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Abstract

Background

Periodic cycles in the serotype-specific incidence of invasive pneumococcal disease have

been described but less is known in carriage.

Methods

We analyzed serotype carriage prevalence among children 0–6 years old over a 15-year

period that included pre-PCV7 data and a decade of PCV7 use. Mixed generalized additive

models were used to study periodic cycles and how PCV7 impacted on them.

Results

Pneumococcal carriage data of 7,463 children were analyzed. Periodic cycles ranging from

3 to 6 years were observed for PCV7-serotypes (VT) 14, 19F and 23F and for non-PCV7

types (NVT) 3, 6A, 6C, 11A, and NT. An indirect impact of PCV7 on periodic cycles of NVT

was observed and could be translated in three ways: (i) a higher amplitude in the PCV7

period (serotypes 3 and 11A), (ii) sustained increase in the prevalence of carriage (sero-

types 6C, 19A and NT) and (iii) an increase in the inter-epidemic period (serotypes 3, 6A

and NT). An increase in the child’s mean age of carriage of VTs 6B, 19F and 23F was

observed. Serotypes 3, 6C, 11A and 15A became more frequent in ages previously associ-

ated with carriage of VTs.

Conclusions

Periodic cycles among serotypes frequently carried exist and can be modeled. These cycles

can be perturbed upon introduction of PCVs and can lead to shifts in the mean age of car-

riage. Cyclic re-emergence of VTs can occur in settings with non-universal vaccine use.

These results should be taken into account when interpreting surveillance data on pneumo-

coccal carriage.
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Introduction

Streptococcus pneumoniae (pneumococcus) is an obligate colonizer of humans and is com-

monly isolated from the nasopharynx of children younger than 6 years old [1]. Before the avail-

ability of conjugate vaccines, pneumococci were responsible for an estimated 14.5 million

episodes of serious pneumococcal disease worldwide, and for 11% of all the deaths among chil-

dren [2]. In countries where seven-valent pneumococcal conjugate vaccine (PCV7—targeting

serotypes 4, 6B, 9V, 18C, 19F and 23F of the 97 described to date) was introduced, a sustained

decrease in the number of cases of invasive pneumococcal disease (IPD) was observed [3].

Among vaccinated children pneumococcal carriage has remained stable but extensive serotype

replacement was found to occur [4,5]. In 2010, a 13-valent conjugate vaccine (PCV13), targeting

PCV7 types and six additional serotypes (1, 3, 5, 6A, 7F and 19A) was introduced and further

declines in the incidence of IPD and serotype replacement in carriage have been documented

[6–9].

Competition between serotypes has been cited as the most likely hypothesis to explain the

emergence or expansion of serotypes, after decline of PCV7-serotypes, known as serotype

replacement [5,10]. Nonetheless, temporal oscillations in carriage of pneumococcal serotypes

can be an additional factor to explain sudden changes in prevalence of non-vaccine as well as

of vaccine-serotypes. Furthermore, since periodic cycles were observed for invasive pneumo-

coccal disease [11–14] we hypothesized that the same pattern may be occurring in carriage.

In this paper we investigated whether periodic cycles of carriage of pneumococcal serotypes

exist among children and how PCV7 impacted on those cycles. We used a dataset spanning

from the pre-vaccine era until the end of the PCV7 era (1996–2010). We show that the carriage

of pneumococcal serotypes exhibits periodic cycles and these can explain counter-intuitive

changes in prevalence of specific serotypes following PCV7 introduction. The results clearly

demonstrate that to understand serotype replacement due to use of PCVs, not only PCVs, but

also periodic serotype cycles, have to be taken into consideration.

Methods

Study setting

In Portugal, PCV7 became available in June 2001 and PCV13 in January 2010. The Portuguese

Pediatric Society recommended vaccination of young children with PCV [15] but until June

2015, PCV was not reimbursed by the state nor was included in the National Immunization

Plan. Nonetheless, national estimates indicate that PCV7 usage reached 56% in 2003 and 79%

in 2007. In 2009, PCV7 coverage estimate was 62% (data from IMS and INE/National Statistics

Institute).

