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Invasive pneumococcal disease
Streptococcus pneumoniae is a major cause of severe invasive disease associated with high mortality and
morbidity worldwide. A total of 2908 pneumococcal isolates were analyzed between 2006 and 2019.
Gold standard pneumococcal serotyping (the Neufeld-Quellung reaction) was performed to identify
the serotypes associated with infection in children < 5 years in Argentina and agar dilution method
was carried out to determine their profiles to 14 antimicrobial agents.
In 2012, the 13-valent pneumococcal conjugate vaccine (PCV13) was included in the National

Immunization Program. In this work we have analyzed the local epidemiology of invasive pneumococcal
diseases before and after the introduction of this vaccine in order to understand the epidemiological rel-
evance and impact of PCV13.
During the periods compared in the present study there was a significant increase in the proportion of

non-PCV13 serotypes, serogroup 24 (246.7%) and 12F (85.7%), and a significant decrease in PCV13 sero-
types, including serotypes 14 (91.2%), 5 (95.6%) and 1 (84.6%) among others. Another observation was
that serotypes 3 (7.4%) and 19A (4.9%) still remain among the most frequent serotypes despite being part
of the PCV13 formulation. Regarding antimicrobial resistance, in the present study we observed an
increase in erythromycin resistance during the period of study mainly associated to serotype 14 in the
pre-PCV13 period and to serogroup 24 in the post-PCV13 period, which also was the major NVT serotype
associated with antimicrobial resistance and MDR. Serotypes 14, 24A/B/F and 19A were in the first three
places among isolates resistant to all the antibiotics tested.
Our data highlight the importance of continuous surveillance to assess the impact of pneumococcal

vaccines and the use of antibiotics in the dynamic of pneumococcal serotypes.
� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Streptococcus pneumoniae causes invasive pneumococcal dis-
ease (IPD) which is an outstanding cause of morbidity and mortal-
ity all over the world despite the availability of pneumococcal
conjugate vaccines [1]. It can produce IPD, including bacteremia
and meningitis, and non-invasive pneumococcal disease such as
pneumonia, otitis media, sinusitis, among others [2]. Pneumonia
is considered an IPD when this pathogen is obtained from pleural
fluid or blood. S. pneumoniae is a major human pathogen producing
structurally diverse capsular polysaccharides, which is the primary
virulence factor of this pathogen and also crucial for immune
evasion.

One hundred capsular serotypes have been identified [3]. Three
vaccines are currently available for the prevention of disease
caused by S. pneumoniae: 10-valent pneumococcal conjugate vac-
cine (1, 4, 5,6B, 7F, 9V, 14,18C, 19F and 23F), 13-valent pneumococ-
cal conjugate vaccine (PCV10 plus 3, 6A, and 19A) and 23-valent
pneumococcal polysaccharide vaccine (PPSV23: 1, 2, 3, 4, 5, 6B,
7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F,
23F, and 33F). At the moment of this publication, three additional
investigational PCVs are today undergoing clinical studies: PCV15
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(PCV13 + 22F and 33F), PCV20 (PCV15 + 8, 10A, 11A, 12F, 15BC)
and PCV24 (PCV20 + 2, 9N, 17F, 20) [4–7]. Recently, in 2020, the
Serum Institute of India, the largest vaccine manufacturer in the
world by doses, announced the launch of India’s first indigenously
developed pneumococcal vaccine – called PNEUMOSIL�. As a PCV,
PNEUMOSIL� is similar to the pediatric pneumococcal vaccine
already on the market and it targets serotypes 1, 5, 6A, 6B, 7F,
9V, 14, 19A, 19F and 23F [8,9].

Different hypotheses have been postulated to understand the
changes in serotype and antimicrobial resistance over the years.
Many studies have shown that the introduction of PCVs has
resulted in changes in epidemiology of pneumococcal diseases
and can drive an increase in the frequency of preexisting resistant
variants of non-vaccine serotypes due to the removal of competi-
tion from vaccine serotypes. On the other hand, widespread use
of antibiotics has led to the rise of resistance. [10–16].

