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Abstract

Background—The epidemiology of nasopharyngeal (NP) pneumococcal carriage varies with 

geography and has changed in response to pneumococcal conjugate vaccine (PCV): a low 

prevalence (3% or less of colonizing isolates) of colonization by vaccine-type (VT) pneumococcal 

serotypes after PCV introduction has been reported. The primary goal of this study was to 

determine the VT serotype prevalence of NP pneumococcal colonization of children residing in 

the St. Louis, MO, USA metropolitan area following introduction of the 13-valent PCV in 2010. 

The secondary goal of this study was to identify characteristics associated with NP pneumococcal 

carriage of any serotype.

Methods—Between July 2013 and April 2016, we enrolled 397 healthy children, aged 0 –17 

years, who required sedation for procedures or minor surgeries at St. Louis Children’s Hospital. 

NP swabs were collected after sedation or anesthesia and cultured for pneumococcus. Vaccine 

records were obtained from primary care providers or from state immunization databases. Parents/

guardians completed a questionnaire to provide demographics, past medical history and household 

characteristics.

Results—Of the 88 pneumococcal isolates recovered from 84 colonized subjects (21.2% of all 

enrolled subjects; 95% CI 17.2–25.2%), 16 were VT. Eleven isolates were serotype 19F (12.5%), 
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four (4.5%) were 6A and one (1.1%) was 19A. Prevalence of VT among colonizing isolates was 

thus 18.2% (CI 10.1–26.1%) in our cohort, despite complete PCV vaccination in 87% of colonized 

children. Factors associated with pneumococcal colonization by any serotype included younger 

age and daycare attendance.

Conclusion—Children in St. Louis exhibit a higher prevalence of VT serotypes among 

pneumococcal carriage isolates than has been reported in other areas in the US, demonstrating the 

necessity of ongoing surveillance of local epidemiology and providing evidence that serotype 19F 

can remain prevalent in a pediatric population despite high vaccine uptake.
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Introduction

Streptococcus pneumoniae infections cause over 500,000 deaths annually worldwide [1]. 

Invasive pneumococcal disease (IPD) affects primarily young children or adults over the age 

of 65 [1]. The thick, polysaccharide pneumococcal capsule serves as the pathogen’s primary 

virulence factor, protecting against immune recognition and phagocytosis. Thus, protection 

against all pneumococci has been hampered by the existence of over 90 capsular serotypes. 

Generation of specific anti-capsular antibodies via administration of pneumococcal 

conjugate vaccine (PCV) provides adaptive immunity that protects against IPD. PCV have 

been deployed since 2000 and have profoundly reduced the incidence of IPD [1].

Nasopharyngeal (NP) carriage by children is a major human reservoir of pathogenic 

pneumococci [2]. PCV implementation has not only decreased IPD incidence but also 

shifted the distribution of serotypes among pneumococcal carriage isolates [3]. NP carriage 

of vaccine-type (VT) serotypes in PCV7 (4, 6B, 9V, 14, 18C, 19F, and 23F) or PCV13 

(additional serotypes 1, 3, 5, 6A, 7F, and 19A) has fallen dramatically in prevalence, while 

non-VT NP carriage has increased proportionally, such that the overall prevalence of NP 

pneumococcal carriage has changed little [4, 5].

The epidemiology of serotypes prevalent in a community varies geographically and 

demographically. Recent reports have described very low prevalence of NP colonization by 

VT pneumococci among children in Georgia (6–59 months of age) and in Massachusetts (< 

7 years of age), US [4, 5]. While a 2006 study examined the prevalence of pneumococcal NP 

carriage and antibiotic resistance patterns of carriage isolates in St. Louis, Missouri, in 

children < 7 years of age prior to the introduction of PCV13 [6], these isolates were not 

serotyped. Thus, the local epidemiology of VT pneumococcal serotypes carried by children 

in the greater St. Louis area, and how this compares to other regions, remains unknown.

