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Abstract

Introduction: Uruguay introduced PCV7 (2+1 schedule) in 2008, replaced by PCV13 in 2010. Since 2015 adults may receive pneumococcal
vaccines. This study evaluates the impact of universal vaccination (UV) on pneumococcal pneumonia and other invasive pneumococcal disease
(IPD) hospitalizations in a private hospital.

Methods: This retrospective study analysed median hospitalization rates per 10,000 discharges across three periods: pre-PCV (2006-2007),
early post-PCV (2009-2015), and late post-PCV (2016-2022). Cases were defined by S. pneumoniae isolation from sterile sites in children (<15
years) and adults (=15 years).

Results: Between 2006 and 2022, 121 IPD cases were hospitalized (33 children, 88 adults). In children, hospitalization rates decreased by 83%
in 2009-2015 and 92% in 2016-2022 (p<0.0000). Adult rates declined by 62.4% and 66%, respectively (p=0.0001). Pneumonia was the primary
diagnosis (children 66.6%, adults 77%). Adult mortality significantly decreased (p=0.03). The fatality rate in adults was 9%. One non-vaccinated
child died in 2008. PCV13 serotypes (ST) declined significantly: from 97% to 50% in children and from 77% to 34% in adults (p<0.0000).
Conversely, non-PCV13-ST In period 2016-2022, 5 hospitalizations occurred for serotypes 14, 3, 7B/C, 22F, and 15B. In adults increased from
16% to 56% (p<0.0000), with ST 12F, 8, 22F and 9N being the most prevalent in the final period.

Conclusion: UV implementation led to a significant reduction in IPD hospitalizations and mortality across all ages, suggesting strong herd
immunity. However, the rise of non-PCV13 serotypes emphasizes the need for continuous epidemiological surveillance to guide future vaccination
strategies.

Keywords: Pneumococcal conjugate vaccine; Pneumococcal vaccination; Invasive pneumococcal disease; Streptococcus pneumoniae; Herd
effect

Abbreviations: PCV: Pneumococcal Conjugate Vaccine; UV= Universal Vaccination; Pre-PCV= Previous PCV Vaccination; Post-PCV= after PCV
Vaccination; ST = Serotype; PP= Pneumococcal Pneumonia; IPD = Invasive Pneumococcal Disease; PM= Pneumococcal Meningitis

Introduction
disease in children. PCVs protect unvaccinated population groups

Invasive - Pneumococcal - Diseases  (IPD) - represents  a through indirect effect, mediated by a reduction of pneumococcal

significant cause of morbidity and mortality among children
and adults [1,2]. Community Acquired Pneumonia (CAP) is the
most frequent severe disease and cause of death [1,2]. Pediatric

vaccine serotypes (VST) nasopharyngeal carriage in vaccinated
children and thus transmission to non-vaccinated persons [3,4].
Surveillance of IPD caused by non -vaccine serotype (NVST) is an
important issue for detect changes in IPD due to these serotypes
[2-4].

universal pneumococcal vaccination with conjugate vaccines
(PCVs) thought a direct effect reduced significantly pneumococcal
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In Uruguay, a South American country, a routine and free
infant vaccination with PCV seven valent (PCV7) was implemented
on March 2008 in a 2+1 immunization schedule at 2, 4 and 12
months of age. Catch up was offered to children born in 2007 (2
doses) [5,6]. In April 2010, PCV thirteen valent (PCV13) replaced
PCV7 (2+1 schedule) [7]. Catch up was offered to children born
from 2005 to 2009, (1 dose). PCV7/13 coverage were > 93% for
the 3 doses (cohort 2008 and 2009), 98% for dose 1 and 96 % for
dose 3 (cohort 2010) [8-10]. Coverage during 2020 for doses 1
and 2 was 94% and 38 % for dose at 12 months. PCV13 coverage
for 2021 were: 94% (dose 1), 92.5% (dose 2) and 93,3% for the
booster at 12 months of age. Coverage in 2022 were: 99,61 %,
99,26% and 93,74 % for primary doses and booster respectively
[8-10].
23 valent (PPV23) is recommended for all adults > 65 years.
Coverage is estimated around 3%. After 2015, adults at high risk
for invasive pneumococcal disease (IPD) may receive PPSV23 or
combined schedule PCV13+PPSV23 [11].

