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Introduction: Streptococcus pneumoniae (pneumococcus) is a leading cause of severe illness among pneumoniae (pneu-
mococcus children worldwide. In this study, we aimed to evaluate nasopharyngeal carriage of Streptococcus) in healthy 
children, related risk factors and pneumococcus serotypes isolate in nasopharyngeal swabs.
Methods: This study was performed in 310 healthy children aged six months to six years who were attending day care 
centers. Family size, number of siblings, vaccination status and duration of attendance at day care centers were evaluated. 
Nasopharyngeal specimens were collected, and serotypes of the isolates were identified.
Results: Family size, number of siblings, and vaccination status were not risk factors affecting the nasopharyngeal carriage of 
pneumococcus. However, we found significantly higher rates of nasopharyngeal pneumococcus carriage in children attend-
ing day care centers for less than six months compared to children attending for longer than six months.
Discussion and Conclusion: We demonstrated that the duration of attendance at day care centers played a significant role 
in the development of nasopharyngeal pneumococcus carriage.
Keywords: Child; nasopharyngeal carriage; streptococcus pneumonia.

Streptococcus pneumoniae (pneumococcus) is a lead-
ing cause of severe illness among children worldwide. 

Pneumococcus carriage plays a significant role in the de-
velopment of respiratory system infections and the spread 
of penicillin-resistant serotypes[1]. In this study, we aimed 
to evaluate the nasopharyngeal carriage of Streptococcus 
pneumoniae in healthy children, related risk factors and 
pneumococcus serotypes isolated in nasopharyngeal 
swabs.

Colonization with Streptococcus pneumoniae increases to 

a peak incidence of 55% at three years of age. Increasing 
incidence rates occur at 10 years of age, with a constant 8% 
prevalence[2]. Other studies have reported that although 
the nasopharyngeal carriage incidence is 13% in children 
younger than six months, it increases to 43% in children 
older than 19 months[3].

The major risk factors of nasopharyngeal colonization are 
age, family size, number of siblings, income level, tobacco 
smoke exposure, vaccination status and attendance at day 
care centers or school[4].
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The isolation incidence in nasopharyngeal swabs increases 
to 40-60% in children[5]. Initial nasopharyngeal coloniza-
tion appears between four days and 18 months of age. 
Serotypes 6, 14, 19, and 23 are the most commonly isolated 
in nasopharyngeal swabs of children younger than three 
years old[6].

Materials and Methods 
This study included 310 healthy children aged between 
six months and six years who attended a day care center 
for at least one month and had no respiratory infection or 
antibiotic usage during the period of data collection. This 
study was performed after being approved by the Local 
Ethics Committee of our hospital. Questionnaires, which 
included interviews regarding demographic features, to-
bacco smoke exposure, number of siblings at home, family 
size, duration of attendance at a day care center, and vac-
cination status, were administered to children for whom 
maternal approval was obtained. Nasopharyngeal swabs 
were collected from 310 children attending a day care cen-
ter. The specimens were inoculated onto a 5% defibrinated 
sheep blood agar plate and incubated overnight at 37 ºC in 
a 5% CO₂ chamber. 

Positive cultures that grew alpha-hemolytic colonies were 
gram stained and isolate serotypes were identified with the 
Quelling reaction using antiserum.

Statistical analyses were performed using SPSS software, 
version 19.0 (SPSS, Chicago, IL, USA). The serotype propor-
tion was analyzed using the chi-squared test. 

Results
This study was performed from January 2012 to April 2012. 
This study included healthy children aged six months to six 
years who attended day care centers and had no respira-
tory infection or antibiotic usage during the analyses.

In total, 92 (30%) of the children were immunized with the 
7-valent pneumococcal conjugate vaccine (PCV7), and 215 
(70%) of the children were not vaccinated (Table 1). Twen-
ty-one children (7%) had received all of the scheduled vac-
cine doses, while 278 (93%) of the children had only incom-
plete vaccination (Table 1).

