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ABSTRACT

a 16-month prospective, descriptive study was conducted on pneumococcal serotype distribution 
isolated from children with acute otitis media (aom) and invasive infections (inV). eighty-nine children 
with pneumococcal inV and 324 with a first episode of aom were included. Bacterial pathogens (n = 
326) were isolated from the middle-ear fluid of 250 patients. a total of 30 pneumococcal serotypes were 
identified. Prevalent serotypes were 14, 19a, 9V, 3, 19f, 6a, 23f, and 18C in aom and 14, 1, 19a, 5, 12f, 
6B, and 18C in inV. Potential coverage  with PCV10 vaccine would be 46.5 % and 60.7 % for pneumococci 
involved in aom and inV, respectively; it would be 71.7 % and 73 % with PCV13.  PCV10, conjugated with 
a Haemophilus protein, would have an immunologic coverage of 39.9 % for aom vs. 18.5 % with PCV13. 
However, differences in the prevention of inV were crucial for the decision to include the 13-valent vaccine 
in the national calendar for children less than two years old in argentina. 
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RESUMEN

Distribución de serotipos de neumococos aislados de pacientes pediátricos con otitis media aguda 
e infecciones invasivas y su cobertura potencial a través de vacunas conjugadas. se realizó un 
estudio prospectivo descriptivo sobre la distribución de serotipos de neumococos aislados de niños con 
otitis media aguda (oma) y con infecciones invasivas (inV) en un período de 16 meses. se incluyeron 89 
niños con inV neumocócicas y 324 con un primer episodio de oma. trescientos cuarenta y seis patógenos 
se aislaron de las secreciones de oído medio obtenidas de 250 pacientes. se identificaron 30 serotipos y los 
más prevalentes fueron el 14, 19a, 9V, 3, 19f, 6a, 23f y 18C en oma y el 14, 1, 19a, 5, 12f, 6B y 18C en inV. 
la cobertura potencial  con la vacuna PCV10 sería de 46,5 % y 60,7 % para neumococos involucrados en 
oma y en inV, respectivamente; con la PCV13, esta sería de 71,7 % y 73 %. la PCV10 conjugada con una 
proteína de Haemophilus tendría una cobertura inmunológica del 39,9 % para oma, contra una cobertura 
del 18,5 % de la PCV13. sin embargo, las diferencias en la prevención de inV fueron determinantes a la 
hora de considerar incorporarla al calendario nacional de vacunación para niños menores de 2 años en la 
argentina. 

Palabras clave: Streptococcus pneumoniae, serotipos, pediatría, otitis media aguda, infecciones 
invasivas, vacunas
  

INTRODUCTION

Pneumococcal pneumonia is considered one of 
the most frequent causes of childhood mortality 

in developing countries (12). Streptococcus 
pneumoniae is a major cause of pneumonia and of 
other invasive infections, such as bacteremia and 
meningitis, or less severe but prevalent infections, 
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such as acute otitis media (aom). the existence of 
more than 90 immunologically distinct serotypes 
complicates the design of effective vaccines 
eliciting responses to polysaccharide capsules. 
However, a 23-valent capsular vaccine for preventing 
pneumococcal diseases in adults and children over 
two years of age has been available for several 
years. introduction of a heptavalent pneumococcal 
conjugate vaccine (PCV7), containing 4, 6B, 9V, 14, 
18C, 19f, and 23f serotypes, into immunization 
programs for infants of several countries has had 
a major impact on invasive pneumococcal disease 
incidence in young children (11). 

Recently, two new vaccines have been launched 
in our country: a 10-valent Haemophilus-protein-
polysaccharide (PCV-10), including PCV7 and 1, 5 and 
7f serotypes, and a 13-valent conjugated (PCV-13) 
vaccine, adding serotypes 3, 6a and 19a to PCV10. 

the 10-valent pneumococcal vaccine may 
also prevent aom episodes due to non-typeable 
Haemophilus influenzae, provided that it is a 
Haemophilus protein d-conjugated vaccine (7). 
this occasion prompted us to analyze the prevalent 
serotypes of pneumococci obtained from the middle 
ear of pediatric patients with acute otitis media 
(aom), and to compare these results with those 
obtained from blood, joint, cerebrospinal fluid, and 
other sterile sites obtained from pediatric patients 
with invasive infections (inV). in addition, we analyzed 
the potential coverage of pneumococcal serotypes 
producing aom and inV by the conjugated vaccines 
available in argentina. 