Since 2004, pneumococcal polysaccharide vaccine

Incidence a rate of IPD have changed in adults as a result of the
indirect effect of universal pneumococcal vaccination in children
[2]. British Hospital is a tertiary general private hospital. Clinical
and microbiological surveillance of IPD is performed since 2005
in the population assisted in this health care institution. There are
international and local data about the direct and indirect effect of
children universal vaccination with PCV 13 [6,12,13]. We designed
this study to evaluate the potential impact of universal vaccination
with PCVs in hospitalizations and mortality for pneumonia and
others IPD due to serotypes included in PCV13, in children and
adults hospitalized in BH after 14 years of pediatric pneumococcal
universal vaccination in Uruguay. It’s important to demonstrate to
reduction on IPD for VST and on mortality, as occurred in other
countries to reinforce the relevance of pneumococcal vaccination
[1,6,12,13]. We consider also important to analyze potential
changes in the serotypes involve in IPD in children and adults.
The aim of this study was to assess the impact of pneumococcal
universal childhood vaccination strategy on hospitalization for
IPD in children and adults in a private general hospital.

Methods

This is a descriptive and retrospective study to analyse the
epidemiology of patients hospitalized for IPD in a private general
hospital before and after the implementation of the universal
vaccination with PCV7 and PCV13. The study was conducted at
the British Hospital (BH) of Montevideo, which provides private
health insurance covering primary, secondary, tertiary and
quaternary care. The hospital has a 190 beds dotation, including
33 of them for intensive care.

Population and case definitions

The study population was divided in two groups: children (0 to
14 years and 11 months of age) and adults (> 15 years of age). The
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children’s group was further subdivided into those under 2 years
of age and those over 2 years of age. The case definition of invasive
pneumococcal disease was: patients hospitalized for infectious
diseases in which a strain of S. pneumoniae was isolated from blood
or a sterile fluid (pleural, peritoneal, articular, cerebrospinal)
or tissues. For pediatric and adults’ patient’s standard of care
practice includes obtaining a chest radiograph and blood cultures
for those with suspected pneumonia. Pleural fluid was obtained
upon admission, if applicable. Blood, cerebrospinal fluid, articular
fluid or tissue cultures were obtained for patients admitted with
suspected meningitis, bacteremia, sepsis, osteomyelitis, arthritis,
cellulitis, myositis or other infectious disease if applicable.
Standard laboratory practice at Microbiology Laboratory of BH
includes microscopic examination, culture and susceptibility
testing.

Pneumococcal pneumonia was defined as any case with
clinical signs of pneumonia and chest radiograph compatible with
alveolar or lobar consolidation with or without pleural effusion.
Empyema was defined as pneumonia case in which pleural fluid
had at least one of the following: LDH >1000U/L, pH <7.20,
glucose <40mg/dL, increased cellularity with predominance of
polymorphonuclearleukocytes, and bacteria on direct microscopic
examination. Pneumococcal meningitis was defined as any case of
suspected bacterial meningitis in which the cerebrospinal fluid
was compatible with bacterial meningitis (at least one of the
following applies: leukocytes >10/mm3, proteins >40mg/dL, or
glucose <40mg/dL), and where S. pneumoniae was isolated in CSF
and/or blood.

For other infectious disease as occult bacteremia, sepsis,
osteomyelitis and arthritis standard guides for clinical diagnosis
were used. The study included only patients in which S.
pneumoniae was isolated from blood, sterile fluid or tissue. Only
cases that had a community onset of the infectious disease were
included.

Microbiological procedures

Standard laboratory practice at Microbiology Laboratory of
BH includes microscopic examination, culture and susceptibility
testing. The strains of S. pneumoniae isolated from patients with
IPD were referred to the National Reference Laboratory, Ministry
of Health for “quellung” serotyping.

Source of data

Data were obtained from hospital databases, clinical,
laboratory and children vaccination records. Data about number
of hospitalizations per year were obtained from the medical
registration department.