The nasopharyngeal pneumococcal carriage was detected 
in 29 children (9.4%), and the remaining 281 (90.6%) sub-
jects did not carry any pneumococcal serotypes (Table 1). 

This study included 147 female (47.4%) and 163 (52.6%) 
male children with a mean age of 38.94±15.71 months 
(Table 2). The duration of attendance at day care cen-
ters was between 1 and 54 months, with a mean value of 

Table 1. Streptococcus pneumoniae and distributions related to 
vaccination

  Min-Max Mean value

MIC value (mcg/ml) 0.16±16.0 2.45±3.92

  n %

Pneumococcus vaccine
 Present 92 30
 Absent 215 70
Vaccination status
 Complete 21 7
 Incomplete 278 93
Streptococcus pneumoniae carriage
 Present 29 9.4
 Absent 281 90.6
Isolated Pneumococcus serotypes
 Serotype 1 5 17.2
 Serotype 4 5 17.2
 Serotype 6 2 6.9
 Serotype 11 8 27.6
 Serotype 14 7 24.1
 Serotype 23 2 6.9

Table 2. Demographic features of Streptococcus pneumoniae 
carriage

   Streptococcus  p
   pneumoniae carriage

  Present  Absent 
  Mean value  Mean value 

Age (months) 32.5±12.72  39.60±15.85 0.021*

  n (%)  n (%) 

Gender
 Female 18 (62.1)  129 (45.9) 0.097**
 Male 11 (37.9)  152 (54.1) 
Duration of
breastfeeding
 ≥6 months 24 (82.8)  235 (83.6) 0.904**
 <6 months 5 (17.2)  46 (16.4) 
Family size
 <5 25 (86.2)  217 (77.2) 0.266**
 ≥5 4 (13.8)  64 (22.8) 
Amount of siblings
 <3 25 (86.2)  232 (82.9) 0.646**
 ≥3 4 (13.8)  48 (17.1) 
Duration of attendance
at day-care centers
 ≤6 months 29 (100)  61 (21.7) 0.001**
 >6 months 0 (0)  220 (73.8) 

*Student’s t-test; **the chi-square test.
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12.71±9.46 months. The number of family members resid-
ing at home ranged from three to eight, with a mean of 
3.95±0.89 (median 4) (Table 2).

The number of siblings ranged from one to four, with a 
mean of 1.82±0.74 (median 2) (Table 2).

The duration of breastfeeding ranged from 0 to 36 months, 
with a mean value of 13.35±7.30 months (Table 2).

Pneumococcus serotype 1 was isolated in five of the chil-
dren (17.2%), serotype 6 was isolated in 2 (6.9%), serotype 
11 was isolated in 8 (27.6%), serotype 14 was isolated in 7 
(24.1%), and serotype 23 was isolated in 2 (6.9%) (Table 1), 
the mean age of children (39.60±15.85 months) who had no 
nasopharyngeal pneumococcus carriage was significantly 
higher than the mean age of non-carriers (32.5±12.72 
months) (p=0.021) (Table 2).

There was no significant difference between the genders 
according to the nasopharyngeal pneumococcus carriage 
status, but the carriage was typically higher in girls than in 
boys (Table 2).

There was no significant difference in family sizes, the num-
ber of siblings or duration of breastfeeding according to the 
nasopharyngeal pneumococcal carriage (p>0.05) (Table 2).

Our data showed a statistically significant difference be-
tween the duration of day care attendance according to 
the nasopharyngeal pneumococcus carriage (p<0.01). The 
rate of nasopharyngeal pneumococcus carriage was signif-
icantly higher in children who had attended day care for 
less than six months compared to children who had at-
tended for longer than six months (p=0.001) (Table 2).

No significant difference in the nasopharyngeal pneumococ-
cal carriage was identified between completely vaccinated, 
unvaccinated or incompletely vaccinated children (Table 3).