Between 1996 and 2010 children up to six years old attending day-care centers in the urban

region of Lisbon/Oeiras, Portugal were enrolled in the study as described elsewhere [16]. Briefly,

a trained nurse obtained one nasopharyngeal sample, for each child. Sampling took place in the

first three months of each year, between 1996 and 2010 with the exception of 2000, 2004, 2005

and 2008 when no sampling occurred. Data on demographic and clinical information were

obtained from the child’s guardians. Approval for this study was obtained from the Ministry of

Education and the day-care centers directors. Signed informed consent was obtained from the

parents or child’s guardians. Children records were de-identified and analysed anonymously

and the strains, not human subjects, were studied. Isolation and serotyping of pneumococcus

was previously described [16]. Briefly, pneumococci were identified based on colony morphol-

ogy, occurrence of α-hemolysis on blood agar plates and optochin susceptibility. Capsular type

was determined by the Quellung reaction or by sequential multiplex PCR using primers
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previously described ([17] and [18]. Suspected non-capsulated pneumococci (NT, non-type-

able) were identified using a multiplex PCR-based strategy previously described [19].

Trends of vaccine coverage and pneumococcal carriage

PCV7 coverage per year in the study population was estimated as the ratio between the num-

ber of PCV7-vaccinated children and the total number of children sampled. The chi-squared

test for trend in proportions was used to analyze the trends on vaccine coverage and on pneu-

mococcal carriage. A Student’s t-test was used to compare two mean values.

Periodic cycles of specific serotypes

Periodic cycles were investigated for all serotypes with a prevalence of at least 2.0% in each vac-

cine period (pre-, low- and high-, as defined below).

A mixed generalized additive model (GAM) [20] with a logit link was used to investigate

whether periodic cycles in the prevalence of each serotype occurred. The initial model

included as independent variables, the year of sampling, vaccine coverage, children’s age and

day-care center unit. However, since both the year of sampling and vaccine coverage were

strongly correlated, this led to problems of singularity. To overcome the problem vaccine cov-

erage was grouped into three periods (pre-vaccine (1996–2001), low-vaccine coverage (2002–

2003) and high-vaccine coverage (2006–2010)). Day-care centers were included in the model

as a random effect to account for possible clusters on pneumococcal serotype transmission. A

cyclic version of a P-spline was used for the variable “year” and a random effect smooth spline

was used for the variable “day-care center”.

The model was fitted to the carriage data. For each serotype a model was fitted and used

to explore the association between carriage of specific serotypes and PCV7 coverage. The

strength of the associations was given in adjusted odds ratio (ORadj) and the corresponding

confidence interval at 95% (CI 95%). An OR was considered statistically significant when the

confidence interval was below 1, indicating a protective factor for carriage, or above 1, indicat-

ing a risk factor for carriage. The goodness of fit of the model was assessed by the Hosmer-

Lemeshow test and the Akaike Criterium [20].

The period of time including the pre- and low-vaccine period were used to uncover the

occurrence of periodic peaks before extensive PCV7 use. Multi-taper spectral analysis and the

harmonic F-test were used to test the significance of peaks in serotype carriage in that time-

period [21]. Spectral analysis was applied to the detrended data, calculated by subtracting the

fitted regression line from the original data. A second generalized linear model, in which age

was the dependent variable and the vaccine period the independent variable, was used to

explore the effect of vaccine coverage on children’s age at carriage.

The statistical analyses were done using R version 3.1.1 [22].

Results

Population characteristics, pneumococcal carriage and serotypes

Between 1996 and 2010, 7,463 nasopharyngeal samples were obtained from children attending

39 day-care centers. PCV7 coverage in the study population increased significantly from 0%

in the pre-vaccine period, to 15.9% in the low-vaccine period, and 70.3% in the high vaccine

period (P�0.001, Table 1).

Overall, 63 capsular types and non-typeable isolates were identified. Serotype distribution

was detailed elsewhere [16]. The prevalence of pneumococcal carriers and the most abundant

serotypes at each period are indicated in Table 1.
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Table 1. Characteristics of the population under study stratified by PCV7 coverage.

Period No.

children

Age (yrs),

Mean ± SDa
PCV7 coverage, %

(95% CI)

Carriage prevalence, %

(95% CI)

Most prevalent serotypes

(~50% among total isolates;

95%CI)

PCV7

type

Pre-vaccine (1996–

2001)

3757 3.46±1.56 - 56.7 (55.1–58.2) 6B (14.0; 12.6–15.6) Yes

23F (12.1; 10.7–13.5) Yes

19F (9.7; 8.5–11.0) Yes

6A (8.0; 6.9–9.3) No

14 (7.8; 6.7–9.0) Yes

Low-vaccine (2002–

2003)