MATERIALS AND METHODS

a prospective, descriptive study on serotype distribution 

of pneumococci isolated from pediatric patients with aom 

and inV was conducted from may 2, 2009 to august 31, 2010 

at the Hospital de Pediatría “Prof. dr. juan P. Garrahan”, a 

tertiary care pediatric hospital in Buenos aires, argentina. 

the potential coverage of different conjugated vaccines was 

analyzed. Clinical findings and prevalence of other pathogens 

in aom have been published elsewhere (9).

Children with aom were evaluated using otomicroscopy. 

When purulent effusion retained in the middle ear was 

observed, tympanocentesis and culture of middle-ear fluid 

(mef) were performed. immunocompromised patients and 

those with chronic otitis media were excluded from the study.

samples of aom were stored in an oxygen-free atmosphere 

device (tab, laboratorios Britania, Ciudad autónoma de 

Buenos aires, argentina) until their initial culture. Cultures 

were performed in sheep blood agar and in thioglycolate 

broth (both incubated at 35 ºC in air) and in chocolate agar 

plates (incubated at 35 ºC in 5 % Co2). anaerobic cultures 

were routinely performed in blood agar plates + vitamin k and 

anaerobic broth and incubated in an anaerobic jar. samples 

from patients with invasive infections were processed 

following conventional methods.

serotyping was performed with an initial screening against 

a latex reagent (Copenhagen seruminstitut, denmark) and 

then confirmed using the quellung reaction at the instituto 

nacional de enfermedades infecciosas (inei) of the anlis “dr. 

Carlos G. malbrán”, the reference center for pneumococcal 

serotyping in argentina. antisera were obtained from the 

Copenhagen seruminstitut, denmark. only serotype 6C was 

identified by a polymerase chain reaction method (http//www.

cdc.gov/ncidod/biotech/strp/pcr.htm).

Penicillin susceptibility tests were performed using the 

etest (aB Biodisk, solna, sweden). Breakpoints were those 

recommended by Clsi for oral penicillin V (susceptible: miC ≤ 

0.06 µg/ml, intermediate: miC between 0.125 and 1 µg/ml, and 

resistant: miC ≥ 2 µg/ml) (1).

RESULTS

eighty-nine pediatric patients (median age 
months, range 0-120 months) with pneumococcal 
inV and 324 with a first episode of aom diagnosed by 
otolaryngologists were included. they represented 
the whole population assisted in the hospital with 
inV or aom fulfilling the inclusion criteria.

inV included bacteremia (n = 45), pneumonia (n 
= 29), meningitis (n = 4), arthritis (n = 4), cellulitis (n 
= 3), peritonitis (n = 3) and lung cyst (n = 1). most 
isolates were obtained from blood cultures (n = 
71), while only 8 were isolated from pleural fluid, 4 
from cerebrospinal fluid, 3 from joint fluid, and one 
each from abdominal fluid, lung biopsy and orbital 
punction. Pneumococcal serotypes found in the 
different inV are listed in table 1.   

four hundred and thirty-three samples were 
obtained from these 324 patients with aom. of these 
patients, 180/324 (55.6 %) were male and 144/324 
(44.4 %) were female. median age was 8 months 
(range, 1-120 months). Bilateral aom was recorded in 
109/324 (33.6 %) children. one hundred and twenty 
(37 %) of the 324 children have received antimicrobial 
treatment prior to the diagnosis of aom while none 
of them have received the PCV-7 vaccine. negative 
cultures were found in 74/324 (22.8 %) children. 
different bacterial isolates simultaneously grew from 
samples of mef obtained from one or both ears 
(mixed cultures) in 71/324 (21.9 %) patients. 