The primary goal of our study was to define the prevalence of pneumococcal colonization 

with VT serotypes in healthy children enrolled from an outpatient surgery center in the St. 

Louis metropolitan area [7]. We also aimed to identify factors associated with pneumococcal 

NP colonization, such as receipt of PCV, patient demographics, past medical history, and 
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household characteristics. We tested the hypotheses that we would find associations of NP 

carriage with pre-school age, daycare attendance, recent symptoms of upper respiratory 

infection (URI), exposure to tobacco smoke, breast-feeding, and residence with a school-

aged sibling, based on prior reports [4, 8–10].

Methods

Patient population

All study procedures were approved by the Washington University School of Medicine 

Institutional Review Board/Human Research Protection Office. Written informed consent 

for participation was obtained from the parents or legal guardians of healthy children aged 0 

– 17 years requiring anesthesia for minor procedures (e.g., herniorrhaphy, eye muscle repair/

release, or diagnostic upper endoscopy) in the St. Louis Children’s Hospital Same Day 

Surgery Center. As serotype distribution varies with age, we included children of all age 

groups [11]. Because we included subjects from the Urology service (e.g., infants 

undergoing hernia repairs and circumcision revisions), we enrolled more males than females. 

We obtained verbal assent from school-aged children (7 – 11 years old) and written assent 

from subjects ≥ 12 years of age. Exclusion criteria were: presence of oropharyngeal 

anatomical abnormalities; undergoing tonsillectomy/adenoidectomy; presence of chronic 

illness such as immunodeficiency, autoimmune disorder, cystic fibrosis, heart disease, or 

cancer. We also excluded subjects who had URI symptoms at the time of the procedure, 

fever or hospital admission within the preceding 24 hours, were previously enrolled in the 

study, or were on antibiotics (defined as receiving an antibiotic within the 24 hours 

preceding the procedure other than a single pre-operative dose; most minor surgical 

procedures did not necessitate pre-operative antibiotics). Children were enrolled year-round 

from July, 2013 until April, 2016.

Data collection

Parents or legal guardians completed a questionnaire at the time of enrollment, with self-

report of race, ethnicity, insurance coverage, vaccine receipt, past medical history, 

prescription medicines, and household characteristics. Our questionnaire included elements 

previously associated (either positively or negatively) with pneumococcal NP carriage, such 

as symptoms of recent URI within the preceding month, daycare attendance, exposure to 

tobacco smoke, presence of school-aged siblings in the home, and breastfeeding [4, 5, 8, 9]. 

Past medical history included specific questions regarding recent (preceding three months) 

receipt of antibiotics; diagnosis of acute otitis media, sinusitis, pneumonia, or other infection 

in the prior month; or any past diagnosis of acute otitis media, sinusitis, pneumonia, or other 

infections. We included source of insurance (private, public, or self-pay) as an indicator of 

socioeconomic status. We also assessed characteristics previously associated with nasal 

carriage of Staphylococcus aureus, such as frequent contact with the health care system [12].

Vaccine records were obtained with consent for 371 (93.5%) subjects from either primary 

care provider offices or from state databases. Subjects were considered to be completely 

vaccinated if they had received all recommended PCV for their age. PCV7 was first 

introduced in the US in 2000, with subsequent release of PCV13 in the US in 2010. Routine 
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PCV recommended for all children in the US follows a 3 + 1 schedule, with doses given at 

2, 4 and 6 months of age and a fourth (booster) dose given between 12–15 months of age. At 

the time of PCV13 introduction, a single dose of PCV13 was recommended for all children 

aged 24–59 months with any incomplete PCV7 or PCV13 schedule [13].