1598 3.50±1.52 15.9 (14.2–17.8) 69.5 (67.2–71.7) 19F (12.9; 11.0–14.9) Yes

6B (8.7; 7.2–10.5) Yes

23F (8.1; 6.6–9.8) Yes

6A (6.6; 5.2–8.2) No

3 (6.1; 4.8–7.7) No

11A (6.0; 4.8–7.6) No

14 (5.7; 4.5–7.3) Yes

High-vaccine

(2006–2010)

2108 3.38±1.52 70.3 (68.3–72.2) 63.6 (61.5–65.6) 19A (12.5; 10.8–14.3) No

6C (8.8; 7.5–10.5) No

3 (6.6; 5.4–8.1) No

6A (6.1; 4.9–7.5) No

NT (5.6; 4.5–7.0) No

19F (5.4; 4.3–6.7) Yes

15A (5.2; 4.1–6.5) No

a SD for standard deviation.

https://doi.org/10.1371/journal.pone.0176723.t001

Table 2. Effect of PCV7 coverage on carriage of PCV7 and non-PCV7 serotypes.

Serotype Pre-vaccine Low-vaccine High-vaccine

Carriage

(%)

ORadj (CI 95%) Carriage

(%)

ORadj (CI 95%) Carriage

(%)

ORadj (CI 95%)

6B 14.0 Ref. 8.7 0.62 (0.38–1.01) 0.4 0.03 (0.01–0.08)a

14 7.8 Ref. 5.7 0.79 (0.32–1.93) 2.6 0.20 (0.06–0.68)a

19F 9.7 Ref. 12.9 1.64 (1.06–2.54)a 5.4 1.00 (0.58–1.72)

23F 12.1 Ref. 8.1 0.58 (0.30–1.13) 1.9 0.09 (0.03–0.23)a

3 4.7 Ref. 6.1 0.15 (0.03–1.75) 6.6 1.69 (0.71–3.99)

6A 8.0 Ref. 6.6 0.22 (0.11–0.44)a 6.1 0.10 (0.04–0.27)

19A 4.1 Ref. 5.7 1.94 (1.21–3.12)a 12.5 5.10 (3.05–8.53)a

6C 1.0 Ref. 2.1 2.82 (0.37–21.62) 8.8 7.36 (2.19–24.76)a

11A 3.4 Ref. 6.0 2.76 (0.66–11.61) 3.4 1.40 (0.41–4.72)

15A 1.2 Ref. 1.6 5.58 (0.60–51.80) 5.2 2.70 (0.69–10.65)

15B/C 2.7 Ref. 4.6 1.58 (1.00–2.51)a 4.7 1.44 (0.89–2.34)

NT 2.4 Ref. 5.1 6.82 (2.31–20.13)a 5.6 5.10 (1.71–15.22)a

The odds ratio (OR) was adjusted for the child’s age, fluctuations over the years, and day-care center in a mixed generalized additive model with a logit

function. The day-care center was introduced in the model as a random variable.
astatistically significant

https://doi.org/10.1371/journal.pone.0176723.t002
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Periodic cycles on the carriage prevalence of PCV7 serotypes

PCV7 serotypes 4, 9V and 18C were carried infrequently (serotype 4 was not found, serotypes

9V and 18C were carried by less than 0.5% of the children) and were not analyzed. The preva-

lence of serotypes 6B, 14, 19F and 23F was found to be associated with the vaccine period after

adjusting for the child’s age, calendar year and day-care center (Table 2). Specifically, the high-

vaccine period was associated with a significant decrease in the prevalence of serotypes 6B, 14

and 23F.

Analysis of the pre- and low-vaccine periods showed periodic cycles for serotypes 14, 19F

and 23F with inter-epidemic periods of 5.9, 3.5 and 5.9 years, respectively (Fig 1). No signifi-

cant periodic cycles were observed for serotype 6B. Of note, serotype 14 peaked in 2006–2007

(high-vaccine period) following the predicted cyclic pattern for this serotype albeit with a

lower prevalence when compared to the pre-vaccine period (Fig 1).

Comparison of the mean age of carriage of PCV7 serotypes between the high-vaccine and

pre-vaccine periods indicated that it increased significantly for serotypes 6B (from 2.8 to 4.2

yrs), 19F (from 3.0 to 3.7 yrs) and 23F (from 2.9 to 3.9 yrs) (Table 3). Overall age distribution

(which was not different over time) and the proportion of carriage of specific serotypes within

different age groups over time are shown in S1 Fig.