Discussion
Streptococcus pneumoniae is one of the leading causes of 
mortality in children <5 years old[7]. Streptococcus pneumo-
niae accounts for approximately 30-50% of pneumonia-re-
lated deaths[8,9]. There are over 91 serotypes of pneumo-
coccus, and worldwide, 6-11 serotypes are responsible for 
≥70% of invasive disease (IPD) in children <5 years old[10]. 
The distribution of pneumococcal capsular serotypes in 
nasopharyngeal carriage isolates and IPD changes with 
age, geography and socioeconomic status[11,12]. Pneu-
mococcus is also part of the normal microbial flora in the 
nasopharynx, its main reservoir. Although harmless and 
asymptomatic by itself, the carriage is a precondition for 
invasive and non-invasive diseases, including acute otitis 
media, bacteremia and pneumonia[13,14].

Before immunization with the conjugate vaccine, many 
cases of invasive disease among children younger than five 
years of age were caused by pneumococcus. In some cases, 
the nasopharyngeal pneumococcal carriage may progress 
to respiratory or even systemic pneumococcal disease in 
the host and also serves as a reservoir for the horizontal 
spread of pneumococcus within the community. The rou-
tine use of PCV7 resulted in a decreased incidence of in-
vasive pneumococcal disease in children[15,16]. However, 
there are increasing data suggesting that universal infant 
immunization with PCV7 changed the serotype patterns 
of invasive disease, nasopharyngeal colonization and an-
tibiotic resistance status. Some studies have supported the 
hypothesis that vaccination decreases the carriage rate; 
other studies have reported that the carriage of vaccine 
serotypes has almost disappeared and that they were re-
placed by non-vaccine serotypes[17].

Kim et al. compared pneumococcal nasopharyngeal car-
riage between vaccinated and non-vaccinated children 
(PCV7). Nasopharyngeal pneumococcal swabs were ob-
tained from 400 children aged 18-59 months, and the 
serotypes and antibiotic susceptibilities were analyzed. 
The pneumococcal carriage rate was lower in the vacci-
nated group (36/200, 18%) compared to the control group 
(63/200, 31.5%). The resistance rates for penicillin and ery-
thromycin were also lower in the vaccine group. PCV7 re-
duced carriage of the vaccine serotypes, which resulted in 
the replacement of the pneumococcal by antibiotic-suscep-
tible vaccine-related types or no vaccine-type strains[18]. In 
our study, pneumococcal carriage did not differ according 
to vaccination status. There was no significant difference 
between fully vaccinated and unvaccinated subjects ac-
cording to nasopharyngeal pneumococcal carriage.

Table 3. Evaluation of vaccination status according to 
Streptococcus pneumoniae carriage

   Streptococcus  p*
   pneumoniae Carriage

  Present  Absent 
  n (%)  n (%) 

Pneumococcus vaccine
 Absent 20 (69.0)  195 (70.1) 0.895
 Present 9 (31.0)  83 (29.9) 
Vaccination status
 Complete 2 (6.9)  19 (7.0) 0.978
 Incomplete 27 (93.1)  251 (93.0) 

*The chi-square test.
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 Hashida et al. investigated the turnover of nasopharyn-
geal pneumococcal carriage in healthy children in day 
care centers. A total of 363 nasopharyngeal mucus sam-
ples were collected from children aged 0 to 6 years who 
attended day care centers. They obtained 157 S. pneumo-
niae isolates and analyzed them with antibiotic suscepti-
bility testing. The overall carriage rate was 35.7% (56/157). 
Their results indicated the spread of S. pneumoniae, par-
ticularly strains with antibiotic resistance genes, and the 
horizontal transmission of this pathogen in healthy chil-
dren attending day care centers in Japan[19]. Our study 
reported a nasopharyngeal carriage rate of 9.4% among 
350 healthy children. However, a higher proportion of chil-
dren aged six months to six years (93%) were incompletely 
vaccinated. We demonstrated that a complete vaccination 
status did not change the rate of nasopharyngeal pneu-
mococcal carriage. Serotypes 14 and 11 were the most 
commonly observed isolates in the nasopharyngeal swabs 
of our subjects.