Statistical Considerations

Three following observation periods were defined, the first
one before PCVs children universal vaccination (2006 to 2007).
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The year of implementation (2008), was descript separately
because it was the first year of universal vaccination, with an
incremental vaccine coverage across the months. The two periods
after implementation were: an early post-implementation period
(2009 to 2015) and late post-implementation (2016 to 2022).
The first period after implementation includes the change from
PCV7 to PCV13 and the last one includes 3 years (2020 to 2022) of
COVID-19 pandemic. Number of cases of IPD and median rates per
10,000 discharges for IPD (95% confidence interval), and deaths
were described for each period and for the year of implementation.
The rates per 10.000 discharges (CI195%) of early and late period
after children pneumococcal UV implementation were compared
with the period before vaccine implementation (2006-2007).

Variables for each study period: group of age, rate of IPD
discharges, clinical diagnosis of IPD, vaccination status of the
children with IPD due to PCV serotypes and outcomes (discharge
or death). Vaccine failure was defined as a child, fully vaccinated
according to age hospitalized for a vaccine serotype IPD, at least
2 weeks after receiving the last dose. For each study period the
serotypes of the S. pneumoniae strains isolated were described
and classified in three groups: PCV7 serotypes, 6 additional PCV13
serotypes and non-PCV-ST. The percentage of PCV13 serotypes for
early and late period post-implementation were compared with
pre-implementation period. The degree of univariate association
was examined using mid-P exact test and Student’s t test when
applicable. All reported probability values were 2 tailed, and P <
0.05 was considered statistically significant.

Ethical Considerations

The study was approved by authorities and Ethic Committee

of British Hospital.
Results

Cases, population and discharge rates for IPD for
children and adults

In the period between 2006 to 2022, 88 IPD adult cases were
hospitalized, median age was 59,3 years (range 15-90). In the
group of children patients there were 33 IPD hospitalizations,
the median age in the sub-group under two years of age was 12
months (range 7-20) and in the sub-group > 2 years of age the
median age was 6 years (range 2-13).

(Table 1) showsthe number of cases, totalnumber of discharges
and rates/10.000 discharges for IPD by period for children during
2006 to 2022 by period. IPD rate decreased from 50 (25-75) in
the pre implementation period (2006 to 2007) to 8,5 (2,9-14) in
the early post implementation period, and decreased again to 4,3
(0,5-8,1) in the late post implementation period (p<0.0000001).
Representing a significant reduction of 83 and 92 %, respectively.
There weren’'t pneumococcal isolations in children during 3 years
(2019, 2020 and 2021) of the late implementation period. In
2022, one child was hospitalized for IPD. Analysis of discharge
rates by period in adult shows a reduction from 17,8 (10,4-25,3)
before children universal pneumococcal vaccination (2005 to
2007) to 6,6 (4,4-8,8) in the early post implementation period,
and decreased to 5,9 (3,5-8,2) in the late post implementation
period (p 0,0001), representing a significant reduction of 62,3 and
66,3% respectively. (Figure 1) shows average annual discharge
rate for children and adults in the period before PCV universal
vaccination implementation, in the year of implementation and in
the two periods after UV vaccine implementation.

Table 1: Number of Cases, Number of total discharges and Discharge Rates (per 10,000 Discharges) for IPD, in Children 0 —14 Years of Age and

Adults > 15 Years of Age at British Hospital, Uruguay 2006 to 2022.

Children Adults
Period Number Total Number of Rate/10.000 dis- Number Total | Number of Rate/10.000 discharge
discharges cases charges (95 % CI) discharges cases (95 % CI)
Prior PCV7 (2006 to 3149 16 50 (25-75) 12116 22 18 (10,5- 25,5)
2007)
Year OmeIz)lg;ne“tatm“ 1617 3 18,5 (-2-39) 5970 8 13,4 (4,1-22,6)
Early Post implemen-
tation 2009 to 2015 10599 9 8,5(2,9-14) 51019 34 6,6 (4,4-8,8)
PCV7/13
Late post-implementa- 14486 5 43 (0,5-8,1) 52328 24 5,9 (3,5-8,2)
tion PCV132016 to 2022 AT ’ e

IPD = Invasive Pneumococcal Disease.
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Figure 1: Average Annual Discharge Rates (per 10,000 Discharges) for IPD, by period before and after PCVs universal vaccination, in
Children 0-14 Years of Age and Adults >15 Years of Age at British Hospital, Uruguay 2006 to 2022.
*IPD = Invasive Pneumococcal Disease.