Periodic cycles on the carriage prevalence of PCV13 serotypes not

included in PCV7

Serotypes 1, 5, and 7F were carried infrequently (less than 2% of children) and were not ana-

lyzed. The prevalence of serotypes 6A and 19A was found to be associated with the vaccine

period after adjusting for the child’s age, calendar year and day-care center (Table 2). Specifi-

cally, the high-vaccine period was associated with a significant increase in the prevalence of

serotype 19A. No significant change was found in the prevalence of serotype 3 between vaccine

periods.

Analysis of the pre- and low-vaccine periods showed periodic cycles for serotypes 3 and 6A

with inter-epidemic periods of 2.9 and 4.4 years, respectively (Fig 1). No significant cycles

were observed for serotype 19A. Although PCV7 did not directly target these serotypes, during

the high-vaccine period, carriage of serotype 6A, peaked one year earlier (2006) than expected

and decreased significantly in 2009–2010. Also, serotype 3 peaked in 2009, one year later than

the year predicted by the model and with a higher prevalence.

Comparison of the mean age of carriage of PCV13 serotypes not targeted by PCV7 between

the high-vaccine and pre-vaccine periods indicated that the mean age of carriage decreased

significantly for serotype 3 (from 4.4 to 3.9 yrs) (Table 3, S1 Fig).

Periodic cycles on the prevalence of carriage of non-vaccine serotypes

Serotypes 6C, 11A, 15A, 15B/C and NT were analyzed since these were the most frequently

found in the dataset. The prevalence of serotypes 6C, 15B/C and NT was found to be associated

with the vaccine period after adjusting for the child’s age, calendar year and day-care center

(Table 2). Specifically, the high-vaccine period was associated with a significant increase in the

prevalence of serotype 6C. Serotype 15B/C increased significantly from the pre-vaccine to the

low-vaccine period. NT strains consistently increased overtime.

Analysis of the pre-vaccine and low-vaccine periods showed periodic cycles for serotypes

6C, 11A and NT with inter-epidemic periods of 5.9, 5.0 and 3.2 years, respectively (Fig 1). In

the high-vaccine period, after 2007, the observed prevalence of serotype 6C no longer followed
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the cyclic pattern predicted by the model (Fig 1). For NT strains, in the high-vaccine period, a

single peak was observed instead of the two peaks forecasted by the model.

Fig 1. Proportion of carriers according to pneumococcal serotype as a function of time. Panels show the fit (white line) of a mixed

generalized additive model to the proportion of carriers of specific serotypes per year, and the corresponding harmonic period estimated from the

detrended time series from 1996 to 2003. For the detection of significant harmonic peaks we used 7 tappers and a time-bandwidth of 0.56. Large

red dots, indicate mean proportion of carriers by year. Small red dots indicate the proportion of carriers by day-care center and child age. The gray

shaded area represents the confidence interval at 95% estimated from the fit of the model. In the detrended time-series the solid line represents

the expected cycle whereas the dashed lines represents the cycle observed for the pre- and low-PCV7 periods.”

https://doi.org/10.1371/journal.pone.0176723.g001
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Comparison of the mean age of carriage of non-vaccine serotypes between the high-vaccine

and pre-vaccine periods showed that the mean age of carriage decreased significantly for sero-

types 11A (from 4.1 to 3.4) and 15A (from 3.0 to 2.6). No differences in the mean age of car-

riage for the other non-vaccine serotypes were found (Table 3, S1 Fig).

Discussion

To our best knowledge no study has looked at periodic cycles in pneumococcal carriage

although those have been described in IPD [11–14]. The main finding of our study are: (i)

serotypes frequently carried can exhibit periodic cycles and these can be modeled; (ii) these

cycles can be perturbed directly or indirectly upon interventions such as introduction of a

PCV; and (iii) shifts in the mean age of carriage of specific serotypes can occur as a conse-

quence of these perturbations.

Regarding the first finding we observed that, before use of PCV7, periodic cycles (ranging

from 3 to 6 years) were noticeable for PCV7 types 14, 19F and 23F, and non-PCV7 types 3, 6A,

6C, 11A, and NT. These observations can be better contextualized in light of previous studies.