Cho et al. investigated the serotype distribution and an-
timicrobial resistance of pneumococcal carriage isolates 
from children after optional immunization with PCV7 in 
Korea. A total of 1243 nasopharyngeal aspirates of chil-
dren were analyzed, and the serotypes and antibiotic sus-
ceptibility were determined. The results were comparable 
to previous studies performed in the pre-PCV7 period. In 
their study, the most common serotypes were 6A (15.3%), 
19A (14.7%), 19F (10.2%), 35B (7.3%) and 6D (5.6%). The 
proportion of vaccine serotypes decreased from 61.9% to 
23.8% (p<0.001). The proportion of all PCV7 serotypes, ex-
cept 19F, decreased as antimicrobial-resistant serotypes 6A 
and 19A increased[20]. In our study, the serotype distribu-
tion could not be evaluated because a high proportion of 
our subjects (278 children [93%]) were incompletely vac-
cinated. However, although the subjects had a low rate of 
vaccination, we found a low proportion of nasopharyngeal 
pneumococcal carriage (29 children [9.4%]). We, therefore, 
concluded that nasopharyngeal carriage of S. pneumo-
niae did not change according to vaccination status. Our 
data showed a serotype distribution with higher rates of 
serotypes 14 and 11. However, our study indicates that the 
nasopharyngeal carriage of pneumococcus is significantly 
higher in children who have attended day care centers for a 
shorter duration (<6 months) compared to those who have 
attended for longer than six months.

Cohen et al. studied the nasopharyngeal carriage of pneu-
mococcus in children with acute otitis media and healthy 
children in two age groups (6-24 months versus 25-60 
months). They collected nasopharyngeal swabs from chil-

dren 6-60 months with acute otitis media and healthy con-
trols to analyze the carriage of pneumococcus and other 
pathogens. Of the 1557 enrolled children, 1258 were six 
to 24 months of age, and 299 were 25 to 60 months. More 
than 85% were PCV7 vaccinated, and the children 25-60 
months of age were rarely PCV13 vaccinated (14.1%) com-
pared to the younger children. For children 6-24 months, 
S. pneumoniae carriage was higher in the acute otitis me-
dia group compared to the healthy group. By contrast, 
the difference was not significant for older children. In the 
healthy group, older children more often carried S. pneu-
moniae than younger children. A multivariate analysis of 
the healthy group showed that siblings and attendance at 
a day care center increased the carriage rate of S. pneumo-
niae. These nasopharyngeal carriage data in children six to 
60 months old showed that pneumococcal carriage was 
high in patients less than two years of age, particularly in 
the healthy group[21]. Our data showed a pneumococcal 
carriage rate of 9.4%, which is lower than that reported by 
Cohen. They reported high pneumococcal carriage rates in 
healthy children younger than two years. However, our data 
are supported by their study because they also reported an 
increased carriage of S. pneumoniae in the healthy group 
related to attendance at day care centers.

Millar et al. investigated the effects of vaccination on the 
nasopharyngeal carriage of pneumococcus. They found 
exactly the same ratios in vaccinated and unvaccinated 
groups, 63.9% and 60.5%, respectively[22]. In our study, 
the nasopharyngeal pneumococcal carriage rates did not 
differ significantly between vaccinated (2.9%) and unvacci-
nated (6.5%) groups.

Conclusion
We analyzed the risk factors affecting the nasopharyn-
geal carriage of pneumococcus and found a nasopharyn-
geal pneumococcal carriage rate of 9.4%. The duration of 
breastfeeding, family size, the number of siblings, and vac-
cination status did not increase the nasopharyngeal car-
riage of the organism.

The rates of nasopharyngeal pneumococcal carriage dif-
fered significantly according to the duration of attendance 
at day care centers among healthy children, regardless of 
vaccination status.

We believe that larger multi-center studies, including more 
subjects from different socioeconomic statuses and re-
gions will further elucidate the relationships between the 
risk factors and nasopharyngeal carriage of pneumococcus 
in healthy children. 
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