In Argentina the 7-valent pneumococcal conjugate vaccine
(nowadays, discontinued) was available since 2000 but only in
the private health sector. In 2012, PCV13 was included in the
National Immunization Program in a 2 + 1 schedule (2, 4,
12 months) and catch up for children between 12 and 24 months
of age during the first year with a two-dose scheme to achieve
an impactful reduction of invasive pneumococcal diseases in the
country in the shortest possible time [17].

To establish some national background for data of IPD, we may
add that a previous study which evaluated impact of PCV13 on
Consolidated Pneumonia (CP) and Pneumococcal Pneumonia (PP)
burden [18], had shown a significant decrease in children (mainly
in the group 12–23 months of age), a significant decrease in vac-
cine serotypes, as well as an increase in non-vaccine serotypes.

Surveillance of antimicrobial resistance allows us to monitor
changes associated with specific serotypes, as is the case of peni-
cillin non-susceptible pneumococci (PNSP), which in Argentina
has been historically associated with serotypes 14, 19A, 9V, 6A/B
and 23F [19,20].

In this study, we describe the epidemiology of IPD in
children < 5 years old (0–59 months of age) over the years 2006–
2019, through the analysis of the site of infection and antibiotic
resistance stratified by cases caused by PCV13 versus non-PCV13
serotypes isolates. Because IPD occurs most commonly in children,
Fig. 1. Changes in proportion and number of cases of invasive pneumococcal disease by
2019 (n = 2908).
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especially those under 2 years of age, two groups of age were eval-
uated: <2 years old (0–23 months of age) versus 2–4 years old (24–
59 months of age).
2. Materials and methods

A total of 2908 S. pneumoniae isolates (one pneumococcal iso-
late per IPD case) from sterile fluids (including cerebrospinal fluid,
pleural fluid, blood, joint fluid, peritoneal fluid) in children younger
than 5 years, were collected from 169 hospitals belonging to 23
provinces and Buenos Aires city, between January 2006 and
December 2019 as part of the S. pneumoniae Surveillance Program
(SIREVA II-OPS/WHO). Thirty hospitals were incorporated into the
surveillance network in 2010. S. pneumoniae isolates and epidemi-
ologic data were submitted to the National Reference Laboratory,
INEI-ANLIS ‘‘Dr Carlos G. Malbrán”- Clinical Bacteriology and
Antimicrobial Agent Divisions- for serotyping and susceptibility
testing.

A UK external quality assurance Program NEQAS (UK National
external quality assessment Schemes) monitors and ensures profi-
ciency in developing the quality of results.

Five periods were defined: Early pre-PCV13 (2006–2008), late
pre-PCV13 (2009–2011), transitional period (2012–2013), early
post-PCV13 (2014–2016) and late post-PCV13 (2017–2019).

To evaluate changes in serotype distribution and to know the
situation at the time of incorporation of the vaccine, late pre-
PCV13 versus late post-PCV13 were compared, whereas in order
to evaluate the changes in the susceptibility profiles to antimicro-
bial agents, we compared early pre-PCV13 and late post-PCV13.

Changes in serotype distribution before and after PCV13 intro-
duction according to the main clinical diagnosis (invasive pneumo-
nia, meningitis, sepsis/bacteremia) were calculated using the
following formula:

percentage change ¼ number of serotypes post� PCVperiod� number of serotypes pre� PCVperiod
number of serotypes pre� PCVperiod

� �

� 100

A positive change indicated an increase in the proportion of the
serotype, whereas a negative change indicated a reduction.
PCV13 serotypes and non-PCV13 serotypes in children < 5 yo for the period 2006–
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2.1. Isolates identification and conventional serotyping