(& J

Cases and Clinical Diagnosis 8/33. Empyema occurred in 10 of 22 children with PN, one of

. them with common variable immunodeficiency. In relation to
Children group . e

pneumococcal meningitis (PM) 3 hospitalizations occurred, all
(Table 2) shows the number of cases in children by age group

(< 2 years old and 2 to 14 years and 11 months of age) and IPD

under 2 years of age. One child in the group < 2 years of age was
hospitalized twice due to PM; spinal fluid fistula was diagnosed
and repaired. In the same group one child was hospitalized with
arthritis.

clinical diagnosis. Pneumococcal pneumonia (PP) was the most
frequent disease 22/33 cases (66,6%), followed by bacteremia

In 2008, a non-vaccinated child in the group < 2 years of age died; he had an IPD due to S. pneumoniae serotype 14. There weren't
deaths in the other three periods.

Table 2: Invasive Pneumococcal Diagnosis, Age Group and Period in Children 0 to 14 Years of Age at British Hospital, Uruguay 2006 to 2022.

IPD Children Prior implementation PCV7v Year of implementa- Early post implementation Late post implementation
2006 to 2007 tion 2008 PCV7v/13v 2009 to 2015 PCV13 2016 to 2022

Age group <2y >2y <2y >2y <2y >2y <2y >2y
Meningitis 0 0 1 0 2% 0 0 0
CAP 6 (6/3 PE) 6 (2/6 PE) 0 0 3PE 0 1PE 2
Meningitis 0 0 1 0 2% 0 0 0
Bacteremia 3 1 1 1 0 1 1 0
Arthritis 0 0 0 0 0 0 1 0
Total 9 7 2 1 5 4 3 2

IPD= Invasive Pneumococcal Disease, PCV= pneumococcal conjugated vaccine, CAP= Community Acquired Pneumonia PE= pneumococcal
empyema CVID= common variable immunodeficiency, y= year.

on Pneumonia and Pneumococcal Diseases Hospitalizations in children and adults in a private hospital. Uruguay. Int J Pul & Res Sci. 2025; 8(3): 555737.
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Adults group

(Table 3) shows the number of cases in adults. In this group,
the median age was 59,3 years (range 15 to 90 years), most
of them had at least one underlying disease. Pneumococcal
pneumonia was the most frequent disease 68/88 cases (77,2%),
followed by meningitis (7/88), sepsis (5/88), bacteremia (3/88)

and peritonitis (3/88). Two patients were hospitalized due
to pneumococcal multifocal disease, pneumonia, arthritis or
meningitis. Two patients were hospitalized twice for IPD. Both
cases had immunodeficiency The first one was hospitalized for
IPD, pneumococcal strains serotypes 12F and 6A were isolated,
successively. The second case, was hospitalized for IPD due to
serotypes 5 and 7F, respectively.

Table 3: Invasive Pneumococcal Disease by Diagnosis and Period in Adults >15 Years of Age at British Hospital, Uruguay 2006 to 2022.

IPD Adults Prior implementation PCV7 | Year of implementation Early post implementation Late post implementation
2006 to 2007 PCV7 2008 PCV7/13 2009 to 2015 PCV13 2016 to 2022

CAP 19 (10/19 PE) 6 (1/6 PE) 25 (5/25 PE) 18
Meningitis 2 0 3 2
Bacteremia 1 1 1 0
Peritonitis 0 1 2 0
CAP&meningitis 0 0 1 0
CAP&arthritis 0 0 1 0
Sepsis 0 0 1 4
Total 22 8 34 24

IPD= Invasive Pneumococcal Disease, CAP= Community Acquired Pneumonia PE= pneumococcal empyema.