Sample collection and isolation of pneumococci

Samples were obtained and processed as previously described, in accordance with World 

Health Organization (WHO) guidelines for pneumococcal identification [14, 15]. In brief, 

one NP swab (E-swab Minitip, Copan) was introduced into one nostril of each subject 

immediately after sedation. Eluent (100 μl) was directly inoculated to sheep’s blood agar 

plates (BAP; BD Biosciences) and into 3 ml Todd Hewitt broth containing 0.5% yeast 

(THY) extract and 0.5 ml rabbit serum for enrichment. After incubation, inoculated broth 

(100 μl) was also directly streaked onto BAP. After overnight incubation (35°C in 5% CO2), 

up to 12 individual α-hemolytic colonies per subject were selected from either plate for 

further analysis. Pneumococci were identified as catalase-negative, optochin-susceptible, 

bile-soluble colonies of Gram-positive cocci in pairs and chains [6, 14]. Isolates were frozen 

(−80°C) for future use.

Serotype analysis

Serotypes were determined through a combination of genotyping and phenotyping. DNA 

was isolated from cultures using mutanolysin and hyaluronidase (Sigma) or BiOstic 

Bacteremia DNA isolation kit (MO Bio Laboratories, Inc.). First, one isolate from each 

colonized subject was serotyped using multiplex PCR (QIAGEN) [16]. Next, to determine if 

subjects were colonized with multiple serotypes, all additional isolates from each subject 

were tested for identity with the initial isolate by PCR. Non-identical isolates then 

underwent multiplex PCR serotyping until all isolates that could be typed by PCR were 

assigned a serotype according to CDC guidelines (2014, http://www.cdc.gov/streplab/

pcr.html). Serotypes determined by PCR were confirmed in a subset of isolates through 

phenotypic analysis by Quellung reaction (Statens Serum Institut, Denmark). Phenotypic 

serotyping was also performed on eight isolates that could not be serotyped by PCR. Of 

note, five isolates that are described as “serotype unknown” could not be serotyped by either 

phenotype or genotype.

Sample size determination

The primary objective of this study was to define the prevalence of VT pneumococcal 

serotypes isolated from the NP of colonized children in St. Louis following the 2010 

introduction of PCV13. Using the prevalence of VT pneumococcal colonization pre- and 

post-vaccine introduction reported in other studies, we calculated that a minimum of 62 

serotyped isolates would provide sufficient power to detect a change from 25% to 7% in VT 

serotypes [11]. Based upon an overall pneumococcal carriage prevalence of 18%, 

established after our first year of enrollment [15], we calculated that enrollment of at least 

344 children would provide 80% power at a 5% significance level to compare our prevalence 

of VT serotypes to that in other US geographic regions.
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Statistics

REDCap database software was used to maintain subject and pneumococcal isolate data 

[17]. Pearson chi-square was used to determine association between likelihood of 

pneumococcal NP colonization and characteristics of subjects. The multivariable model was 

constructed using backwards stepwise logistic regression, including all variables that met 

statistical significance (p < 0.05) in the univariate analysis. Intervals between last dose of 

PCV and sample collection is given in years (mean ± S.D.) and comparison between two 

groups made using Student’s t-test. All statistics were performed using SPSS Statistics 23 

for Windows (IBM SPSS).

Results

We enrolled 397 children from July, 2013 to April, 2016 in the St. Louis Children’s Hospital 

Same Day Surgery Center. Of the 397 subjects, 9 (2.3%) underwent surgical procedures 

requiring a pre-operative antibiotic dose. Subjects ranged in age from 0 – 17 years (median 

age 4.5 years). Of the 371 (93.5%) subjects for whom we were able to obtain 

documentation, 81.9% had received complete PCV series, including the fourth “booster” 

dose if the subject was ≥ 15 months of age. Of those enrolled, 84 (21.2%; 95% CI 17.2%–