All isolates were identified on the basis of optochin sensitivity
(Oxoid, Basingstokes, UK), and bile (sodium deoxycholate) solubil-
ity test [21]. Gold standard of pneumococcal serotyping (the
Neufeld-Quellung reaction) was performed using pool, group, type
and factor specific commercial antisera produced by the Statens
Serum Institute (Copenhagen, Denmark). Capsular types were
assigned in accordance with the Danish nomenclature system
[22–24]. Isolates were classified as non-typeable (NT) only if the
Quellung reaction and subsequent sequential multiplex PCR [25]
failed to classify them into one of the known serotypes.
2.2. Antimicrobial susceptibility

Antimicrobial susceptibility testing was performed by agar dilu-
tion method to penicillin, amoxicillin, cefotaxime, meropenem,
ceftaroline (only for isolates from 2014), ceftobiprole (from
2017), erythromycin, tetracycline, doxycycline (from 2013), chlo-
ramphenicol, cotrimoxazole, levofloxacin, rifampicin and van-
comycin, according to CLSI guidelines [26,27]. Penicillin
resistance was defined as MIC of � 0.12 mg/ml according to menin-
gitis break-point. For cefotaxime, intermediate and resistant cate-
gories were defined as MIC of 1, and � 2 mg/ml, respectively.
Ceftobiprole was interpreted according to EUCAST break-points:
S � 0,5; R � 1 ug/ml. S. pneumoniae ATCC 49,619 and Staphylococ-
cus aureus ATCC 29,213 were used as quality control strains.
Macrolide resistance phenotypes were identified using a double
disc test with erythromycin (15 lg) and clindamycin (2 lg) follow-
ing the recommendation of the guidelines mentioned above. Iso-
lates with intermediate or full resistance were defined as non-
susceptible (NS) and multidrug resistant (MDR) was defined as
non-susceptible to three or more classes of antimicrobial agents
[28].
2.3. Statistical analysis

Statistical analyses were performed by using GraphPad Prism
9.0 (GraphPad Software, Inc., San Diego, California, USA). Fisher’s
exact test or X2 test was used to determine the statistically signif-
icant differences between serotypes and periods; and association
between clinical diagnosis and serotypes, as appropriate. Differ-
ences between groups and association between serotypes were
considered to be significant at a p value of < 0.05.

Finally, we theorized the coverage of current PCV13 and the
other three additional investigational PCVs.
3. Results

In the period between 2006 and 2019, 2908 isolates were stud-
ied, of which 1518 were admitted during all pre-PCV13 period
(2006–2011) and 1390 after the PCV13 introduction in Argentina
(2012–2019).

Trends in vaccine serotypes (VT), non-vaccine serotypes (NVT)
and age group variation were described based on the number of
isolates per year, and the results are summarized in Fig. 1. As the
figure shows, the proportion of IPD caused by PCV13 serotypes, sig-
nificantly decreased from 88.2% in 2006 to 22.8% in 2019
(p < 0.001). On the other hand, a statistically significant increase
in non-PCV13 serotypes was observed from 11.8% to 77.2% during
the studied period (p < 0.001).

The ratio of cases submitted by each group (<2 yo vs 2–4 yo)
was 65.7:34.3 for the first six years of study, but changed in the last
two years, approaching 54.5:45.5.
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Regarding clinical diagnosis, the distribution in order of preva-
lence was: invasive pneumonia (49.8%; n = 1448) followed by
meningitis (21.6%; n = 628) and sepsis/bacteremia (13.6%;
n = 395). Other diagnoses (including septic arthritis and peritonitis,
among others) were 15%.