three hundred and twenty-six bacterial pathogens 
were isolated from the middle-ear fluid of 250 
patients. Streptococcus pneumoniae (n = 133, 76 in 
single and 57 in mixed cultures) and H. influenzae 
(n = 122, 70 in single and 52 in mixed cultures) were 
the most prevalent species in aom (40.8 % and 37.4 
%, respectively). one hundred and twenty-seven 



pneumococci were used for the present study, as six 
isolates were not available at the time of serotyping. 
most isolates of H. influenzae were non-typeable 
(n=119), and the other three were type a, type b, and 
type d. 

eighty-nine pneumococci were isolated from the 
same number of children with inV during the same 
period. 

a total of 30 pneumococcal serotypes were 
identified, being serotype 14 the most prevalent both 
in aom and in inV (table 2). other frequent serotypes 
were 19a, 9V, 19f, and 3 in aom and 1, 5, 12f, 19a, 
18C, and 6B in inV. 

Considering only children younger than 2 years 
old, we observed that most frequent serotypes were 
14 (36.6 %) 12f (9.8 %), 3 (7.3 %), and 7f (4.9 %) 
among 41 inV, and 14 (15.8 %), 19a (10.5 %), 9V (9.6 
%), 19f (7 %), and 3 (7 %) among 114 aom. 

taking into account only the available isolates 
from aom, 91 (71.7 %) of S. pneumoniae isolates 
were susceptible, 34 (26.8 %) were intermediate and 
2 (1.5 %) were resistant to penicillin (miC ≥ 2µg/ml). 
Percentages of penicillin-susceptible and penicillin-
intermediate isolates from inV were 56 (62.9 %) and 

33 (37.1 %), respectively.
serotypes most frequently associated with 

diminished susceptibility to penicillin were 14, 19a, 
6a, 33f and 9V (table 3). 

DISCUSSION

Potential coverage of different vaccines was 
40.2 % and 44.9 % with PCV7, 46.5 % and 60.7 % 
with PCV10, and 71.7 % and 73 % with PCV13, for 
pneumococci involved in aom and inV, respectively. 
though prevalent serotypes differ from previous 
national studies (see below), potential coverage 
calculated for children less than 15 years of age  
using data from the siReVa program for argentina 
(sistema Regional para evaluación de Vacunas) 
would be quite similar for inV: 39.3 % with PCV7, 
71.3 % with PCV10 and 82.9 % with PCV13 (6).    

the capsular 23-valent vaccine, containing 
antibodies for 1, 2, 3, 4, 5, 6B, 7f, 8, 9n, 9V, 10a, 11a, 
12f, 14, 15B, 17, 18C, 19a, 19f, 20, 22f, 23f and 33f  
may prevent up to 92 % of inV according to other 

Table 1. Serotype distribution among pneumococci isolated from Argentinean pediatric patients with different invasive 
infections 

serotype Pneumonia Bacteremia meningitis other total

1 6 6

3 1 2 3

4 1 1

5 4 1 5

6a 2 1 3

6B 2 2 4

7f 3 3

9V 1 1

14 9 13 1 2 25

18C 4 4

19a 4 1 5

19f 2 1 3

23f 1 1 2

all Vs(1) (%) 24 (82.8) 32 (71.1) 2(50.0) 7 (63.6) 65 (73.0) 

nV(2)  (%) 5 (17.2) 13 (28.9) 2 (50.0) 4 (36.4) 24 (27.0)

other: cellulitis (n = 3), arthritis (n = 4), peritonitis (n = 1) and lung cyst (n = 1).
(1)Vs: vaccine serotypes, (2)nV: non-vaccine serotypes. 
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reports (6). in our experience the 23-valent vaccine 
may prevent 88.8 % of inV due to S. pneumoniae. as 
it is not immunogenic or effective in children under 
two years of age, pediatric pneumococcal vaccines 
based on capsular polysaccharides conjugated to 
carrier proteins have been developed. 

the highest coverage with PCV7 for inV of young 
children has been reported in the usa, Canada 
and australia (80 - 90 %), followed by europe and 
africa (70 - 75 %), latin america (around 65 %, 
with less than 40 % for argentina) and finally asia 
(approximately 50 %) (3, 6). 

to date, 7-valent, 10-valent, and 13-valent 
conjugated pneumococcal vaccines have been 

licensed for use in argentina; however, only the 
latter has recently been included in the national 
immunization calendar.

