvaccine serotypes have emerged
[32]. However, notable heterogeneity was observed across the re-
gion, with countries such as Colombia and Cuba, still report-
ing relatively high proportions of vaccine serotypes included in
PCV10/PCV13. These trends are consistent with previous regional
surveillance data focusing on the general population in LAC [33,34]
and align with our findings, which showed a post-2014 shift to-
ward nonvaccine serotypes, especially among children under 5
years of age.

PCV15 showed similar theoretical coverage to PCV13 in the
post-2014 period, in agreement with previous evidence indicat-
ing improved immunogenicity against serotype 3, which remains
prevalent in IPD cases in the region [35]. PCV20 and PCV21 could
offer high theoretical coverage for high-risk populations, although
PCV21 is currently licensed only for the adults [36,37].

Our findings on PCV13 serotype coverage and IPD outcomes
in high-risk populations provide a nuanced perspective compared
with previous reviews in the general LAC population [32,33] and
high-risk cohorts elsewhere. The higher CFR for meningitis in our
study versus the general pediatric population [38], highlights the
vulnerability of these groups. Such heterogeneity likely reflects dif-
ferences in susceptibility profiles, healthcare access, surveillance
capacity, and PCV rollout timing across countries. Understanding
IPD burden among high-risk populations is essential to guide vac-
cination strategies and inform policy, particularly given the relative
scarcity of targeted LAC data. Despite reductions in IPD following
PCV introduction, gaps in coverage, waning immunity, serotype re-
placement, and antimicrobial resistance persist as major challenges
in the region [39].

This systematic review has several strengths, including a com-
prehensive search of multiple databases and grey literature, ad-
herence to PRISMA guidelines with a preregistered protocol, dual
screening and data extraction, inclusion of studies spanning more
than two decades, and focus on high-risk populations in LAC.

However, certain limitations must be acknowledged. Included
studies were heterogeneous in design, definitions of high-risk pop-
ulations, diagnostic methods, and reporting quality. Most were ob-
servational and hospital-based, introducing potential selection bias
and limiting generalizability. Furthermore, data were scarce for cer-
tain specific high-risk conditions and for several countries within
the LAC region, thereby precluding more robust subgroup analy-
ses in some instances. The determination of high-risk status itself
may have been inconsistent across the primary studies, and statis-
tical methods may not have been uniform. These sources of vari-
ability likely contributed to the high I values observed across sev-
eral pooled analyses. Although a substantial proportion of the in-
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cluded studies were rated as fair or poor quality, sensitivity anal-
ysis limited to studies with a low risk of bias yielded estimates
consistent with the main analyses, indicating that the overall pat-
terns of results were generally comparable despite the study lim-
itations. To account for between-study heterogeneity, we applied
random-effects models and conducted subgroup analyses; how-
ever, the limited number of eligible studies precluded more ad-
vanced approaches, such as meta-regression. While we endeavored
to mitigate publication bias by actively searching grey literature,
its complete exclusion cannot be guaranteed. Data on hospitaliza-
tion duration could not be quantitatively summarized due to insuf-
ficient reporting of the population at risk in the included studies,
representing a limitation in the assessment of healthcare resource
use. Finally, defining clear pre and post-PCV introduction periods
proved challenging due to the staggered and varied rollout of PCV
programs across different countries and age groups within the re-
gion.

Despite these limitations, our findings highlight the continued
public health impact of IPD in high-risk LAC populations, even with
widespread PCV use. The considerable proportion of IPD caused
by serotypes in current (PCV10/PCV13) and emerging higher-valent
vaccines (PCV15, PCV20, PCV21) emphasizes the potential gains
from optimized vaccination strategies such as targeted catch-up
campaigns, strengthened adult vaccination recommendations, and
the judicious consideration and adoption of higher-valent vaccines
where appropriate and feasible. CFR and healthcare resource uti-
lization data further reinforce the clinical and economic burden of
IPD, supporting the need for prioritizing preventive measures.

Looking forward, strengthened surveillance across LAC is im-
portant, with particular attention to high-risk groups, comprehen-
sive serotyping and ongoing antimicrobial resistance monitoring.
Further research is urgently needed to more accurately quantify
IPD incidence in specific high-risk conditions, to better under-
stand barriers to vaccine uptake, and evaluate the clinical and cost-
effectiveness of vaccination strategies (e.g, PCV13 vs PPSV23 vs
higher-valent PCVs) specifically tailored to these vulnerable pop-
ulations.

In conclusion, invasive pneumococcal disease continues to im-
pose a substantial burden on high-risk children and adults in
Latin America and the Caribbean, with considerable mortality and
healthcare resource use. While pneumococcal conjugate vaccines
have reduced this burden, a considerable fraction remains pre-
ventable. Enhanced surveillance, targeted vaccination strategies,
and focused research are essential to further reduce disease impact
in these vulnerable populations.
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