Considering the entire period studied, the most prevalent PCV13
serotypes in invasive pneumoniawere 14 (n = 277; 19.1%; p < 0.001,
1 (n = 259; 17.9; p < 0.001, 5 (n = 164; 11.3%; p < 0.001, 3 (n = 91;
6.3%; p < 0.001, 19A (n = 23; 6.6%) and 7F (n = 83; 5.7%); in menin-
gitis cases were 14 (n = 95; 15.3%), 5 (n = 54; 8.6%), 18C (n = 50,
7.9%; p < 0.001), 7F (n = 40; 6.4%) and 1 (n = 36; 5.7%; p < 0.001)
and in sepsis/bacteremia serotypes were 14 (n = 44; 11.7%;
p < 0.05), 19A (n = 23; 6.6%) and 6A (n = 21; 5.3%).

Among the non-PCV13 serotypes, 12F and 24F were associated
(both p < 0.001) with invasive pneumonia, meningitis (n = 35; 2.4%
and n = 36; 2.5%); and only 24F (n = 14; 3.9%; p < 0.001 was asso-
ciated with sepsis/bacteremia.

As mentioned before, in Argentina the PCV13 was included in
the National Immunization Schedule in 2012. Since then, the distri-
bution of serotypes has changed considerably as can be observed in
Table 1 and Figs. 2 and 3. On the other hand, a total of 73 different
serotypes were found (Supplementary S1) showing the diversity of
the serotypes circulating.

Throughout the entire period of study, serotype 1 was associ-
ated with the group of 2–4 yo (n = 248; 22.6%; p < 0.001). By con-
trast, serotypes 14 (n = 325; 17.9%; p < 0.001), 19A (n = 107; 5.9%;
Fig. 2. Serotype distribution between 2006 and 2019. A/B- Proportion and Number of cas
of cases by non-PCV13 Serotypes (top ten most prevalent) in children < 5.
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p < 0.05), 23F (n = 42; 2.3%; p < 0.05), 12F (n = 106; 5.8%; p < 0.001)
and serogroup 24 (n = 115; 6.3%; p < 0.05) were associated with
the < 2 yo group (Fig. 5).

A statistically significant decrease in serotypes 14 (p < 0.001), 1
(p < 0.001), 5 (p < 0.001), 6A (p < 0.001), 6B (p < 0.001), 7F (p < 0.05),
18C (p < 0.05) and 23F (p < 0.05) was observed comparing the late
pre-PCV13 (2009–2011) and the late post-PCV13 (2017–2019)
periods. A significant increase in serotypes 12F (p < 0.001), 23B
(p < 0.001), 22F (p < 0.001), 23A (p < 0.001), 16F (p < 0.001), 3
(p < 0.05), 15A (p < 0.001) and Serogroup 24 (p < 0.001) was also
observed. Serotype 19A also showed a decrease, however, it was
not statistically significant (Fig. 4).

Regarding non-typeable isolates, during the entire period of
study we detected 44 NT (1.5%) Streptococcus pneumoniae.

An individual analysis was performed to serogroup 24, in order
to evaluate if there was a statistically significant difference
between the serotypes 24A, 24B, and 24F. Five isolates belonging
to the Pre-vaccine era (2009–2011) were excluded, because they
could not be serotyped. There was not a statistically significant dif-
ference (p = 0.57) between the distribution of serotypes included in
the serogroup 24 comparing late pre-PCV13 period against the late
post-PCV13 period.

The analysis of serotype distribution according to clinical diag-
nosis, is shown in Fig. 5.

Only serotype 3 showed a positive change in pneumonia. The
remaining PCV13 serotypes showed a negative value, which indi-
es according to the PCV13 Serotypes in children < 5 yo. C/D- Proportion and Number



Fig. 3. A- Serotype distribution of PCV13 isolates and the most prevalent non-PCV13 serotypes (12F and serogroup 24) according to age group between 2006 and 2019. B-
Individual analysis of serogroup 24. *Twelve isolates could not be serotyped as 24F, 24A or 24B, but they are included in Case proportions 24 A/B/F and Total Number of Cases
24 A/B/F.
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cates a reduction of these serotypes in the main clinical diagnosis.
In contrast, some non-PCV13 serotypes showed positive values,
which indicates an increase of these serotypes, in the main clinical
diagnosis.