The case fatality rate for the whole period was 9 % (CI 95
% 3-15), eight of 88 patients died. The average age of patients
who died was 73,5 years (range 62-87) years old. They were
hospitalized due to PP, PP with empyema, meningitis and sepsis,
one case with SARS-CoV2 coinfection. Three patients belonged
to the group of the 22 patients hospitalized in 2006 and 2007.
During the 7 years of the early post implementation, period 2009
to 2015, two of the 34 patients died. During the 7 years of the late
post- implementation period, from 2016 to 2022, three of the 24
patients died for IPD due to serotypes 14,3 and 8. A significant
reduction in mortality was observed (p=0.03)

Pneumococcal serotypes

(Table 4) shows the 16 different serotypes isolated from
children with IPD, and the number of PCV13 VST and non PCV13
VST by period. After PCV implementation the number of PCV13
VST strains were 15 of 16 (94%), the most frequent were 1, 14,
3 and 5. The non VST isolated was a 23 A serotype. In the year
of implementation, the 3 strains were PCV7 VST, two serotype 14
and one 6B. In the early post-implementations period, 6 of the 9
strains were PCV13 VST (one 6B, one 9V, two 1 and one 19A), the

DOI:10.19080/1JOPRS.2026.07.555737

other 3 strains were NVST 24 F, 13 and 15 A. For the late post-
implementation period, two PCV13 VST were isolated: serotypes
14 and 3, the other three were 7B/C, 22 F, 15 B. A significant
reduction of PCV13 VST was observed comparing prior PCV and
late implementation periods (p=0.00000000).

(Table 5) shows the 24 different serotypes isolated from
adults. Prior PCV implementation 17/22 (77%) of the strains
were PCV13 serotypes; the most frequent were: 1, 5, 3 and 19A.
The non-PCV13 ST were 12F (4 strains) and one 22F. The year
of implementation, 6/8 strains isolated were PCV13 VST (2 PCV7
and 4 PCV13 serotypes), the two non-PCV13 ST were 6 C and
12F. In the early post-implementations period, 21/34 (61,4%)
serotypes were PCV13 serotypes (14, 6B, 19F, 23F, 4, 1, 3, 5, 6A,
7F and 19A), the other 13 strains were non-PCV13 ST, 9 serotype
12 F, one 8, one 22F one 23 B and one 24 A. For the late post-
implementation period, 2/ 24 strains were PCV13 VST (34%), the
other 16 strains were NVST, two strains 22 F, six 8, two 9N and
1 strain for each one of following serotypes: 11A, 12F, 16F, 234,
Pool I and Pool D. In adults, a significant reduction of PCV13 VST
was also observed comparing prior PCV and late implementation
period (p=0.0000002).
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Table 4: Number of Cases for Invasive Pneumococcal Disease in Children by Pneumococcal Serotype: PCV13 Vaccine Serotypes, Non vaccine
serotypes and by period at British Hospital, Uruguay 2006 to 2022.

Serotype Prior PCV7 (2006-07) | Implemenation PCV7 2008 Ealflc’y;‘;slt3ig‘(l)’é‘;“t‘§;;alt;°“ Latlfcl";’:;'iz%“l’ze;';ez'g;;io“
14 4 2 0 1
18C 1 0 0 0
6B 0 1 1 0
9V 0 0 1 0
1 5 0 2 0
3 2 0 0 1
5 2 0 0 0
19A 1 0 2 0
7B/C 0 0 0 1
22F 0 0 0 1
23A 1 0 0 0
24F 0 0 1 0
13 0 0 1 0
15A 0 0 1 0
15B 0 0 0 1
Total 16 3 9 5

An increase of non-PCV-ST was observed, 35 of the 62 (56%) (Tables 3 and 4). In the adult group of patients in the late post
strains isolated between 2009 to 2022 (47 %) comparing with  implementation period, 16/24 (66 %) of the isolates were NVST.
2006-2007 period in which 6 of the 38 (16%) strainsisolated were  Serotypes 8, 22F and 9N became the most frequent isolated in this
non-PCV-ST (p<0.0000). Serotypes 12 F, 8, 22F and 9N became period. Serotypes by period and number of isolates were shown
the most frequent ST isolated after PCV13 infant vaccination in (Table 5).

Table 5: Number of Cases for Invasive Pneumococcal Disease in Adults by Pneumococcal Serotype, PCV13 vaccine serotypes, non PCV13
vaccine serotypes and by period at British Hospital, Uruguay 2006 to 2022.