25.2%) subjects were colonized with pneumococcus, with subjects aged 0–2 years having 

the highest prevalence (30.8%; 95% CI 22.4%–39.2%). The prevalence of colonization of all 

children ≥ 6 years old was 29.8% (71/238 subjects; 95% CI 24%–35.6%). Of the colonized 

subjects, 86.7% had received all recommended doses of PCV for age (Table 1); 94% of 

colonized subjects had received either all recommended doses of PCV for age (including the 

booster dose) or ≥ 3 doses of PCV, indicating high PCV uptake in this community. The 

intervals between the last dose of PCV given to subjects and the day of sample collection did 

not vary significantly between colonized and non-colonized subjects in children aged 0–2 

years, 2–6 years, or > 12 years. In subjects aged 6–12 years, colonized children had 

significantly shorter intervals (4.5 ± 1.7 years, n = 10) between last PCV doses and sample 

collection than non-colonized subjects (6.8 ± 2.6 years, n = 70; p = 0.002 by Student’s t-

test). None of the nine subjects who received a pre-operative antibiotic dose were colonized 

with pneumococcus. In our univariate analysis, NP carriage was inversely associated with 

age (p < 0.001), and also associated with African-American race (p = 0.014). Sex, ethnicity, 

source of insurance coverage and receipt of PCV were not associated with pneumococcal 

colonization (Table 1).

We next determined the elements of past medical history or household characteristics that 

were associated with pneumococcal carriage (Table 2). A recent history (defined as within 

the prior month) of URI symptoms (p = 0.007), residence in a household with another young 

child (p = 0.004), and daycare attendance in children < 7 years of age (p < 0.002) were 

associated with pneumococcal carriage in a univariate analysis. We found no other 

associations among the other elements queried (Table 2). We then constructed a 

multivariable model including age, race, recent URI symptoms, age of siblings, and daycare 

attendance. In our multivariable analysis, pneumococcal NP colonization remained 

significantly associated (p < 0.05) with younger age (for each decrease in year of age, OR 
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for colonization was 1.17; 95% CI 1.08–1.26), and daycare attendance (OR 2.54; 95% CI 

1.48–4.37).

We then analyzed the serotype prevalence of the colonizing pneumococcal isolates (Figure). 

Four (4.8%) subjects were colonized with two different serotypes, such that 88 isolates from 

84 subjects are shown. One subject was co-colonized with serotypes 21F and 23B, one with 

serotypes 35A and 23A, one with serotypes 15A and 23B, and one with serotypes 15B and 

33F, none of which are VT. Overall, the most commonly identified serotype was 19F, 

included in both PCV7 and PCV13 (n=11/88, 12.5%; 95% CI 5.6 – 19.4%). We also found 

five isolates (5.7%; CI 0.9 – 10.5%) with serotypes included in PCV13: 19A (n = 1) and 6A 

(n = 4). Thus, three VT serotypes comprised 18.1% (CI 10.1 – 26.1%) of pneumococcal 

isolates recovered from healthy children in St. Louis.

We focused on VT pneumococci, to determine if age, lack of vaccination, or other factor 

correlated with the likelihood of colonization with VT pneumococci (Table 3). The ages of 

the 16 subjects colonized with VT serotypes ranged from 7.5 months to 6.5 years (median 

age 3 years), and age did not associate with likelihood of carriage of VT versus non-VT 

pneumococcus. The 16 subjects colonized with VT serotypes resembled the demographics 

of the overall subject population (12 males, 4 females; 14 non-black, 2 African-American/

biracial). All subjects colonized with VT serotypes were insured (11 private, 5 public) and 

none had histories of serious infections such as pneumonia, bacteremia, or meningitis. Of 

the 16 subjects with VT isolated, 6 (37.5%) had recent URI symptoms, similar to the 34.9% 

of all carriers reported with recent URI symptoms (Table 2). VT serotypes were isolated in 

all seasons and years of sampling (7 winter, 9 summer; 5 in 2014, 8 in 2015, 3 in 2016). Of 

the 11 children colonized with 19F, seven had received complete PCV13 series and two had 

complete vaccine series that were combinations of PCV7 and PCV13 (Table 3). One subject 