The serotype coverage (theoretical vaccination coverage) of cur-
rent and future vaccine formulations for children under 59 months
with IPD is displayed in Fig. 6. The serotypes covered by PCV13 and
the other three investigational PCVs are shown in this figure pro-
viding a preliminary view of the theoretical vaccination coverage
and the potential impact of new three vaccine products.

As mentioned before, the coverage of PCV13 serotypes has
firmly declined over the study period. When we extended the anal-
ysis to the additional serotypes included in PCV15, we noticed a
3.9% (n = 407) gain in theoretical vaccination coverage compared
to PCV13 over the last three years. Regarding the additional sero-
types in PCV20 compared to PCV15 we found that another extra
17.5% theoretical vaccination coverage would be gained (n = 210).

On the other hand, the theoretical vaccination coverage of
PCV24 (n = 221) increased 2.4% in relation to PCV20. The difference
between the coverage proportion of PCV20 and PCV24 in the per-
iod 2017–2019 proved to be statistically significant (p < 0.05).

Antimicrobial susceptibility tests were performed to 2798 iso-
lates. A total of 929 (33.2%) were PNSP. Cefotaxime-NS in 153
(5.5%), meropenem-NS in 187 (6.7%), amoxicillin-NS in 20 (0.7%)
and ceftobiprole-NS in 3 (0.8%). A total of 1213 (43.4%) isolates
were cotrimoxazole-NS, 745 (26.6%) were erythromycin-NS, 550
were (19.7%) resistant to tetracycline and 2 (0.1%) to chloram-
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phenicol. All the isolates were susceptible to ceftaroline, levofloxa-
cin, rifampicin and vancomycin (Fig. 7).

Regarding antimicrobial NS, erythromycin and tetracycline
showed a statistically significant increase in the late post-PCV13
period (2017–2019) compared to early pre-PCV13 period (Fig. 7,
Table 2). Multidrug resistance was 16.1% overall, and showed a sta-
tistically significant increase (p < 0.05) from 8.0% in early pre-
PCV13 to 21.1% in late post-PCV13 period.

Among erythromycin NS isolates of the whole collection, MLSB
phenotype represented 48.0% and M phenotype 52.0%. However,
the prevalence of the MLSB phenotype increased during the period
of study, from 26.1% in early pre-PCV13 to 83.8% in late post-
PCV13 period (p = 0.06). Most of the isolates with MLSB phenotype
belonged to serogroup 24 (35.7%), followed by serotypes 14 (14.6%)
and 19 A (9.7%).

Serotypes 14, 24A/B/F, 19A, 6A, 6B, 23B, 9V, 16F, 19F and 5 rep-
resented 84.3% of the PNSP overall. In early pre-PCV13 period ser-
otype 14 represented 55.3% of the PNSP, followed by serotype 19A
(12.0%), 6B (8.0%) and others. On the other hand, in late post-
PCV13 period serogroup 24 represented 35.2% of the PNSP, fol-
lowed by serotype 19A (14.4%), 23B (12.0%) and others.

VTs were the major contributors to penicillin NS in early pre-
PCV13 period, representing 88.7% of the PNSP. In contrast, in late
post-PCV13 period, 76.0% of the PNSP were NVTs. A similar sce-
nario was observed in the MDR isolates, in which the NVTs showed
a statistically significant increase from 24.4% in early pre-PCV13 to
75.6% in late post-PCV13 period. Serotypes 24 A/B/F are the major