It has been shown that, upon colonization, serotype-specific immunity develops for serotypes

6A, 11A, 14, and 23F decreasing the probability of subsequent colonization by the same sero-

type [23–26]. In addition, a mathematical model aimed to simulate pneumococcal dynamics

showed that when serotype-specific immunity occurs the prevalence of carriage has periodic

peaks [26]. By contrast, serotype 19F is poorly immunogenic and less is known regarding sero-

types 3, 6C and NT [23,25]. Since these latter serotypes were also associated with periodic

cycles, other mechanisms may be contributing to it [24,26].

No periodic cycles were detected for other abundant serotypes: 15A, 19A and 6B. This

might be due to several reasons that can hinder or prevent detection of oscillations in time: (i)

long inter-epidemic periods (for example for 6B and 19A); (ii) low prevalence in carriage

before introduction of PCV7 (observed for serogroup 15) [26]; and (iii) low serotype-specific

immunity (described for serogroup 15) [25].

In IPD changes in the distribution of specific serotypes have been observed overtime but

periodic cycles have not been systematically studied [11–14]. Still, a study from Denmark

Table 3. Mean age of carriage of specific serotypes in the pre-vaccine and high-vaccine period.

Mean age ± standard deviation (yrs)

Serotype Pre-vaccine High-vaccine P

6B 2.8 ± 1.5 4.2 ± 1.3 0.006

14 2.6 ± 1.5 3.5 ± 1.6 0.102

19F 3.0 ± 1.7 3.7 ± 1.5 0.004

23F 2.9 ± 1.7 3.9 ± 1.1 <0.001

3 4.4 ± 1.0 3.9 ± 1.0 0.005

6A 3.3 ± 1.6 3.5 ± 1.4 0.093

19A 2.9 ± 1.9 2.9 ± 1.6 0.918

6C 3.3 ± 1.7 2.8 ± 1.5 0.031

11A 4.1 ± 1.3 3.4 ± 1.8 0.012

15A 3.0 ± 1.5 2.6 ± 1.5 0.036

15B/C 3.7 ± 1.4 3.6 ± 1.6 0.491

NT 2.8 ± 1.6 3.3 ± 1.4 0.301

The trend in the mean age of carriage, for each serotype, was estimated from a generalized linear model in

which age was a dependent variable and the vaccine period the independent variable.

https://doi.org/10.1371/journal.pone.0176723.t003
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showed that serotypes 1, 2, 3 and 5 exhibited epidemic peaks in IPD every 2–3 years before

1960’s, and peaks every 7–10 years thereafter; whereas serogroups/serotypes 15, 19A, 22F and

33 showed a fairly stable proportion of cases overtime [14].

The observation of these cycles in IPD is a good indication that this should also occur in

carriage since carriage precedes disease [11]. Direct comparison between periodic cycles in

carriage and IPD is, nonetheless, difficult and currently such analyses are lacking in the avail-

able literature. It would be of interest to analyze systematic analyses on periodic cycles in IPD

and carriage where robust temporal series are available.

The second main finding of our study was the observation that PCV can affect periodic

cycles not only directly, but also indirectly. In agreement with other studies we observed that,

upon use of PCV7, the prevalence of vaccine serotypes 6B, 14, and 23F decreased significantly.

Still, two puzzling observations were made: a peak on the carriage prevalence of serotype 14

was noted in 2007, and an increase in 19F was noted during the high-vaccine period. This has

not been observed in countries where PCV7 was universally introduced [27–29]. The non-uni-

versal use of PCV7 in Portugal is probably on the basis of these differences. In fact, models of

pneumococcal dynamics predict that in settings where vaccine coverage is not large enough to

interrupt circulation of vaccine serotypes their re-emergence may occur [26]. Why this was

observed for only two PCV7 serotypes is not totally understood but should result from a com-

bination of factors such as host and vaccine-mediated serotype-specific immunity, competi-

tion between serotypes, the selective pressure of antibiotic use, and serotype-associated

patterns of antimicrobial resistance.

Of interest, our results suggested an indirect impact of PCV7 on periodic cycles of non-

PCV7 serotypes 3, 6A, 6C, 11A, 19A and NT. This indirect impact was translated in three

ways: (i) a higher amplitude in the PCV7 period (serotypes 3 and 11A), (ii) sustained increase

in the prevalence of carriage (serotypes 6C, 19A and NT) and (iii) an increase in the inter-epi-

demic period (serotypes 3, 6A and NT).

The higher amplitude of the serotype 3 periodic cycle during the high-PCV7 period con-

trasts with what was recently reported in the case of IPD in Denmark where no such differ-

ences were observed in the PCV7 era [30]. The increase in the inter-epidemic period of

serotype 6A in the high-vaccine period has been explained by the need of high anti-6B anti-

body concentrations for protection against this serotype [31].