the main objective of these vaccines is to prevent 
inV, but as aom is a prevalent disease in children 
under two years of age, some authors highlight 
the advantage of the 10-valent pneumococcal 
vaccine. they consider that such vaccine may also 
prevent aom episodes due to non-typeable H. 
influenzae, provided that it is a Haemophilus protein 
d-conjugated vaccine (7). one hundred and twenty-
five children (39.9%) experienced episodes of aom 
due to serotypes of S. pneumoniae included in the 
PCV10 (n = 39), to H. influenzae (n = 70) or to both 

Table 2. Serotype distribution among pneumococci isolated from Argentinean pediatric patients with acute otitis 
media (AOM) or invasive infections (INV). Potential coverage of different conjugated vaccines

serotype aom inV PCV7(1) PCV10(2) PCV13(3)

1 2 6 x x

3 9 3 x

4 2 1 x x x

5 3 5 x x

6a 6 3 x

6B 3 4 x x x

6C 2 0

7f 3 3 x x

9V 11 1 x x x

12f 2 5

14 18 25 x x x

15a 1 3

18C 6 4 x x x

19a 15 5 x

19f 9 3 x x x

23f 4 2 x x x

33f 3 0

other serotypes(4) 23 15

nt(5) 5 1

total 127 89

(1)PCV7, 7-valent pneumococcal conjugated vaccine; (2)PCV10, 10-valent pneumococcal conjugated vaccine; (3)PCV 13, 
13-valent pneumococcal conjugated vaccine. (4)other serotypes from aom:  7C (1), 8 (1), 9n (1), 15C (1), 17f (2), 18a (1), 22f (1), 
23a (1), 23B (2), and other non-vaccinal serotypes (12); other serotypes from inV: 9n (1), 10a (1), 11a (2), 15B (1), 15C (1), 17f (1), 
22f (2), 23B (1), 33C (1), and other non-vaccinal serotypes (4); (5)nt: non-typeable.  
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(n = 14). as the PCV10 vaccine is conjugated with a 
Haemophilus protein, we may speculate that it would 
have an immunologic coverage of 39.9% for aom 
episodes vs. 17.9% with PCV13  and 12% with PCV7 
(p < 0.05) (table 3)(7). 

the present study was designed to assess 
the prevalent serotypes of both pneumococci 
isolated from children with inV and from non-
immunocompromised aom over a 15-month period 
in a tertiary care pediatric hospital in argentina.  

our figures are quite different from those obtained 
in other countries, and differences were also found 
between inV and aom serotypes within this study. 
Comparing them with pneumococcal serotypes 
isolated from other latin american countries,  we 
found that serotype 14 was the most frequent 
serotype in dominican Republic, Peru, Paraguay, 
Panama, ecuador, Costa Rica, Colombia, Chile, and 
Brazil but not in uruguay, Venezuela, mexico and 
several coutries of Central america. serotypes 1, 
19a  and 6B were among the seven most prevalent 
serotypes in Venezuela, Paraguay, nicaragua, 
Colombia, and Chile (6)     

the most prevalent serotypes were 14, 19a, 9V, 3, 
19f, 6a, 23f, and 18C in aom and 14, 1, 19a, 5, 12f, 
6B, and 18C in inV. there were three aom-prevalent 

serotypes and four inV-prevalent serotypes that are 
not included in the 7-valent vaccine, respectively. 
only one of them (12f) is not included in the 13-valent 
vaccine, while 19a (aom and inV), 3 and 6a (only 
aom) are not included in the 10-valent vaccine.

argentinean data obtained in 2009, in which 
serotypes 14, 1, 5, 19a, 3, 7f, 6B and 9V were 
found to be the most prevalent in children with inV, 
have some differences with our results, probably 
due to the different number of studied isolates or 
because of geographic variations (6). differences 
between inV and aom may be due to the different 
clonal distribution found while analyzing macrolide-
resistant isolates (8). 

inV serotypes were quite different from our own 
historical records (year 2000, 81 isolates), when 
most prevalent serotypes were 14 (35.8 %),1 (9.9 
%), 23f (7.4 %), 7f (7.4 %), 6a (4.9 %), 6B (3.7 %) 
and 3 (3.7 %). the absence of serotype 19a in 2000 
is especially remarkable (Casimir l, Ceinos mC, 
Hernández C. non-published results).