Fig. 4. Pneumococcal serotype distribution before (2009–2011) and after PCV13 (2017–2019) introduction. (Top 30 most prevalent serotypes in Post-vaccine era, including
NT). *Five isolates could not be serotyped as 24F, 24A or 24B.
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NVT serotypes associated with these antimicrobial NS and MDR in
the late post-PCV13 period, accounting for 46.3% (44/95) of peni-
cillin NS, 53.7% (44/82) of erythromycin NS, 55.8% (43/77) tetracy-
cline NS, 30.4% (42/138) cotrimoxazole NS and 72.9% (43/59) MDR.
Serotype 19A isolates showed a proportion around 5% during all
the period of study, but penicillin NS increased from 62.1% in early
pre-PCV period to 94.7% in late post-PCV13 period. Similarly, con-
sidering the same periods of study, 19A serotype isolates showed a
statistically significant increase of MDR from 3.4% to 84.2%
(p < 0.05).

Fig. 8 shows the association between the most prevalent sero-
types and antimicrobial agents NS in the whole period of study
(the other serotypes group is plotted in supplementary data as
S2). Serotypes 14 and 24A/B/F were in the first three places among
isolates non-susceptible to all antimicrobial agents.
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4. Discussion and conclusions

S. pneumoniae is an important cause of invasive diseases, in par-
ticular in children and elderly people. Data generated from the
laboratory-based surveillance SIREVA has provided valuable and
important information regarding trends of pneumococcal serotype
changes in Latin America [29,30]. The introduction of PCVs has
changed the epidemiology of pneumococcal diseases, and, as a
result, IPD rates have been significantly reduced in both children
and the elderly population through direct and indirect (herd
immunity) protection [31–34]. However, the proportion of pneu-
mococcal diseases caused by non-PCV13 serotypes has risen, due
to the increase in existing serotypes and/or the emergence of
new serotypes, some of which are associated with antimicrobial
resistance [35–37].



Fig. 5. Serotype distribution according to the main clinical diagnosis. Late pre-PCV13 (2009–2011) versus Late post-PCV13 (2017–2019) periods were compared. A- Change of
PCV13 serotypes. B- Change of non-PCV13 serotypes.

Fig. 6. Proportion of IPD cases due to serotypes included in current and upcoming vaccines during the entire period studied.
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In this study, we observed a clear decrease in PCV13 serotypes
14, 5 and 1 which were highly prevalent before the incorporation
of the PCV13. We also found the persistence of serotype 3,
resembling the findings of earlier studies [2]. Although it is
known that in several countries serotype 19A experimented an
important decrease after the introduction of PCV13 [38], in our
case it still remains between the ten most frequent serotypes.
Serotype 19A was rare (�3%) in PCV13-using countries but repre-
sented almost a quarter of the cases � 5 years in PCV10-using
countries [25]. In Argentina, serotype 19A is still responsible for
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4.91% of the total cases. But this result, or even a higher preva-
lence, has been found in others countries using PCV13 [39].
PCV13 immunization coverage among 1-year-olds in Argentina
was: 22% in 2012, 85% in 2013, 89% in 2014, 82% in 2015, 83%
in 2016, 78% in 2017, 88% in 2018 and 80% in 2019 [40].
Although it is necessary the improvement of the vaccines cover-
ages it is likely that other factors are playing a role in the current
presentation of this serotype, since years with higher coverage
(2016, 2018) and higher prevalence (in the post vaccine period)
were observed.



Fig. 7. Proportion of antimicrobial non-susceptibility and PCV13 serotypes according to different periods of study (n = 2798).

Table 2
Antimicrobial resistance among 2798 S. pneumoniae isolated between 2006 and 2019 from children under 5 years old in Argentina. Comparison between periods of study.