was documented as having received fewer than three immunizations, and the vaccination 

records for one subject colonized with 19F could not be located. Of the five children 

colonized with PCV13 types (6A and 19A), two had complete PCV13 series, two had 

complete series that were combinations of PCV7 and PCV13 and one had a documented 

incomplete series. The intervals between receipt of last PCV dose and sample collection did 

not differ significantly between subjects colonized with VT and non-VT pneumococci, nor 

did they differ significantly between subjects colonized with serotype 19F and non-19F 

serotypes. We were therefore unable to find an association between carriage of VT 

pneumococci and age, vaccine receipt, or other surveyed factor.

Discussion

First administered in the US in 2000, PCV7 has been highly effective in preventing IPD [1, 

18]. With the recent introduction of 10- and 13-valent PCV, IPD incidence is continuing to 

decline [18]. Much of the effect of PCV appears to be related to reduced NP colonization by 

serotypes most likely to cause IPD [3]. While the overall prevalence of pneumococcal NP 

carriage has been relatively constant since PCV introduction, the prevalence of VT serotypes 

has declined dramatically in most areas, including in the US [4, 5, 11, 19]. For instance, in a 

recent study performed in the metropolitan area surrounding Atlanta, Georgia, prevalence of 

McFarland et al. Page 6

Vaccine. Author manuscript; available in PMC 2018 August 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PCV13 VT colonization declined from 29% (36/124 isolates) in 2010 to 3% (3/99 isolates) 

in 2013, following the 2010 introduction of PCV13 [5].

Our overall prevalence of pneumococcal colonization, 21.2%, was lower than that reported 

for other studies in the US, likely due to our inclusion of older children. Colonization 

prevalence of children ≤ 6 years old in St. Louis was 29.8%, comparable to the reported 

prevalence of 31% of children < 7 years old in Massachusetts [4] and 32% of children aged 

6 – 59 months in Georgia [5]. It is concerning that the proportion of VT serotypes among NP 

isolates in our cohort (18.1%) greatly exceeds the corresponding 3% and 5% prevalence in 

Georgia (2013) and Massachusetts (2011), respectively [4, 5]. The proportion of isolates that 

were 19F in our St. Louis cohort, 12.5%, was also higher than in Georgia (3.8%; 27/711). In 

Alaska, the proportion of VT serotypes colonizing children ≤ 5 years of age was also lower 

at 9.9% (93/938) [11]. Thus, certain VT serotypes appear to persist in our region, even 

among vaccinated children.

The CDC performs active bacterial surveillance of selected sites in the US. The most 

recently available data indicate incidences of IPD from VT of 2/100,000 among children < 5 

years of age and of 6/100,000 cases in adults > 65 years and older in 2015, demonstrating 

the persistence of VT pneumococci in US children [20]. However, the sites selected for 

active bacterial surveillance do not include Missouri, or any midwestern state other than 

Minnesota. As invasive pneumococcal infections are not reportable to the CDC, clinical 

pneumococcal isolates in St. Louis are no longer routinely serotyped, and the prevalence of 

colonization and disease by VT serotypes prior to PCV13 introduction and the incidence of 

IPD due to VT serotype in the metropolitan St. Louis are therefore currently indeterminable. 

We were not able to discern any characteristics of children who carried VT pneumococci 

distinct from those colonized with non-VT pneumococci in our cohort. We also did not find 

any difference in the interval between last administered dose of PCV and sample collection 

in children colonized with VT vs those colonized with non-VT pneumococci, arguing 

against the possibility that PCV efficacy may decline over time. Also, we did not find any 

difference in interval between PCV dose and sample collection in colonized and non-

colonized children 0 – 6 years of age. We did find a significantly shorter interval since the 

last dose of PCV and sample collection in colonized children aged 6–12 years than non-

colonized children in the same age group. This is likely explained by the fact that younger 

children are more likely to be colonized with pneumococcus and are also closer in time to 

their last scheduled dose of PCV. Finally, our cohort does not differ significantly in 

demographics from other urban areas, such as Atlanta, Georgia, or Boston, Massachusetts, 

that would explain increased colonization with VT pneumococci. Our higher prevalence of 

VT serotypes suggests the importance of a follow-up study to define the incidence of IPD 

due to VT serotypes, especially 19F, in pediatric and adult populations in St. Louis.