Differences in the inter-epidemic period of specific serotypes between countries can result

from several factors such as differences in: (i) the contact patterns among children [1]; (ii) the

circulating serotypes (with implications on serotype specific- and non-specific immunity) [26]

and (iii) abiotic factors, such as UV radiation [32]. In one study a lower UV radiation was a

major predictor of IPD. The authors attributed this to the direct effects of UV on pathogen sur-

vival [32] impacting on transmission and on the inter-epidemic period in carriage.

The third main finding of this study was the observation of significant changes in child’s

mean age of carriage of some serotypes. We observed an increase in the child’s mean age of

carriage of PCV7-serotypes 6B, 19F, and 23F. An increased prevalence of PCV7 serotypes in

older ages has also been observed in other settings where PCV7 has been introduced [27]. In

addition, significant changes were also observed in the child’s mean age of carriage of serotypes

3, 6C, 11A and 15A, which became more frequent in ages previously associated with carriage

of PCV7 serotypes. These shifts could be a consequence of an increase in the prevalence of

those serotypes [33] and of the reduced circulation of competing PCV7-types that were previ-

ously occupying this niche [10,26]. The increase in carriage of serotypes 6C and 19A has also

been observed in other countries after PCV7 implementation [27,29,34] but no details on shifts

in the mean age of carriage were provided. Nonetheless, it is known that in IPD an age-related

serotype distribution exists [35–37] as well as in carriage. In the absence of PCV7, it has been
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observed that PCV7 serotypes tend to peak in prevalence at 2 years of age and non-PCV7 sero-

types at 4 years of age [38].

This study has some limitations inherent to the type of data that was used. Firstly, the time

series was relatively short (15 years). This prevented use of standard methods of time series

analysis and possibly did not enable detection of inter-epidemic periods for some serotypes.

We tried to overcome these limitations by using multi-taper spectral analysis, which reduces

estimation bias in the identification of peaks of short time series. Secondly, we used a conve-

nience sample that may not be fully representative of the serotypes circulating in the popula-

tion since only day-care centers were sampled. Ideally, a broader sample of the community

would be desirable. Still, we consider that our sample was a good proxy of the serotypes circu-

lating in the population for several reasons: (i) our studies included, at all time points, a diverse

range of day-care centers which covered the different social strata that exist in Portugal; (ii) in

Portugal the majority of young children attend day care centers and the trend is continuously

increasing overtime (e.g., 75% in 2001 and 85% by 2010) [39]; (iii) several studies have shown

that day-care centers are key major reservoirs of pneumococci contributing decisively to the

community levels of pneumococcal carriage [1,40–42]. Finally, there may have been clustering

of specific serotypes circulating in each day-care center. We dealt with this problem by correct-

ing the variance in the regression models always including day-care center as a random vari-

able. We also analyzed the presence of clusters every time we detected a significant peak in the

time series.

In conclusion, ours findings provide evidence that carriage of pneumococcal serotypes can

exhibit periodic cycles, which may imply that if PCV’s coverage is not sufficiently high to inter-

rupt transmission of PCV-serotypes, peaks of VTs with smaller amplitude and longer inter-

epidemic period can occur. These peaks will include a higher proportion of older non-immu-

nized children when compared with the pre-vaccine period and may imply that IPD patterns

may change. Moreover, PCVs impact not only on PCV-serotypes but also affect the periodic

cycles of non-PCV types. While the reasons underlying such effects are not fully understood,

they likely reflect the results of complex intra-species interactions (between pneumococci of

different serotypes) and of host-immunity. The results of this study should be taken into

account when interpreting surveillance data on pneumococcal carriage.

Supporting information

S1 Fig. Serotype carriage by children’s age (in years) in the pre- and high-PCV7 periods.

First panel: Overall age distribution between the pre-PCV7 (1996–2001) and the high-PCV7

period (2006–2010).

Other panels: Serotype-specific carriage as indicated.

Y-axis, age in years; X-axis, proportion of carriers.
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coccus pneumoniae and Staphylococcus aureus in healthy children. Lancet Lond Engl. 2004; 363:

1871–1872.

39. dos Santos FFM. Matriculados: Pré-escolar por subsistema de ensino. PORDATA [Internet]. 2016

[cited 16 Apr 2016]. Available: http://www.pordata.pt/Home
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