Antimicrobial Agent Total 2006–2008 2009–2011 2012–2013 2014–2016 2017–2019

(n) (S) (NS) (%NS) (n) (NS) (%NS) (n) (NS) (%NS) (n) (SN) (%NS) (n) (NS) (%NS) (n) (NS) (%NS

Penicillin 2798 1877 929 33.2 563 150 26.6 923 321 34.8 489 167 34.2 454 166 36.6 369 125 33.9
Amoxicillin 2798 2778 20 0/7 563 5 0.9 923 4 0.4 489 1 0.2 454 1 0.2 369 9 2.4
Cefotaxime 2798 2645 153 5.5 563 44 7.8 923 52 5.6 489 22 4.5 454 15 3.3 369 20 5.4
Meropenem 2798 2611 187 6.7 563 51 9.1 923 77 8.3 489 22 4.5 454 15 3.3 369 22 6.0
Ceftaroline 637 637 0 NA NA NA NA NA NA NA NA NA NA 268 0 0 369 0 0
Ceftobiprole 363 360 3 0,8 NA NA NA NA NA NA NA NA NA NA NA NA 363 3 0.8
Erythromycin 2798 2053 742 26.5 563 115 20.4 923 271 29.4 489 118 24.1 454 108 23.8 369 130 35.2
Tetracycline 2798 2248 550 19.7 563 47 8.3 923 169 18.3 489 91 18.6 454 129 28.4 369 114 30.9
Doxycycline 1017 715 302 29.7 NA NA NA NA NA NA NA NA NA 454 129 28.4 369 114 30.9
Chloramphenicol 2798 2793 5 0.2 563 4 0.7 923 1 0.1 489 0 0 454 0 0 369 0 0
Cotrimoxazole 2798 1585 1213 43.4 563 260 46.2 923 371 40.2 489 220 45.0 454 183 40.3 369 179 48.5
Levofloxacin 2798 2798 0 0 563 0 0 923 0 0 489 0 0 454 0 0 369 0 0
Rifampicin 2798 2798 0 0 563 0 0 923 0 0 489 0 0 454 0 0 369 0 0
Vancomycin 2798 2798 0 0 563 0 0 923 0 0 489 0 0 454 0 0 369 0 0
MDR 2798 2347 451 16.1 563 45 8.0 923 157 17.0 489 80 16.4 454 91 20.0 369 78 21.1

S: susceptible; NS: non-susceptible; NA: not available; MDR: multidrug resistant.
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Finally, an increase in non-PCV13 serotypes with persistently
high prevalence of serotype 12F and serogroup 24 was found.
Emergence of serotype 12F after introduction of PCV13 was
observed in Israel [41], Japan [42] and during an outbreak in
Canada that began just after the second wave of the H1N1 pan-
demic in the autumn of 2009 [43]. A similar scenario was observed
in Uruguay after the introduction of PCV13 [44].

Sequence types (ST), clonal complexes (CC) and Global Pneumo-
coccal Sequence Clusters (GPSCs) are useful tools to provide further
context for the distribution of serotypes and antibiotic resistance
across pneumococcal lineages, which can be helpful to assess the
impact of PCVs introduction.

Serotype 14, which represented 55.3% of the PNSP in early pre-
PCV period, was historically the most frequent serotype associated
to penicillin NS in Argentina. More than 80% of the PNSP in the
nineties from children with IPD belonged to the widespread inter-
national Spain9V/14-3 clone sequence type (ST) 156 expressing ser-
otype 14 and NS to cotrimoxazole [45]. Therefore, the reduction in
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penicillin and cotrimoxazole NS and the prevalence of serotype 14
observed during 2006–2007 could be associated with the decrease
of this clone [19].

In Argentina, erythromycin NS emerged in 1995 and increased
over time mainly associated to the England14-9 (ST9), Poland6B-
20 (ST315) and Spain9V/14-3 (ST156) clones [46]. In the present
study we observed an increase in erythromycin NS during the per-
iod of study mainly associated to serotype 14 in early pre-PCV13
period and to serogroup 24 in the late post-PCV13 period. Further-
more, most of the serogroup 24 isolates present the MLSB pheno-
type. Although the proportion of serotype 19A was similar along
the time, a higher prevalence of PNSP and MDR was observed. In
the present study serotype 19A isolates showed 80% of penicillin
NS and 30% of MDR, both higher than those found in a study car-
ried out with isolates recovered between 1994 and 2014. The pre-
vious study showed 66% of penicillin NS and 11% of MDR in
serotype 19A isolates, 54.5% of them were ST1131, a single-locus
variant of ST172, followed by 11% of ST8121 [47]. Five major clonal