A relatively high prevalence of serotype 19F in our study is in accordance with other recent 

findings. Gounder et al. also noted an unexplained persistence or resurgence of colonization 

with serotype 19F after PCV13 introduction [11]. Serotype 19F was the most persistent VT 

found in PCV7 in a large longitudinal study that monitored pneumococcal serotype 

prevalence at 45 U.S. medical centers from 1999 – 2011 [21]. Serotype 19F was also 

recently noted to be the most commonly identified serotype in cases of IPD associated with 
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vaccine failure [22] and was associated with breakthrough pneumococcal infection in a 

separate study [23]. Although PCV13 was clearly shown to reduce acquisition of 19F [24], 

our new results, combined with others [11, 22], warrant ongoing surveillance to determine if 

the carriage of 19F persists in some areas despite widespread vaccination uptake. This is 

important, as increased prevalence of serotype 19F could lead to an increased incidence of 

IPD [22, 23]. Furthermore, as serotype 19F can be resistant to penicillin [21], serotype 

analysis of isolates obtained in clinical microbiology laboratories from all patients 

presenting with IPD could be routinely performed to monitor for potential changes in 

antimicrobial resistance.

We confirmed increased likelihood of pneumococcal colonization in younger children and in 

children attending daycare in our multivariable model, as has been previously reported [4, 5, 

8, 9]. We did not find associations between colonization and breast-feeding, exposure to 

tobacco smoke, or presence of other young children in the home in our multivariable model, 

as we had hypothesized based on published reports [4, 5, 8–10]. We also found no statistical 

association between likelihood of pneumococcal colonization and receipt of antibiotics 

within the 3 months preceding enrollment, or a diagnosis of acute otitis media or sinusitis 

within the preceding month. Finally, while we did not specifically exclude subjects who 

were undergoing surgical procedures that prompted a pre-operative antibiotic dose, only 9 

subjects who had hardware placement or removal during orthopedic procedures required a 

pre-operative antibiotic dose. These subjects tended to be in the older age groups, and none 

were colonized with pneumococcus. Excluding them from analysis did not significantly alter 

our reported prevalence of pneumococcal NP colonization (Supplemental Table).

The strengths of our study include the recruitment of children who did not have concurrent 

symptoms of URI or acute otitis media, as these symptoms have been associated with 

increased likelihood of carriage. Our serotype prevalence thus represents a cross-section of 

healthy children in the metropolitan St. Louis area, which differentiates it from other US 

studies in which children presenting with URI symptoms were included [4–6, 11]. Another 

strength of the study is documentation of vaccine records from 93.5% of subjects, including 

all but one colonized subject. The limitations of our study included a sample drawn from a 

single center and reliance on parent self-report for several patient characteristics, such as 

past medical history, tobacco exposure and recent receipt of antibiotics.

In summary, our analysis of the serotype distribution of pneumococcal isolates from 

pediatric carriers in the St. Louis area demonstrates a higher prevalence of VT serotypes 

than in other metropolitan areas in the US [4, 5, 11, 18, 21], despite equivalent vaccine 

coverage in our region. Our results thus provide additional evidence that PCV may not 

reduce NP carriage of serotype 19F to as great an extent as other VT serotypes, and 

highlight the need for ongoing surveillance of local epidemiology of pneumococcal NP 

colonization.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Prevalence of pneumococcal nasopharyngeal colonization of children 0–17 

years old was 21.2%.