Potential vaccination coverage appears to be 
better in pneumonia than in other kinds of inV (table 
1). However,  the number of isolates from meningitis, 
arthritis, peritonitis and cellulitis was not sufficient to 
draw valid conclusions.   

Table 3. Penicillin susceptibility of different serotypes of pneumococci obtained from Argentinean pediatric 
patients with acute otitis media (AOM) or invasive infections (INV) 

Serotype
INV AOM INV + AOM

S(1) I(2) R(3) S I R S I R I+R%

6A 0 3 0 0 6 0 2 9 0 100

6B 2 2 0 3 0 0 5 2 0 28.6

6C 0 0 0 2 0 0 2 0 0 0

7F 2 1 0 3 0 0 5 1 0 16.7

9V 0 1 0 7 3 1 7 4 1 41.7

14 8 17 0 4 13 1 12 30 1 72.1

15A 2 1 0 1 0 0 3 1 0 25.0

18C 3 1 0 6 0 0 9 1 0 10.0

19F 2 1 0 9 0 0 11 1 0 8.3

19A 2 3 0 8 7 0 10 10 0 50.0

23B 0 1 0 2 0 0 2 1 0 33.3

33F 0 0 0 1 2 0 1 2 0 66.7

Other 35 2 0 45 3 0 80 5 0 5.9

Total(4) 
(%)

56
(62.9)

33
(37.1)

0 91
(71.7)

34
(26.8)

2
(1.5)

147
(68.0)

67
(31.0)

2
(1.0)

31.9

(1)s = susceptible (miC ≤ 0.06 µg/ml), (2)i = intermediate (0.125 ≥ miC ≤ 1 µg/ml), (3)R = resistant ( miC ≥ 2 µg/ml); (4)non-
statistically significant differences between inV and aom (p > 0.1, 95 % confidence interval) (Chi-square test, Graph pad Prism, 
version 5.03).  
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We would have to take into account that partial 
coverage of the cross-reactive serotype 6a, but 
not 19a, would be guaranteed with all conjugated 
vaccines containing the 6B and the 19f components, 
as was determined by the opsonophagocytic activity 
response (7). Considering this possibility, we may 
speculate that the potential coverage of PCV7 and 
PCV10 vaccines could increase by 1.8 % for aom 
and 3.4 % for inV.

in children younger than 2 years old, the most 
frequent serotypes from aom were quite similar to 
the whole population, but in inV we found differences 
diminishing the potential coverage of PCV13 from 73 
to 65.9 %.  

serotypes 6a, 6B, 9V, 14, 19a, 19f, and 23 f are 
considered to be the most resistant to antibiotics (2). 
in our study, 6a, 9V, 14, 33f  and 19a were strongly 
associated with non-susceptibility to penicillin. While 
9V and 14 are targets of all three vaccines listed in 
table 2, serotypes 6a and 19a are only included 
in the 13-valent vaccine. as PCV7 was not widely 
used in our country, the presence of 19a as one of 
the prevalent serotypes both in aom and in inV is 
a matter of real concern because it was involved 
in severe cases of meningitis, mastoiditis and 
terapeutic failures in aom  (4, 5). Probably, the recent 
introduction of the 13-valent conjugate vaccine in the 
national calendar, would prevent the participation of 

serotype 19a S. pneumoniae both in inV and aom.
serotype 19a was not among the seven more 

frequently detected serotypes in pediatric inV 
in argentina between 1993 and 1997. in siReVa 
reports an increasing participation of 19a in inV was 
observed between periods 1994-1999 (2.3 %), 2000-
2005 (3.5 %) and 2006-2009 (4.7 %) (6). 

almost 40 % of aom episodes would be prevented 
by PCV10, while less than 20 % would be covered 
by PCV13. However, differences in preventing inV 
were crucial for the decision to include the 13-valent 
vaccine in the national calendar for children less than 
two years of age in argentina. 
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