St TS Prior PCV7 (2006 to 2007) Year off)(i:r\nnpl;g:)%nation Ez;r(l:}‘llsv;sit;t;gégn:g;t;;i};)n Late Post izlglilgrt);ezn(;;tzion PCV13

14 1 0 1 2
18C 1 1 0 0
6B 0 0 1 0
19F 0 1 2 0
23F 1 0 1 0
4 0 0 2 0
1 3 3 1 1

3 2 0 2 2
5 2 0 4 0
6A 1 0 1 0
7F 4 1 5 1
19A 2 0 1 2
6C 0 1 0 0
8 0 0 1 6
9N 0 0 0 2
11A 0 0 0 1
12F 4 1 9 1

on Pneumonia and Pneumococcal Diseases Hospitalizations in children and adults in a private hospital. Uruguay. Int J Pul & Res Sci. 2025; 8(3): 555737.
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16F 0 0 0 1
22F 1 0 1 2
23A 0 0 0 1
23B 0 0 1 0
24A 0 0 1 0
Pool 1 0 0 0 1
Pool D 0 0 0 1
Total 22 8 34 24

Children vaccine status

3/31 children fully immunized were hospitalized for PCV13
vaccine serotype IPD. A child was hospitalized twice during his
two first of life. The first hospitalization for a 6B IPD in the first
years of life, and the second one for IPD due to 19A ST, with 2
doses PCV7 in the first episode and 1 PCV13 dose in the second
one; central nervous system malformation was diagnosed and
repaired. Two children fully immunized aged <5 years, were
hospitalized due to VST 3 and 14. No immunodeficiency was
diagnosed.

Discussion

Childhood vaccination with PCV vaccines was recommended
by WHO for the prevention of IPD and pneumonia, and different
programs were implemented since 2000 [1]. Direct and indirect
effects of universal children vaccination have been documented in
different countries around the world with the same vaccines used
in Uruguay [14]. The indirect effect is attributed to the reduction
of nasopharyngeal carriage in vaccinated children associated to a
high children national coverage [2]. Vaccine benefits in reducing
IPD and pneumonia in vaccinated and non-vaccinated groups
were observed almost 14 years after PCV7 implementation in
Uruguay [6,12,13,15-18].

For the population assisted in BH, the average annual rates for
IPD hospitalizations declined significantly after the introduction
of universal vaccination with PCVs, and the reduction was
statistically significant for children and adults. Pneumococcal
pneumonia was the most frequent disease in both groups. This
finding was also described in other studies in Uruguay that
demonstrated a significant decrease in non-invasive community
acquired pneumonia [2,6,16-19] The impact in reducing IPD in
children under or up two years of age and adults as a result of
universal vaccination with schedule 3+1 or 2 +1 with PCV7 and
PCV13 was observed in other countries [2,14,19,20].

During COVID-19 pandemic a decrease in the incidence of IPD,
bacteremic and non bacteremic community acquired pneumonia
was observed attributed to a reduction in social, virtual
educational activities of the population and lesser circulation
of seasonal respiratory viruses, especially RSV and influenza
virus [21,22]. In Uruguay, lock down was not mandatory and
educational activities were exclusively virtual during two periods
of around 3 months in 2020 and 2021, but the effect of COVID-19

pandemic in the reduction of circulation of seasonal respiratory
virus circulation was the same than in other countries in the
region of the Americas [23]. In this study, a significant reduction in
hospitalizations because of IPD was observed in the early and late
post implementation period. A similar reduction in IPD during
2020 and 2021 was observed also in other countries [21].

After universal childhood PCV vaccine implementation, we
observed a significant reduction in IPD due to PCV13 VST in
children and adults. The findings of our observational study may
be a contribution to demonstrate the importance of maintaining
a high infant vaccination coverage for PCV7/13 to reduce IPD.
In our population, we didn’t find the increase in IPD during
2022 described in other countries. Nevertheless, the national
surveillance system in Uruguay reported a pneumococcal
meningitis increase during 2022 [21,24]. During the early and
late post implementation periods of PCVs, the reduction in
hospitalization due to IPD was sustained for BH population. The
reduction during 2021 and 2022 can be explained due to the
high PCV vaccine coverage in a country considered with a mature
PCV vaccine program [25]. In Uruguay, as in other countries,
IPD reduction during COVID-19 pandemic were influenced by a
significant reduction in circulation of influenza, VRS and other
respiratory virus, specially in 2020 and 2021 [21,22,24]. In our
country an important factor that allowed maintaining national
PCV coverage during COVID-19 pandemic was the strategy of
vaccination; SARS CoV-2 vaccination for the general population
was applied in different vaccination centers where PNI vaccines
were also administered, facilitating access to them [25].