• Of 88 isolates, 16 were vaccine-type (11 were 19F), despite 87% vaccine 

coverage.

• Our results highlight the need for local surveillance of pneumococcal 

epidemiology.
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Figure 1. 
Serotype distribution of 88 pneumococcal isolates recovered from the nasopharynx of 84 

healthy pediatric subjects. Red represents a serotype included in PCV7; green represents a 

serotype included in PCV13; blue represents non-VT; gray represents non-typeable S. 
pneumoniae.
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Table 1

Characteristics of carriers and non-carriers of S. pneumoniae recruited from St. Louis Children’s Hospital.

Total
n (%)
n=397

S. pneumoniae carriers
n (%)
n=84

S. pneumoniae non-carriers
n (%)
n=313

p-value

Age at time of sampling < 0.001

0 – 2 years 117 (29.5%) 36 (42.9%) 81 (25.9%)

> 2 years – 6 years 121 (30.5%) 35 (41.7%) 86 (27.5%)

> 6 years – 12 years 93 (23.4%) 10 (11.9%) 83 (26.5%)

> 12 years 66 (16.6%) 3 (3.6%) 63 (20.1%)

Sex 0.071

Female 142 (35.8%) 23 (27.4%) 119 (38.0%)

Male 255 (64.2%) 61 (72.6%) 194 (62.0%)

Race†‡ 0.014

Black or African American 53 (13.5%) 18 (21.7%) 35 (11.3%)

Other 340 (86.5%) 65 (78.3%) 275 (88.7%)

Ethnicity‡ 0.266

Hispanic 12 (3.0%) 1 (1.3%) 11 (3.5%)

Not Hispanic 383 (97.0%) 83 (98.8%) 300 (96.5%)

Insurance Coverage‡ 0.721

None or self-pay 8 (2.2%) 1 (1.3%) 7 (2.5%)

Private 217 (59.8%) 49 (62.8%) 168 (58.9%)

Public 138 (38.0%) 28 (35.9%) 110 (38.6%)

PCV Vaccine Status‡ 0.192

Complete Series 303 (81.9%) 72 (86.7%) 231 (80.5%)

Incomplete Series^ 67 (18.1%) 11 (13.3%) 56 (19.5%)

†
Black or African American race includes biracial (Black/White). Other races include White/Caucasian, Asian, Alaskan Native, American Indian, 

and/or Pacific Islander.

‡
Some participants chose not to answer certain questions, resulting in a different number included in indicated analyses: race (n = 393), ethnicity (n 

= 395); and insurance coverage (n = 363). Vaccine records could not be located for 27 participants (n = 370).

^
Incomplete vaccination was defined as incomplete series for age. Six of the 11 colonized subjects had received 3 PCV doses, while 5 subjects 

received < 3 doses of PCV.
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Table 3

Age and vaccine status of carriers of VT vs. non-VT S. pneumoniae.‡

PCV7 Types
n (%)
n=11

PCV13 Types
n (%)
n=5

Non-VT
n (%)
n=63

p-value

Age at enrollment 0.888

0 – 2 years 4 (36.4%) 2 (40.0%) 27 (42.9%)

> 2 years 6 years 6 (54.5%) 3 (60.0%) 25 (39.7%)

> 6 years 12 years 1 (9.1%) 0 9 (14.3%)

> 12 years 0 0 2 (3.2%)

†Vaccine status 0.68

Complete PCV7 series 0 0 4 (6.3%)

Complete PCV13 series 7 (70.0%) 2 (40.0%) 44 (69.8%)

Complete PCV7 and 13 series 2 (20.0%) 2 (40.0%) 9 (14.3%)

Incomplete 1 (10.0%) 1 (20.0%) 6 (9.5%)

Unable to obtain vaccine records 1 0 0

†
Defined complete coverage as having recommended number of doses for age at time of enrollment.

‡
Carriers with isolates that could not be serotyped (n = 5) were excluded from analysis.
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