Fig. 8. Association between serotypes and antimicrobial agents non-susceptibility.
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complexes (CC) are related to serotype 19A, specifically CC81,
CC193, CC199, CC276 and CC320 [48], however, only two of them
(CC199 and CC320) were detected in isolates from our country in a
very low proportion (data not shown).

There are many theories about the increase of serotype 19A iso-
lates in the world, mainly associated to vaccine induced serotype
replacement, antibiotic pressure, introduction of new clones and/
or the increase of previously circulating clones. The increase of S.
pneumoniae serotype 19A in our country was mainly due to the
dissemination of ST1131 and ST8121. Our findings suggest that
the increase in serotype 19A was in part associated with the dis-
semination of preexisting clones circulating before the introduc-
tion of PCV13 into the National Immunization Program [47].

Serogroup 24 was the major NVT serotype associated with
antimicrobial NS and MDR in the late post-PCV13 period of the
present study. In Argentina serogroup 24 ranking first
in < 2 years old from 2013 and showed a high proportion of MDR
[49]. Increases in serogroup 24 after PCV13 introduction was also
observed in other countries and it was reported to be one of the
dominant NVT serotypes causing IPD in Portugal and Germany
[50,51]. Globally, serotype 24F was mainly associated to three lin-
eages: ST162, CC230 and CC72, and in Argentina it was mainly
associated with ST230, Denmark14-32 PMEN clone [49].

In Argentina, serotype 12F has not been associated with antimi-
crobial NS so far. According to GPSC (Global Pneumococcal
Sequence Clusters) database serotype 12F isolates are globally sus-
ceptible to antibiotics [39] except the isolates from Israel origi-
nated by the expansion of the ST3774 clone [41]. A recent study
carried out in Canada reported outbreaks of 12F strains resistant
to macrolides belonging to ST218, commonly susceptible to antibi-
otics, which acquired determinants of resistance to macrolides by
horizontal gene transfer [52]. Considering the PCVs in develop-
ment, the average theoretical coverage for the last 3 years was:
PCV13 30.3%, PCV15 33.9%, PCV20 51.4% and 54.1% for PCV24.

The decision to incorporate a new pneumococcal vaccine into
the national immunization program is multifactorial. In this con-
text of analysis, a vaccine that contains as many serotypes as pos-
sible and especially those which correlate with the local
epidemiology of the circulating serotypes, is clearly a crucial factor
to take into consideration to achieve its incorporation into this pro-
gram. The difference between the coverage proportion of PCV20
and PCV24 turned out to be statistically significant, however, we
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express our concern regarding the non-incorporation of serotype
24F in any of the new vaccines, which, as reflected in this work,
is one of the most prevalent serotypes in Argentina as well as in
other countries [35,53–55].

It is equally important to achieve a pneumococcal vaccine that
covers a broad range of serotypes and protects against the
nasopharyngeal colonization and the invasive pneumococcal dis-
eases. Several pneumococcal proteins are being studied as vaccine
candidates [56].

Continued surveillance of pneumococcal epidemiology is
strongly suggested, in order to render information on the emer-
gence of multi-drug- resistant strains available.

One weakness of our study is the lack of availability of IPD inci-
dence rates as well as scarce epidemiological-clinical data.

On the other hand, given the large number of hospitals that par-
ticipated in the surveillance, we consider that the changes here
described are representative of the baseline population in
Argentina.

In conclusion, this work could be an aid to monitor the dynamic
changes in serotypes and antimicrobial resistance. Besides, it may
become a guidance for the development of new generation of vac-
cines for our country.
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