In this study, a reduction in IPD caused by PCV13 serotypes
due to direct effect was observed in children under 2 years of age
and indirect effect was observed in children up to 2 years of age
and adults. In children, the most frequent VST isolated during the 2
years of pre-vaccination period were 1, 14, 3 and 5 followed by 18 C
and 194, contrasting with only 2 cases of PCV13 serotypes during
the seven years of late implementation period. There were 2 cases
in immunocompetent and well vaccinated children hospitalized
for PP due to 14 and 3 serotypes. These findings demonstrate a
significant reduction in IPD but on the other hand show remaining
disease in children with complete vaccination, also reported in
other studies after many years of PCVs implementation programs
[19]. We observed a non-significant increase of non-PCV-ST in
children, three of the 5 strains isolated were NVST 7B/C, 22 F and
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15 B in the late implementation period.

This significant reduction in hospitalization in children and
adults observed in BH due to pneumococcal diseases caused by
serotypes covered by conjugate vaccines used in Uruguay may
demonstrate thelongterm effects of children universal vaccination,
similar to those observed in USA, Canada and European countries,
with around a 90% of reduction in IPD disease burden due to VST
among adults, showing that herd immunity can be achieved after
around a decade of establishing a sustained childhood vaccination
program [14].

In this population, we must take in account that IPD due to
non-PCV13-ST were most frequent than those caused by PCV13
serotype in adults in the late implementation period between
2016 and 2022. Atleast 13 differentnon-PCV13-ST were identified
in the post implementation period compared with 3 found in the
pre implementation period, actually the most frequent were 8,
22F, 12F, and 9N ST. The significant NVST increase didn’t impact
on the reduction of the discharge rate from IPD. The increase
in IPD due to NVST observed in children and adults during the
late implementation period is a phenomenon observed in other
settings and countries [14,19]. In Uruguay, the surveillance of
pneumococcal pneumonia demonstrates a significant reduction
in the disease burden in children. A remaining disease caused
by non-PCV13-ST and vaccine ST like 3 and 1 was observed. In
the case of ST 3 in immunocompetent patients the phenomena
in partis associated with immunological characteristics of the
capsular polysaccharide [6,26-28]. Mortality reduction is one of
the most important results from this study.

The findings in this population related to the proportional
increase in non-PCV13-ST may be useful to evaluate the potential
benefit of PCVs 15 and 20 serotypes, actually introduced in North
America and in European countries [29,30]. Our study has several
limitations because of the characteristics of a descriptive study,
that can be considered an ecological study. Data included refers
only to patients with IPD diagnosis confirmed by S. pneumoniae
isolation from blood or another sterile site. Information was
not complete for all patients, including PCV vaccination status,
especially for adult population. The strength of the study lies
on the long-term surveillance period of 16 years performed by
the investigation group, without changes in microbiological and
clinical diagnosis.

The impact in morbidity, mortality, antimicrobial resistance
and herd effect is some of the benefits well demonstrated after
children universal vaccination with PCVs. The results from our
study contribute in some way to the knowledge development
about pneumococcal diseases prevention and also on direct and
indirect effects of PCVs [14,20,29-31]. Eventually this information
will be useful for the evaluation of PCVs with broad coverage in
our country [32,33].

Conclusion

In this population a significant reduction in IPD hospitalization
rates was observed in children (-92%) and also in adults (-65%).
Some of these changes may be attribute to a strong herd effect.
This conclusion is based in the significant decline of PCV13
serotypes isolated in children and adults comparing the period
prior PCV with the late post implementation period, accompanied
with significant reduction in mortality for IPD. An increase in
the number of non-vaccine serotypes isolated from patients
with IPD was observed specially in adults. Vaccination should be
improved in the adult population, and with greater demand in
immunosuppressed patients.
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